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PREFACE 

TERRELL D. RICH 

In August 1996, the Research Working Group 
of Partners In Flight, Ben Wigley and Peter 
Vickery, chairs, decided to sponsor a series of 
conferences across the U. S. that would focus 
discussion on topics of particular importance in 
bird conservation and identify high priority re- 
search needs. Using all available communication 
and funding mechanisms, Partners In Flight 
working groups would then assist in seeing that 
the needed research actually was carried out. 
Each of the four Partners In Flight regional 
working groups was asked to identify a high pri- 
ority topic and the Western Working Group 
chose Brown-headed Cowbird parasitism. 

Cowbirds were selected because research on 
their ecology and impacts on host species has 
been conducted primarily in landscapes and veg- 
etation communities from the Great Plains east. 
As a result, there is a reasonable understanding 
of cowbird ecology in those regions and of man- 
agement actions that will help conserve host 
species. 

However, in the expansive landscapes of the 
West, where many vegetation communities are 
naturally fragmented and cattle grazing is nearly 
ubiquitous, relatively little research has been 
conducted. Most of the West is public land- 
over 175 million ha are managed by the U.S. 
Bureau of Land Management and the U.S. For- 
est Service. About two-thirds of this land is 
grazed, suggesting that cowbirds may have 
ready access to hosts across this broad region. 

Evidence that the relationship between live- 
stock and cowbird parasitism is poorly re- 
searched comes from the array of papers pre- 
sented at an earlier conference, the North Amer- 
ican Research Workshop on the Ecology and 
Management of Cowbirds, held 4-5 November 
1993 in Austin, Texas. Of the 57 papers pre- 
sented at that conference, only a single paper 
addressed the relationship between cowbirds and 
cattle. 

This is unfortunate because little is known 

about what impacts cowbirds are having on 
western host species. It seems reasonable to as- 
sume that the productivity of some hosts is being 
reduced, perhaps significantly so. Certainly 
some western species have declining population 
trends for which currently there are no expla- 
nations. 

Resource managers in the West have yet to be 
provided with information on most aspects of 
cowbird ecology. These include: (1) the tempo- 
ral and spatial relationships between cowbirds 
and livestock; (2) cowbird densities in different 
geographic areas and vegetation types; (3) fac- 
tors attracting cowbirds to a given area; (4) cow- 
bird movements and lengths of stay; (5) distanc- 
es cowbirds are traveling to obtain hosts; (6) im- 
pacts on host productivity; (7) host reaction to 
the presence of cowbirds and cowbird eggs; and 
(8) how all of the previous factors are affected 
by topography and landscape characteristics. 

If cowbirds are found to impact populations 
of high priority bird species, management op- 
tions are available. The dates on which cattle are 
allowed into a given area and the dates on which 
they are removed are both flexible. The amount 
of time they remain and their numbers can be 
adjusted. Features that attract livestock and 
cause concentrations that might attract cowbirds, 
such as water, salt, and shade, can be managed. 
Because birds nest over a relatively short time 
period, it is easy to imagine how grazing re- 
gimes can be changed to reduce or even elimi- 
nate cowbird impacts. 

The conference upon which these proceedings 
are based had at least six presentations on this 
topic, suggesting an increasing attention to cow- 
bird ecology in western landscapes. I hope that 
this volume will help stimulate further interest 
and assure the reader that Partners In Flight, 
through the Research Working Group and the 
Western Working Group in particular, will be ea- 
ger to help support research on this most inter- 
esting and important topic. 
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INTRODUCTION 

MICHAEL L. MORRISON, LINNEA S. HALL, SCOTT K. ROBINSON, STEPHEN I. ROTHSTEIN, 
D. CALDWELL HAHN, AND TERRELL D. RICH 

This volume represents the culmination of the 
efforts of numerous individuals to synthesize 
current research on and management activities 
for the Brown-headed Cowbird (Molothrus 
ater). Intense interest in cowbirds is due to the 
potential negative impacts that their expanding 
populations may have on some host populations. 
The actual impact that cowbird parasitism has 
on host population size, however, remains con- 
troversial. That is, whereas there is little debate 
that cowbird parasitism can lower the productiv- 
ity of individual host nests, it is not clear that 
such reductions have major effects on the over- 
all productivity of host populations. It is also not 
clear that populations of hosts are declining and 
endangered species are limited by recruitment. 
It is also worth considering the possibility that 
host recruitment is impacted by factors that out- 
weigh the influence of parasitism (e.g., preda- 
tion). In addition, the efficacy of various reme- 
dies, especially cowbird control programs, has 
been questioned. 

As outlined by Terre11 D. Rich in the Preface 
to this volume, much research on these topics 
has been accomplished, especially in midwest- 
em and eastern localities of North America. 
However, much less research has been conduct- 
ed in the West. In response to the situation in 
the West, a symposium was organized by the 
Research Working Group of Partners in Flight, 
and California State University, Sacramento, 
with the goal of concentrating on cowbird re- 
search and management in western environ- 
ments. Presentations from other geographic 
regions that could be used to guide efforts in the 
West were also encouraged. The result was a 
meeting held 23-25 October 1997 in Sacramen- 
to, California, at which about 200 individuals 
assembled to discuss cowbird biology. Of the 67 
presentations (40 talks and 27 posters), 36 were 
subsequently submitted as manuscripts. Each 
submission was assigned to an editor, who ob- 
tained an additional l-2 peer reviews. The 33 
papers published in this volume are the result of 
that review process. 

This volume is organized into three sections, 
each of which begins with a review of the state- 
of-the-knowledge, and a summary of the contri- 
bution that each paper makes to our knowledge 
of cowbirds. The three sections are: 

I. Cowbird ecology: factors affecting the 
abundance and distribution of cowbirds. 

zz. 

zzz. 

The basis for cowbird management: host se- 
lection, impacts on hosts, and criteria for 
taking management action. 
Cowbird control: the efficacy of long-term 
control and proposed alternatives to stan- 
dard control practices. 

Section I, introduced and reviewed by Scott 
K. Robinson, contains 13 papers that consider 
the factors determining cowbird abundance such 
as habitat characteristics, the presence of live- 
stock, and general land-use practices. Section II, 
summarized by James N. M. Smith, presents 15 
papers on the demographics of cowbirds and 
their hosts, the cost of parasitism to hosts, and 
the basis for taking different management ac- 
tions. Finally, Section III, summarized by Lin- 
nea S. Hall and Stephen I. Rothstein, contains 
five papers that discuss the rationale for con- 
trolling cowbirds and propose alternatives to re- 
moval practices. The paucity of papers in the 
final section is indicative of the lack of research 
into the efficacy of cowbird control methods, in- 
cluding alternatives to lethal control. 

Simply implementing a management action, 
be it habitat modification, removal of livestock, 
or killing of cowbirds, without a rigorous study 
design that includes monitoring of results, is un- 
warranted. Similarly, it is unwarranted to even 
implement cowbird management actions without 
baseline data showing significant cowbird im- 
pacts on host species of special concern. We 
view this volume, and the results of the 1993 
Austin meeting (see Preface), as building blocks 
towards a more comprehensive understanding of 
cowbird ecology, and the development of more 
effective management tools. 

NEED FOR NATIONAL PERSPECTIVE ON COWBIRD 
MANAGEMENT 

The 1997 Sacramento symposium culminated 
in a closing workshop that recommended con- 
tinuing the dialog to achieve a national perspec- 
tive on cowbird populations as well as improv- 
ing protocols for cowbird management as 
gleaned from control programs. Discussion ses- 
sions at the Conference began to synthesize a 
national perspective on cowbird ecology and 
management as participants contributed diverse 
regional and local perspectives. To participants, 
the Austin and Sacramento conferences illus- 
trated the value of an on-going forum and focal 

2 
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point for integrating insights, methods, and ef- 
fective practices related to cowbird management 
as part of endangered species recovery efforts, 
and more broadly as part of efforts to enhance 
overall passerine diversity and conservation. 
Scientists and managers expressed growing rec- 
ognition that lessons and insights from long- 
standing programs should now be distilled into 
national policies on cowbird management. Driv- 
ing the debate on such national policies is the 
major program being launched in the southwest 
by the U.S. Bureau of Reclamation to protect 
riparian habitat of the southwestern Willow Fly- 
catcher (Empidonax traillii extimus) and to in- 
stitute wider cowbird control programs. In par- 
ticular, meeting participants recognized that new 
control programs should reflect the insights and 
experience of other cowbird management pro- 
grams. 

However, the lack of regular exchange of pro- 
cedures or results among cowbird control pro- 
grams and the lack of a centralized authority or 
designated lead agency has meant that we still 
have no standard procedures for optimal trap- 
ping protocol: evaluations of whether and when 
to initiate new trapping programs; evaluations of 
the effects of trapping on non-target species; re- 
views of trapping efficacy; or summaries of cost 
accounting, or cost:benefit analyses. 

NATIONAL SCIENTIFIC ADVISORY COUNCIL AND 

CENTRALIZED DATABASE ON COWBIRD 
MANAGEMENT PROGRAMS 

To capitalize on the emerging national per- 
spective on methods and practices in cowbird 
management, a group of scientists and managers 
has formed the Cowbird Scientific Advisory 
Council whose goal is to provide a logistic cen- 
ter for cowbird information, dedicated to provid- 
ing a national perspective on the need for con- 
trol, and also to provide a centralized database 
on current control programs and practices. The 
council’s objective is to maintain high profes- 
sional standards in initiating, managing, and re- 
viewing cowbird control programs and to facil- 
itate effective information exchange among re- 
gional and local programs and between scientif- 
ic, management, and conservation communities. 

The Cowbird Scientific Advisory Council will 
establish a central database at Patuxent Wildlife 
Research Center (U.S. Geological Survey, Bio- 
logical Resources Division), in Laurel, Mary- 

land, where all cowbird management programs 
will be registered by name, geographic location, 
name of the responsible agency or organization, 
program manager, and annual cost. The council 
will coordinate efforts to define (1) the criteria 
and data that need to be addressed prior to ini- 
tiation of any control program, and (2) the cri- 
teria and data necessary to evaluate the success 
of control programs. The resources of the data- 
base and the advice of the Council will be avail- 
able to all state and federal offices considering 
the initiation of cowbird management programs 
as part of endangered species recovery efforts, 
or more broadly as part of efforts to enhance 
overall passerine diversity and conservation. 
The best procedures and evaluation techniques 
should be recognized and made available to 
maintain high and cost effective professional 
standards in all new and continuing programs. 
The Council can be reached by contacting either 
D. Caldwell Hahn or Stephen I. Rothstein (ad- 
dresses within this volume). 
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SECTION I: COWBIRD ECOLOGY FACTORS AFFECTING 
THE ABUNDANCE AND DISTRIBUTION OF COWBIRDS 

SCOTT K. ROBINSON 

Over the last decade, a great deal has been 
written about the distribution and abundance of 
Brown-headed Cowbirds (Molothrus ater) (e.g., 
Lowther 1993, Robinson et al. 1993, 1995a; 
Rothstein and Robinson 1994, 1998; Thompson 
1994, Donovan et al. in press, Smith et al. in 
press). The intense interest in this subject has 
arisen mainly because cowbirds are a major con- 
servation problem in some areas. Studying cow- 
bird abundance and distribution is a logical first 
step in developing management plans to reduce 
brood parasitization. But, cowbirds are also of 
interest as one of the best case history studies 
demonstrating the need to consider multiple spa- 
tial scales. A common conclusion of most re- 
views of cowbird ecology is that continental, re- 
gional, and landscape scales influence the abun- 
dance and distribution of cowbirds as much as 
local factors such as distances from edges. 

THE ORTHODOX VIEW 

To some extent, an orthodox view has arisen 
from the studies and reviews published to date. 
This orthodoxy has recently been dominated by 
a series of studies from the American Midwest, 
a landscape dominated by row-crop agriculture 
in which landscape composition can easily be 
characterized (Robinson 1992, Donovan et al. 
1995a,b, Robinson et al. 1995b, Brawn and Rob- 
inson 1996, Thompson et al. in press). This or- 
thodox view can be summarized as follows 
(Robinson and Smith in press). 

1. At the continental scale, cowbirds are ex- 
tremely widespread, but are most abundant in 
the northern Great Plains; abundance declines 
with distance from this region (Lowther 1993, 
Peterjohn et al. in press, Thompson et al. in 
press, Wiedenfeld in press). For many wide- 
spread host species, parasitization also declines 
with distance from this center of abundance 
(Hoover and Brittingham 1993, Smith and My- 
ers-Smith 1998). Presumably, the Great Plains 
forms the historical center of cowbird abundance 
(Mayfield 1965) and cowbirds are still relatively 
less abundant in newly invaded areas in the 
West, East, and South. 

2. At the regional scale (e.g., the American 
Midwest), cowbird abundance is determined by 
the composition of landscapes within the region 
(e.g., percent of forest cover; Robinson et al. 
1995b). The presumed mechanism underlying 
this pattern is that in mostly forested landscapes, 
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cowbird populations are limited by feeding sites 
(e.g., for northern New England; Coker and Ca- 
pen in press, Yamasaki et al. in press) , whereas 
in mostly agricultural landscapes, cowbird pop- 
ulations are limited by the availability of hosts 
(Robinson et al. 1995a). 

3. At the landscape scale (operationally de- 
fined as a lo-km radius around a study site; 
Robinson et al. 1995b), cowbird abundance is 
strongly dictated by distance to feeding sites. A 
common result of many studies using radiote- 
lemetry is that cowbirds commute up to 7 km 
between breeding and feeding sites, but that 
most flights are less than 2 km (e.g., Rothstein 
et al. 1984, Thompson 1994). As a result, cow- 
bird abundance declines with distance from 
known feeding areas. In mostly agricultural 
landscapes in which feeding habitat is wide- 
spread, cowbirds may saturate all available 
breeding habitats (e.g., Thompson et al. in 
press), in which case parasitization does not de- 
cline as a function of distance from feeding ar- 
eas. Recent studies from a saturated midwestem 
U.S. landscape, however, show that parasitiza- 
tion levels for some less-preferred hosts decline 
dramatically with increased distance (up to 1.5 
km) from a particularly favored cowbird feeding 
site (a pig feedlot; Morse and Robinson, in 
press). 

4. At the local scale (within a reserve or 
tract), patterns affecting the abundance and dis- 
tribution of cowbirds are far less clear. Local 
edge effects may be pronounced (e.g., Temple 
and Cary 1988, Johnson and Temple 1990, Rich 
et al. 1994,) or absent (e.g., Robinson and Wil- 
cove 1994), and may depend upon landscape 
context (Donovan et al. 1997). Thompson et al. 
(in press) argued that edge effects would be 
most pronounced in landscapes in which cow- 
bird populations were low. Cowbird parasitiza- 
tion levels also may differ profoundly among 
habitats within a landscape (Hahn and Hatfield 
1995) but it is not clear if cowbirds are more 
abundant in some habitats than they are in oth- 
ers. Cowbird parasitization can be related to 
tract size (Petit and Petit in press, Robinson et 
al. in press), but cowbirds can be abundant in 
large tracts (e.g., Trine, 1998, in press; Trine et 
al. 1998) and rare in small tracts (e.g., Roth and 
Johnson 1993, Hoover et al. 1996). Cowbirds 
appear to prefer sites and habitats where hosts 
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are more abundant, at least in landscapes in 
which cowbirds appear to saturate available hab- 
itat (Robinson et al. in press). 

5. Other conclusions of note from previous 
studies include the following: (1) Cowbird pop- 
ulations are generally stable or declining in 
many regions (Lowther 1993, Peterjohn et al. in 
press, Wiedenfeld in press) with the exception 
of the northern Great Plains, in which popula- 
tions continue to increase, and in the Southeast, 
where several species of cowbirds are still in- 
vading new areas such as Florida (Cruz et al. 
1998). (2) Cowbird presence may be affected by 
such features as local availability of perches in 
grasslands or marshes, cover around nest sites, 
and vertical strata within forested habitats. In 
general, however, there are few consistent pat- 
terns of cowbird abundance in relation to these 
microhabitat features (Robinson et al. 1995a). 
(3) Cowbirds may use certain natural edges such 
as streams as travel corridors (Gates and Giffen 
1991). (4) Winter food availability may strongly 
determine cowbird populations, although evi- 
dence for this remains speculative (Brittingham 
and Temple 1983). 

Now that the orthodox view has been estab- 
lished, I will examine how the papers in this 
volume, most of which are from western land- 
scapes, fit the established pattern. Specifically, I 
will use the results presented in volume to check 
for consistency with the following predictions 
derived from research in the midwestem U.S.: 

(a) Cowbird abundance and parasitization 
levels should decrease as distance from the 
Great Plains increases (Hoover and Brittingham 
1983, Lowther 1993, Smith and Myers-Smith 
1998, Thompson et al. in press). 

(b) Cowbird abundance and parasitization 
levels should be much lower in mostly forested 
landscapes in which foraging opportunities are 
limited (Robinson et al. 1995a, Donovan et al. 
1997). In landscapes with unlimited foraging 
habitat, cowbird abundance should be correlated 
with host abundance (Robinson et al. in press, 
Thompson et al. in press). 

(c) Cowbird abundance should decrease with 
distance from feeding areas, and should be ab- 
sent 7 km or further from feeding areas (Roth- 
stein et al. 1984, Thompson 1994, Thompson 
and Dijak in press). 

(d) Cowbirds should be less abundant in hab- 
itats with lower parasitization levels (Robinson 
et al. in press). 

(e) At local spatial scales, cowbirds should be 
most abundant near edges and where hosts are 
more abundant, but these relationships are likely 
to vary with landscape context (Donovan et al. 
1997). 

FIT OF PAPERS TO THE 
ORTHODOX VIEW 

CONTINENTAL SCALE 

Most papers in this section support the pre- 
diction that cowbird abundance and parasitiza- 
tion levels are greatest in or near their historical 
center of abundance in the Great Plains. Cow- 
bird abundance or levels of parasitization were 
generally higher in the midwestem U.S. (Rob- 
inson et al., Stribley and Haufler) and central 
Texas (T. E. Koloszar et al., pers. comm.) than 
in the Rocky Mountains (Chase and Cruz, Hejl 
and Young, Tewksbury et al., Wright, and Young 
and Hutto; C. l? Ortega et al., pers. comm.), Cal- 
ifornia (Farmer, Purcell and Vemer, Staab), and 
Washington (Vander Haegen and Walker). In 
heavily grazed riparian corridors in Colorado (C. 
l? Ortega et al., pers. comm.) and fragmented 
shrubsteppe habitats in Washington (Vander 
Haegen and Walker), levels of parasitization 
were generally much lower than in comparably 
fragmented habitats in Illinois (Robinson et al.). 
Nevertheless, within each region, cowbirds can 
be locally abundant in the vicinity of livestock 
and agriculture (Rocky Mountains; Goguen and 
Mathews, Hejl and Young, Tewksbury et al., 
Young and Hutto). Even in the Midwest, cow- 
birds may be largely absent from large forest 
tracts (Stribley and Haufler). Cowbird abun- 
dance and levels of parasitization in some west- 
em communities are at least comparable to those 
in the Midwest (Farmer, Hochachka et al., Staab 
and Morrison; see also Averill et al., Chace and 
Cruz, Greene et al., Kus, Sedgwick and Iko, 
Whitfield and Sogge from other sections in this 
volume). Cowbird abundance, therefore, is not 
solely determined by distance from the cow- 
bird’s historical range and conservation prob- 
lems associated with cowbird parasitization are 
not confined to the Midwest. 

Another challenge to the orthodox view 
comes from Chace and Cruz’s analysis of his- 
torical patterns of American bison (Bison bison) 
distribution. Chace and Cruz argue that bison, 
and therefore cowbirds, may have been much 
more widely distributed, especially at high ele- 
vations, than previously thought. This result sug- 
gests the intriguing possibility that cowbirds and 
their western hosts may have been in contact for 
a much longer time than previously supposed 
(see also Rothstein 1994). 

REGIONAL SCALE 

Hochachka et al. provide strong evidence that 
the relationship between forest cover at the land- 
scape scale and parasitization levels holds across 
all regions of the U.S. At least at the scale of a 
lo-km radius around study sites, parasitization 
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decreases within increasing percent forest cover 
within all regions of the U.S. for which there are 
data. The relationship weakens substantially 
(and may even be reversed) at a 50-km radius, 
which suggests a strong scale dependence when 
operationally defining a landscape. Nevertheless, 
Hochachka et al. provide strong support for the 
hypothesis that cowbirds may be limited by the 
availability of feeding sites within mostly for- 
ested landscapes (see Goguen and Mathews, 
Hejl and Young, Stribley and Haufler, Tewks- 
bury et al., Wright, and Young and Hutto for 
additional evidence of the absence of cowbirds 
far from feeding sites in mostly forested land- 
scapes). 

LANDSCAPE SCALE 

The overwhelming conclusion of most papers 
in this section is that cowbird distribution and 
abundance within landscapes is limited by the 
availability and proximity of feeding sites (re- 
viewed in Goguen and Mathews). Cowbirds 
were abundant in virtually all study sites in Il- 
linois (with the notable exception of grasslands, 
see below) in which there are no areas more than 
7 km from extensive cowbird feeding habitat. In 
Michigan, Stribley and Haufler only found cow- 
birds to be abundant within 3 km of agriculture. 
In Texas, cowbirds were strongly associated 
with recently grazed areas on Fort Hood (T E. 
Koloszar et al., pers. comm.). In the northern 
Rockies, Young and Hutto’s huge census data set 
showed that a landscape variable, distance to ag- 
ricultural land, was by far the strongest correlate 
of cowbird abundance in multivariate models. 
Hejl and Young’s census data from the same 
general areas also show that distance to agricul- 
ture is the key variable explaining cowbird 
abundance. In the Idaho wilderness, Wright also 
found cowbirds only in the vicinity of livestock 
and park stations. In another area of the northern 
Rockies, the Bitterroot Valley, Tewksbury et al. 
found that cowbirds were only found within 4 
km of agriculture and that distance to large ag- 
ricultural areas was the strongest predictor of 
cowbird occurrence. In a general overview, Go- 
guen and Mathews found a strong association 
between cattle and cowbird abundance through- 
out much of the West. Chace and Cruz further 
argued that the restricted movements of cattle 
herds can create severe chronic local problems 
for hosts nesting nearby. Purcell and Vemer 
came to similar conclusions for the southern Si- 
erra Nevada; cowbirds are found mainly at low- 
er elevations because of the proximity of cow- 
birds during the nesting season. 

There were, however, some notable excep- 
tions to this general pattern. Several papers 
found some evidence for breeding habitat pref- 

erences within landscapes (Hejl and Young, 
Robinson et al., Tewksbury et al., Young and 
Hutto), some of which may have been related to 
host density (see below). Farmer found that 
cowbirds were unaccountably rare at Vanden- 
berg Air Force Base in central coastal Califor- 
nia, even in areas where foraging habitat was 
present. Vander Haegen and Walker found very 
little parasitization in fragmented shrubsteppe 
even though there were extensive agricultural ar- 
eas nearby and cowbirds occurred throughout 
most study areas. These data suggest that factors 
operating at a more local scale than the land- 
scape may also be important (see below). 

One of the most interesting results from sev- 
eral studies is the extent to which cowbirds may 
be more flexible in their home range use than 
generally thought. Many western breeding hab- 
itats also provide local foraging habitat as well, 
which reduces the need for long commutes (Go- 
guen and Mathews 1998). Even more surprising 
was Goguen and Mathew’s (1998) data showing 
that cowbirds in New Mexico routinely com- 
mute 12 km between breeding and feeding areas, 
a result that breaks the 7-km barrier of Rothstein 
et al. (1984) and Thompson (1994). The spatial 
scale at which we examine cowbird abundance 
and distribution, therefore, may need to be in- 
creased beyond the lo-km radius used previous- 
ly (Robinson et al. 1995a, Hochachka et al. this 
volume). These results are somewhat discour- 
aging for managers who want to eliminate cow- 
bird parasitization by managing cattle herds 
(Goguen and Mathews this volume). 

LOCAL SCALE 

At the scale of the habitat tract or study area, 
cowbird abundance can be related to (1) habitat 
type, (2) host abundance, (3) distances from 
habitat edges, and (4) vegetation structure. 

1. Several papers in this volume address the 
use of different vegetation types (hereafter re- 
ferred to as habitats) by cowbirds. One of the 
most striking patterns throughout much of the 
West is the cowbird’s tendency to be most abun- 
dant in riparian habitats (Farmer, Hejl and 
Young, Staab and Morrison, Tewksbury et al., 
Young and Hutto; see also Averill et al., Kus, 
Sedgwick and Iko, Spautz, Whitfield and Sogge 
from other sections of this volume). This result 
holds when controlling for distance to cowbird 
foraging habitat (Hejl and Young, Tewksbury et 
al., Young and Hutto), although many riparian 
corridors tend to be heavily grazed and therefore 
provide foraging habitat within them. Cowbird 
parasitization appears to be contributing to the 
population declines in and endangered status of 
Southwestern Willow Flycatchers (Empidonax 
traillii extimus) and Least Bell’s Vireos (Vireo 
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bellii pusillus). It is unclear, however, whether 
cowbirds prefer riparian corridors because of 
some aspect of their vegetation structure (Staab 
and Morrison) or because hosts also tend to be 
most abundant in riparian corridors (Tewksbury 
et al.). Fortunately for conservation planners, 
there are riparian corridors in which cowbirds 
are rare (Farmer), and wider corridors with com- 
plex, multi-layered vegetation may be less 
heavily used by cowbirds (or at least may be 
more difficult for cowbirds to search; Farmer, 
and Staab and Morrison). 

Another dramatic difference in cowbird use of 
habitats occurs in the Midwest in which cow- 
birds are less abundant in grasslands, even 
heavily grazed ones, than they are in other ad- 
jacent habitats, even when controlling for host 
density (Robinson et al.). The reasons for this 
apparent avoidance are unclear, although grass- 
lands have few perches from which to search for 
hosts and many hosts may have effective de- 
fenses against parasitization (egg ejecting; Peer 
et al.; or mobbing cowbirds). The much lower 
community-wide levels of parasitization in mid- 
western shrublands and savannas (when com- 
pared with forests) does not appear to be a result 
of lower cowbird abundance in these habitats 
(Robinson et al.). Rather, these habitats appear 
to contain a much higher proportion of unsuit- 
able hosts. A similar result was obtained by Van- 
der Haegen and Walker, who found very low 
levels of parasitization in shrubsteppe habitats in 
which cowbirds were widespread and relatively 
common. A lack of suitable perches and the tim- 
ing of cowbird versus host breeding may explain 
some of the enigmatically low parasitization lev- 
els in fragmented shrubsteppe and other shrub- 
lands (e.g., Ellison), but it is also possible that 
many hosts within these communities have de- 
fenses against parasitization. For these reasons, 
the cowbird:host ratio (Robinson et al. in press, 
Thompson et al. in press) may not be a good 
predictor of parasitization levels among habitats. 

Otherwise, few consistent patterns of differ- 
ential habitat use have been documented when 
controlling for distance to cowbird feeding hab- 
itat. Cowbirds avoided steep-sided canyons in 
the Bitterroot Valley of Montana (Tewksbury et 
al.). Hejl and Young and Young and Hutto found 
no consistent association between forest types 
and cowbird abundance in Montana where cow- 
birds were not more abundant in logged forests. 
Robinson et al. found no differences in cowbird 
abundance (controlling for host abundance) 
among upland, floodplain, and coniferous forests 
in Illinois. Purcell and Vemer found that cow- 
birds were most abundant at lower-elevation for- 
ests, probably because of proximity to cowbird 
feeding habitats and host abundance rather than 

preferences for particular vegetation types (see 
below). 

2. When controlling for proximity to feeding 
habitat, cowbirds tend to be most abundant in 
habitats in which hosts are most abundant (Rob- 
inson et al., Tewksbury et al., Young and Hutto). 
Purcell and Verner, however, found that species 
richness (including non-hosts) was a better pre- 
dictor of cowbird abundance than host popula- 
tion densities in the Sierra Nevada. The cues 
used by cowbirds to select habitat is a promising 
area for future study (see below). 

3. Few studies in this volume address the is- 
sue of cowbird abundance in relation to edges. 
Farmer found cowbirds to be most abundant 
along edges, which is the basis of the recom- 
mendation that riparian corridors be as wide as 
possible. Hejl and Young and Young and Hutto 
found no evidence that cowbirds were more 
abundant near silvicultural openings. Many stud- 
ies, however, showed cowbirds to be most abun- 
dant near large agricultural openings (Hejl and 
Young, Stribley and, Young and Hutto) and near 
openings in which cowbirds feed (Goguen and 
Mathews, Wright). 

4. The effects of vegetation structure on par- 
asitization is the subject of only one paper in 
this section. Staab and Morrison found that nests 
were less likely to be parasitized in riparian cor- 
ridors with distinct canopy and shrub layers. It 
is not clear, however, if this difference results 
from reduced cowbird abundance, or greater dif- 
ficulty of finding nests in multilayered vegeta- 
tion (see also Spautz for a discussion of vege- 
tation structure). 

OTHER FACTORS 

Many western hosts may escape parasitization 
because cowbirds arrive too late in the season 
(Ellison, Purcell and Vemer, Vander Haegen and 
Walker). Breeding of many western species may 
be triggered by seasonal rains that occur before 
the cowbird breeding season, especially in Cal- 
ifornia (Ellison). The timing of cattle move- 
ments may also keep cowbirds out of some areas 
during the host nesting season (Goguen and Ma- 
thews, Purcell and Vemer). 

Cowbirds do not necessarily feed equally in 
all pastures or other agricultural areas. Cowbird 
abundance therefore may depend additionally on 
the kinds of pastures available within a site (Go- 
guen and Mathews; T. E. Koloszar, pers. comm.) 
and in some areas, row crops may provide suit- 
able cowbird feeding habitat (Thompson 1994, 
Robinson et al.) 

FUTURE RESEARCH QUESTIONS 

1. What cues are used by cowbirds to select 
breeding habitat? There is some evidence that 
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both host density and overall species richness 
are used as cues in habitat selection, but defin- 
itive experimental studies are lacking. This 
question is particularly important because there 
is growing evidence that cowbirds are often at- 
tracted to poor habitats with few suitable hosts 
and high predation rates (e.g., in Illinois shrub- 
lands, Robinson et al. this volume; the Central 
Valley of California, Farmer this volume; and 
the northern Great Plains, Davis and Sealy in 
press, Wiedenfeld in press). Such regions and 
habitats may act as ecological traps (sensu Gates 
and Gysel 1978) for cowbirds and might help 
explain why cowbird populations nationwide are 
stable or even decreasing through negative feed- 
back on overall populations, as suggested by Ro- 
denhouse et al. (1997). 

2. What agricultural lands (row crops, pas- 
ture, and open range) provide the best foraging 
conditions for cowbirds? Our understanding of 
what makes optimal foraging habitat for cow- 
birds is still in its infancy. If we are to reduce 
parasitization through managing cattle move- 
ments and agricultural practices, we need more 
studies such as those of T. E. Koloszar et al. 
(pers. comm.) and Morris and Thompson 
(1998). In some areas, row crops may provide 
high-quality feeding habitat (Thompson 1994, 
Thompson and Dijak in press). 

3. To what extent do cowbirds use foraging 
sites other than open range, pastures, and row 
crops? During the symposium, participants listed 
a wide variety of foraging habitats that cowbirds 
used when not feeding with cattle or in row 
crops. Cowbirds may be able to increase their 
home ranges enormously if they can supplement 
their diet with food obtained on or near breeding 
areas. 

4. Can cowbirds use human residential areas 
exclusively, even if there are no cattle or row 
crops nearby? Anecdotal observations from ur- 
ban areas in the Midwest suggest that cowbirds 
spend the afternoon feeding in mowed grass (S. 
K. Robinson, unpubl. data). If this pattern is 
widespread, human habitations may be replacing 
cattle as a feeding habitat in many parts of the 
country where cattle ranches and farms are be- 
ing replaced with suburban developments. 

5. How flexible are commuting distances of 
cowbirds? With the results of papers in this sec- 
tion, we now know that there is no 7-km barrier 
beyond which cowbirds cannot commute (Go- 
guen and Mathews 1998). Yet, many studies 
show that most cowbird breeding-feeding flights 
are less than 3 km. Even in the “saturated” Mid- 
west, parasitization levels of some hosts drop to 
very low levels 1.5 km from cowbird feeding 
sites (Morse and Robinson in press). In contrast, 
parasitization levels in some sites in New Mex- 

ico can be very high even far (>5 km) from the 
closest feeding area (Goguen and Mathews 
1998). Cowbirds in different regions of the 
country may respond differently to landscape 
structure. Additional studies using telemetry to 
define cowbird home ranges would help deter- 
mine how cowbirds modify their commuting 
patters in different landscapes. 

6. Do cowbirds select habitats and hosts 
more efficiently in areas where cowbird abun- 
dance is low? Many studies showing less-than- 
optimal habitat selection and host selection 
come from regions in which cowbird popula- 
tions may saturate the landscape (e.g., Robin- 
son et al. this volume). In such landscapes, 
many cowbirds may be forced to use less op- 
timal habitats and hosts. Experimental reduc- 
tion of cowbird abundance might provide an- 
swers to this question. 

7. Do cowbirds select breeding home ranges 
based on foraging habitat or on breeding habi- 
tat? The high abundance of cowbirds in many 
host-poor habitats (e.g., Farmer this volume) 
suggests that cowbirds may be selecting habitats 
based on foraging rather than breeding. If so, 
then cowbirds may be highly susceptible to eco- 
logical traps (sensu Gates and Gysel 1978). 

8. Are there cryptic or as-yet unstudied de- 
fenses of many host species that confound our 
ability to calculate cowbird:host ratios and are 
such defenses more likely to occur in historical 
cowbird habitat? To address this question, we 
need more studies of the ways in which hosts 
defend their nests against parasitization. 

9. Can cowbird parasitization be reduced by 
altering range management practices? Experi- 
mental manipulations of cattle may enable us to 
develop methods of reducing cowbird abun- 
dance in critical habitats during the breeding 
season (Goguen and Mathews this volume). 

10. Can cowbird parasitization be reduced 
through local vegetation management? Removal 
of woody vegetation from grasslands, maintain- 
ing a dense shrub layer in riparian corridors, and 
promoting complex, shrubby edges have all 
been proposed as ways of reducing parasitiza- 
tion (e.g., Johnson and Temple 1990, Staab and 
Morrison this volume). Many of these variables 
can be manipulated as a test of vegetation-based 
management. 

11. Are there enough cowbird-free areas of 
the West to balance losses in cowbird-dominated 
landscapes? In the midwestem and eastern U.S. 
there are huge forest tracts in which cowbird 
parasitization is not a problem (Robinson et al. 
1995b, Coker and Capen in press, Yamasaki et 
al. in press). There are also areas in the West in 
which cowbirds are extremely rare, but cattle 
ranching is also pervasive in the West. Large- 
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scale spatial models of cowbird abundance may 
tell us a great deal about the potential balance 
of sources and sinks for sensitive hosts (Green 
et al. this volume). 

12. At what spatial scale can cowbird abun- 
dance best be predicted? Hochachka et al.% (this 
volume) analysis suggests that the scale at which 
a landscape is defined may be critical for pre- 
dicting cowbird abundance and levels of para- 
sitization. 

13. To what extent are cowbird populations 
limited by winter food availability? This topic 
remains poorly studied. 

14. To what extent are cowbird populations 
limited by nutrient (mainly calcium) availabil- 
ity? Some differences in cowbird abundance 
(and fecundity) may result from regional differ- 
ences in nutrient availability, which may limit 
cowbird reproduction (Ankney and Scott 1980, 
Holford and Roby 1993). 
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REVIEW OF THE CAUSES AND IMPLICATIONS OF THE 
ASSOCIATION BETWEEN COWBIRDS AND LIVESTOCK 

CHRISTOPHER B. GOGUEN AND NANCY E. MATHEWS 

Ahsmrct. The Brown-headed Cowbird (Molothrus ater) participates in a well-known association with 
livestock, yet the full nature of the benefits of this association for cowbirds remains unclear. Histori- 
cally, cowbirds were associated with American bison (Bison bison) on the Great Plains, but are now 
found across most of the United States. Cowbirds may benefit from livestock because grazing, or the 
presence of livestock itself, facilitates foraging opportunities. Livestock may create cowbird feeding 
microhabitats, increase insect abundance, provide foods in their manure, and may make food more 
visible by flushing insects when grazing. Due to this close association, livestock can influence the 
number and distribution of cowbirds. The presence of livestock tends to increase densities of cowbirds 
locally and can create gradients of parasitism pressure within a landscape. Research in primarily 
undeveloped sites in the Sierra Nevada and the Front Range of New Mexico confirm the influence of 
livestock on cowbird distributions. Cowbirds are extremely adaptable and can exploit a variety of 
anthropogenic food sources. Still, in areas where other artificial food sources are absent, the presence 
of livestock may be essential for continued cowbird presence or prolonged egg production. The strong 
bond between cowbirds and livestock has led to the use of livestock removal (i.e., rotation of livestock 
away from host breeding habitat) as a management technique to reduce parasitization of host nests. 
The effectiveness of this technique, as well as other aspects of the commensalistic relationship between 
cowbirds and ungulates, requires further study. 

Key Words: brood parasitism, Brown-headed Cowbird, commensalism, foraging, grazing ungulates, 
livestock grazing, livestock removal, Molothrus ater, songbirds. 

The Brown-headed Cowbird (Molothrus ater) is 
an obligate brood parasite that often reduces the 
success and productivity of the nests it parasit- 
izes (Robinson et al. 1995a). As its name im- 
plies, the cowbird participates in a well-known 
association with livestock and is often observed 
in large numbers among herds of these grazers 
(Friedmann 1929, Bent 1958, Mayfield 1965, 
Morris and Thompson 1998). Although cow- 
birds undoubtedly engage in foraging activities 
when with livestock, the full nature of the ben- 
efits they receive through this association re- 
mains unclear. Cowbirds were historically be- 
lieved to have been primarily a grassland spe- 
cies, typically found in association with Ameri- 
can bison (Bison bison; Mayfield 1965). As 
bison were eliminated and replaced by cattle and 
other domestic livestock, the cowbird has readi- 
ly adjusted to the change. The “buffalo-bird” of 
the past has become the “cowbird” of the pres- 
ent (Friedmann 1929). 

Historically, cowbirds were restricted to the 
Great Plains, probably due to the shortage of 
open, short-grass feeding areas elsewhere 
(Friedmann 1929, Mayfield 1965). It was not 
until the native forests of the eastern United 
States were opened up and interspersed with ag- 
riculture and livestock that cowbirds were able 
to invade (Mayfield 1965). In the western United 
States, agriculture, irrigation, human develop- 
ment, and widespread livestock grazing have 
probably all contributed to the cowbird’s spread 

(Rothstein 1994). At present, the cowbird has 
become one of the most widespread bird species 
in the United States. In many regions, cowbirds 
now parasitize a large proportion of nests, often 
across many species within bird communities 
(see Robinson et al. 1995a for examples). As a 
result, cowbird parasitization is often implicated 
as a contributor in perceived declines of neo- 
tropical migrant songbirds (Brittingham and 
Temple 1983, Finch 1991). 

In this paper, we examine the potential causes 
of the association between cowbirds and live- 
stock and discuss the implications of this asso- 
ciation in terms of its influence on the distribu- 
tion of cowbirds and cowbird parasitization. We 
use case studies from two well-researched west- 
em sites to focus more closely on how this as- 
sociation influences cowbird movements and 
parasitization frequencies of hosts in primarily 
undeveloped regions. We examine the question 
of cowbird dependence on livestock during the 
breeding season, particularly as it applies to the 
potential effectiveness of livestock removals as 
management strategies to reduce cowbird para- 
sitization. Finally, we discuss what we think are 
the important research needs on this topic. We 
emphasize western rangelands because livestock 
grazing is a dominant land-use in the West (Sa- 
bade11 1982), and we think that in many unde- 
veloped regions of the West, the presence of 
livestock is a primary factor influencing cowbird 
distribution and abundance. 

10 
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WHY DO COWBIRDS ASSOCIATE 
WITH LIVESTOCK? 

Although the association between cowbirds 
and grazing ungulates is well-recognized, re- 
markably little research has been done on the 
causes of this association. Early accounts by 
Great Plains explorers (summarized in Fried- 
mann 1929) recorded the common observation 
of cowbirds with bison. Cowbirds were also as- 
sociated with other native ungulates and are still 
occasionally observed with herds of elk (Cervus 
eluphus; C. Goguen, pers. obs.). The destruction 
of millions of bison in the late nineteenth cen- 
tury was followed by the introduction of mil- 
lions of domestic livestock (reviewed in Knopf 
1994). Cowbirds have apparently adapted to this 
switch and, in addition to cattle, are also known 
to associate regularly with horses, sheep, and 
other domestic animals (Friedmann 1929, 
Lowther 1993). 

Several not necessarily mutually exclusive 
hypotheses can be postulated as possible expla- 
nations for the current association between cow- 
birds and livestock: 

1. Livestock may act as perches or protective 
cover (Morris and Thompson 1998). In grass- 
land habitats where cowbirds often feed, perches 
and protective cover from predators are rare. 
Livestock may provide elevated sites for social 
interactions and displays, protective cover while 
birds forage, and possibly provide females with 
perches for nest searching. 

2. Livestock, or livestock-holding facilities, 
may be used as obvious gathering points for so- 
cial interactions (Rothstein et al. 1987). Cow- 
birds are often found in groups when among 
livestock, and some social displaying occurs 
(Rothstein et al. 1986b, 1987). Rothstein et al. 
(1986b) refuted this hypothesis as the primary 
explanation for cowbird aggregations with live- 
stock based on two arguments: (1) Cowbirds are 
opportunistic in their use of space, and will stop 
commuting to sites where large groups normally 
aggregate if feeding opportunities arise closer to 
their breeding ranges. (2) Although some social 
interactions occur at the large aggregations, 
most time is spent either feeding or loafing. 

3. Cowbirds associate with livestock because 
the presence of livestock, or livestock grazing 
itself, facilitates foraging opportunities (Fried- 
mann 1929, Mayfield 1965). Under this hypoth- 
esis, aggregations of cowbirds with livestock are 
not necessarily the result of active social inter- 
actions but, rather, may be passive aggregations 
due to limited, prime feeding sites, or due to the 
general selection pressures that favor group for- 
aging, such as predator detection (Rothstein et 
al. 1986b). 

4. Cowbirds associate with livestock as a re- 
sult of a hard-wired response to a cattle-like 
stimulus (i.e., bison) with which they evolved, 
even though this response does not generate the 
same, if any, benefits at present. When studying 
animal behavior in a human altered environ- 
ment, it is necessary to consider that the behav- 
ior may simply be an artifact of superimposing 
a stimulus on an otherwise well-adapted re- 
sponse (Gavin 1991). The ultimate causes that 
led to this association may be unimportant under 
current human-altered conditions; however, the 
innate response of cowbirds to grazing mammals 
remains. If this hypothesis is true, then deter- 
mination of the causes of this association must 
take place under natural conditions (e.g., with 
bison). 

Currently, the third hypothesis, which we will 
refer to as the foraging site hypothesis, appears 
to have the most support (Friedmann 1929, 
Mayfield 1965, Morris and Thompson 1998). 
The primary evidence for the foraging site hy- 
pothesis is the fact that feeding is the main be- 
havior cowbirds exhibit when with livestock 
(Rothstein et al. 1986b, Morris and Thompson 
1998; C. Goguen, unpubl. data). Cowbirds are 
omnivorous, feeding on both seeds and arthro- 
pods, and forage primarily on the ground in ar- 
eas of short vegetation (Lowther 1993). Once 
again, several, nonmutually exclusive hypothe- 
ses can be proposed to explain the manner in 
which livestock may provide or enhance cow- 
bird foraging opportunities: 

1. Grazing may create or enhance microhab- 
itats for cowbird foraging. Livestock grazing, by 
creating areas of short vegetation, may provide 
sites where a cowbird can forage more easily. 
Cowbirds often feed on mowed lawns and high- 
way berms, suggesting that a reduction in grass 
height alone creates cowbird foraging opportu- 
nities (Mayfield 1965). Grass height alone, how- 
ever, does not appear to explain cowbird behav- 
ior as cowbirds will abandon customary prairie 
feeding sites immediately following cattle re- 
moval to move to other actively grazed sites to 
feed with cattle (See CASE STUDY Z-THE FRONT 
RANGE, NEW MEXICO, below). 

2. Grazing may increase foraging habitat 
quality by increasing grassland invertebrate 
abundance. Many studies have shown that grass- 
hopper densities tend to increase with livestock 
grazing (Smith 1940, Nerney 1958, Holmes et 
al. 1979, Jepson-Innes and Bock 1989). Further, 
densities of foraging female cowbirds appear to 
be positively related to invertebrate density 
(Morris and Thompson 1998). This suggests that 
cowbirds may be found with grazing mammals 
simply because grazed areas have more inver- 
tebrates. We question this hypothesis as the main 
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explanation of a cowbird-livestock association 
based on the observation that cowbirds in ac- 
tively grazed pastures usually forage close to 
livestock (Morris and Thompson 1998; C. Go- 
guen, unpubl. data). If cowbirds were selecting 
grazed areas only because of higher insect den- 
sities, then they should be able to select any re- 
gion of the pasture in which to feed, regardless 
of the proximity to an ungulate. 

3. The presence of livestock may increase 
food availability via livestock body parasites, in- 
sects attracted to livestock, or insects and seeds 
in manure. Early naturalists speculated that cow- 
birds fed upon intestinal worms of ungulates ex- 
tracted from their manure, removed and ate body 
parasites such as ticks, or captured flying insects 
attracted to ungulates such as horseflies (Fried- 
mann 1929). Although arthropods often make up 
a substantial proportion of a cowbird’s diet, par- 
ticularly during the breeding season, Beal (1900) 
found little evidence in cowbird stomachs of the 
ungulate-attracted arthropods described above. 
Still, manure often contains seeds and larval in- 
sects that may be eaten by cowbirds. In the Si- 
erra Nevada, cowbirds foraging in horse corrals 
appear to obtain most food by probing and peck- 
ing into horse manure (Rothstein et al. 1980). 
Additionally, trampling actions of horses com- 
monly expose for cowbird consumption insect 
larvae under hard manure cakes (Rothstein et al. 
1987). Food obtained from manure may be par- 
ticularly important at holding facilities (e.g., cor- 
rals) where livestock are concentrated. 

4. Cowbirds may obtain food from the forage 
provided to domestic livestock by humans. 
Cowbirds are commonly found in large numbers 
at corrals or feedlots, sites with high densities of 
livestock that are maintained by human feeding 
(Rothstein et al. 1984, Coker and Capen 1995, 
Morris and Thompson 1998). Cowbirds likely 
benefit from these sites by feeding on seeds in 
hay or on waste grains. This does not explain 
the association of cowbirds with free-ranging 
cattle or wild ungulates, however. 

5. Finally, livestock may make grassland in- 
sect foods more visible to cowbirds by flushing 
invertebrates from vegetation during their graz- 
ing activities. Friedmann (1929) proposed that 
grazing ungulates increase the cowbird’s ability 
to detect invertebrates in grassland vegetation. 
These invertebrates are normally stationary and 
camouflaged, but can be readily located when 
flushed by ungulate feeding or footsteps. This 
explanation is supported by studies that dem- 
onstrate that “hide-and-flush” grassland insects, 
such as grasshoppers and leafhoppers, comprise 
the majority of animal food in cowbird diets 
(Beal 1900). Observations of foraging cowbirds 
also support this explanation. When in herds of 

cattle, cowbirds tend to group around foraging 
and moving cows rather than stationary, resting 
cows; as a cow forages, cowbirds move along 
behind the feet and mouth of the cow and dart 
after insects that are flushed with each footstep 
(C. Goguen, pers. obs.). This is similar to the 
benefit that the Cattle Egret (Bubulcus ibis) ob- 
tains from its association with grazing animals 
(Telfair 1994). 

IMPLICATIONS OF A COWBIRD- 
LIVESTOCK ASSOCIATION 

Based on the above, it appears that, at the 
least, cowbirds benefit in a commensalistic re- 
lationship with livestock because of the en- 
hanced feeding opportunities provided. Cow- 
birds are well known for their ability to separate 
their egg-laying and feeding ranges due to their 
parasitic nature (Rothstein et al. 1986b). In fact, 
most studies of cowbird movements have shown 
that cowbirds spend their mornings in areas of 
high host densities engaged in breeding activi- 
ties, then commute to afternoon feeding sites, 
often in association with livestock (Rothstein et 
al. 1984, Teather and Robertson 1985, Thomp- 
son 1994). Historically, the breeding range of 
the cowbird depended upon the distribution of 
large ungulates (Mayfield 1965). This suggests 
that the presence of domestic livestock may in- 
fluence the numbers and distribution of cow- 
birds. 

How DOES THE PRESENCE OF LIVESTOCK 
INFLUENCE COWBIRD DENSITY? 

The close link of cowbirds to livestock leads 
to the general prediction that cowbird densities 
should be higher on actively grazed areas, and 
maybe grazed areas in general, than on ungra- 
zed. Results of western studies evaluating the 
effects of livestock grazing on cowbird densities 
are varied, but some patterns, based on vegeta- 
tion type, appear to exist (Saab et al. 1995). In 
western riparian and shrubsteppe systems, the 
patterns observed agree with the prediction; 
cowbird densities tended to be higher in actively 
grazed areas (Reynolds and Trost 1981, Mosconi 
and Hutto 1982, Knopf et al. 1988, Schulz and 
Leininger 1991). In studies of western grass- 
lands, however, cowbird densities were high, but 
no difference was detected among different 
grazing intensities (Kantrud 1981, Kantrud and 
Kologowski 1982). 

Two grazing studies that conflict with the pre- 
dicted patterns of cowbird densities raise impor- 
tant points concerning the evaluation of live- 
stock effects on cowbird density. Goguen and 
Mathews (1998) found no significant difference 
in cowbird abundance between actively grazed 
and ungrazed pinyon-juniper (Pinus edulus-Ju- 
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niperus spp.) woodlands. They attributed this re- 
sult to the ability of cowbirds to commute far 
beyond the grazing fenceline to ungrazed areas 
(See CASE STUDY T-THE FRONT RANGE, NEW 
MEXICO, below). Taylor (1986) studied riparian 
areas that were either ungrazed all year or win- 
ter-grazed at various intensities. Livestock were 
not present to provide feeding opportunities for 
cowbirds on any of the sites during the breeding 
season, but cowbird abundance was higher in 
ungrazed sites. Host densities were also higher 
on ungrazed sites, probably because winter graz- 
ing had reduced the vegetation density on the 
grazed sites. Cowbirds appear to select breeding 
habitats with high host densities (Thompson et 
al. in press). This suggests that cowbirds were 
commuting from feeding areas outside the study 
sites and selecting breeding habitats based on 
host densities. The important point raised by 
these two studies is that cowbird mobility and 
breeding behavior, as well as grazing effects on 
host habitats, can confound attempts to assess 
the influence of livestock on cowbird abun- 
dance. 

DOES THE PRESENCE OF LIVESTOCK INFLUENCE 
COWBIRD BREEDING DISTRIBUTIONS AND 
PARASITISM RATES ON LOCAL AND 
LANDSCAPE SCALES? 

Although cowbirds have the ability to com- 
mute substantial distances between breeding and 
feeding ranges, most commute <3 km (Roth- 
stein et al. 1984, Thompson 1994). If livestock 
are essential for providing feeding sites, then we 
predict that cowbird densities and parasitization 
rates decrease with distance from livestock. In a 
general sense this prediction has substantial sup- 
port. Numerous studies have shown that cowbird 
numbers and parasitization rates are highest in 
areas closest to cowbird feeding sites (Vemer 
and Ritter 1983, Airola 1986, Young and Hutto 
this volume). In the Sierra Nevada, higher num- 
bers of cowbirds and parasitized nests were 
found in areas near human developments, horse 
corrals, and free-ranging livestock (Vemer and 
Ritter 1983, Airola 1986). In New Mexico, the 
probability of a Plumbeous Vireo (Vireo plum- 
beus) nest becoming parasitized decreased with 
increasing distance from cattle grazing (C. Go- 
guen, unpubl. data). In Vermont, the probability 
of a forest disturbance patch being occupied by 
a cowbird was positively related to the number 
of livestock sites (e.g., pastures or corrals) with- 
in 7 km (Coker and Capen 1995). In the mid- 
western United States, levels of parasitization 
were negatively correlated with percent forest 
cover, probably because non-forested areas tend- 
ed to contain cowbird feeding habitat, such as 
livestock pastures (Robinson et al. 1995b). 

These studies, as a whole, suggest that livestock 
distributions can influence cowbird distributions 
at both local and landscape scales. 

THE INFLUENCE OF LIVESTOCK ON 
COWBIRDS IN PRIMARILY 
UNDEVELOPED, WESTERN 
LANDSCAPES: CASE STUDIES 

To examine further the link between cowbirds 
and livestock, we selected two well-studied sites 
in the West to examine in detail. These sites 
were primarily undeveloped, meaning that few 
human alterations beyond the introduction of do- 
mestic livestock were present. We focus on these 
sites because they present an opportunity to ex- 
amine cowbird behavior when livestock are re- 
sponsible for most feeding opportunities. They 
also represent conditions that are common in the 
western United States. 

CASE I-THE SIERRA NEVADA, CALIFORNIA 

The Sierra Nevada runs in a northwest to 
southeast direction through eastern California, 
between California’s Central Valley and the de- 
serts and Great Basin of Nevada. Coniferous for- 
est, riparian, and mountain meadow vegetation 
cover a wide range of elevations and, although 
human impacts (e.g., logging, grazing) are per- 
vasive, human developments remain relatively 
rare (Vemer and Ritter 1983; S. Rothstein, pers. 
comm.). Free-ranging cattle are locally common 
during the summer, and horse corrals at pack 
stations are widespread (Rothstein et al. 1987). 
The Sierra Nevada constitutes one of the last 
major regions in the continental United States to 
be colonized by the cowbird. Few cowbirds 
were present prior to the 1940s (Rothstein et al. 
1980, Rothstein 1994). Since colonization, the 
spread of cowbirds has been well documented, 
and much research has investigated the causes 
of the invasion and the factors that currently in- 
fluence the abundance and distribution of cow- 
birds (Rothstein et al. 1980, 1984, 1986b, 1987; 
Vemer and Ritter 1983, Airola 1986). 

These studies established anthropogenic food 
sources, including livestock, as a primary factor 
allowing invasion of the Sierras by cowbirds and 
suggested that current cowbird distributions, and 
perhaps even prolonged egg-production ability, 
depended on the presence of these food sources. 
On the eastern slope of the Sierra Nevada, where 
human developments were present, cowbirds ag- 
gregated at horse corrals, bird feeders, and 
campgrounds for afternoon feeding (Rothstein et 
al. 1980, 1984). In the moderately developed 
northern Sierra, parasitization frequencies of 
hosts were highest in areas closest to regularly 
occupied human and livestock sites (Airola 
1986). In the semi-wilderness of the west slope, 
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cowbird abundance was negatively correlated 
with distance from horse corrals, and even pre- 
ferred breeding habitats (e.g., riparian) tended to 
have few or no cowbirds in regions >lO km 
from horse corrals (Vemer and Ritter 1983). 
Summer cattle grazing also occurred, and al- 
though cowbirds arrived and laid some eggs be- 
fore cattle or horses were introduced each 
spring, the peak cowbird egg-laying period was 
apparently delayed until after livestock arrival 
(Vemer and Ritter 1983). This delay caused fe- 
male cowbirds to miss the peak period of host 
clutch initiations and implies a pivotal impor- 
tance of livestock for prolonged cowbird breed- 
ing in this undeveloped region. 

Although no species is currently threatened 
due to parasitism within the Sierra Nevada, one 
management implication is clear: controlling the 
spread of cowbirds there will need to involve 
controlling the spread of human-created food 
sources (e.g., concentrating further development 
into areas already affected; Rothstein et al. 1980, 
Airola 1986). Livestock appear to be particularly 
important where other anthropogenic distur- 
bances are lacking. In these regions, increasing 
the distribution and numbers of horse corrals or 
free-ranging livestock may increase the propor- 
tion of area susceptible to cowbird parasitism. 
Further, introduction of livestock earlier in the 
spring could result in a longer cowbird laying 
period with greater overlap between cowbirds 
and hosts (Verner and Ritter 1983). 

CASE Z-THE FRONT RANGE, NEW MEXICO 

The Front Range is a general term for the 
mountains and foothills at the western edge of 
the Great Plains in Colorado and northern New 
Mexico. Along this range, grasslands of the 
Plains are replaced by coniferous forests on the 
mountain slopes creating a natural prairie-forest 
interface. In northeastern New Mexico, the Front 
Range forms along the foothills of the Sangre 
de Cristo Mountains. Cattle grazing is the pri- 
mary land-use of this sparsely inhabited region, 
particularly in lower-elevation shortgrass prairie 
and pinyon-juniper habitats. We have studied 
cowbird-livestock interactions on adjacent un- 
grazed and actively grazed rangelands in this re- 
gion since 1992 (Goguen and Mathews 1998). 

Our initial research examined grazing-induced 
differences in bird species composition and nest- 
ing success in pinyon-juniper woodlands (Go- 
guen and Mathews 1998). We predicted that 
cowbird parasitism would be an important influ- 
ence on nesting success, particularly in actively 
grazed woodlands where livestock provide cow- 
bird feeding sites. Cowbird parasitism did prove 
to be important, but parasitization frequencies of 
most hosts did not differ between actively 

TABLE 1. COWBIRD PARASITIZATION FREQUENCIES OF 
COMMON HOST SPECIES BREEDING IN GRAZED AND UNGRA- 

ZED PINYON-JUNIPER WOODLANDS IN NORTHEASTERN NEW 

MEXICO, 1992-I 995 (ADAPTED FROM GOCXJEN AND MA- 

THEWS 1998) 

Percent nests parasitized 
(sample size) 

Species 

Plumbeous Vireo 

Ungrazed Grazed 

(Vireo plumbeus) 
Western Tanager 

86 (29) 86 (36) 

(Piranga ludoviciana) 
Blue-gray Gnatcatcher 

89 (19) 80 (20) 

(Polioptila caerulea) 
Spotted Towhee 

76 (41) 76 (41) 

(Pipilo maculatus) 
Western Wood-Pewee 

0 (30)a 26 (23) 

(Contopus sordidulus) 12 (41) 24 (33) 

a Spotted Towhrr nests were parasitized sigmficantly more frequently on 
grazed plots. Parasitizatmn frequenclrs for all other species did not differ 
by treatmrnt. 

grazed and ungrazed sites (Table 1). We attrib- 
uted our inability to detect an influence of live- 
stock grazing to a problem of scale. All ungra- 
zed study plots were 4 km or less from active 
cattle grazing. Given the high mobility of cow- 
birds, we hypothesized that female cowbirds 
breeding on ungrazed sites commuted to adja- 
cent grazed areas to feed with livestock; in ef- 
fect, the scale at which our study plots were dis- 
tributed among grazing treatments was finer than 
the scale of cowbird movements. 

To assess how the distribution of cattle influ- 
enced cowbird feeding behavior and move- 
ments, in 1994 we initiated an intensive study 
of cowbird behavior. We performed surveys of 
cowbird abundance and we radio-tracked female 
cowbirds in both actively grazed and ungrazed 
areas. Cowbird surveys consisted of a system of 
point counts performed weekly, mid-May 
through July, along fixed routes in actively 
grazed and ungrazed prairie and pinyon-juniper 
woodlands. Surveys were conducted in the 
morning and afternoon to evaluate daily patterns 
of behavior and habitat use. Results from these 
surveys (C. Goguen, unpubl. data) suggest that 
cowbirds tend to spend mornings engaged in 
breeding activities in pinyon-juniper woodlands 
of grazed and ungrazed sites (Fig. la) but move 
in the afternoons to common feeding sites in 
grazed prairies with cattle herds (Fig. lb). The 
rarity of cowbirds on ungrazed prairies in the 
afternoon demonstrates the importance of cattle 
for foraging opportunities. Additional evidence 
for this is suggested by the precipitous decline 
in cowbird numbers in the grazed prairies during 
afternoons late in the summer (Fig. lb). This 
drop in detections coincided with the removal of 
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FIGURE 1. Mean numbers of cowbirds detected during point-count surveys of (a) pinyon-juniper and (b) 
shortgrass prairie vegetation, based on treatment and time of day (based on unpublished data of C. Goguen). 
Legend abbreviations refer to the treatment and time of survey, for instance “Grazed/Morning” means surveys 
were done on grazed sites in the morning. Note that the scale of the y-axes differs between (a) and (b). 

cattle from the grazed pasture by 2 July. Radio- 
telemetry data corroborate these conclusions. 
Seventy-six percent of feeding locations of fe- 
male cowbirds were with grazing livestock; an 
additional 22% occurred at livestock corrals (C. 
Goguen, unpubl. data). Further, when cattle were 
removed from the principal feeding pasture, fe- 
male cowbirds immediately shifted to other pas- 
tures that remained actively grazed, even though 
these sites were 1 to 2 km farther away from 
their egg-laying ranges (C. Goguen, unpubl. 
data). These observations support our hypothe- 
ses of scale effects and cowbird movements be- 
tween grazing treatments, and demonstrate the 
potential landscape-level influence of livestock 
grazing via commuting cowbirds. 

DO COWBIRDS DEPEND ON GRAZING 
UNGULATES DURING THE 
BREEDING SEASON? 

Results described in the case studies above 
introduce a question, the answer to which is 
likely to become increasingly important and 
controversial over the next several years: Do 
cowbirds depend on grazing ungulates during 
the breeding season? In both case studies, cow- 
bird movements and distributions were linked 
closely to livestock, and, in fact, the physical 
presence of livestock appeared to be an impor- 
tant element of high-quality feeding sites for 
cowbirds. From a purely ecological perspective, 
this question is interesting because it provides 
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insight into fundamental questions of ecology; 
that is, what controls the abundance and distri- 
bution of a species? From a management per- 
spective, however, this question is potentially 
controversial because it raises the possibility that 
livestock removal could be used as a manage- 
ment strategy to reduce cowbird parasitism. 

In a broad sense, the answer to the question 
of whether cowbirds depend on grazing ungu- 
lates during the breeding season is “no”. Cow- 
birds are extremely adaptable and readily exploit 
a variety of anthropogenic food sources, ranging 
from recently tilled agricultural fields (Thomp- 
son 1994) to lawns, campgrounds, and bird feed- 
ers (Mayfield 1965, Verner and Ritter 1983, 
Rothstein et al. 1984). But what if the question 
is narrowed? Do cowbirds depend on livestock 
in regions where other anthropogenic food 
sources are absent or rare? This applies to many 
regions in the West. The answer to this question 
is less clear. In the undeveloped sites described 
in the case studies, cowbirds fed almost exclu- 
sively with livestock and bred in lower densities 
in areas distant from livestock. Without manip- 
ulative experiments, however, we have no way 
of knowing whether cowbirds depend on live- 
stock in these regions, or if they can breed there 
regardless, but concentrate near livestock be- 
cause food is easily obtained. In the western Si- 
erra Nevada cowbirds survive several weeks 
without livestock in early spring (Vemer and 
Ritter 1983). The evidence that females delayed 
most breeding until after livestock were intro- 
duced, however, has led to the hypothesis that 
even though cowbirds can survive without live- 
stock, females may require the high rates of in- 
take of invertebrate foods that livestock provide 
to maintain egg production (Rothstein et al. 
1987). Low energetic costs of egg production 
argue against this hypothesis (Ankney and Scott 
1980), but the foraging efficiency and diet of 
cowbirds with and without livestock remains un- 
known (Lowther 1993). 

LIVESTOCK REMOVAL AS A TECHNIQUE 
TO MANAGE COWBIRD PARASITISM 

The exclusion of livestock from sensitive hab- 
itats (e.g., riparian) is clearly important in cre- 
ating and maintaining habitat structure for many 
bird species (Taylor 1986, Taylor and Littlefield 
1986, Rothstein and Cook in press). The close 
association between livestock and cowbirds has 
also led to the proposal for, and implementation 
of, livestock removal as a management tool to 
protect some endangered songbird species from 
cowbird parasitism (.I. Agyagos, pers. comm.; D. 
Ahlers, pers. comm.). Livestock removal entails 
the rotation of livestock away from host breed- 
ing habitat, at least during the critical spring and 

summer breeding months, in an effort to reduce 
parasitization. Often this technique involves re- 
moving or minimizing livestock presence within 
a certain radius of the critical habitat to act as 
an impediment to cowbird commuting. 

In the Southwest, two endangered subspecies, 
the Least Bell’s Vireo (Vireo b&ii pusillus) and 
the Southwestern Willow Flycatcher (Empidon- 
ax traillii extimus), currently experience high 
parasitization rates (Franzeb 1989, Harris 1991). 
Livestock removal has been proposed as a man- 
agement technique for both of these riparian 
breeding subspecies, and has been recently ini- 
tiated to protect flycatchers in Arizona and New 
Mexico (J. Agyagos, pers. comm.; D. Ahlers, 
pers. comm.). As an example of its application, 
on the Coconino National Forest in Arizona, 
livestock are rotated out of public lands in a 6% 
km-radius area around an occupied flycatcher 
site from April through July (J. Agyagos, pers. 
comm.). This radius is based on maximum com- 
muting distances observed by Rothstein et al. 
(1984). 

Although the idea of livestock removal to re- 
duce parasitization is intuitively appealing, the 
effectiveness of this technique remains un- 
known. Additionally, many factors, such as the 
availability of alternate cowbird food sources or 
the size of the livestock removal radius used, 
may influence its success. Still, under many cir- 
cumstances livestock removal techniques may 
provide effective management of cowbirds, and 
offer an interesting opportunity to do “adaptive 
management” (Walters 1986). To assess their ef- 
fectiveness, workers initiating livestock removal 
programs should incorporate baseline monitor- 
ing of cowbird abundance and nests of all host 
species, post-treatment monitoring, and the use 
of experimental controls when possible. Exper- 
imental removals comparing developed and un- 
developed regions would also be useful. 

RESEARCH NEEDS 

Although the Brown-headed Cowbird is rap- 
idly becoming one of the most studied bird spe- 
cies in North America, surprisingly little is un- 
derstood about the relationship with livestock 
that earned this species its name. To conclude, 
we have summarized several of the main aspects 
of this association that we feel require further 
research: 

(1) Basic understanding of the causes and 
benefits of the cowbird-livestock association.- 
Although feeding is undoubtedly a primary rea- 
son for cowbirds to associate with livestock, the 
importance of social interactions at these feeding 
groups, and the mechanics of food facilitation 
by livestock remain unclear. 

(2) The dependence of cowbirds on grazing 
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ungulates, and livestock removals.-The effec- 
tiveness of a livestock removal program proba- 
bly hinges on the degree of dependence of cow- 
birds on livestock in the region of concern. Giv- 
en the potential costs of livestock removals (e.g., 
public relations, manager’s and rancher’s time 
and money, lost opportunities to protect the spe- 
cies with alternative techniques), manipulative 
experiments are needed to evaluate the many un- 
knowns: Do livestock removals reduce parasit- 
ization rates in developed regions where other 
anthropogenic feeding sites exist? Do livestock 
removals reduce parasitism rates in undeveloped 
regions? What is the proper scale for removals, 
i.e., how far must livestock be withdrawn to pre- 
vent cowbird commuting? 

(3) Effects of grazing management strate- 
gies.-A variety of grazing systems exist, yet 
little is known about how different systems af- 
fect cowbirds. For example, do increased stock- 
ing densities lead to higher cowbird densities? 
Can seasonal grazing strategies be used over 
large regions to move cowbirds away from sen- 
sitive areas during the breeding season? 

(4) Necessity of livestock or other anthropo- 
genie sources for prolonged cowbird reproduc- 
tion-It has been hypothesized that cowbirds 
need access to high-quality feeding sites, such 
as livestock, to sustain a high egg-laying rate 
throughout the breeding season. Studies com- 
paring cowbird foraging efficiency and egg pro- 
duction rates with and without livestock would 

be useful to assess the validity of this hypothe- 
sis. 

(5) Role of native ungulates.-Today, be- 
cause of the prevalence of livestock, native un- 
gulates play a much smaller role in cowbird 
ecology than they have historically. Bison graz- 
ing, however, is becoming popular as an alter- 
native grassland management tool to cattle graz- 
ing (Plumb and Dodd 1993). Although from an 
ecological perspective, bison foraging behavior 
and food preferences differ from cattle (Plumb 
and Dodd 1993), bison provide feeding oppor- 
tunities for cowbirds, just as cattle do. Compar- 
isons of cowbird behavior and parasitism effects 
with bison versus cattle would be useful. From 
an evolutionary perspective, these comparisons 
may also provide insight into the ultimate causes 
of the cowbird-livestock association. 
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MANAGING RIPARIAN VEGETATION TO CONTROL COWBIRDS 

CARA A. STAAB AND MICHAEL L.MORRISON 

Abstract. Management strategies are needed to reduce the rate at which Brown-headed Cowbirds 
(Molothrus ater) parasitize their hosts. We investigated whether vegetation management could be used 
to reduce parasitism by seeking differences in nest-site microhabitats of hosts in a riparian area of 
central Arizona. During 1993 and 1994, we quantified vegetation characteristics in 0.04 ha plots 
centered on 128 nests of four commonly parasitized species and four infrequently parasitized species. 
We compared characteristics between parasitized and unparasitized nests of common hosts, and be- 
tween nests of common and infrequent hosts. Factors associated with likelihood of parasitization were 
vegetation volume at nest, size of nest substrate, distance from nest to visual obstruction below nest, 
and presence of large trees near the nest. Whether nests belonged to common hosts or infrequent hosts 
was best predicted by nest height. Our results indicate riparian areas can be managed for large trees 
and numerous shrubs when the goal is to reduce parasitization. 

Key Words; Arizona, avian reproduction, brood parasitism, Brown-headed Cowbird, host selection, 
microhabitat, Molothrus ate-, nest selection, riparian. 

It is well documented that brood parasitism by 
Brown-headed Cowbirds (Molothrus ater) caus- 
es many species of birds to fledge significantly 
fewer of their own young (e.g., Elliot 1978, 
Marvil and Cruz 1989). Consequently, some 
host species have undergone population declines 
that are at least partly due to parasitization 
(Mayfield 1977, Franzreb 1990). A few man- 
agement strategies have been developed to min- 
imize the potential impact of cowbirds on their 
hosts. Trapping and shooting can be done on or 
near host breeding grounds to reduce the number 
of cowbirds (Kelly and DeCapita 1982, Robin- 
son et al. 1993). Host nests also can be located, 
allowing managers to monitor and remove cow- 
bird eggs from the nests, or place artificial cow- 
bird eggs in them, which act as a deterrent to 
subsequent parasitization (Ortega et al. 1994). 
These programs have the greatest potential when 
used to aid the recovery of threatened or endan- 
gered species (Robinson et al. 1993, Ortega et 
al. 1994). Because these strategies need to be 
repeated annually, have high costs, are labor-in- 
tensive, and have a restricted area of effective- 
ness, they may not be feasible for widespread 
use. 

One way to control the effects of cowbirds on 
hosts would be to reduce the quality of cowbird 
breeding habitat, as measured by the proportion 
of nests that are vulnerable to parasitization. If 
a link existed between the vegetation surround- 
ing available nests (i.e., nest-site microhabitat) 
and rates of parasitization, vegetation could be 
manipulated to reduce the number of nests being 
parasitized. 

Within their breeding habitat, cowbirds appear 
to prefer edges (e.g., forest-meadow interfaces 
and perimeters of clearcuts; Brittingham and 
Temple 1983, Coker and Capen 1995). Manag- 
ers can try to minimize the extent, rate, or lo- 

cation of further fragmentation to minimize the 
risk that new areas will experience an increase 
in parasitization. However, this strategy will not 
work in areas that are, by nature, edges. Riparian 
zones of the southwestern United States are one 
example. These areas consist of narrow strips of 
vegetation that are characterized by a more di- 
verse structure and assemblage of plant species 
than the surrounding, more xeric, environments. 
Because southwestern riparian areas support 
very high densities of breeding birds (Carothers 
1974, Mills et al. 1991), and because parasitism 
rates have been positively correlated with den- 
sity, many of these areas should be evaluated in 
regard to cowbird management needs. 

We examined nest-site microhabitat charac- 
teristics of four common host species and four 
infrequent host species to determine if vegeta- 
tive composition and structure influenced the 
susceptibility of a nest to parasitism by Brown- 
headed Cowbirds. Our specific objectives were 
to: (1) determine if differences existed between 
nest-site microhabitat of parasitized and unpar- 
asitized nests of common hosts, and (2) deter- 
mine if differences existed between nest-site mi- 
crohabitat of common hosts and infrequent 
hosts. From these data, we developed recom- 
mendations for habitat management that could 
minimize the impact cowbirds have on avian 
communities in southwestern riparian vegeta- 
tion. 

STUDY AREA 

We worked along Walnut and Apache creeks, 
Yavapai County, Arizona, on about 50 ha of 
public (Prescott National Forest) and private 
lands at 1530-1580 m elevation. Vegetation 
consisted of 0.5-5.0 ha patches of riparian 
woodlands separated by grassy openings or 
strips of willow (S&X spp.). Following Szaro’s 
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(1989) classification scheme, most patches were 
community type (1) Acer negundo-mixed broad- 
leaf, (2) Pop&us fremontii, or (3) Juglans major; 
Acer neglmdo-mixed broadleaf was the most ex- 
tensive type present. Mean annual precipitation 
was 40 cm, and mean annual temperature was 
11.2 C (National Oceanic and Atmospheric Ad- 
ministration 1994). 

METHODS 

SPECIES STUDIED 

Parasitization rates among species that accept 
cowbird eggs are highly variable, and indicate 
that factors other than egg rejection can influ- 
ence the impact cowbirds have on a species. We 
used the natural patterns of variations in para- 
sitization rates to divide the accepters into two 
groups: common hosts and infrequent hosts. 
Common hosts are those species that are fre- 
quently parasitized (225%) in most of their 
range. Infrequent hosts are species that are rarely 
parasitized (<25%) in large portions of their 
range, despite their apparent suitability or tol- 
erance as hosts. By these definitions, infrequent 
hosts in Arizona can include species that are 
rarely parasitized in the western US, even if they 
are more commonly parasitized in the east (or 
vice versa). By studying these two groups, re- 
searchers might gain additional insight into what 
features make a potential host susceptible to par- 
asitization, which would lead to ways to lessen 
the impact cowbirds have on common hosts. 

In 1993 and 1994, we searched for nests of 
four common host species and four infrequent 
host species that (1) are known Brown-headed 
Cowbird hosts (Friedmann and Kiff 1985), (2) 
are not known to reject cowbird eggs, (3) are 
open-cup nesters, and (4) breed during the same 
period that cowbirds do. The common hosts 
were Plumbeous Vireo (Vireo plumbeus), Yel- 
low Warbler (Dendroica petechia), Yellow- 
breasted Chat (Zcteria virens), and Blue Gros- 
beak (Guiraca caerulea). The infrequent hosts 
were Western Wood-Pewee (Contopus sordidu- 
lus), Black-headed Grosbeak (Pheucticus melan- 
ocephalus), House Finch (Carpodacus mexican- 
us), and Spotted Towhee (Pipilo maculatus). 
Staab (1995) presented details on classification 
of these species as common or infrequent host, 
and as acceptor or rejector. 

NEST SEARCHES 

We located nests by watching potential hosts 
(Ralph et al. 1993) and by conducting intensive 
searches through vegetation. We identified dis- 
tinct stands of vegetation to serve as relocatable 
units to be searched. Nest searches were con- 
ducted from May through July to correspond 
with the egg-laying period of cowbirds (Best 

1978). We revisited each stand every lo-12 d, 
yielding 5-7 visits per stand. We usually began 
searching for nests within 1 hr of sunrise, and 
concluded within 1 hr of sunset. 

To determine if microhabitats differed be- 
tween parasitized and unparasitized nests of 
common hosts, we included nests in our sample 
only if they could be classified with a high de- 
gree of certainty as parasitized or unparasitized. 
Nests were classified as unparasitized only if 
they contained a complete clutch of host eggs 
and no cowbird eggs, or a full brood of host 
young and no cowbird young or eggs. We clas- 
sified nests as parasitized if they contained at 
least one cowbird egg or chick, regardless of 
what stage the nest was in when discovered, or 
whether the nest had been abandoned by the host 
(see Staab 1995 for further details). All nests 
were used in our analysis of common versus in- 
frequent hosts regardless of parasitization status. 

HABITAT CHARACTERISTICS 

We established a 0.04 ha circular plot cen- 
tered on each nest by stretching a tape measure 
out to 11.3 m in each of the cardinal directions. 
By defining the plot in this fashion, there were 
four transects (along the tape measure) and four 
quadrants (between the transects). We estimated 
the following variables modified from Noon 
(1981) and Mills et al. (1991) within each plot: 
(1) A vertical profile of vegetation volume was 
measured at 9 sampling points per nest by hold- 
ing a pole perpendicular to the ground at each 
of the sampling points (1 at the nest, and 2 per 
transect [ 1 at the mid-point, and 1 at the edge 
of the plot]). For each m of the pole, we record- 
ed the number of dm intervals that had woody 
vegetation (i.e., number of hits by species) with- 
in a radius of 1 dm from the pole; measurements 
above 8 m were visually estimated. (2) Distance 
to and height of the nearest shrub (woody veg- 
etation >l m tall and <3 cm dbh [diameter at 
breast height]), sapling (woody vegetation >l m 
tall and 3 cm 5 dbh <8 cm) and tree (woody 
vegetation >l m tall and ~8 cm dbh) in each 
of the four quadrants. (3) Dbh size class of all 
standing trees (3-23 cm, 23-69 cm, and >69 
cm). (4) We estimated shrub density at breast 
height by counting the number of woody stems 
<3 cm dbh that intersected our bodies and out- 
stretched arms at breast height as we walked 
along each transect. (5) We estimated percent 
ground cover and live canopy cover by sighting 
through an ocular tube at five equidistant points 
along each of the four transects. (6) We used a 
clinometer or visual estimation to obtain aver- 
age, minimum, and maximum canopy height 
within the plot. (7) Nest substrate type (i.e., tree, 
shrub, or ground), species, and dbh size class (if 
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tree). (8) Distance to and size of nearest opening 
(< 10% canopy cover and < 10% ground cover 
of shrubs). We estimated size of opening by vi- 
sually estimating the length and width by size 
class (510, 11-25, 26-50, 51-100, or >lOO m). 
(9) Percentage class (O%, l-25%, 26-50%, 51- 
75%, and 76100%) of nest visible from the 
nearest tree and shrub in each quadrant, and 
from the end of each transect (visually estimat- 
ed). (10) Position of the nest within the nest sub- 
strate. For each nest, we measured its height 
above the ground, distance to trunk (if in tree; 
distance was 0 if nest was in a shrub), distance 
to the edge of the substrate along the 4 transects, 
and total height of the nest substrate. We also 
recorded the distance to where ~50% of the nest 
was visually obstructed by vegetation directly 
above and below the nest. 

DATA ANALYSIS 

We used the logistic regression procedure of 
the SPSS statistical program to test for differ- 
ences in parasitization status (within common 
hosts only) and between host types (SPSS 1992). 
All data were analyzed without regard to year 
of collection, because sample sizes were too 
small in 1993 to permit statistically valid anal- 
yses. To test for differences in parasitization sta- 
tus, we used presence or absence of parasitiza- 
tion as the dependent variable (“parasitization 
model”). To test for differences between host 
types, we used host type (common or infrequent) 
as the dependent variable (“host type model”). 

We used forward stepwise variable selection, 
with identical independent variables, to build 
both models. The score statistic was used to de- 
termine variable entry, and the likelihood ratio 
statistic to determine variable removal. The host 
type model was built with an entry P-value of 
0.05, and a removal P-value of 0.10. The same 
set of P-values did not identify any significant 
variables when they were applied to the parasit- 
ization model; therefore, this model was built 
with an entry P-value of 0.10, and a removal P- 
value of 0.11. We used these sets of P-values 
because they resulted in models with an overall 
classification rate >70%, no outlying cases with 
studentized residuals B2.00, and a small number 
of variables. Models with few variables are more 
likely to be numerically stable, and are more 
easily generalized, than models with many vari- 
ables (Hosmer and Lemeshow 1989:83). 

We assessed the fit of our final models by ex- 
amining the model chi-square (SPSS 1992). This 
tests the null hypothesis that the coefficients for 
all of the terms in a model, except the constant, 
are 0. To interpret the final models, we examined 
the odds ratio of each variable, which indicates 
how much more (or less) likely it is for the out- 

TABLE 1. NUMBER OF PARASITIZED, UNPARASITIZED, 
AND UNKNOWN PARASITIZED NESTS, AND TOTAL SAMPLE 
SIZE FOR ALL COMMON AND INFREQUENT HOST SPECIES 
IN ARIZONA, 1993-94 

% % 
Para- Unpara- % 

Species (N) smzed sltlzed Unknown 

Common hosts 

Plumbeous Vireo (29) 45 31 24 
Yellow Warbler (12) 33 50 17 
Yellow-breasted Chat (3 1) 32 48 19 
Blue Grosbeak (12) 50 33 17 
Total (84) 39 40 20 

Infrequent hosts 
Western Wood-Pewee 

(21) 0 57 43 
Black-headed Grosbeak 

(6) 0 100 0 
House Finch (10) 0 40 60 
Spotted Towhee (7) 0 57 43 
Total (44) 0 59 41 

come (i.e., parasitization or common host type) 
to be present for a 1 unit change in the indepen- 
dent variable. 

The variable “distance to obstruction below 
nest” required further analysis, as was partly in- 
dicated by the large confidence interval of the 
estimated odds ratios. From each nest, the dis- 
tance was measured to the point where vegeta- 
tion provided 250% obscurement. Where there 
was not enough vegetation to meet this criterion, 
we recorded the distance from the nest to the 
ground, even though there was <50% conceal- 
ment. Our purpose was to minimize the number 
of cases excluded from analysis due to missing 
values in the covariate. To clarify the relation- 
ship between parasitism and the distance to ob- 
struction below nests, we performed a 2 X 2 
contingency table analysis with the obstruction 
amount coded as ~50% or <50%. 

RESULTS 

PARASITIZATION RATES 

Minimum parasitization rates for common 
hosts were 32-50%, and no infrequent hosts 
were known to be parasitized (Table 1). No nests 
of either host type were known to contain buried 
cowbird eggs, nor showed evidence that cowbird 
eggs had been removed (e.g., broken eggs on 
ground). 

PARASITIZED vs. UNPARASITIZED NESTS OF 
COMMON HOSTS 

Four variables were included in the final lo- 
gistic regression model of the parasitism data set 
(Table 2). The odds ratio for the variable dis- 
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TABLE 2. LOGISTIC COEFFICIENT (p), STANDARD ERROR (SE), ODDS RATIO (Y), AND 95% CONFIDENCE INTERVAL 
OF ODDS RATIO (CI Y) FOR VARIABLES IN PARASITIZATION MODEL 

Vmable P SE Y 95% CI Y 

Distance to obstruction below nest (m) 0.426 0.332 1.53 0.80, 2.93 
Volume at nest (m’) -0.648 0.263 0.52 0.31, 0.88 
Trees >69 cm dbh present - 1.768 0.872 0.17 0.03, 0.94 
Nest substrate dbh (3-23 cm)a 

24-69 cm -2.716 1.005 0.07 0.01, 0.47 
<3 cm -1.614 0.720 0.20 0.05, 0.82 

Constant 2.143 0.912 

a Reference category. 

tance to obstruction below nest indicates that 
parasitization was 1.5 times more likely to occur 
with each 1 m increase to vegetation below the 
nest (Table 2). The odds ratio of vegetation vol- 
ume at nest was < 1, reflecting that as the vol- 
ume increased, chances of parasitization de- 
creased (Table 2). For each 1 m3 increase of veg- 
etation in a vertical cylinder around the nest, 
parasitization was half as likely to occur. 

Interpretation of the categorical variables is 
slightly modified, because a reference category 
is involved. The odds ratio for the presence of 
large trees was 0.17, the inverse of which indi- 
cates that nests with at least one large dbh tree 
within 11.3 m from them were 6 times less like- 
ly to be parasitized than nests where no large 
trees were nearby (Table 2). The variable nest 
substrate dbh had a reference category of small 
trees (3-23 cm dbh). Therefore, the effect of 
nests in shrubs and mid-sized trees were com- 
pared to the effect of nests in small trees. Nests 
in shrubs and mid-sized dbh trees were 5 and 15 
times less likely to be parasitized than nests in 
small trees, respectively (Table 2). There was no 
category for large trees because no common 
host nests were in large trees. The model chi- 
square indicated that the model fit the data well; 
all of the coefficients in the model were signif- 
icantly different from zero (P < 0.001, x2 = 
20.034, df = 5). The largest correlation coeffi- 
cient had an absolute value of r = 0.37. 

In our additional analysis on the variable dis- 
tance to obstruction below nest, we found an 
association between parasitization and the 
amount of obscurement below the nests (P = 
0.048, x2 = 3.91, df = 1). Parasitized nests had 
250% obscurement less frequently than was ex- 
pected, and unparasitized nests had 250% ob- 
scurement more frequently than expected. 

COMMON vs. INFREQUENT HOSTS 

The best fitting model of the host type data 
set involved only one variable, the height of nest 
above ground level. Nests <3 m above ground 
were 7.7 times more likely to belong to a com- 

mon host than nests >3 m above ground (coeff 
= -2.074, SE = 0.426). The coefficient of the 
nest height variable was different from zero (P 
< 0.001, x2 = 27.34, df = 1). 

DISCUSSION 

PARASITIZED vs. UNPARASITIZED NESTS 

The amount and arrangement of vegetation in 
a vertical profile above and below nests were 
associated with likelihood of parasitization. Un- 
parasitized nests had greater vegetation volume 
and shorter distance to concealing vegetation be- 
low the nest. A large vegetation volume could 
reduce a cowbird’s line-of-site as she follows a 
host during nest-building activities, camouflage 
a nest, or swamp appropriate search cues with 
numerous inappropriate images. A short distance 
to cover below a nest would conceal the nest 
from more angles that originate below it than a 
longer distance would. This would be most ef- 
fective in preventing discovery if cowbirds were 
searching from the ground or relatively low 
perches. 

The third variable associated large-diameter 
trees on plots with reduced likelihood of para- 
sitization. On our study site, these trees were 
always tall cottonwoods, which provided few 
perch sites in the canopy range from which we 
sampled nests. Although low perches provided 
by smaller trees and shrubs generally did not 
appear to be limited within our study area, they 
may have been less abundant where large trees 
dominated plots. 

Nests in small dbh trees were at far greater 
risk of parasitization than those in shrubs or 
mid-sized trees. Small trees may increase the 
likelihood of parasitization not only by provid- 
ing search perches as discussed above, but also 
by providing less vegetation to conceal a nest. 
Curson (1996) reported decreased parasitization 
in trees with a large dbh when he examined 
Plumbeous Vireos in a pinyon-juniper wood- 
land, although he did not relate it to conceal- 
ment. 
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Although we did not investigate any mecha- 
nisms as to why vegetation immediately around 
a nest would affect the likelihood of parasitiza- 
tion, it could be that vegetation may influence a 
cowbird’s ability to locate a nest by providing 
concealment, camouflage, or search perches. 
These ideas have also been hypothesized in oth- 
er studies. In a different Southwestern riparian 
area, Averill (1996) showed that parasitized Yel- 
low-breasted Chat nests were less concealed 
from below than unparasitized nests were. When 
she analyzed four common host species together 
(including two species common to our study), 
she found that parasitized nests had less ground 
cover immediately below them, and that shrubs 
were farther away when compared to unparasi- 
tized nests. Nice (1937) found that parasitized 
Song Sparrow (Melospiza melodia) nests were 
less concealed from human view than those that 
were not parasitized. Brittingham and Temple 
(1996) combined 12 species and found that par- 
asitized nests had a more open canopy and sub- 
canopy. Although they did not relate this to con- 
cealment per se, they did suggest it could reflect 
nest-searching strategies or local variations in 
host densities. 

In contrast to these supportive studies, An- 
derson and Storer (1976) reported no relation- 
ship to concealment at parasitized Kirtland’s 
Warbler (Dendroica kirtlandii) nests, although 
they did not specify how they measured con- 
cealment. However, they did report that avail- 
ability of appropriate perch sites was associated 
with parasitized nests, as did Freeman et al. 
(1990). Curson (1996) examined relationships 
between vegetation and parasitization for several 
host species, but concluded that differential par- 
asitization was more likely a response to host 
behavior than vegetation attributes. 

COMMON vs. INFREQUENT HOSTS 

The host type model indicated that nest height 
was the key microhabitat feature that distin- 
guished nests of common and infrequent hosts. 

Briskie et al. (1990) observed the same phenom- 
enon in their study of Least Flycatchers (Empi- 
donax minimus, an infrequent host) and Yellow 
Warblers. They suggested that nest height con- 
stituted a nest-detection curve for cowbirds. This 
was supported by Norman and Robertson 
(1975), who observed that cowbirds often 
searched for nests from the ground. 

Our results indicate that management for mid- 
sized and large trees, along with a well-devel- 
oped shrub layer, might effectively reduce par- 
asitization rates in Southwestern riparian areas. 
The plant density and species composition re- 
quired is a location-specific decision. In general, 
however, these goals can be achieved by plant- 
ing seedlings in areas where regeneration is not 
occurring naturally, prohibiting overgrazing by 
livestock, restricting the area trampled by hu- 
mans in high-use recreation zones, and elimi- 
nating the cutting of trees for development and 
fuelwood. Watershed management is also im- 
portant, because properly functioning water- 
sheds can lessen the severity of floods, which 
can result in fewer losses of large trees during 
high volume flood events (Groeneveld and Grie- 
pentrog 1985). 

Although we can alter vegetation, we cannot 
control nest-site selection processes. The chal- 
lenge is to alter structure so that conditions are 
less favorable for cowbirds, yet they are still 
within the range of habitat characteristics that 
are acceptable to most hosts. This range must be 
defined location-specific for the hosts in ques- 
tion as well as for cowbirds. Achieving these 
characteristics would maximize breeding habitat 
quality for hosts by providing them with options 
for suitable nest sites that are less susceptible to 
brood parasitism by Brown-headed Cowbirds. 
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COWBIRDS IN A WESTERN VALLEY: EFFECTS OF LANDSCAPE 
STRUCTURE, VEGETATION, AND HOST DENSITY 

JOSHUA J. TEWKSBURY, THOMAS E. MARTIN, SALLIE J. HEJL, TIMOTHY S. REDMAN, AND 

E JEREMY WHEELER 

Abstract. Brown-headed Cowbird (Molorhrus ater) abundance varies dramatically over both large 
and small spatial scales, causing extreme heterogeneity in parasitism pressure. Understanding the 
factors responsible for the occurrence and relative abundance of cowbirds is thus essential for properly 
predicting the regional impact of cowbirds on different host species. We studied the occurrence and 
relative abundance of Brown-headed Cowbirds across three vegetation types in the foothills and valley 
floor of the Bitterroot Valley in western Montana. Using multiple logistic regression and univariate 
analyses, we examined the potential impacts of landscape structure, habitat type, distance to agricul- 
tural areas, and the density of the cowbird host community on the occurrence and relative abundance 
of cowbirds. We never encountered cowbirds more than 4 km from agricultural areas, and the distance 
to large agricultural areas was the strongest predictor of cowbird occurrence and relative abundance. 
Topographic location of survey points was also important in predicting cowbird occurrence, as cow- 
birds were almost never encountered within steep-sided canyons. Outside of canyons, both host density 
and vegetation type appear to influence cowbird abundance, with more cowbirds in deciduous riparian 
areas and areas of higher host density. Cowbird occurrence and abundance may be mediated by 
multiple features of the landscape and host community, but in the Bitterroot Valley, cowbird abundance 
appears greatest in deciduous riparian communities within 2 km of agricultural areas. Intensive re- 
search into the demographic impact of cowbirds and the effectiveness of different management options 
should be directed at species that are confined to these areas for breeding. 

Key Words: Brown-headed Cowbirds, fragmentation, host density, landscape ecology, Molothrus 
ater, parasitism pressure. 

Numerous studies have demonstrated the detri- 
mental impacts of Brown-headed Cowbirds 
(Molothrus ater) on a wide variety of hosts (No- 
lan 1978, Sedgwick and Knopf 1988, Marvil 
and Cruz 1989, Trail and Baptista 1993, Greene 
this volume, Whitfield and Sogge this volume) 
and the potential for cowbirds to precipitate the 
decline and extirpation of some species (May- 
field 1960, 1977; Gaines 1974, Goldwasser et al. 
1980, Harris et al. 1987, Franzreb 1989b). Given 
the large impact cowbirds can have on host pop- 
ulations, and the continental range of cowbirds, 
understanding the landscape features correlated 
with the distribution of cowbirds is important in 
identifying habitats and species that are poten- 
tially at risk from parasitism (Verner and Ritter 
1983; Donovan et al. 1997, in press; Thompson 
et al. in press). 

Due to their parasitic nature and lack of pa- 
rental care, cowbirds can decouple breeding and 
feeding behaviors and choose breeding habitats 
that have the highest density of nests available 
for parasitism regardless of food availability 
(Rothstein et al. 1984, Robinson et al. 1995a, 
Thompson 1994). Cowbirds are constrained to 
some extent, however, by the distance between 
breeding and feeding areas (Vemer and Ritter 
1983, Rothstein et al. 1984, Thompson 1994), 
and thus the distribution of cowbirds may be 
strongly dependent on the distribution of breed- 
ing and feeding areas on the landscape. Cow- 

birds have been reported to move as far as 7 to 
12 km from breeding areas to feeding locations 
(Rothstein et al. 1980, 1984, 1987; Thompson 
1994; Goguen and Mathews this volume), but 
whereas a few cowbirds may move long dis- 
tances, the majority of cowbirds appear to move 
less than 1.5 km between these areas (Thompson 
1994), and the proximity and abundance of feed- 
ing habitat are the most often cited variables ex- 
plaining the presence and abundance of cow- 
birds on the landscape (Rothstein et al. 1980, 
1984; Robinson 1992, Rothstein 1994, Thomp- 
son 1994, Robinson et al 1995b; Donovan et al. 
1995a, 1997, in press; Hejl and Young this vol- 
ume, Young and Hutto this volume). However, 
the presence and abundance of cowbirds may 
also be influenced by a variety of other variables 
affecting the quality and quantity of breeding 
habitat. Vegetation (Rothstein et al. 1984, Ro- 
senburg et al. 1991, Robinson et al. this volume), 
topography (Curson and Mathews this volume), 
and host abundance (Barber and Martin 1997, 
Tewksbury et al. 1998, Robinson et al. this vol- 
ume) may all affect cowbird distribution and 
abundance. While these variables have been ex- 
amined separately, few studies have included all 
these variables to predict the occurrence or rel- 
ative abundance of cowbirds (but see Young and 
Hutto this volume). 

We develop a model for predicting cowbird 
occurrence in the Bitterroot Valley of western 

23 
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Montana using relative abundance point-count 
sampling and logistic regression. We examine 
how cowbirds are distributed in relation to ag- 
riculture, vegetation, topography, and the den- 
sity of hosts in this western landscape, compare 
these relations with eastern and midwestem 
landscapes, and discuss the implications for the 
management of western forests. 

METHODS 

STUDY AREA AND STUDY SITES 

The study was conducted in the Bitterroot 
Valley of western Montana. Primary point count 
locations were originally established in 1994 in 
conjunction with 16 nest-monitoring sites (Mar- 
tin et al. 1996) in deciduous riparian communi- 
ties. These sites were set in local landscapes that 
ranged from highly fragmented by agriculture to 
predominantly forested and unfragmented (Fig. 
1). Within each nest monitoring site, we estab- 
lished 2-7 point counts for a total of 73 point 
locations. We stratified these points within each 
site so that all points were greater than 200m 
from all other points on the site. All points were 
located in habitats dominated by deciduous trees 
and shrubs typical of either the black cotton- 
wood (Populus trichocarpa)lred-osier dogwood 
(Cornus stolonifera) community type, the quak 
ing aspen (Populus tremuloides)fred-osier dog- 
wood community type, or the mountain alder 
(Alnus incana) community type (Hansen et al. 
1995). 

To understand the features affecting cowbird 
abundance at a landscape scale in multiple veg- 
etation types, we established an additional 117 
point locations in 14 transects extending from 
the forest-farmland interface into the Selway- 
Bitterroot Wilderness Area (Fig. 1). This area is 
predominantly Douglas-fir (Pseudotsuga men- 
ziesii) and ponderosa pine (Pinus ponderosa) 
forest with numerous streams flowing east from 
the wilderness area to join the Bitterroot River 
in the valley floor. Stream-side vegetation ranges 
from coniferous riparian areas dominated by En- 
gelmann spruce (Picea engelmannii) and grand 
fir (Abies grandis), to deciduous riparian areas 
dominated by aspen, alder and willow (Salk 
spp.) We established points in three vegetation 
types: conifer forest (referred to as xeric coni- 
fer), conifer riparian, and deciduous riparian. All 
points were a minimum of 500 m from neigh- 
boring points, and we chose locations within 
vegetation types at least 50 m from the edge of 
the vegetation type whenever possible (many de- 
ciduous riparian areas sampled were too narrow 
to meet this criterion). We positioned points in 
an attempt to census all three vegetation types 
over the full range of distances from agriculture. 

Deciduous riparian vegetation, however, was 
concentrated near the valley floor where virtu- 
ally all of the agriculture is located, and our 
original points (all in deciduous riparian) were 
on average closer to agriculture than the points 
established in transects. This prevented us from 
establishing a completely balanced design (Fig 
1). Census locations varied from 40 to 7,700 m 
from agriculture, with a mean distance of 2,080 
m from agricultural development. The Bitterroot 
Mountains are dissected by steep-sided canyons, 
and thus some transect points were located with- 
in canyons, while others were on much more 
open terrain. Because of the large differences in 
topography between these locations, we noted 
topographic location (canyon or open topogra- 
phy) and included this in our analysis of cowbird 
distribution. We identified agricultural land use 
throughout the Bitterroot Valley using existing 
Landsat satellite data (Redmond and Prather 
1996) and determined the distance of all point- 
count locations to agricultural areas defined by 
this data set. This agricultural delineation has a 
minimum mapping unit of 2 ha and thus depicts 
only large agricultural areas. While cowbirds 
may also respond to smaller agricultural units 
and the presence of farm buildings and bird 
feeders (Tewksbury et al. 1998), if reliable as- 
sociations between cowbird abundance and dis- 
tance to agricultural areas can be found at this 
resolution of landscape structure, it will allow 
managers to use existing information to predict 
and manage cowbird populations. 

ASSESSING COWBIRD AND HOST ABUNDANCE 

For this paper, we use point-count data from 
1996 only, as this is the only year in which all 
points were sampled. Point count locations were 
censused three times during the season, each 
count was 10 minutes long, and all birds seen 
or heard were recorded. We standardized detec- 
tion effort by using only birds seen or heard 
within 50 m of the observer (Hutto et al. 1986, 
Ralph et al. 1995). We recorded vocalizations of 
males and females separately where possible. 
Two experienced observers (T.S.R. and EJ.W.) 
conducted all surveys, switching off transects so 
that all locations were surveyed by both observ- 
ers. We recorded noise level at each point (most- 
ly from streams), determined the level at which 
noise caused a decline in detections, and ex- 
cluded results from all high noise censuses. All 
censuses analyzed were conducted at least one- 
half hr after sunrise and before 11 :OO. 

To examine the effect of relative host density 
on cowbird abundance, we calculated the aver- 
age abundance of all hosts at each survey loca- 
tion based on all censuses. A species was con- 
sidered a host if it was parasitized greater than 
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Wildernes area National Forest Private Land 

FIGURE 1. Study site locations and general agricultural land use in the Bitterroot Valley. Large dark gray 
points are nest searching plots where parasitism rates were monitored, smaller points are census locations in the 
three habitat types: deciduous riparian areas (triangles), coniferous riparian areas (squares) and xeric conifer 
forest (circles). Agricultural land (light gray) is from Landsat image data. 

15% of the time on our nest-monitoring sites but we wanted to include all potential hosts in 
(See Tewksbury et al. 1998 for parasitism rates our calculation of host density across all three 
and nest monitoring methods) or known to be habitat types. The complete list of hosts (Table 
regularly parasitized by cowbirds elsewhere (Ta- 1) includes two species that were not often par- 
ble 1). We included this latter category because asitized on our deciduous riparian nest-monitor- 
we have not determined parasitism rates across ing sites, the Chipping Sparrow (see Table 1 for 
species in xeric conifer or mesic conifer forests, scientific names of bird species) and Dark-eyed 
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TABLE 1. RELATIVE ARUNDANCE (DETECTIONS 5 50 M PER 10 MIN CENSUS PERIOD) OF BROWN-HEADED COWBIRDS 
AND ALL SPECIES INCLUDED AS COWBIRD HOSTS IN THREE HABITATS AND Two TOPOGRAPHIC LOCATIONS, BITTER- 
ROOT VALLEY, MT, 1996 

Coniferous Riparian X&c Con1frr Deciduous Riparlan 

Topography: Open Canyon Open Canyon Open Canyon 
# of census locations: 9 18 33 19 98 13 

Brown-headed Cowbird 
Willow Flycatcher 
Least Flycatcher 
Hammond’s Flycatcher 
Dusky Flycatcher 
Veery 
Swainson’s Thrush 
Hermit Thrush 
Cassin’s Vim0 
Red-eyed Vireo 
Warbling Vireo 
Orange-crowned Warbler 
Nashville Warbler 
Yellow Warbler 
Yellow-rumped Warbler 
Townsend’s Warbler 
American Redstart 
Northern Waterthrush 
MacGillivray’s Warbler 
Common Yellowthroat 
Chipping Sparrow 
Song Sparrow 
Dark-eyed Junco 
Lazuli Bunting 

Molothrus ater 
Empidonax traillii 
Empidonax minimus 
Empidonax hammondii 
Empidonax wrightii 
Catharus fuscescens 
Catharus ustulatus 
Catharus guttatus 
Vireo cassinii 
Vireo olivnceus 
Vireo gilvus 
Vermivora celata 
Vermivora rujicapilla 
Dendroica petechia 
Dendroicn coronata 
Dendroica townsendi 
Setophaga ruticilla 
Seiurus noveboracensis 
Oporornis tolmiei 
Geothlypis trichas 
Spizella passerina 
Melospiza melodia 
Junco hyemalis 
Passerina amoena 

0 
0 
0.148 
0.074 
0 
0.259 
0 
0 
0 
0.185 
0 
0 
0 
0.037 
0.741 
0 
0 
0.333 
0 
0.037 
0 
0.148 
0 

0 
0 
0.056 
0 
0 
0.398 
0 
0 
0 
0.139 
0 
0 
0 
0.102 
0.62 
0 
0 
0.083 
0 
0 
0 
0.028 
0 

0.283 0.035 
0 0 
0 0 
0.293 0.105 
0.061 0.017 
0 0 
0.167 0.158 
0 0.017 
0.212 0.035 
0 0 
0.05 0.053 
0.03 0 
0 0.017 
0.010 0 
0.263 0.184 
0.227 0.263 
0 0 
0 0 
0.071 0.07 
0 0 
0.328 0.228 
0 0 
0.359 0.105 
0 0 

0.862 0.026 
0.061 0 
0.003 0 
0.122 0.23 1 
0.264 0.115 
0.124 0 
0.151 0.385 
0 0 
0.092 0.09 
0.032 0 
0.541 0.410 
0.121 0.064 
0.012 0 
0.599 0.026 
0.08 0.05 1 
0.056 0.73 1 
0.179 0 
0.107 0 
0.360 0.538 
0.059 0 
0.095 0.026 
0.124 0 
0.082 0.064 
0.005 0 

Junco, but neither of these species are very 
abundant in deciduous riparian areas, and both 
of these species known to be parasitized else- 
where (Buech 1982, Wolf 1987, Graham 1988, 
Scott and Lemon 1996). These species were in- 
cluded because they may be parasitized more of- 
ten in coniferous areas where their abundance 
relative to other hosts is greater. Though we 
were unable to find data addressing parasitism 
rates in the Townsend’s Warbler, we included 
this species in our list of hosts because we have 
seen adults feeding cowbird fledglings, and vir- 
tually all other open-cup nesting Dendroica spe- 
cies are common cowbird hosts. 

DATA ANALYSIS 

We examined the importance of landscapes, 
vegetation and host communities on cowbird oc- 
currence using multiple logistic regression. On 
the subset of locations where cowbirds were de- 
tected, we examined the importance of these 
same factors on the relative abundance of cow- 
birds. This approach has statistical advantages 
because it avoids the difficulties of properly 
characterizing relative abundance when a large 
percentage of sampling points have zero detec- 
tions, and may be more biologically meaningful 
if the factors that influence the presence of a 

species are different than those that influence 
density. 

We included distance to agriculture, vegeta- 
tion type, host abundance, and topographic lo- 
cation to predict cowbird occurrence through lo- 
gistic regression. Our a priori hypothesis consid- 
ered all of these variables important predictors 
of cowbird occurrence, and we made no predic- 
tions regarding interactions; therefore our pri- 
mary model includes all variables entered with- 
out interactions. We also used a forward step- 
wise model selection procedure to compare with 
our a priori model. For forward stepwise selec- 
tion, we used the likelihood ratio method in 
SPSS ~7.5 (SPSS 1996), which calculates P-val- 
ues using the likelihood-ratio Chi-square test. 
Variables are entered into the model based on 
their improvement to the likelihood of obtaining 
the observed results. The variable that most sig- 
nificantly improves the probability of obtaining 
the observed results is added to the model first, 
and all variables are reevaluated after each step. 
The entry criteria was P = 0.05. 

Stepwise procedures have been criticized as 
unreliable at properly ranking the importance of 
variables or finding the most parsimonious mod- 
el (James and McCulloch 1990). Moreover, the 
predictive power of any logistic model cannot 
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be assessed without validation using data inde- 
pendent of those used to build the model (Hos- 
mer and Lemeshow 1989). To address these 
problems and compare the predictive ability of 
our models, we used a jackknife procedure to 
predict the occurrence of cowbirds at locations 
excluded from data used to create the models. 
We surveyed 190 locations for the occurrence of 
cowbirds. Our jackknife procedure was to run 
190 logistic regressions for each model (our pri- 
mary model, the model chosen by forward step- 
wise selection, and a full model including all 
two-way interactions for comparison). In each 
regression, we left a single location out of the 
data used to create the model and asked the 
model created with 189 locations to predict the 
occurrence of cowbirds on the location left out. 
The case left out was changed each run, so that 
in 190 runs we made independent predictions for 
each location under the model being jackknifed. 
We then compared the predictive ability of our 
model with that of the forward stepwise model 
and the full model by comparing the percent of 
points correctly classified with and without cow- 
birds using McNemar’s test, which tests for dif- 
ferences in response (0 or 1) of individuals or 
locations tested twice (Sokal and Rohlf 1995). 
If our a priori model classifies independent cases 
as well as the forward stepwise and full models, 
we consider it the best working model to use in 
predicting cowbirds, as it is simpler than the full 
model, and avoids the uncertainties of stepwise 
procedures (James and McCulloch 1990). If the 
other models are significantly better at classify- 
ing cases, we have shown that our a priori model 
is not sufficient to predict cowbird occurrence 
accurately, and alternative models will need to 
be developed. 

In all logistic regressions, cowbird occurrence 
at a location was coded as 1 if any cowbirds 
were detected within 50m of the observer during 
any of the censuses at the location, and 0 if no 
cowbirds were detected. As we excluded sur- 
veys where noise at a location prevented accu- 
rate detection, some locations include data for 
less than three visits. To correct for this unequal 
effort, we weighted logistic regression by the 
number of visits to each location. We also ana- 
lyzed the occurrence of female cowbirds sepa- 
rately, but as this metric was correlated with the 
occurrence of all cowbirds (Spearman’s rank 
correlation coefficient = 0.412, P < O.OOl), and 
as results from logistic regression were similar, 
we only present the results from all cowbirds. 
We used distance to agriculture, topography, 
vegetation type, host density, and all two-way 
interactions as potential predictive variables. We 
checked for correlations between the two con- 
tinuous variables, distance to agriculture and 

host density, and found no significant correla- 
tions in any combination of habitat type and to- 
pographic location (bivariate correlations, all P’s 
> 0.7, except within xeric conifer forests, where 
P = 0.112 in open topography, and P = 0.186 
in canyon habitats). 

To examine the factors affecting cowbird oc- 
currence further, we also present the proportion 
of locations in which cowbirds were detected by 
distance from agriculture (1 km categories), host 
density (< 1 host per point, l-2 hosts, 2-3 hosts, 
etc.), and vegetation type. These data were an- 
alyzed using Kruskal-Wallis H-tests for two 
sample tests and Mann-Whitney U for multi- 
way tests. 

Analysis of relative abundance of cowbirds 
was confined to points where cowbirds were de- 
tected and thus is not confounded with the lo- 
gistic analysis of occurrence. Relative abun- 
dance is defined as the number of cowbirds de- 
tected per lo-min survey period averaged over 
all surveys at a given location. To examine the 
influence of distance from agriculture on cow- 
bird abundance, we used nonlinear regression 
though the Curvefit function in Sigmaplot ver- 
sion 4 (SPSS 1997). We also analyzed the effect 
of host density, vegetation type, and topographic 
location on cowbird abundance using Kruskal- 
Wallis and Mann-Whitney U-tests. Test statistics 
reported are for Kruskal-Wallis tests unless oth- 
erwise noted. 

RESULTS 

The distance from the census location to the 
nearest agricultural area was the strongest, most 
consistent predictor of cowbird occurrence in all 
logistic models (Table 2). In open topography 
cowbirds were detected at more than 80% of all 
points located within 1 km of agricultural areas, 
but declined rapidly, with less than 40% occur- 
rence in points 2-3 km from agriculture and no 
cowbirds detected in any points farther than 4 
km from agriculture (Fig. 2A). On points where 
cowbirds were present, relative abundance also 
declined with increasing distance to agriculture 
(Fig. 2B). This relationship was fit best by an 
exponential curve (R* = 0.166; df = 1, 94; P < 
0.001). 

The topographic location was also a strong 
predictor of cowbird occurrence; cowbirds were 
detected in a total of 68% of the 140 open to- 
pography locations, and only two of the 50 can- 
yon locations (4%). Some of this difference in 
occurrence is a function of the location of can- 
yon points, which are rarely close to agriculture 
due to the topography of the Bitterroot Moun- 
tains. Additionally, canyon points had lower 
host density in all habitat types (Fig. 3). How- 
ever, topographic location was significant in our 
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TABLE 2. LOGISTIC REGRESSION MODELS: RESULTS OF THE PRIMARY MODEL, WHICH INCLUDED ALL MAIN EF- 
FECTS BUT No INTERACTIONS, THE MODEL GENERATED THROUGH FORWARD STEPWISE SELECTION, AND THE FULL 
MODEL WITH INTERACTIONS 

Bb SE Exp (B)b F P 

Primary model: x2 = 125, P < O.OOla 

Distance to agriculture (m) 
Topographic Iocationd 
Vegetation typee 

-0.0008 
2.0865 

Deciduous ripariane 2.2094 
Xeric conifef 1.6760 

Host density 0.2911 
Constant -2.7848 

Forward step-wise model: x2 = 119, P < O.OOla 

Distance to agriculture (m) 
Vegetation typee X Topographic locationd 

Deciduous riparian X Topographic locationd 
Xeric conifer forest X Topographic locationd 

Constant 

-0.0008 

2.9549 
2.0705 

-0.5784 

Full model: x2 = 127, P < O.OOla 
Distance to agriculture 
Topographic locationd 
Vegetation typee 

-0.0016 
5.9436 

Deciduous ripariane 7.3160 
Xeric conifeP 7.2171 

Host density -0.2946 
Vegetation typee X Host density 

Deciduous ripariane X Host density 
Xeric conifele X Host density 

Topographic locationd X Host density 
Distance to agriculture X Host density 
Vegetation typee X Topographic locationd 

Deciduous ripariane X Topographic locationd 
Xeric conifele X Topographic locationd 

Distance to agriculture X Vegetation typee 
Distance to agriculture X Deciduous ripariane 
Distance to agriculture X Xeric conifelC 

0.0020 
-0.4829 

0.6527 
5.57 E-05 

-6.4737 
-5.1432 

0.0005 
0.0001 

0.0002 0.999 
0.7946 8.057 

1.1038 9.110 

1.1068 5.344 
0.1766 1.338 
1.3549 

0.0002 0.999 

0.6860 19.201 
0.7198 7.929 
0.7229 

0.0018 0.998 
18.4935 381.292 

18.5851 1504.178 
18.4377 1362.466 

1.847 1 0.745 

1.4145 1.002 
1.4488 0.617 
1.0136 1.921 
0.0002 1.000 

18.8693 0.002 
18.5290 0.006 

0.0016 1.001 
0.0017 1.000 

Distance to agriculture X Topographic locationd 0.0003 0.0008 1.000 

-0.2448 
0.1365 
0.0374 
0.0874 
0.0334 
0.0522 

<O.OOl 
0.009 
0.113 
0.045 
0.130 
0.099 
0.040 

-0.2414 
0.2381 
0.2510 
0.1545 

<O.OOl 
<O.OOl 
<O.OOl 

0.004 
0.423 

0.0000 0.375 
0.0000 0.748 
0.0000 0.925 
0.0000 0.694 
0.0000 0.696 
0.0000 0.873 
0.0000 0.554 
0.0000 0.999 
0.0000 0.739 
0.0000 0.520 
0.0000 0.928 
0.0000 0.824 
0.0000 0.729 
0.0000 0.78 1 
0.0000 0.732 
0.0000 0.739 
0.0000 0.933 
0.0000 0.717 

a Model x2 measures the difference between the likelihood of obtaining the observed results under the final model and the null model without any 
variables included. 
b B is the regression coefficient for each effect, representing the change in the log odds of cowbird detection with a one unit change in the independent 
variable. Exp (B) represents the change in actual odds of cowbird occurrence with a one unit change m the independent variable. Odds are defined 
as the ratio of the probability that an event will occur to the probability that it will not (SPSS 1996). 
c Correlation between the independent variable and the probability of cowbtrd occurrence. 
dCanyon topography is the reference category. Coefficient (B) and Exp (B) for topographic location refers to the increase in the probability of 
encountering a cowbird in open topography over canyons 
e Coniferous ripanan IS the reference category. All coefficients for deciduous riparian and xeric comfer represent the change m probabibty of m- 
countering a cowbtrd in these vegetation types when compared to coniferous tiparian areas. 

primary logistic model without interaction 
terms, and had a larger influence on cowbird oc- 
currence than host density (Table 2), suggesting 
a strong independent affect of topographic lo- 
cation on cowbird occurrence. Cowbirds oc- 
curred at only two canyon locations, precluding 
a comparison of mean cowbird abundance be- 
tween open topography and canyons for points 
where cowbirds were present. 

The affects of vegetation type and host den- 
sity were difficult to separate. Deciduous ripar- 
ian areas had the highest host density (Fig. 3; 
open topography N = 140, df = 2, x2 = 21, P 

< 0.001; canyons N = 50, df = 2, x2 = 19, P 
< O.OOl), and whereas cowbird occurrence was 
not related to vegetation type in canyons (Fig. 
4A; N = 50, df = 2, x2 = 1 .l, P = 0.57), in 
open topography deciduous areas had higher 
cowbird occurrence as well (Fig. 4A; N = 140, 
df = 2, x2 = 29.8, P < 0.001). When we con- 
sidered only locations where cowbirds were de- 
tected, the relative abundance of cowbirds was 
also much higher in deciduous riparian areas 
than either of the other two vegetation types 
(Fig. 4B; Mann-Whitney U = 358, N = 95, P 
= O.OOS), but the ratio of cowbirds to hosts did 
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FIGURE 2. A. Proportion of all census points where cowbirds were detected (mean cowbird occurrence + 1 
SE) in open topography and canyon points as a function of distance from agricultural development. Samples 
sizes (in parentheses), are the number of point locations surveyed. B. The mean number of cowbirds detected 
per 10 min survey for points where cowbirds were detected. As cowbirds were only encountered at two canyon 
points, data presented are for open topography. The regression line follows an exponential fit. 
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FIGURE 3. Density of all hosts (mean 5 1 SE) by habitat type and topographic location. 
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FIGURE 4. A. Cowbird occurrence (mean t 1 SE) in the three vegetation types (sample sizes are the same as 
Fig. 3) in both open topography and canyon locations. B. Mean number (2 1 SE) of cowbirds detected per 10 
min census for all survey locations where cowbirds were detected. C. Ratio of cowbirds to hosts in the three 
vegetation types using only points where cowbirds were detected. Shown are the median (solid line), mean 
(dotted line), 2Y’ and 7Y percentiles (boxes), loch and 95’h percentiles (whiskers), and individual points beyond 
the 10th and 901h percentiles. Cowbirds were detected in only one mesic conifer point (ratio shown as dot in C). 
Sample sizes for B and C are the same, and are shown in parentheses in B. 

not differ between deciduous riparian areas and 
xeric conifer forest (Fig. 4C; N = 95, P = 
0.873). 

In logistic regression, host density had a 
slightly stronger affect on cowbird occurrence 
than vegetation type, but neither variable ap- 
pears as important as distance from agriculture 
and topographic location (Table 2). Stepwise se- 
lection failed to enter both variables, further sug- 
gesting that they explain much of the same vari- 
ance in cowbird occurrence (Table 2). The in- 
teraction between host density and topographic 
location included in the stepwise model is due 
to the very low frequency of cowbird occurrence 

in canyons, regardless of host density, coupled 
with the strong effect of host density on cowbird 
occurrence in open topography (Fig. SA; N = 
140, df = 5, x2 = 14.1, P = 0.015). However, 
the relative abundance of cowbirds at open to- 
pography locations was not strongly affected by 
host density (Fig. 5B; N = 96, df = 5, x2 = 4.6, 
P = 0.475). 

Our a priori logistic regression model cor- 
rectly predicted the occurrence of brown-headed 
cowbirds in 84.8% of all cases, better than the 
full model and slightly better than the model 
chosen by forward stepwise section (Table 3). 
All models correctly classified locations with 
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FIGURE 5. A. The relationship between cowbird oc- 
currence (mean 2 1 SE) and the relative density of 
suitable hosts in open topography and canyons. B. Rel- 
ative abundance of cowbirds (where present) as a func- 
tion of relative host density in open topography. See 
Table 2 for list of all species included in host density 
calculations. 

cowbirds more often than locations where cow- 
birds were absent. 

DISCUSSION 

The distribution of cowbirds across potential 
breeding sites in the Bitterroot Valley appears to 
be limited by aspects of breeding-site quality 
and the distance between breeding and feeding 
areas. Despite our coarse-grain delineation of 
agricultural areas in the Bitterroot Valley, the 
distance to the nearest large agricultural area 
(>2 ha) was the strongest predictor of cowbird 
occurrence across the landscape. In the Bitter- 
root Valley, most agricultural areas are used for 
pasture and row crops, and the strong relation- 
ship with agriculture suggests that cowbird dis- 
tribution in the Bitterroot Valley is limited by 
the presence and distribution of largely supple- 
mental food sources supplied by human activi- 
ties. Rothstein et al. (1980), Verner and Ritter 
(1983), and Wright (this volume) reached a sim- 
ilar conclusion in the Sierra Nevada Mountains, 
where cowbird numbers declined substantially 
with increasing distance from pack-stations. 
Young and Hutto (this volume) found a similar 
relationship between cowbird abundance and ag- 

TABLE 3. JACKKNIFE RESULTS-EACH MODEL WAS 

JACKKNIFED 190 TIMES WITH ONE LOCATION LEI-T OUT 

FOR INDEPENDENT CLASSIFKATKIN 

Model 

Primary model 
Forward stepwise 

Without With 
cow- cow- 
birds birds O\Clll 

78.9% 90.1% 84.8% 

Pa 

model 79.3% 89.8% 84.7% 0.137 
Full model 75% 89.8% 82.6% 0.063 

a Two-tailed McNemar test far difference in predxtive power between 

primary model and other models. 

riculture throughout the interior Northwest, and 
Donovan et al.(in press) and Thompson et al. (in 
press) found the same relationship in the Mid- 
west. 

We found no cowbirds beyond 4 km from ag- 
ricultural development, and while studies in the 
Sierra Nevada and the Midwest document cow- 
birds moving farther than 7 km from feeding 
areas to breeding areas (Rothstein et al. 1984, 
Thompson 1994) and greater than 10 km in Tex- 
as (Goguen and Mathews this volume), the ma- 
jority of cowbirds studied through radio tracking 
move less than 2 km (Vemer and Ritter 1983, 
Thompson 1994, Goguen and Mathews this vol- 
ume; Tewksbury and Johnson, unpubl. data). 
Additionally, where there is an abundance of 
high-quality breeding habitat close to agricultur- 
al areas, such as in the Bitterroot Valley, cow- 
birds may travel shorter distances from breeding 
sites to feeding areas. In most of the Bitterroot 
Valley, the distance from any given feeding area 
to the nearest riparian area is less than 2 km 
because of the abundant riparian habitat along 
the river, and the ratio of breeding habitat to 
feeding habitat appears high throughout the val- 
ley floor. In contrast, Midwestern landscapes are 
dominated by agriculture and the ratio of breed- 
ing habitat to feeding habitat is low; thus, cow- 
birds may be forced to travel further from breed- 
ing to feeding areas (Thompson 1994). In gen- 
eral, cowbirds may travel longer distances in ar- 
eas where breeding habitat is limited and closer 
breeding habitats are saturated by cowbirds. 

A less intuitive feature influencing cowbird 
distribution was the landscape topography; cow- 
birds consistently avoided steep-sided canyons. 
We currently do not have enough information to 
characterize the overall influence of topography 
on cowbird occurrence, or to determine whether 
cowbirds avoid canyons because of dispersal 
patterns from feeding areas or because of deci- 
sions made when selecting laying territories. 
Host density was consistently lower in canyons 
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than in open topography (Fig. 3), but this cannot 
explain the almost complete absence of cow- 
birds in canyons, as deciduous communities in 
canyons had higher host density than xeric co- 
nifer areas in open topography (Fig. 3), and 
cowbirds were detected at greater than 40% of 
these xeric conifer locations. However, canyon 
points were also on average further from agri- 
cultural areas. These effects together make it dif- 
ficult to judge the generality of topographic ef- 
fects on the occurrence of cowbirds without fur- 
ther study and testing of the current logistic 
model on an independent data set. 

Outside of canyons, cowbird occurrence in 
the Bitterroot Valley appears to be influenced 
not only by distance to agriculture, but also the 
density of potential hosts (Fig. 5). Host density 
differed predictably among vegetation types 
(Fig. 3), making it possible for cowbirds to 
choose areas of high host density reliably simply 
by choosing deciduous riparian areas (Fig. 4). 
Close examination of our results, however, sug- 
gests that host density and the ease of finding 
nests are both primary factors driving cowbird 
occurrence and relative abundance, and that veg- 
etation type may only be important to the extent 
that it influences these other factors. Host den- 
sity was higher in deciduous riparian areas than 
in xeric conifer, but the ratio of cowbirds to 
hosts was not different between these habitats, 
suggesting that cowbird abundance is tracking 
host density among these habitats. In contrast, 
host density in coniferous riparian areas was 
equal to host density in xeric conifer forest, but 
cowbirds were much less common in coniferous 
riparian areas (Fig. 4). We suggest that both de- 
ciduous riparian and xeric conifer forests are rel- 
atively easy habitats for cowbirds to find nests 
in, but the tall, densely packed trees character- 
istic of coniferous riparian areas make it difficult 
for cowbirds to follow hosts to their nests. Ad- 
ditionally, while the diverse host communities 
characteristic of deciduous riparian and xeric co- 
nifer provide suitable nests for cowbirds in all 
vegetation layers, more than 35% of all hosts 
detected in coniferous riparian areas were Town- 
send’s Warblers (Table l), which nest high in 
conifers (a mean height of 6.7m was reported by 
Matsuoka et al. [ 19971). Cowbirds appear to par- 
asitize lower nests much more frequently than 
higher nests (Briskie et al. 1990; J. Tewksbury, 
unpubl. data); thus, Townsend’s Warblers may 
not represent accessible hosts for cowbirds. 

Ultimately, if we hold constant the cost of get- 
ting to a particular breeding location (e.g., the 
distance between feeding and breeding areas), 
the occurrence and abundance of cowbirds 
should be determined primarily by the density 
and quality of hosts (Vemer and Ritter 1983, 

Rothstein et al. 1984, Robinson and Wilcove 
1994, Barber and Martin 1996, Tewksbury et al. 
1998), modified by any structural differences be- 
tween habitats that influence the ease with which 
cowbirds can find host nests (Robinson et al. this 
volume). Our ability to examine the relationship 
between cowbird abundance and the quality and 
quantity of available hosts is limited by our un- 
derstanding of cowbird-host interactions in dif- 
ferent vegetation types. Within a vegetation 
type, cowbirds parasitize some hosts more often 
than others, and thus may place greater impor- 
tance on certain hosts (Barber and Martin 1996, 
Tewksbury et al. 1998). Among vegetation 
types, the host preference of cowbirds may also 
change due to differences in the relative abun- 
dances of hosts of different quality. Indeed, we 
may expect cowbirds to switch hosts much like 
the prey switching of predators (Lawton et al. 
1974). A better understanding of host availabil- 
ity and preference in western coniferous forest 
habitats will allow much greater resolution in 
predicting the abundance and impact of cow- 
birds based on attributes of the host community. 

MANAGEMENT CONSIDERATIONS 

Our results clearly indicate that deciduous ri- 
parian areas near agricultural lands have higher 
cowbird abundance than other habitat types (Fig. 
4). These areas also support more species of 
breeding birds than any other habitat type in the 
western United States (Johnson et al. 1977, 
Knopf 1985, Knopf et al. 1988, Dobkin and Wil- 
cox 1986, Saab and Groves 1992, Bock et al. 
1993, Knopf and Samson 1994). In many west- 
em states, Ohmart (1994) has estimated that as 
much as 95% of this habitat has been altered or 
destroyed by human activities. Given the impor- 
tance and status of deciduous riparian habitats 
in the West, coupled with the threat of cowbird 
parasitism in these areas, we feel that research 
and management efforts should focus on these 
areas. We found at least 22 species of cowbird 
hosts in deciduous riparian habitats, and 10 of 
these species were not found in other habitat 
types (Table 1). These species fall into two 
broad management categories with regards to 
parasitism: species that are heavily parasitized 
throughout their primary habitats in the region, 
and species that are parasitized in some areas but 
escape parasitism in others. The Common Yel- 
lowthroat, Red-eyed Vireo, Willow Flycatcher, 
Yellow Warbler, and Veery all appear to breed 
only in the large deciduous areas. In the Bitter- 
root Valley, these areas occur almost exclusively 
near the Bitterroot River and near agriculture. 
Detailed studies of the demographic impacts of 
parasitism should focus on these species, as par- 
asitism pressure on these species may be high 
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throughout their breeding habitat and has the po- 
tential to cause regional population declines. In 
contrast, species such as MacGillivray’s Warbler 
and Warbling Vireo, though heavily parasitized 
in areas near agriculture, also breed in smaller 
riparian areas far from agriculture. Though 
breeding success in these areas has not been suf- 
ficiently studied, smaller deciduous riparian ar- 
eas far from agriculture likely provide escape 
from cowbird parasitism. For these species, the 
creation and maintenance of healthy deciduous 
communities buffered from cowbird feeding ar- 
eas may be the best way to insure stable popu- 
lations. Currently, however, deciduous riparian 
habitat has diminished substantially on the Bit- 
terroot National Forest due to effective fire sup- 
pression over the past 50-60 years (McCune 
1983). Management action that reintroduces nat- 
ural disturbance to these forests and promotes 
deciduous communities within the forest matrix 
may protect many host species from population 
declines due to parasitism. 

Although we have identified correlates of 
cowbird abundance in the Bitterroot Valley, be- 
fore we can safely extrapolate findings based on 
cowbird occurrence and relative abundance to 
parasitism rates, we need to examine the 
strength of the relationship between point-count 
data and parasitism (Thompson et al. in press). 
If the abundance or occurrence of cowbirds on 
a landscape can be used to index parasitism rates 
accurately, point-counts can be used as an im- 
portant tool in directing management, but if 
these relationships are weak, or vary signifi- 
cantly by habitat, census data can only be used 

as a qualitative guide in directing more detailed 
research. 

Effective management of cowbirds will re- 
quire a detailed understanding of the relation- 
ships between landscapes and cowbird numbers, 
and between cowbird numbers and parasitism 
rates. The specifics of these relationships are un- 
likely to be constant throughout the range of the 
cowbird, as differences in host populations, hab- 
itat types, topographic features and landscape 
patterns may all change the density and move- 
ments of cowbirds and the impact of cowbirds 
on host populations. Yet cowbirds may react to 
these changes in predictable ways throughout 
their range, and our understanding of the nature 
of these relationships in one location should help 
guide research and management in others. 
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PARASITISM BY BROWN-HEADED COWBIRDS IN 
THE SHRUBSTEPPE OF EASTERN WASHINGTON 

W. MATTHEW VANDER HAEGEN AND BRETT WALKER 

Abstract. Shrubsteppe communities within the Intermountain West have been reduced in area and 
fragmented by agricultural conversion and land development, yet we know little about the effects of 
Brown-headed Cowbirds (Molothrus ater) on reproductive success of birds that breed in these com- 
munities. As part of ongoing research examining landscape effects on avian productivity in eastern 
Washington, we collected data on parasitism rates and cowbird occurrence. During 1996 and 1997 we 
surveyed birds using point-counts and searched for nests in big sagebrush (Artemisia tridentutu) stands 
in eastern Washington. Cowbirds were common on our study area and were recorded on point-counts 
at 26 of 29 sites surveyed. Cowbirds arrived on the study area in late April, attaining greatest abun- 
dance in May and June. We located and monitored a total of 779 nests of 8 species; only the Brewer’s 
Sparrow (Spizella breweri), Sage Sparrow (Amphispiza belli), and Vesper Sparrow (Pooecetes gra- 
mineus) showed evidence of parasitism. Overall parasitism rates were lower than those reported for 
other bird communities in fragmented landscapes and for other bird communities in shrubsteppe. Low 
parasitism levels (<IO %) in our study area partly resulted from arrival of cowbirds after initiation of 
first nests by hosts. Over 40% of Sage Sparrow nests were initiated before cowbirds were observed 
laying on the study area. Low levels of parasitism also may be related to low availability of elevated 
observation perches or long distances from study plots to cowbird feeding areas. Determining why 
parasitism is low in this fragmented landscape may have important implications for managing cowbirds 
in other areas. 

Key Words: Amphispiza belli, Brewer’s Sparrow, Brown-headed Cowbird, Molothrus ater, parasit- 
ism, Sage Sparrow, shrubsteppe, Spizella breweri, Washington. 

Parasitism by Brown-headed Cowbirds (Molo- 

thrus ater) has been found to depress signifi- 
cantly the reproductive output of some passer- 
ines, particularly in fragmented landscapes (Brit- 
tingham and Temple 1983, Robinson et al. 
1995a). Shrubsteppe communities within the In- 
termountain West have been reduced in area and 
fragmented by agricultural conversion and land 
development (Quigley and Arbelbide 1997), par- 
ticularly within the Columbia River Basin in 
eastern Washington (Dobler et al. 1996). More- 
over, these communities have a long history of 
use as rangeland, providing feeding habitat for 
cowbirds in the form of feedlots, pastures, and 
lawns. A recent analysis of data from the Breed- 
ing Bird Survey for the Columbia River Basin 
reported significant, declining trends for popu- 
lations of numerous shrubsteppe-associated spe- 
cies, with more species declining than increasing 
(Saab and Rich 1997). We know little about the 
effects of cowbirds on reproductive success of 
birds that breed in shrubsteppe communities 
(Rich 1978, Reynolds 1981, Rich and Rothstein 
1985, Biermann et al. 1987). 

As part of an ongoing research project ex- 
amining landscape effects on avian productivity 
in eastern Washington, we collected data on par- 
asitism levels and cowbird occurrence. Here we 
present a preliminary assessment of cowbird 
parasitism on the more common nesting passer- 
ines in Washington’s shrubsteppe. 

STUDY AREA AND METHODS 

The study took place in the Columbia River 
Basin of eastern Washington, in vegetation 
zones classified as shrubsteppe (Daubenmire 
1988). The region is primarily semi-arid desert, 
with cold winters and hot summers. Most of the 
native vegetation communities in the region 
have been converted to agriculture, with an es- 
timated 40% of the historical shrubsteppe re- 
maining (Dobler et al. 1996). 

Study plots were established in 29 sites in 
eight different counties. All sites were dominat- 
ed by big sagebrush (Artemisia tridentata) and 
native bunch grasses (primarily blue-bunch 
wheatgrass [Pseudoreginaria spicatum], Poa 
spp., and Stipa spp.) and forbs. Study sites in- 
cluded both large (> 10,000 ha) expanses of con- 
tinuous shrubsteppe and smaller patches (Cl00 
ha) surrounded by agriculture. All but one of the 
29 sites were >50 km from the nearest forest 
community. Study plots ranged in size from 8 to 
20 ha and were flagged at 50-m intervals on a 
quasi-grid defined by a series of adjacent, lOO- 
m diameter point-count circles. 

We surveyed birds at each plot in mid-April, 
mid-May, and mid-June of 1996 and 1997, using 
lo-min point-counts. Birds were recorded as ei- 
ther within 100 m of the point, or beyond 100 
m but within the Artemisia stand containing the 
plot. For the present analysis, cowbirds observed 
during point-counts within the stand of interest 
(perched or flying) were counted as present. 
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FIGURE 1. Relationship between nesting by Sage Sparrows and parasitism by Brown-headed Cowbirds in 
eastern Washington. Upper graph shows timing of nest initiation (symbols) by Sage Sparrows in 1996 (N = 85) 
and 1997 (N = 154), and percent of nests parasitized by cowbirds (bars). Lower graph shows point-count results 
for cowbirds on study plots in 1996 and 1997. Dotted rectangles show survey period in April, May, and June. 

Nests of potential cowbird hosts were located 
by searching study plots, by following territorial 
males that were color-banded as part of a pro- 
ductivity study, and by flushing birds from nests 
while conducting related field work on the plots. 
Nests were flagged at a distance of > 6m and 
visited every 2-5 days until fledging or failure. 
The number of host eggs and young and cowbird 
eggs and young were recorded at each visit. Nest 
success was calculated using the Mayfield 
(1975) method. 

RESULTS 

Cowbirds were common on the study area, 
recorded on point-counts at 26 of 29 sites sur- 
veyed. Cowbirds arrived on the study area in 
late April, attaining greatest abundance in May 
and June (Fig. 1). Most (81%) of the 172 cow- 
birds of known gender on point-counts were 
males; the sex of 88 birds was not determined. 

We located and monitored a total of 779 nests 
of eight species thought to be potential cowbird 
hosts (Table 1). Of these eight species, only the 
Brewer’s Sparrow, Sage Sparrow, and Vesper 
Sparrow showed evidence of parasitism (Table 

1). These were the most common species on our 
study plots and provided the largest sample size 
of nests. Other shrubsteppe-associated species 
that occurred on the plots but represented by few 
nests included Savannah Sparrow (Passerculus 
sandwichensis) and Grasshopper Sparrow (Am- 
modramus savannarum). 

The proportion of nesting attempts initiated 
before cowbird arrival (01 May) varied from 
>40% for early nesting species such as Sage 
Sparrows, Homed Larks, and Western Mead- 
owlarks, to 55% for late-arriving species such 
as Brewer’s Sparrows and Lark Sparrows (Table 
1). Sage Sparrows began nesting in March, 
reaching a peak of nesting in May of both years 
(Fig. 1). Parasitism of Sage Sparrow clutches oc- 
curred only during May and June, reaching a 
peak of 20% in June of 1997 (Fig 1). In both 
years, first nesting attempts for Sage Sparrows 
were well underway before cowbirds arrived on 
the study area. Vesper Sparrows initiated > 40% 
of nests before 01 May in 1996, and < 10% in 
1997 (Fig. 2). No Vesper Sparrow clutches 
showed evidence of parasitism in 1996, whereas 
in 1997 one clutch each in May and June was 
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TABLE 1. LEVELS OF NEST PARASITISM BY BROWN-HEADED COWBIRDS FOR POTENTIAL HOSTS IN EASTERN WASH- 
INGTON, 1996-97 

Speues Number of nestsa 
Nests initiated 

before 01 May (%) 
Parasitism level 

(%) 

Brewer’s Sparrow (Spizella breweri) 281 5 5.0 
Sage Sparrow (Amphispiza belli) 244 43 4.1 
Sage Thrasherb (Oreoscoptes montanus) 95 17 0 
Vesper Sparrow (Pooecetes gramineus) 77 23 2.6 
Western Meadowlarkb (Sturnella neglecta) 36 51 0 
Lark Sparrow (Chondesres grammacus) 24 0 0 
Homed Lark (Eremophila alpestris) 12 42 0 
Loggerhead Shrikeb (Lanius ludovicianus) 10 20 0 

a Includes only species with 10 or more nests. 
b Species known to reject cowbird eggs in some populations 

parasitized. Brewer’s Sparrows began nesting in 
mid- to late April, and nesting reached its peak 
in May of both years (Fig. 3). Cowbirds were 
present on the study area for the bulk of the 
Brewer’s Sparrow’s nesting period, with parasit- 
ism levels reaching their peak in June of both 
years (Fig. 3). 

Brewer’s Sparrows successfully fledged their 
own young from 3 1% (N = 135 exposure days) 
of parasitized clutches, compared with 51% (N 
= 2851 exposure days) for non-parasitized 
clutches. Sage Sparrows fledged their own 
young from 20% (N = 115 exposure days) of 
parasitized clutches, compared with 31% (N = 
2320 exposure days) for non-parasitized clutch- 
es. Considering only nests where cowbird eggs 
hatched, host young fledged from 2 of 2 Brew- 
er’s Sparrow nests and from 1 of 4 Sage Sparrow 
nests. 

Sparrows abandoned 4 of 14 (29%) parasitized 
clutches, compared with 1.8% (N = 267) of 
non-parasitized clutches. Sage Sparrows aban- 
doned 1 of 10 (10%) parasitized clutches, com- 
pared with 1.2% (N = 234) of non-parasitized 
clutches. In two instances, cowbirds laid a single 
egg in the empty, abandoned nest of Sage Spar- 
rows. 

Cowbird eggs hatched in 2 of 7 (29%) para- 
sitized Brewer’s Sparrow clutches and in 4 of 5 
(80%) parasitized Sage Sparrow clutches that 
successfully hatched any eggs. Cowbirds fledged 
from 1 of 6 (17%) parasitized Brewer’s Sparrow 
broods and from 2 of 3 (67%) parasitized Sage 
Sparrow broods that successfully fledged any 
young. Cowbirds fledged from 2 of 4 Sage Spar- 
row broods and from both Brewer’s Sparrow 
broods that successfully hatched cowbird eggs. 

DISCUSSION 
Abandonment rates were greater for parasit- The most definitive result from our analysis 

ized than for non-parasitized clutches. Brewer’s was the low level of nest parasitism in this al- 
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FIGURE 2. Relationship between nesting by Vesper Sparrows and parasitism by Brown-headed Cowbirds in 
eastern Washington. Symbols show timing of nest initiation by Vesper Sparrows in 1996 (N = 32) and in 1997 
(N = 45). Bars show percent of nests parasitized by cowbirds in 1997 (no Vesper Sparrow nests were parasitized 
in 1996). 
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FIGURE 3. Relationship between nesting by Brewer’s Sparrows and parasitism by Brown-headed Cowbirds 
in eastern Washington. Symbols show timing of nest initiation by Brewer’s Sparrows in 1996 (N = 93) and in 
1997 (N = 179). Bars show percent of nests parasitized by cowbirds in 1996 and 1997. 

tered landscape. Although cowbirds were pres- 
ent on almost all of our study sites, overall par- 
asitism rates were substantially lower than those 
from some other fragmented landscapes (Rob- 
inson et al. 1995a) and from other populations 
in shrubsteppe (20%, N = 20, Rich 1978; 29%, 
N = 7, Reynolds 1981; 52%, N = 25, Biermann 
et a1.1987). Ellison (this volume) also reported a 
similar, low level of parasitism for Sage Spar- 
rows in southern California. Most previous re- 
ports of parasitism rates in shrubsteppe, how- 
ever, were based on relatively small sample 
sizes. 

Two studies of Red-winged Blackbird (Agelaius 
phoeniceus) populations within riparian com- 
munities in our study area reported parasitism 
rates of 54% (Orians et al. 1989) and > 30% 
(Freeman et al. 1990) at the height of cowbird 
laying activity. Red-winged Blackbirds do not 
reject cowbird eggs but are aggressive in de- 
fending their nests against parasitism (Freeman 
et al. 1990). Parasitism rates for other potential 
hosts in these riparian communities have not 
been examined. 

Parasitism levels on our sites also were lower 
than those reported in structurally similar habi- 
tats such as continuous coastal scrub, grasslands, 
and prairies. Parasitism in grassland and open 
prairie habitats is extremely variable geograph- 
ically, ranging from 3-85% (Elliott 1978, Buech 
1982, Zimmerman 1983, Johnson and Temple 
1990, Hill and Sealy 1994, Fondell 1997, Ko- 
ford et al. in press, Peer et al. this volume, Rob- 
inson et al. this volume). Parasitism in contigu- 
ous, open habitats is generally lower than para- 
sitism in many eastern fragmented forests as 
well as western riparian habitats (Hergenrader 
1962, Wiens 1963, Hill 1976, Elliott 1978, 
Brown 1994, Rothstein and Robinson 1994, sev- 
eral authors in this volume). 

Rates of parasitism reported for our study 
plots likely underestimate the actual parasitism 
experienced by host species. Sage Thrashers and 
Loggerhead Shrikes are know to reject cowbird 
eggs (Rothstein 1982, Rich and Rothstein 1985) 
and it is unlikely that we would have observed 
parasitism in these species. Western Meadow- 
larks also reject cowbird eggs in some popula- 
tions (Peer et al. this volume), although parasit- 
ism rates can be high in others (Davis and Sealy 
in press). Our parasitism rates for species that 
abandon (e.g., Sage and Brewer’s sparrows) also 
may be underestimates, as some nests that were 
parasitized and then abandoned likely went un- 
detected. 

TIMING OF ARRIVAL AND 
REPRODUCTIVE PHYSIOLOGY 

Parasitism rates may not be homogeneous Low parasitism rates in our study area were 
across a landscape (Hahn and Hatfield 1995), due, in part, to timing of cowbird arrival relative 
and cowbirds observed on our surveys in shrub- to initiation of first nests by hosts. Cowbirds ar- 
steppe may focus on hosts in other communities. rived in late April and early May, by which time 
Several studies have reported lower rates of nest the first nesting attempts of Sage Sparrows, 
parasitism in grasslands than in adjacent forested Western Meadowlarks, Homed Larks, and Ves- 
habitats (Hahn and Hatfield 1995; Robinson et per Sparrows (in 1996) were well underway. 
al. in press, this volume). Our study sites were This finding corresponds well with information 
far from the nearest forests, but wooded riparian on arrival dates and timing of parasitism at this 
zones occurred irregularly across the region. latitude in the literature. Biermann et al. (1987) 
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reported that cowbirds did not arrive on sites in 
Alberta’s shrubsteppe until May 10. Even 
though nesting by Brewer’s Sparrows in Alberta 
did not start until May 26, early Brewer’s Spar- 
row nests were not as heavily parasitized (1 of 
5 in May) as later attempts (9 of 12 in June). 
Near our study sites in eastern Washington, 
Freeman et al. (1990) documented substantially 
higher parasitism of Red-winged Blackbirds lat- 
er in the season compared with earlier broods. 
Brown (1994) reported similar results for spe- 
cies breeding at a lower latitude. Early nesting 
species (before May) in the Grand Canyon had 
parasitism rates below 10% whereas those spe- 
cies whose nesting coincided with peak laying 
of cowbirds in May and June were parasitized 
much more heavily. Completion of a significant 
portion of a potential host’s nesting effort prior 
to laying activity by Brown-headed Cowbirds 
has been documented in other populations (Or- 
tega and Cruz 1991, Peer and Bollinger 1997). 

Female cowbirds present early in the season 
may not be capable of parasitizing first broods 
because of physiological limitations or socio- 
ecological constraints, such as time involved in 
initial territory establishment, mate selection, or 
host selection. The physiological limitation hy- 
pothesis is supported by studies of reproductive 
timing of cowbirds. In Ontario, female cowbirds 
are physiologically capable of laying in late 
April/early May and remain active until early 
July (Scott 1963; Scott and Ankney 1980, 1983). 
Cowbirds in the central Sierra Nevada moun- 
tains of California did not have eggs in their 
oviducts until the second week of May (Fleisch- 
er et al. 1987). Brown (1994) indicated that peak 
cowbird laying seasons along the Colorado Riv- 
er in the Grand Canyon occurred during the lat- 
ter half of May and first half of June, despite the 
early breeding season of hosts at that latitude. 
Although cowbird populations are known to 
shift laying dates earlier or later to synchronize 
with host nesting (Payne 1973, Fleischer et al. 
1987, Trail and Baptista 1993), cowbirds may 
avoid early-nesting hosts because of high rates 
of nest failure reported in some populations at 
this time (Freeman et al. 1990). In the present 
study, success rates of parasitized species were 
similar for early and mid-season nests, with only 
Sage Sparrows showing a higher success rate in 
June (Washington Department of Fish and Wild- 
life, unpubl. data). 

HOST QUALITY 

Some species may be unsuitable hosts, result- 
ing in selection against parasitism by cowbirds 
(Rothstein 1975b). From a diet and nest-acces- 
sibility standpoint, the shrubsteppe species con- 
sidered here would seem to be suitable hosts. 

Indeed, both Brewer’s and Sage sparrows suc- 
cessfully fledged cowbirds, although high rates 
of abandonment, particularly for Brewer’s Spar- 
rows, depressed the overall success rate. Brew- 
er’s Sparrows in Alberta experienced high par- 
asitism and also had high abandonment rates and 
low cowbird fledging success compared with 
some other host populations (Biermann et al. 
1987). Sage Sparrows also abandon parasitized 
nests (Rich 1978, Reynolds 1981). Abandon- 
ment is clearly a common occurrence among 
many host species (Rothstein 1976, Graham 
1988, Hill and Sealy 1994, Goguen and Ma- 
thews 1996) and may become more common in 
a species after increased exposure to cowbirds 
(Trail and Baptista 1993). This latter phenome- 
non may be important from a conservation stand 
point, particularly if cowbirds are capable of 
shifting laying dates to synchronize with early- 
nesting hosts. It is important to note that we can- 
not necessarily interpret abandonment of nests 
as an anti-parasitism adaptation (Rothstein 
197Sb), as it might instead be caused by a re- 
action to the presence of an unfamiliar egg, al- 
teration of clutch size, or even violent physical 
displacement of the host by the cowbird (Roth- 
stein 1975b, Graham 1988, Hill and Sealy 1994, 
Rothstein and Robinson 1994; J. Tewksbury, 
pers. comm.). Possibly, certain behaviors of 
shrubsteppe birds, such as incubating when fe- 
male cowbirds attempt to lay (Neudorf and Sea- 
ly 1994) or remaining on and/or defending the 
nest against cowbirds, make these species prone 
to nest desertion. 

Increased host defense is suggested to reduce 
cowbird parasitism among Least Flycatchers 
(Ernpidonax minimus) and Red-winged Black- 
birds (Robertson and Norman 1976, 1977; Bris- 
kie et al. 1990; Freeman et al. 1990). Alterna- 
tively, host defense also may facilitate nest-find- 
ing by Brown-headed Cowbirds (nest-cue hy- 
pothesis), although this has recently received 
mixed support from experiments by Gill et al. 
(1997) and Banks (1997). In our study, anec- 
dotal observations of Brewer’s Sparrows mob- 
bing female cowbirds as they hopped through 
the sagebrush suggest that cowbirds are recog- 
nized as a threat by this species, but it is un- 
known whether mobbing influences parasitism 
success. 

DISTANCE TO FEEDING AREAS 

Our study sites may have been too far from 
cowbird feeding areas to support sufficient den- 
sities of breeding cowbirds. Cowbirds require 
both host-rich laying areas in the morning for 
successful reproduction and suitable feeding ar- 
eas (feedlots, livestock pastures, corrals, bird 
feeders) during the afternoon (Rothstein et al. 
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1980, 1984; Dufty 1982a). In fact, cowbirds may evated perches make it easier for cowbirds to 
be more limited by foraging habitat than by host track the status of active nests and therefore, 
availability (Hamilton and Orians 1965). Bier- when perches are absent, they lay eggs more of- 
mann et al. (1987) suggested that the proximity ten in inactive nests. Freeman et al. (1990) re- 
of one of their Alberta study sites to riparian ported that 21.5% of all cowbird eggs found in 
areas, pastures, and feedlots was probably re- their study of Red-winged Blackbirds were in 
sponsible for its high parasitism rates (59%) inactive nests and that this occurred more fre- 
whereas their study site without any parasitism quently in areas without nearby perches. More- 
was >lO km from the nearest feedlot. In Idaho, over, the low hatching rate of cowbird eggs in 
parasitized Sage and Brewer’s sparrow nests our study suggests that cowbirds frequently were 
were found within 3 km of a neighboring cattle unable to track nest development and therefore 
ranch from which cowbirds dispersed in the laid in nests that were too advanced for the cow- 
mornings (Rich 1978). bird eggs to receive sufficient incubation. 

Distance to feeding areas also may have 
played a part in the skewed sex ratio of cowbirds 
recorded on our surveys. The preponderance of 
male cowbirds on our surveys may indicate that 
our sites were too far from foraging areas for 
female cowbirds, suggesting that many of the 
males on our surveys were unpaired. Point count 
surveys elsewhere have revealed sex ratios for 
cowbirds close to 50% (S. K. Robinson, pers. 
comm.). Identification of cowbird feeding areas 
on our study area may help to explain the ob- 
served patterns of parasitism. 

WHICH SUBSPECIES? 

AVAILABILITY OF PERCHES 

It may be difficult for cowbirds to find and 
determine activity levels of host nests in the 
shrubsteppe due to the low, dense, homogenous 
vegetation, and the scarcity of elevated obser- 
vation perches (Norman and Robertson 1975, 
Gates and Gysel 1978, Gochfeld 1979). These 
ideas have been suggested by many other re- 
searchers, but to our knowledge have not been 
tested rigorously. Limited correlative data sup- 
port the perch-limitation hypothesis. In Alberta, 
sites with parasitized Brewer’s Sparrow nests 
had perches up to 4 m in height located in a 
nearby riparian strip, whereas sites without par- 
asitism had none (Biermann et al. 1987). In Ar- 
izona, parasitism rates for Black-throated Spar- 
rows (Amphispiza bilineata) were greater in ar- 
eas with high (>2 m) perches provided by cru- 
cifixion thorn (Cunotia holacantha) and power 
lines, compared with sites with only creosote 
bush (L.urrea divaricata) (R. Johnson and C. van 
Riper, unpubl. data). In Minnesota, Johnson and 
Temple (1990) found that prairie-nesting birds 
experienced lower parasitism farther from 
wooded edges. 

Mobbing of cowbird females, high abandon- 
ment rates of parasitized Brewer’s Sparrow 
nests, and the likely ejection of cowbird eggs by 
Sage Thrashers suggest that shrubsteppe birds in 
eastern Washington have been exposed to cow- 
bird parasitism long enough to develop defen- 
sive responses. Cowbirds in shrubsteppe habitats 
of Washington may be of the native subspecies 
artemisiae, rather than the subspecies obscurus, 
the more recent arrival that is presumed to be 
responsible for recent widespread parasitism in 
the northwestern states (Rothstein et al.1980, 
Laymon 1987, Rothstein 1994). Ward and Smith 
(1998) provided morphological evidence that 
cowbirds have been present in British Colum- 
bia’s Okanagan Valley, 100 km north of our 
study area, long enough to become morpholog- 
ically differentiated from the artemisiae and ob- 
scurus subspecies. Low observed parasitism of 
shrubsteppe birds in Washington may result 
from coevolved defenses on the part of the host 
species (Mayfield 1965 [but see also Rich 1978 
and Robinson et al. this volume]). 

CONCLUSIONS 

Cowbirds are known to lay in inactive nests, 
regardless of the presence or absence of host 
eggs (Norman and Robertson 1975, Lowther 
1979, Freeman et al. 1990), indicating that they 
cannot always accurately assess the status of 
nests. On our sites, we identified at least two 
instances of cowbird eggs laid in recently dep- 
redated nests of Sage Sparrows. Presumably, el- 

Parasitism levels of shrubsteppe species in 
eastern Washington were low compared with 
those reported for other bird communities in 
shrubsteppe and for bird communities in some 
other fragmented landscapes. Based on analysis 
of data from the first two years of this study, 
there appears to be no substantial effect of par- 
asitism on avian reproduction within the big 
sagebrush communities of Washington’s shrub- 
steppe, at least among the species considered 
here. Several shrubsteppe-associated species 
were not represented well in our sample, nor did 
we sample populations in communities other 
than big sagebrush. Parasitism levels have been 
found to vary considerably among years within 
a host population (Smith and Arcese 1994), so 
more long-term data will be of considerable val- 
ue. 

Determining why parasitism is low in this 
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fragmented landscape may have important im- 
plications for managing cowbirds in other areas. 
Further analysis of data from this continuing 
study in eastern Washington may help to eluci- 
date factors influencing parasitism rates. For 
now, we suggest that future research on cowbird 
parasitism in shrubsteppe focus on (1) determin- 
ing effects of distance, distribution, and size of 
cowbird feeding areas on rates of nest parasit- 
ism, (2) examining how cowbirds find nests in 
shrubsteppe, focusing on experiments of perch 
availability, and (3) comparisons of host quality, 
both through observational studies to determine 
parasitism, hatching, and fledging rates, and 
through experiments to further define abandon- 

ment and ejection rates as well as host ability to 
raise cowbird young. 
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HABITAT AND LANDSCAPE FACTORS AFFECTING COWBIRD 
DISTRIBUTION IN THE NORTHERN ROCKIES 

JOCKS. YOUNG AND RICHARD L. HUTTO 

Abstract. We studied the habitat and landscape factors influencing the distribution of Brown-headed 
Cowbirds (Molothrus ater), using data from a region-wide monitoring program conducted in the 
northern Rockies. Bird, habitat, and landscape data were collected at 7. I53 points along 761 transects 
that were distributed throughout western Montana and northern Idaho. Brown-headed Cowbirds were 
largely absent from dense, old-growth, and high-elevation forests. They were most abundant in open 
conifer forest (ponderosa pine [Pinus ponderosa] and partially logged sites) as well as grassland, 
agricultural, and riparian cover types. We found that open lands such as grasslands and agricultural 
areas were more likely to be used than were clearcuts. In addition, cowbird presence was negatively 
related to canopy cover when we included data from all cover types, but was not significantly related 
to this variable within coniferous forest cover types. It appears that the presence of clearcuts does not 
draw cowbirds into forested regions. The density of potential host species was one of the most im- 
portant local-scale correlates of cowbird presence. Nonetheless, multivariate models were dominated 
by landscape variables, and distance to agricultural lands was the strongest predictor of cowbird 
presence. Cowbirds were so strongly associated with the proximity of agricultural areas that many 
areas of the forested mountains are probably still safe from parasitism pressure. Our data suggest that 
cattle grazing and other agricultural practices appear to be directly involved with the expansion of 
cowbirds in this region (and other parts of the West). Cowbirds may be a textbook example of the 
importance of landscape context in the distribution of a bird species. 

Key Words; habitat, human-induced changes, landscape, Molorhru~ ater, northern Rockies 

The Brown-headed Cowbird (Molothrus ater) 
was historically rare or nonexistent in many 
parts of the West (Rothstein 1994). The sudden 
presence of this brood parasite may, therefore, 
have a serious impact on hosts that are not 
adapted to its presence. Because the recent 
spread of cowbirds throughout the West has 
probably been associated with human land-use 
activity, we need to better understand exactly 
which activities or land conditions favor the 
presence and/or spread of cowbirds. Moreover, 
because landscape conditions may contribute, in 
part, to the suitability of a site to cowbirds, there 
is need for a regional study that incorporates 
both landscape and local-scale factors into a 
study of cowbird distribution. 

Several years ago, the Northern Region of the 
U.S. Forest Service (USFS) initiated a Landbird 
Monitoring Program designed to provide a re- 
gional picture of bird-habitat relationships across 
the region’s National Forests and to estimate the 
overall population trends of a variety of diurnal 
landbird species. The program involves periodic 
surveys of birds and habitat conditions sur- 
rounding more than 7,000 points that are distrib- 
uted throughout the region. As far as we know, 
this is the largest program of its kind in North 
America, and it provides a unique opportunity 
to couple information on both local-scale and 
landscape conditions surrounding points of oc- 
currence for many landbird species, including 
cowbirds. In this paper, we report on the vari- 
ables that appear to be most important in pre- 

dicting the presence of cowbirds within this 
northern Rocky Mountain region. 

METHODS 

All 13 National Forests in the USFS Northern 
Region and the Potlatch Timber Company (a 
large private landowner in central Idaho) partic- 
ipated in the collection of data on cowbird pres- 
ence and abundance for our study. The study 
region covered all of western Montana and 
northern Idaho (including 19 million acres of 
non-wilderness Forest Service lands). This en- 
tire region is dominated by conifer forest, with 
deciduous trees largely restricted to riparian ar- 
eas. Forest composition includes a mixture of 
conifer species throughout the region, with the 
most common tree species, in decreasing order 
of importance, being Douglas-fir (Pseudotsuga 
menziesii), lodgepole pine (Pinus contorta), 
western larch (Lurix occidentalis) and ponderosa 
pine (Pinus ponderosa). There is a major climate 
gradient, with the moister, denser cedar/hemlock 
(Thuja plicata/Tsuga heterophyla) and grand fir 
(Abies grandis) forests restricted to the north- 
western portion of the region, and drier, sparser 
forests (mostly Douglas-fir and lodgepole pine) 
predominating east of the continental divide. 
Spruce/fir (Picea engelmannii/Ahies lasiocarpa) 
forests occur at higher elevations as well as in 
some riparian situations. Valley bottoms are usu- 
ally dominated by agriculture (pasture and crop- 
land) and other human disturbance, with grass- 
lands in the foothills, and sagebrush (Artemisia 
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FIGURE 1. A) Distribution of sampled transects across northern Idaho and western Montana; B) The geo- 
graphic distribution of Brown-headed Cowbirds across all transects. Each large dot indicates that the species 
was present on at least one point on that transect, and each small dot represents an entire transect sampled 
without detecting cowbirds 

spp.) being more extensive in the southeastern 
section. 

We collected bird, habitat, and landscape data 
at a total of 7,153 points along 761 transects 
(Fig. 1A). Most of these transects (545), each 
containing 10 points, were permanently marked 
as part of a long-term monitoring program. The 
distribution of these 545 transects was geograph- 
ically stratified by US Geological Survey 7.5 
minute topographic quad maps. Transect start 
points were located by positioning a random 
point within each quad quarter-section and then 
finding the nearest point on an unpaved second- 
ary or tertiary road, or on a trail. The remaining 
nine points constituting a transect were posi- 
tioned at 300-m intervals in a single direction 
along the road or trail. Potential transects were 
retained only if there was reasonable access. 

Used transects were selected from these poten- 
tial transects as randomly as possible under lo- 
gistic constraints. There were usually two ob- 
servers on each National Forest, covering one 
transect each per day. In addition to these per- 
manently marked points, in 1993 and 1994 we 
conducted one-time visits to 1,825 additional 
sampling points (along 216 transects of varying 
length) that were stratified by cover type to pro- 
vide greater coverage of some of the rarer veg- 
etation types. 

FIELD METHODS 

The bird counts followed recommendations 
discussed by Ralph et al. (1995) and methods 
described by Hutto et al. (1986). A lo-min point 
count was conducted at each of the 10 sampling 
points along a transect. Points were visited once 
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TABLE 1. DISTRIBUTION OF THE 3,406 NON-EDGE SAMPLE POINTS (IN THE NORTHERN ROCKIES) AMONG 18 MAJOR 
COVER TYPES, WITH THE PERCENT OCCURRENCES OF BROWN-HEADED COWBIRDS (AS DISPLAYED IN FIG. 2) 

Cover type 

Cedaribemlock 
Spruce/fir 
Lodgepole pine 
Mixed-conifer 
Douglas-fir 
Ponderosa pine 
Group selection 
Shelterwood 
Seed-tree cut 
Clearcut 
Post-fire 
Sagebrush 
Grassland 
Agricultural 
Marsh, wetland 
Riparian shrub 
Cottonwood/aspen 
Residential 

Number PWZent Cowbird Median distance 
of points of points Dcc”lTe”ce (Q) m agriculture (km) 

63 1.8 0.0 28.5 
133 3.9 0.8 16.3 
215 6.3 1.9 16.7 

1,121 32.9 8.3 11.6 
289 8.5 6.2 13.3 
77 2.3 18.2 3.7 

112 3.3 12.5 7.1 
75 2.2 21.3 7.7 

116 3.4 10.3 9.6 
341 10.0 5.0 14.2 
58 1.7 8.6 13.5 
88 2.6 13.6 8.2 

167 4.9 12.6 3.4 
56 1.6 19.6 0.0 
71 2.1 14.1 10.3 

294 8.6 18.0 12.3 
84 2.5 22.6 10.6 
46 1.4 30.4 2.8 

each breeding season between mid-May and 
mid-July. All birds seen or heard within the 
count period were recorded, noting species, 
number of individuals, and distance to the 
bird(s). Field observers began counts at least 15 
min after sunrise, and completed transects be- 
fore 11:30. Counts were not conducted on days 
with continuous rain or high winds. The order 
of visits to transects was set by elevation and 
seasonal access. 

We recorded the vegetation cover type in a 
100-m radius circle surrounding each point. 
Cover type was defined according to a scheme 
based on a combination of the dominant plant 
species in the tallest vegetation layer and the 
vertical and horizontal vegetation structure. A 
series of successional stages for each conifer 
forest type was included. Our classification of 
such disturbed forest types was based on the 
dominant tree species composition and stand 
structure, without regard to the process that ac- 
tually caused the structure. We recorded over 
200 cover types in the field, but we merged them 
into 18 general types so that all groups had at 
least 50 points (Table 1). There were six rela- 
tively undisturbed conifer forest types, four rel- 
atively disturbed conifer forest types represent- 
ing different logging regimes, three nonforested 
cover types, and three riparian vegetation types. 
The undisturbed conifer types were defined by 
tree species composition, with >80% of the can- 
opy composed of the named tree species. 

To further characterize the surrounding vege- 
tation for use in regression models, we made 
estimates of the following variables within a 30- 
m-radius circle centered on each count point: (1) 

average height of the tree canopy layer; (2) per- 
cent cover of canopy trees (larger than saplings); 
(3) percent cover of sapling trees (between 5 and 
10 cm dbh); (4) percent cover of seedling trees 
(<5 cm dbh); (5) percent cover of tall shrubs 
(multi-stemmed woody plants >I m tall); (6) 
percent cover of low shrubs (<l m tall); (7) per- 
cent cover of grasses and forbs; and (8) tree spe- 
cies composition, as estimated by the propor- 
tionate makeup of each tree species in the over- 
story canopy. 

We used two different sets of species to model 
host density as a variable that might influence 
the probability of cowbird presence (Robinson 
and Wilcove 1994), because it is difficult to de- 
cide which species cowbirds may consider as 
potential hosts in any particular region. Cow- 
birds have been known to parasitize most open- 
cup nesting passerines of appropriate size 
(Friedmann 1963). Therefore, for one species 
set, we simply chose all open-cup nesting pas- 
serine species up to the size of the Brown 
Thrasher (Toxostoma rufum), which is the larg- 
est species known to successfully host cowbirds 
(Friedmann et al. 1977). There were 69 species 
that fit this criterion, although only 26 of these 
made up 90 % of the individuals, and seven spe- 
cies made up almost 50% (Dark-eyed Junco 
[Bunco hyemalis], Yellow-rumped Warbler 
[Dendroica coronatu], Chipping Sparrow [Spi- 
zellu pusserinu], Swainson’s Thrush [Cutharus 
ustulutus], American Robin [Turdus migruto- 
rius], Townsend’s Warbler [Dendroica townsen- 
di], and Ruby-crowned Kinglet [Regulus culen- 
d&u]). However, it is possible that cowbirds 
may discriminate among available hosts, or 
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some nests may simply be better hidden. Some 
species are consistently avoided, and parasitism 
rates of a single species may vary greatly in dif- 
ferent regions (Hoover and Brittingham 1993, 
Robinson et al. 1995a, Hahn and Hatfield 1995). 
In the Sierra Nevada of California, tree-nesting 
species such as Cassin’s Vireo (Vireo cassinii) 
and Yellow-rumped Warbler are often parasit- 
ized (Rothstein et al. 1980, Vemer and Ritter 
1983, Airola 1986), even though few records 
had been recorded for these species previously 
(Friedmann and Kiff 1985). Cowbird parasitism 
in western conifer forests has not been suffi- 
ciently studied. In an attempt to model a more 
restricted set of potential hosts that may be more 
biologically meaningful, we created a second set 
of likely hosts by excluding species known to 
reject eggs (Friedman and Kiff 1985), and ex- 
cluding all species with fewer than 10 records 
of parasitism in the compilations of Friedman et 
al. (1977, 1985), unless they were found to be 
primary hosts (>15 % parasitism) in an ongoing 
local study (Tewksbury et al. this volume). This 
resulted in 45 species of likely hosts. It is not 
known if these were actually the most widely 
used hosts throughout this region, however. 

LANDSCAPE VARIABLES 

The precise location of both permanent and 
non-permanent points were marked in the field 
on the aerial photo associated with each transect, 
and the aerial photo was subsequently used to 
position points onto a Geographic Information 
System (GIS) data layer. The GIS database we 
used was developed at the University of Mon- 
tana Wildlife Spatial Analysis Lab, using Land- 
sat TM imagery and ground-truthing in a two- 
stage classification process (Redmond et al. 
1996). Agriculture and riparian areas were add- 
ed manually to the database from aerial photos, 
which is a more accurate method than remote 
sensing. 

Within a l-km radius circle surrounding each 
point, we calculated several landscape variables 
from the GIS database. We created variables 
based on an additional merging of the cover type 
classification into 15 cover types that correspond 
as well as possible with our field cover types. 
These included a conifer series, a riparian series, 
and an open land series (Table 2). For each of 
these cover types we calculated the proportion 
of the l-km radius circle that was covered by 
that type, and the distance from the point to the 
nearest occurrence of each type. 

ANALYTICAL METHODS 

To determine habitat associations, we used 
only bird detections that were estimated to be 
within 100 m of the observer (very few cow- 

TABLE 2. DISTRIRIJTION OF THE 7,153 SAMPLE POINTS 
AMONG THE MAJOR GIS COVER TYPES, WITH THE Av- 
ERAGE % COVERAGE OF EACH TYPE ACROSS ALL I-KM 
RAIXJS LANDSCAPE CIRCLES IN THE NORTHERN ROCKIES 

Cover type 

Mesic conifer 
Xeric conifer 
Subalpine conifer 
Mixed conifer/broadleaf 
Broadleaf forest 
Forested riparian 
Non-forested riparian 
Grasslandkhrubland 
Agricultural land 
Barren land 
Urban/developed 

PU(X”, Meall 
Number of coverage 
of poin1r pOilltS CR) 

3,633 50.8 55.5 
510 7.1 7.9 
639 8.9 9.9 

69 I .o 0.9 
68 1 .o 0.7 

324 4.5 2.3 
132 1.8 0.9 

1,530 2 1.4 17.8 
37 0.5 0.6 

138 I .9 1.8 
50 0.7 0.8 

birds were detected beyond this range), and ex- 
cluded birds flying over the site. If more than 
one vegetation cover type occurred within 100 
m, the point was designated as being an edge 
point and was excluded from the local-scale 
habitat analyses, which cut the sample size near- 
ly in half (3,406). This reduced the chance that 
birds were detected within a cover type that dif- 
fered from that associated with a particular cen- 
sus point. We also performed landscape analyses 
using all points, however. 

For a more detailed look at factors affecting 
the distribution of cowbirds among points, we 
used logistic regression to predict cowbird pres- 
ence vs. absence, looking at the continuous hab- 
itat variables collected at the point, and combin- 
ing these with the landscape context of the point 
taken from the GIS database. 

With each point count as a sample unit, al- 
most 98 % of cowbird counts were zero or one 
(only one cowbird was detected at 77 % of oc- 
cupied points), so logistic regression is especial- 
ly appropriate. However, multiple samples of a 
given cover type within a single transect may 
not have been statistically independent estimates 
of bird composition within that cover type. Nev- 
ertheless, we used individual points as sample 
units for all local-scale habitat analyses because 
(1) transects were inappropriate sample units at 
this scale, since they crossed multiple cover 
types, and (2) an average of only four points 
from each transect were non-edge points that 
could be used in the analyses. 

The landscape variables, however, were based 
on l-km radius circles, and points only 300 m 
apart were clearly pseudoreplicate sample units. 
Therefore, we redid the landscape analyses us- 
ing the transect as the sample unit. These anal- 
yses did not include local habitat variables be- 
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cause these could not be meaningfully averaged 
across a transect. The results of these additional 
landscape analyses were used to corroborate the 
point-scale analyses. 

As a first step in selecting variables for the 
habitat-relationship model, we fit separate uni- 
variate logistic regression equations for each 
variable (Hosmer and Lemeshow 1989:83). 
Variables considered for entry into a multivar- 
iate model were those for which the univariate 
test indicated potential significance (P < 0.15). 
Local-scale variables were combined with the 
landscape variables in a single parsimonious 
model to explain the distribution of Brown- 
headed Cowbirds. We used both forward and 
backward stepwise procedures for building mul- 
tivariate models. The selection of variables for 
use in these models was based not only on the 
statistical significance of each measured vari- 
able, but also on our biological knowledge of 
the species. 

We followed the above model-building meth- 
ods for three different subsets of the data. The 
first set contained all 7,153 points (including 
edge points) in all cover types. These models 
involved comparisons across very different cov- 
er types and could only show general patterns 
of habitat use, as well as landscape effects. It 
would be valuable to have more detailed infor- 
mation on habitat and landscape effects within 
a smaller subset of cover types. Specifically, we 
wanted to predict where cowbirds would occur 
when they penetrated a typical western conifer- 
ous forest landscape (e.g., does opening the for- 
est in various ways affect cowbird distribution, 
allowing them to penetrate where they otherwise 
might not?). Therefore, we also conducted anal- 
yses using just the subset of 2,250 non-edge 
points from conifer cover types, ranging from 
clearcuts to undisturbed forest. This data set still 
included a wide range of forest types and land- 
scapes, with a multitude of potential reasons for 
cowbird absences. We used multivariate tests to 
tease these potential reasons apart. However, in 
a final attempt to separate local-scale influences 
from landscape conditions, we analyzed a third 
subset of the data that included the 517 conifer 
points within occupied transects only. We as- 
sumed that all occupied transects were in at least 
marginally appropriate landscapes. The discrim- 
ination of individual points of use and nonuse 
by cowbirds within occupied transects (which 
were less than 3 km in length) would, therefore, 
likely be due to local factors. 

RESULTS 

The 3,406 non-edge points were distributed 
unevenly among the 18 cover types categories 
(Table 1). with mixed-conifer stands represented 

% of points with cowbird detections 

FIGURE 2. The distribution of Brown-headed Cow- 
birds among 18 major cover types in the northern 
Rockies. Cowbirds were detected (within 100 m) on 
334 of the 3,406 points represented here. Sample sizes 
for each cover type are given in Table 1. Points with 
an edge within 100 m were excluded from all non- 
riparian cover types. The three riparian types (marsh, 
riparian shrub, and cottonwood bottomland), however, 
included all points because most of those patches were 
small or narrow and there was almost always another 
cover type within 100 m. 

by 33 % of the points, and nine cover types hav- 
ing fewer than 100 points. 

There were 91 landbird species (54 of which 
were potential cowbird hosts) that we detected 
on at least 30 points. We detected Brown-headed 
Cowbirds on 653 points, or about 9% of the to- 
tal, but on over one third of the transects (238 
of the 638 transects with at least 8 points). Oc- 
cupied transects were distributed throughout the 
region, although relatively fewer transects were 
occupied by cowbirds in the moister forests of 
northwestern Montana and northern Idaho (Fig. 
1 B). Cowbirds were relatively common in south- 
central Montana, with its drier, sparser forests 
and wider agricultural valleys, and on our extra 
points in western Montana, which included more 
agricultural areas, towns, and riparian bottom- 
lands than the permanently marked points. 

Cowbirds were uncommon in denser forest 
cover types and high-elevation forests (Fig. 2), 
and the only relatively undisturbed forest type 
in which they were especially common was that 
dominated by ponderosa pine. All of the rela- 
tively undisturbed forest categories (the first six 
categories in Fig. 2) included a variety of stand 
ages and even many thinned stands. To further 
explore these data, we pooled them, and then 
divided them into different categories based on 
stand age and disturbance status. We found cow- 
birds at 1.3 % of 154 points in old growth, 5.1 
% of 630 points in mature forest, 5.6 % of 198 
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TABLE 3. SIGNIFICANCE LEVELS (P-VALUES) OF UNIVARIATE LOGISTIC REGRESSIONS FOR EACH LOCAL-SCALE AND 
LANDSCAPE VARIABLE, AND FOR ALL THREE SUBSETS OF THE DATA DISCUSSED IN THE TEXT (ONLY CONIFER POINTS 
INCLUDED WITHIN OCCUPIED TRANSECTS) 

Vanable 

All points Comfer points Occupied 
,El”SCC,S 

Signa Stati\tich P Statisti+ P P 

Canopy height 
Canopy cover 
Sapling cover 
Seedling cover 
Tall shrub cover 
Low shrub cover 
Ground cover 
Proportion ponderosa pine 
Proportion Douglas-fir 
Proportion western larch 
Proportion lodgepole pine 
Proportion mesic species 
Abundance of all hosts 
Richness of all hosts 
Abundance of likely hosts 
Richness of likely hosts 
Elevation 
Distance (developed) 
Distance (agriculture) 
Distance (grass/shrubland) 
Distance (riparian) 
Coverage (agriculture) 
Coverage (grass/shrubland) 
Coverage (subalpine forest) 
Coverage (mesic forest) 
Coverage (xeric forest) 
Coverage (riparian) 

+ 
_ 

_ 
+ 
+ 
+ 

_ 
+ 
+ 
+ 
+ 

+ 
+ 

_ 
+ 
+ 

64 
22 
12 
3 
3 

101 

131 < 0.01 
148 < 0.01 
164 < 0.01 
176 < 0.01 
20 < 0.01 

209 < 0.01 
298 < 0.01 

52 < 0.01 
23 < 0.01 
24 < 0.01 
98 < 0.01 

136 < 0.01 
94 < 0.01 
68 < 0.01 
36 < 0.01 

< 0.01 
< 0.01 
< 0.01 

0.07 
0.10 

< 0.01 

1 0.35 0.08 
4 0.06 0.60 
0 0.88 0.54 
1 0.44 0.80 
0 0.99 0.50 
0 0.96 0.86 

36 < 0.01 0.31 
78 < 0.01 0.02 

6 0.01 0.45 
0 0.73 0.41 

30 < 0.01 0.58 
5 0.02 0.64 

83 < 0.01 < 0.01 
108 < 0.01 0.05 
110 < 0.01 < 0.01 
123 < 0.01 0.02 
24 < 0.01 0.92 

102 < 0.01 0.92 
112 < 0.01 0.41 

11 < 0.01 0.58 
14 < 0.01 0.12 
0 0.66 0.18 

29 < 0.01 0.30 
88 < 0.01 0.07 

8 < 0.01 0.04 
68 < 0.01 0.02 

1 0.42 0.62 

a The sign of the relationship was the same for all data set\. 

“The chl-square statistx for the llkrlthood ratm test indicates rrlat~vr statistical importance. 

points in young forest, and 10.0 % of 769 points 
in selectively cut stands. Cowbirds were also 
common in more extensively logged forests, but 
were observed more often in partially logged 
stands than in clearcuts (Fig. 2). As expected, 
cowbirds were most commonly detected in open 
areas, including grassland and agriculture, and 
riparian vegetation. 

Both landscape and local-scale habitat vati- 
ables were significantly related to cowbird oc- 
currence using logistic regression models that 
involved all 7,153 points (Table 3). Most land- 
scape variables were significant in the univariate 
tests, but distance to agricultural lands was the 
strongest predictor of cowbird presence (Table 
3). In fact, about 73 % of points with cowbirds 
were within 10 km of agricultural areas, and al- 
most 90 % were within 20 km (Fig. 3). Cow- 
birds were also found closer to developed areas, 
as well as in landscapes with more open areas 
and xeric forests, but less subalpine and mesic 
forests. All of these relationships were strong 
enough (P < 0.001) to remain significant when 

the data were averaged over each transect, and 
the 638 transects were then used as sample units. 

Most local-scale vegetation variables were 
also important in the univariate logistic regres- 
sions, although some were not examined be- 
cause they were not relevant to all cover types 
(height and species composition of canopy were 
not defined if there was no canopy). Cowbirds 
were negatively associated with canopy cover, 
as expected, since they were common in grass- 
lands and agricultural areas, where canopy cover 
was zero. Ground cover was the strongest pre- 
dictor of cowbird occurrence among habitat 
variables. Ground cover tended to be high in ar- 
eas where cowbirds were common, such as 
grasslands, ponderosa pine forests, and partially 
logged forests. All of the measures of host abun- 
dance and species richness were strong predic- 
tors of cowbird presence (Table 3). The restrict- 
ed subset of likely hosts appeared to fit the data 
best. Although species richness was a slightly 
better predictor than abundance, we thought that 
abundance was more biologically meaningful. 
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FIGURE 3. Frequency distribution for the distance to the nearest agricultural lands from A) all 7,153 points 
used in the analyses (median = 11.6 km); B) the 653 points where cowbirds occurred (median = 5.3 km) in 
northern Idaho and western Montana. 

Therefore, we chose the abundance of likely ent that cowbirds were closer to agriculture and 
hosts as the variable to test in the multivariate urban areas, on average. They were not in land- 
analyses. scapes with subalpine forests, and they were 

When these variables were put together in a more common in landscapes with less mesic co- 
multivariate model (Table 4) it was still appar- nifer and more xeric conifer stands, which in- 



48 STUDIES IN AVIAN BIOLOGY NO. 18 

TABLE 4. SIGNIFICANCE LEVELS (P-VALUES) OF VARIABLES INCLUDED IN MULTIPLE LOGISTIC REGRESSION MODELS 
FOR ALL THREE SUBSETS OF THE DATA DISCUSSED IN THE TEXT 

Variable signa All points Contfer po,nts Occupied transects 

Canopy height 
Canopy cover 
Tall shrnb cover 
Ground cover 
Proportion ponderosa pine 
Abundance of likely hosts 
Distance (developed) 
Distance (agriculture) 
Distance (riparian) 
Coverage (subalpine forest) 
Coverage (mesic forest) 
Coverage (xeric forest) 
Coverage (riparian) 

+ < 0.01 0.02 
_ < 0.01 
_ 0.02 
+ 0.02 
+ 0.05 
+ < 0.01 < 0.01 < 0.01 
_ < 0.01 < 0.01 
_ < 0.01 < 0.01 
_ < 0.01 
_ < 0.01 < 0.01 
_ < 0.01 
+ 0.04 0.02 0.02 
+ < 0.01 

a The sign of the relationship was the same for all data sets. 

eluded ponderosa pine, juniper (Juniperus sco- 
pularum), and limber pine (Pinus fkxilis). An 
association with riparian areas was indicated by 
the inclusion of both the coverage of and dis- 
tance to these lands. There were also local-scale 
variables in this multivariate model. Canopy 
cover and the abundance of likely hosts were the 
most important. The same model was produced 
by both forward and backward stepwise variable 
selection. 

To examine the habitat distribution of cow- 
birds within the conifer cover types only, we 
conducted additional analyses using the restrict- 
ed data set of 2,250 non-edge points from co- 
nifer habitats. Cowbirds were detected on 172 
of these points. Most of the landscape variables 
were still significant in univariate tests, whereas 
most of the local vegetation variables were not 
(Table 3). Although cowbirds tended to occur in 
sites with less canopy cover (P = 0.06), this re- 
lationship was much less apparent when other 
variables were included in a multivariate model 
(P = 0.24). The multivariate model was domi- 
nated by landscape variables (Table 4), although 
the abundance of likely hosts was the strongest 
predictor (P < 0.001). Again, cowbirds were 
found closer to agricultural areas and were not 
found in subalpine landscapes. They were more 
likely to be present in stands with more ponder- 
osa pine in the tree canopy (P = O.OS), which 
was the only vegetation variable that was even 
close to significant. The same model was pro- 
duced by both forward and backward stepwise 
variable selection. Although the relationships 
were not significant in the multivariate analyses, 
cowbirds tended to be in stands closer to riparian 
areas (P = 0.09), and in landscapes surrounded 
by more agricultural areas (P = 0.07). 

The data set representing only occupied tran- 
sects contained 517 points, including the same 

172 points with cowbirds as above. As expected, 
landscape variables were of greatly reduced im- 
portance when unoccupied transects were re- 
moved from the analyses. There was no trend 
toward a relationship with canopy cover within 
occupied transects (P = 0.60). Very few vari- 
ables were significantly related to cowbird pres- 
ence in this data set (Table 3), and only three 
were retained in the multivariate model (Table 
4). The best predictor was the abundance of po- 
tential hosts. There was also a positive associa- 
tion with canopy height. The coverage of xeric 
forest was the third variable retained in the for- 
ward stepwise procedure, and we report it here 
because it fit the data slightly better than the 
coverage of mesic forest, which was selected by 
the backward elimination procedure. These two 
variables were strongly correlated (r = -0.70). 
It was not clear whether the local or landscape 
variable involving xeric pine was the most im- 
portant, since they were also highly correlated (r 
= 0.49) and had similar significance levels, both 
separately (P = 0.02) and together (P = 0.18). 

In the above analyses, we used a merged cov- 
er type category for non-forested lands other 
than agriculture and riparian (it included all 
types of grasslands and upland shrublands). This 
variable was strongly related to cowbird pres- 
ence, as expected, with cowbirds occurring clos- 
er to these lands, on average. However, it would 
be interesting to know if different kinds of open 
lands affect cowbird occurrence differently. To 
explore this, we separated these lands into com- 
ponents relating to low-elevation grasslands, 
high-elevation grasslands, upland mesic shrub- 
lands, and xeric shrublands. Unfortunately, 
clearcuts were not well differentiated in the GIS 
database, since the satellite imagery responded 
to the reflectance of the ground cover, rather 
than anything relevant to logging per se. How- 
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ever, clear differences emerged between these 
categories in their relation to cowbird distribu- 
tion. Cowbirds were seen more often near low- 
elevation grasslands. This relationship was near- 
ly as strong as that with the distance to agricul- 
ture (although these two variables were corre- 
lated, with r = 0.30, they both would enter a 
regression model together). Cowbirds were less 
likely to occur nearer high-elevation grasslands, 
however. Cowbird presence was not correlated 
with distance to upland shrublands, which was 
the category that should have included shrubby 
clearcuts. These relationships held whether we 
looked at all points or only those in conifer cov- 
er types. 

Elevation at the sample points ranged from 
465 m to 2,620 m. The highest elevation we de- 
tected cowbirds was 2,318 m (there were 133 
points higher than this without cowbirds). Cow- 
birds were more abundant at lower elevations 
(Table 3). However, elevation was correlated 
with all of the other variables influencing cow- 
bird occurrence in the multivariate models. 
Therefore, the relationship with elevation was 
not retained in these models. 

Cowbirds were more likely to occur at points 
where more potential hosts were also observed. 
The distribution of these potential hosts among 
cover types (Fig. 4) was generally similar to that 
of the Brown-headed Cowbird (Fig. 2). Host 
density was also an important predictor in re- 
gression models (Tables 3 and 4). There was not 
much difference in the predictive abilities of 
host species richness and the number of poten- 
tial host individuals. These relationships held 
within all points and within conifer cover types, 
and were still highly significant after distance to 
agriculture and the other variables were included 
in a multivariate model. We also found that host 
density was significantly related to cowbird 
presence on points within occupied transects 
only. In fact, the abundance of the subset of like- 
ly hosts was a better predictor than any other 
variable in this data set (P = 0.003). 

DISCUSSION 

The Brown-headed Cowbird can be found in 
a broad range of cover types in the northern 
Rockies (Fig. 2), as has been found elsewhere. 
Rothstein (1994) found that this species was re- 
ported on about 60 % of all Breeding Bird Cen- 
suses throughout North America during a 5-year 
period, more than any other species. In a more 
extensive literature review of studies (including 
Breeding Bird Censuses) in the northern Rocky 
Mountain region, Hutto (1995a) found the cow- 
bird to be among the most diverse species in its 
use of major cover types. In our study, cowbirds 
occurred in all major cover types except cedar- 

hemlock forest. It was not one of the most com- 
monly detected bird species, however, occurring 
on only 9 % of all points. Nineteen species were 
seen on more points, and four were detected on 
over 30 % of the points. 

Brown-headed Cowbirds did not use all cover 
types equally. They were largely absent from 
dense, old-growth, and high-elevation forests. 
They were most abundant in open conifer forest 
(ponderosa pine and partially logged sites) as 
well as grassland, agricultural, and riparian cov- 
er types. A preference for open forests would be 
biologically understandable, since these habitats 
would provide numerous perches combined with 
high visibility for the observation of host species 
(Norman and Robertson 1975, Gates and Gysel 
1978). However, it should be noted that these 
habitats were also more likely to be closer to 
agricultural lands (Table I), so the apparent pat- 
tern of habitat use may have been partly a land- 
scape-driven phenomenon. 

When detected in conifer forest, cowbirds 
were much more likely to be near open lands 
(grassland and agriculture), and when in open 
lands they were slightly more likely to be near 
riparian areas (but not conifer forest). Cowbirds 
are widely known to prefer edges between 
shrubs or forest and open lands, where breeding 
and foraging opportunities can be found together 
(Rothstein et al. 1980, Robinson et al. 1995a). 
Johnson and Temple (1990) found that rates of 
cowbird parasitism were higher near forested 
edges of prairies than in more continuous tall- 
grass prairie. To use breeding habitat farther 
from foraging habitat, cowbirds have been 
known to travel several kilometers (Rothstein et 
al. 1984). 

The arrangement of cover types in the north- 
em Rockies is similar to that of the Sierra Ne- 
vada, with extensive open lands and human ac- 
tivity at lower elevations only intermittently 
penetrating into the conifer forests on the moun- 
tain slopes. It is likely that cowbirds exhibit the 
same type of commuting pattern between breed- 
ing and foraging habitats (Rothstein et al. 1980, 
Vemer and Ritter 1983), especially since this be- 
havior is widespread, albeit less strongly ex- 
pressed, even in regions with better interspersion 
of cover types (Dufty 1982a, Thompson 1994). 
Potential feeding sources away from the major 
agricultural areas were also similar (e.g., pack 
stations, and small, dispersed meadows with 
grazing cattle). Many of these microhabitats 
would not have registered in our GIS database. 
Our finding that cowbird presence was strongly 
associated with the proximity of agricultural ar- 
eas suggests that whatever non-agricultural for- 
aging sites there may be, they have not yet re- 
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FIGURE 4. Abundance of potential host species across the same major cover types as in Fig. 2: A) total 
individuals detected per point of likely hosts; B) number of species of likely hosts detected per point in each 
cover type. Likely hosts were defined as open-cup nesting passerine species of appropriate size, that were not 
rejectors and had more than 10 published records of parasitism, or were considered primary hosts in a local 
study (see text). 

sulted in widespread penetration of the forested 
mountains by cowbirds. 

within coniferous forest areas. On the landscape 

We found that open lands such as grasslands 
scale, the proximity of upland shrub sites, such 

and agricultural areas were more commonly used 
as clearcuts, was not significantly related to cow- 

than clearcuts. In addition, canopy cover was not 
bird occurrence. Clearcuts would not be expected 

strongly associated with cowbird occurrence 
to provide good foraging habitat for cowbirds 
(unless they were grassy and were grazed by cat- 
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tle, which is sometimes the case), but they may 
provide good opportunities for nest searching 
(Robinson et al. 1995a). We found as many po- 
tential hosts in clearcuts as in forest cover types 
(Fig. 4), but perhaps clearcuts did not provide 
sufficient perches for displaying or observing po- 
tential hosts. Hahn and Hatfield (1995) found 
higher parasitism rates in deciduous forest than 
in old fields with abundant host populations. 
Thompson et al. (1992) found that cowbird num- 
bers were similar between extensive forest sites 
with and without clearcuts. In a review of studies 
on the effects of logging on bird abundance in 
the Rocky Mountains, Hejl et al. (1995) found 
that only three of 19 studies even had cowbirds, 
and there was no indication that they were more 
likely to occur in clearcuts than uncut forest. 
Thus, it appears that the presence of clearcuts 
does not draw cowbirds into forested regions. 

For a species that undergoes such widespread 
movement patterns, it is not unexpected that we 
detected cowbirds in a variety of situations. It 
would, therefore, be useful to know more pre- 
cisely what our detections represent. Most de- 
tections were probably of males. Females are of- 
ten quiet in breeding habitats (Norman and Rob- 
ertson 1975, Rothstein et al. 1984), and field ob- 
servers were less likely to recognize female calls 
as cowbirds. Like Rothstein et al. (1984), we 
usually observed cowbirds in forests either so- 
cializing and singing from tree perches, or flying 
overhead emitting characteristic whistle calls 
(although the latter observations were not in- 
cluded in habitat relationships). Most cowbirds 
were likely to have been in breeding habitats 
during the morning hours when we were ob- 
serving (Rothstein et al. 1984). Although it is 
the less conspicuous females that parasitize the 
host species, males also commute to breeding 
grounds (Rothstein et al. 1984), and often ac- 
company females throughout their breeding 
ranges (Dufty 1982a). Mate guarding may result 
in our observations being a reasonable indicator 
of where female cowbirds searched for host 
nests, especially since males are often vocal 
while accompanying females (Darley 1983, 
Rothstein et al. 1984). It is not known if males 
accompany females in our region, but it has 
been shown in several populations of wild (Dar- 
ley 1983, Dufty 1982a, Rothstein et al. 1984) 
and captive (Rothstein et al. 1986b) cowbirds. 

In terms of major cover types, there appears 
to be little refuge from cowbirds in the northern 
Rocky Mountains. Nonetheless, bird species that 
occupy conifer forests tend to be especially 
widespread across conifer forest types, and may 
find refuge from cowbird parasitism in many 
denser forested areas where cowbirds are un- 

common. Remoteness may also provide a refuge 
for many populations. It is not known whether 
populations may be negatively affected by cow- 
birds in forests near agricultural edges. Many of 
these bird species that occupy conifer forests 
have few published records of parasitism (Fried- 
man and Kiff 1985), perhaps because they are 
less-studied western species with hard-to-find 
nests. The assumption that cowbirds may also 
have difficulty finding these nests may be incor- 
rect, since the few studies in western forests 
have found many of them to be parasitized (Ver- 
ner and Ritter 1983, Airola 1986, Tewksbury et 
al. this volume). 

Not all species may be able to find refuge 
from parasitism, however. Many species are re- 
stricted to riparian bottomlands, which are 
heavily used by cowbirds (Fig. 2) and are often 
near agricultural areas. These species may be at 
serious risk from cowbird parasitism. Any other 
species largely restricted to lowland riparian or 
open forest habitats may be at risk, as shown for 
the Lazuli Bunting (Pusserina amoena; Greene 
this volume). Another possibility may be the Ol- 
ive-sided Flycatcher (Contopus cooperi), which 
is relatively restricted to open forests such as 
frequented by the cowbird, and is declining in 
the West. More needs to be known about this 
species. In addition, threats to local populations 
of any species may still be a concern even if the 
entire species is not at risk. 

MANAGEMENT IMPLICATIONS 
Our data suggest that cattle grazing and other 

agricultural practices appear to be directly in- 
volved with the expansion of cowbirds in this 
region. Based on this association, it would cer- 
tainly be wise to restrict agriculture to areas al- 
ready dominated by this land use. Because there 
was such a clear relationship with distance to 
agricultural areas, it may be supposed that clear- 
cutting, pack stations, and other human activities 
removed from areas of intense agriculture have 
not been the primary reasons behind the wide- 
spread cowbird invasion in this region. Howev- 
er, we cannot say that such disturbance will con- 
tinue to be benign. Further penetration of human 
disturbance to remote areas may still draw more 
cowbirds into the backcountry. 
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USE OF DIFFERENT HABITATS BY BREEDING BROWN-HEADED 
COWBIRDS IN FRAGMENTED MIDWESTERN LANDSCAPES 

SCOTT K. ROBINSON, JEFFREY D. BRAWN, SOLON E MORSE, AND JAMES R. HERKERT 

Abstract. We compared levels of brood parasitization and relative abundance of Brown-headed Cow- 
birds (Molothrus ater) in forests, savannas, shrublands, and grasslands in seven regions of Illinois, 
1985-1997. Our primary objective was to determine if cowbirds avoid habitats in which rates of nest 
predation or abundances of unsuitable hosts are high. Bird communities differed significantly among 
vegetation types in the proportion of species with defenses against cowbirds (rejecter species that 
abandon or eject cowbird eggs, aggressive nest defense) and in overall nest predation rates. The relative 
abundance of cowbirds and the community-wide levels of parasitization were lowest in grasslands, 
which also had significantly higher nest predation rates than the other three vegetation types. Parasit- 
ization levels were highest in forests, but community-wide levels of parasitization in forests and 
savannas did not differ significantly when rejecter species were eliminated from the analysis. The 
relative abundance of cowbirds was highest in savannas, even though savannas had a significantly 
higher proportion of species that reject cowbird eggs than forests. Forests and shrublands did not differ 
significantly in cowbird abundance, in spite of significantly higher proportions of rejecters in shrubland 
bird communities. We found little evidence that cowbirds avoided habitats with higher nest predation 
rates within regions; cowbirds avoided grasslands even in regions with low nest predation rates on 
grasslands birds. These results suggest that cowbird habitat selection is not necessarily fine-tuned to 
the quality of available hosts in this landscape. Managers can reduce community-wide parasitization 
in this landscape by restoring grasslands, which are used less by cowbirds, and savannas, which contain 
a high proportion of species with defenses against parasitiaation. Future research directions should 
focus on habitat-specific breeding success of cowbirds, new studies of host defenses, and the behavioral 
mechanisms underlying habitat and host selection in cowbirds. 

Key Words: Brown-headed Cowbird, forest, grasslands, Illinois, Molothrus ater, savanna, shrubland, 
rejecters, use of plant communities. 

The Brown-headed Cowbird (Molothrus ater) 
breeds in a wide range of habitats throughout 
North America (Robinson et al. 1995b). Because 
cowbirds can breed and forage in different areas, 
they are much less restricted in their habitat re- 
quirements than most birds. This uncoupling of 
feeding and breeding also gives cowbirds an op- 
portunity to choose habitats based solely on the 
availability of hosts as long as foraging sites are 
available nearby (within 7 km; Rothstein et al. 
1984, Robinson et al. 1995b). Although cow- 
birds are extremely generalized in their use of 
hosts, which may make fine-grained assessment 
of habitat unlikely, they are also known to revisit 
nests they have parasitized (Arcese et al. 1996), 
which gives them an opportunity to assess their 
own breeding success in an area. 

Relatively little is known, however, about 
cowbird preferences, if any, for particular habi- 
tats for breeding (reviewed in Robinson et al. 
1995b). Hahn and Hatfield (1995) reported that 
cowbirds preferred to search for host nests in 
forest rather than more open, shrubby vegetation 
types. Similarly, Strausberger and Ashley (1997) 
and Robinson et al. (in press) reported generally 
higher levels of parasitization in forest than in 
shrubland/edge and grasslands in Illinois where 
all plant communities are within the cowbirds’ 
daily commuting range. None of these studies, 

however, compared the relative abundance of 
cowbirds and suitable hosts (species that do not 
reject cowbird eggs or abandon parasitized 
nests) among the different vegetation types. If 
cowbirds occur in proportion to the availability 
of suitable hosts, then use of vegetation types 
may reflect different proportions of suitable 
hosts. If, on the other hand, cowbirds do not 
avoid vegetation types with fewer suitable hosts, 
then differences in community-wide levels of 
parasitization among vegetation types may sim- 
ply reflect the proportion of species that reject 
cowbird eggs and hence have low frequencies of 
parasitization (Strausberger and Ashley 1997). 
To distinguish among these possibilities, we 
need data on the ratio of cowbird abundance to 
host abundance in different vegetation types. 

The issue of habitat use by cowbirds has im- 
portant management implications. Restoring 
plant communities that cowbirds avoid may be 
a high conservation priority in chronically frag- 
mented landscapes in which nearly all areas are 
accessible to cowbirds. Restoration of plant 
communities that contain high proportions of 
unsuitable hosts may also be effective. If cow- 
birds do not avoid vegetation types with high 
proportions of rejecters or in which nest preda- 
tion rates are high, then such vegetation types 
may act as population sinks (Pulliam 1988) and 

52 
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TABLE 1. STUDY AREAS BROKEN DOWN BY REGION m ILLINOIS 

Regton (years of study) LOC‘ItlO” Plant communities included (number of sites) 

Driftless Area (1992- Extreme northwestern Illinois in Jo Grassland (l), shrubland (3), forest (6) 
1994, 1997) Daviess and Carroll counties 

Prairie Parklands (1995% Northeastern Illinois in Will County Grassland (3), shrubland (2) 
1997) (Joliet Arsenal/ 
Midewin National Tall- 
grass Prairie) 

Rock River Valley (1994- Northcentral Illinois in Lee and Ogle Grassland (l), shrubland (2), forest (3) 
1997) counties 

Illinois River Valley Central Illinois in Tazewell, Peoria, Savannah (3), forest (3) 
(1994-1996) and Mason counties 

Illinois Ozarks (1989- Southern Illinois in Union, Alexander, Shrubland (2), forest (4) 
1997) and Jackson counties 

Cache River (1993-1997) Southern Illinois in Johnson and Pu- Grassland (l), shrubland (3). forest (8) 
laski counties 

East-central Illinois Champaign, Piatt, Vermillion, Moul- Shrubland (2), forest (4) 
(1985-1997) trie, and Shelby counties) 

ecological traps (Gates and Gysel 1978) for 
cowbirds, as argued by Donovan et al. (in press). 

In this paper, we explored habitat use by 
Brown-headed Cowbirds in a landscape where 
all possible study areas were equally accessible 
to cowbirds (i.e., all were within 7 km of exten- 
sive cowbird feeding habitat; Thompson 1994, 
Thompson et al. in press). We documented com- 
position of host communities in each vegetation 
type, relative abundance of cowbirds, and levels 
of parasitization for forests, savannas (including 
open woodlands), shrublands, and grasslands. 
We used these data to test the following hypoth- 
eses for differences among vegetation types in 
parasitization levels (Strausberger and Ashley 
1997, Robinson et al. in press). (1) Cowbirds 
prefer forests (Hahn, and Hatfield 1995). If true, 
we predicted that both community-wide parasit- 
ization levels and the ratio of cowbird abun- 
dance to host abundance should be significantly 
lower in more open vegetation types (e.g., 
shrublands, savannas, and grasslands) than in 
forests. (2) Cowbirds avoid some habitats be- 
cause they have a higher proportion of rejecters 
(i.e., species that eject cowbird eggs or abandon 
parasitized nests). If cowbirds behave adaptive- 
ly, then we predicted that cowbirds would avoid 
vegetation types with more rejecters or that cow- 
bird:host ratios would reflect the availability of 
suitable hosts rather than all potential hosts (in- 
cluding rejecters). Alternatively, if cowbirds do 
not avoid these habitats, then lower parasitiza- 
tion levels in some vegetation types may simply 
reflect high proportions of rejecters. To test this 
hypothesis, we also compared parasitization lev- 
els of species that do not reject cowbird eggs. 
(3) Cowbirds avoid habitats that have a higher 
proportion of species that mob cowbirds, which 

prevents cowbirds from parasitizing other spe- 
cies in the community as well (Robertson and 
Norman 1976, Clark and Robertson 1979, Neu- 
dorf and Sealy 1992). We predicted that vege- 
tation types with lower parasitization levels 
would also have a significantly higher propor- 
tion of mobbers. (4) Cowbirds avoid habitats 
with chronically higher levels of nest predation. 
If cowbirds do not avoid habitats with high pre- 
dation rates, then they may be susceptible to 
ecological traps (i.e., they may prefer population 
sinks). (5) Differences in vegetation structure 
among vegetation types may account for varying 
parasitization levels. We cannot test this hypoth- 
esis directly because it is not clear which habi- 
tats should be easiest for cowbirds to search for 
nests. For this reason, we discuss this hypothe- 
sis, but did not make or test any predictions de- 
rived from it. 

STUDY AREAS AND METHODS 

Study areas were located throughout Illinois 
(Table 1); we only included sites in an agricul- 
tural landscape matrix in which all sites were 
surrounded by row crops where cowbirds feed 
in Illinois (Thompson 1994), and we excluded 
sites in urban areas such as Chicago. We divided 
our sites into seven regions (Table 1). each of 
which contained at least two vegetation types for 
which we have data. Grasslands included a di- 
verse array of management types, including na- 
tive and non-native vegetation, burned and un- 
burned sites, and grazed and ungrazed sites. 
Shrublands included regenerating clearcuts, old 
fields at varying stages of succession, areas in 
which shrubs had invaded grassland plant com- 
munities (e.g., unburned areas and willow thick- 
ets in wet areas), and shrubby borders of forest 
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tracts and forest streams. Savannas included oak 
(Quercus)-dominated forests on dry, sandy soils 
and on ridgetops. All savanna sites had been 
burned to retain canopy openness. Forests in- 
cluded both upland and floodplain sites and were 
all dominated by various species of oaks and 
hickories (Carya). We excluded forests domi- 
nated by non-native trees such as pines (Pinus) 
and black locusts (Robinia pseudoacacia). Land- 
scapes within a lo-km radius around study sites 
(Robinson et al. 1995a) varied among regions 
from mostly (>70%) row crops (Prairie Park- 
lands, Illinois River Valley, Rock River, Cache 
River, East-central Illinois) to roughly 50% for- 
ested (Illinois Ozarks). 

Within each study site, we censused birds and 
searched for and monitored the progress of nests 
following protocols used previously in the Mid- 
west (Robinson 1992, Robinson et al. 1995a, 
Brawn and Robinson 1996). Censuses were con- 
ducted from 15 May to 5 July (southernmost 
sites), 25 May to 5 July (central sites), and 1 
June to10 July (northernmost sites). Censuses 
were conducted only by experienced observers 
carefully trained in point count methods (Hutto 
et al. 1986) from 05:40-l I:00 CST on days with 
little wind and no rain. Censuses usually ended 
by 10:00 except for occasional days when sing- 
ing activity (number of detections per point) did 
not drop until later in the morning. Depending 
upon the plot, census points were either arranged 
in a grid at 150-300 m intervals (small plots), 
or along transects (large study areas) at 150-300 
m intervals. Observers stopped at each census 
point and began counting birds immediately. For 
each bird heard or seen, we estimated its dis- 
tance from the census point, noted whether it 
was heard or observed, and noted its compass 
direction. Birds heard or seen flying overhead 
were not recorded. Censuses lasted 5 minutes. 
Any birds flushed from near the census point as 
the observer approached were counted as having 
been recorded during the census under the as- 
sumption that they would likely have remained 
at the point had they not been scared away by 
the observer. Special care was taken to avoid 
double-counting birds either at the same point or 
at consecutive points by carefully noting com- 
pass directions to verify countersinging (two or 
more individuals singing at the same time) and 
possible movements. For species in which both 
sexes vocalize (e.g., Northern Cardinal Curdi- 
nubs cardinalis, Acadian Flycatcher Ernpidonux 
virescens, Eastern Wood-Pewee Contopus vi- 
rens), we recorded songs versus calls separately 
(Acadian Flycatcher) and tried to distinguish be- 
tween pairs by not double-registering birds that 
were singing close to each other. This method is 
somewhat subjective, but was often facilitated in 

cardinals by extensive interactions between the 
sexes (calling, alarm behavior, feeding fledg- 
lings) that often made it possible to see both 
sexes of a pair. 

For forests, shrublands, and savannas, we 
used all birds heard within a 70-m radius (Rob- 
inson et al. in press). We only used data from 
sites at which at least 15 point counts were con- 
ducted (either 15 separate points or replicates of 
a smaller number of points for smaller tracts). 
For grasslands, we used a 100-m radius to ac- 
commodate the much greater visibility and re- 
duced obstruction to sounds in this very open 
environment. Special care was made in grass- 
lands to record singing males separately to re- 
duce overestimates of species in which females 
often perched conspicuously (e.g., meadowlarks 
Sturnellu spp., Red-winged Blackbird Ageluius 
phoeniceus). 

To compare relative abundance of cowbirds 
and hosts, we used the cowbird:host ratio of 
Robinson et al. (in press). To calculate this ratio, 
we summed up all cowbird registrations per 
point within a 70-m radius using only cowbirds 
giving the distinctive “rattle” vocalization, 
which is given mainly by females (over 99% of 
the time; S.K. Robinson, unpubl. data). We used 
only female registrations because many vocal- 
izing males appeared not to be mated and there- 
fore posed no threat to hosts. We then summa- 
rized all records of potential host species re- 
corded within 70 m of census points. The ratio 
of female cowbirds:hosts within 70 m of census 
points was then calculated and used as an index 
of the relative abundance of cowbirds. For for- 
ests, the cowbird:host ratio appears to be a good 
predictor of parasitization levels (Robinson et al. 
in press). This ratio, however, has never been 
used in more open vegetation types in which 
many potential hosts have effective defenses 
against parasitization. For this reason, we cal- 
culated two ratios, one for all potential hosts 
(open-cup nesters, mass less than 70g to exclude 
large species that are rarely parasitized, such as 
Blue Jay Cyunocittu cristutu, Common Grackle 
Quisculus quisculu, and Mourning Dove Zenai- 
da macrouru; Strausberger and Ashley 1997) 
and another for hosts that lack strong defenses 
against parasitization. For this latter ratio, which 
we refer to as the cowbird:suitable host ratio, we 
excluded unsuitable hosts, which include species 
that eject cowbird eggs (Eastern Kingbird Ty- 
runnus tyrunnus, Gray Catbird Dumetellu caro- 
linensis, Brown Thrasher Toxostoma rufum, 
American Robin Turdus migratorius, Warbling 
Vireo Vireo gilvus, Western Meadowlark Stur- 
nella magna [B.D. Peer, unpubl. data], and Bal- 
timore Oriole Zcterus galbula), species that often 
abandon parasitized nests (Bell’s Vireo Vireo 
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bellii, Yellow Warbler Dendroica petechia, Prai- 
rie Warbler D. bicolor, Chipping Sparrow Spi- 
zella passerina, and Field Sparrow S. pusilla), 
and species that aggressively mob cowbirds 
(Eastern Wood-Pewee, Eastern Kingbird, Wil- 
low Flycatcher Ernpidonax traillii, and Red- 
winged Blackbird). All of these species are at 
least occasionally parasitized in Illinois (e.g., 
Strausberger and Ashley 1997). But, if cowbirds 
generally avoid these unsuitable hosts, then the 
cowbird:suitable host ratio may be a better index 
of relative abundance of cowbirds. If, on the oth- 
er hand, cowbirds do not discriminate among 
suitable and unsuitable hosts, then the index de- 
rived from all potential cowbird hosts (suitable 
and unsuitable hosts that build open-cup nests) 
may be a better index of habitat suitability. In- 
formation on host defenses was obtained from 
multiple sources, including Friedmann (1929, 
1963), Berger (1951), Mumford (1952), Barlow 
(1962), Rothstein (1975 a,b), Slack (1976), 
Friedmann et al. (1977), Robertson and Norman 
(1977), Scott (1977), Nolan (1978), Friedmann 
and Kiff (1985), Graham (1988), Freeman et al. 
(1990), Hill and Sealy (1994), Neudorf and Sea- 
ly (1992), Sealy (1996), and Burhans (in press). 

All sites in Table 1 were subjected to at least 
one field season of intensive nest searching and 
monitoring. Nest searching began in late April 
and continued until late July-early September. In 
this paper, we only used nests that were built 
from 20 April to15 July, the main period of cow- 
bird egg laying in Illinois (S.K. Robinson, un- 
publ. data). Nest contents were checked every 3 
days until young fledged, eggs or young were 
depredated, or the nest abandoned. We used the 
Mayfield (1975) index to estimate daily preda- 
tion rates for the incubation and nestling periods 
combined. For each species, we used all nests 
over all years from a region to obtain composite 
nest parasitization levels (percentage of nests 
parasitized only) and daily predation rates (per- 
centage of nest contents eaten by predators per 
day). 

Our methods may overestimate predation 
rates if we are attracting predators to some nests 
and may underestimate nest predation events 
that occur late in the nestling phase. We tried to 
reduce these biases by placing flagging tape at 
least 5 m from nests and checking nests from as 
far away as possible, especially in plant com- 
munities with dense ground-level vegetation 
(e.g., unburned and ungrazed grasslands, shrub- 
by old fields). It seems inevitable, however, that 
our activities made some nests more conspicu- 
ous to some predators and that this potential bias 
is different among vegetation types (e.g., visu- 
ally hunting predators may have an easier time 
watching nest monitoring crews in open plant 

communities). For this reason, inter-habitat com- 
parisons of nest predation rates must be inter- 
preted with caution. To reduce possible under- 
estimates of predation rates late in the nest cycle, 
we made a concerted effort to find families or 
look for nearby renesting attempts in the area 
around nests that were found empty late in the 
nestling phase. 

STATISTICAL ANALYSIS 

For each species, we derived a region-specific 
nest predation rate and frequency of parasitiza- 
tion for each habitat for up to seven regions. We 
arbitrarily included only species for which we 
had at least 10 nests within a region to reduce 
potential artifacts of small sample sizes. To com- 
pare state-wide levels of nest predation and cow- 
bird parasitization, we combined data from all 
seven regions to generate frequency distribu- 
tions of parasitization levels and daily nest pre- 
dation rates for each vegetation type. Therefore, 
the combined nests of a species in a given region 
was the unit of replication for this analysis. We 
chose this method because we think it better rep- 
resents state-wide parasitization levels because 
widespread species present in a habitat through- 
out the state are weighed more heavily than rare, 
or geographically restricted species that may not 
represent a significant potential resource to cow- 
birds. We also compared and explored habitat- 
specific nest predation rates and levels of para- 
sitization among vegetation types within each 
region. We compared the frequency distributions 
of predation and parasitization rates among plant 
communities (overall or within regions) with ex- 
act Kruskal-Wallis tests (Mehta and Pate1 1995). 
Exact tests (based on permutation procedures) 
are free from assumptions about the asymptotic 
properties of test statistics that may be violated 
with small samples. We compared vegetation 
types on a pairwise basis and adjusted our 
judgement of significance based on the Bonfe- 
roni inequality and a 0.05 nominal alpha level. 

To compare relative abundance of cowbirds 
among vegetation types, we calculated site-spe- 
cific cowbird:host ratios. Sites that were less 
than 5 km apart were combined. Sites that were 
greater than 5 km apart were treated as separate 
samples to increase sample sizes of vegetation 
types that are only present in a few regions (Ta- 
ble 1). We log transformed the cowbird:host ra- 
tios and performed one-way analyses of vari- 
ance (ANOVA) to compare vegetation types. 
Homogeneity of variances were evaluated with 
Levene’s test; in case where heteroscedasticity 
was detected, we derived Welch F-statistics 
where degrees of freedom are approximated. 
Post-hoc differences were carried out with pair- 
wise t-tests using Bonferonni-adjusted signifi- 
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FIGURE 1. Percentage of rejecters (a) and species 
that mob cowbirds (b) in different vegetation types de- 
tected in census samples from sites located at least 50 
km apart in Illinois. (N) = number of sites censused. 

cance levels. Other habitat traits such as per- 
centage composition were compared with one- 
way ANOVA on arcsine-transformed data. We 
used the same census data to calculate propor- 
tions of the total number of potential hosts de- 
tected within 70 m of census points that reject 
cowbird eggs or mob nest predators. 

RESULTS 

HOST COMMUNITY COMPOSITION 

Proportion of rejecters 

The proportion of known rejecter species 
(those that abandon parasitized nests or eject 
cowbird eggs) varied significantly (F,, 14 = 
38.02, P < 0.001) among vegetation types (Fig. 
la). In shrublands, an average of 40% of the 
hosts detected during point counts were rejecters 
compared with 23-26% in grasslands (P < 0.01) 
and savannas (P < 0.05) and 6% in forests (P 
< 0.01). In forests, only the American Robin 
was a rejecter, and it only nested in 3 of the 8 
forest sites. We know relatively little, however, 
about egg rejection by such grassland cowbird 
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FIGURE 2. Distribution of daily nest predation rates 
in different vegetation types calculated using the May- 
field (1975) index. Data from all seven regions in Ta- 
ble 1 are pooled for this analysis. 

hosts as the Bobolink (Dolichonyx oryzivorus), 
which is rarely parasitized, and the Eastern 
Meadowlark (Sturnellu neglecta), which at least 
occasionally ejects cowbird eggs (B.D. Peer, un- 
publ. data). 

Proportion of mobbers 

Plant communities varied significantly in the 
proportion of mobbers (F3, *, = 2.97, P = 0.044). 
Forests generally had a lower proportion of in- 
dividuals that mob cowbirds, but we detected no 
specific pairwise among plant communities dif- 
ferences (Fig. lb); the Eastern Wood-Pewee is 
the only forest species that attacks cowbirds reg- 
ularly (S.K. Robinson, pers. obs.). Grassland and 
shrublands have the highest proportion of mob- 
bers, mainly as a result of high populations of 
Red-winged Blackbirds. Red-wings, however, 
were absent or very rare in three of the six grass- 
lands censused. 

Comparative nest predation rates 

Community-wide levels of nest predation 
generally varied significantly between vegeta- 
tion types (Fig. 2). Nest predation rates were 
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accept cowbird eggs detected within 70-m radii of cen- seven regions in Table 1 are pooled for this analysis. 

sus points in sites separated by at least 50 km. 

LEVELS OF PARASITIZATION IN EACH 

higher in grasslands than in shrublands (K = VEGETATION TYPE 

8.35, P = 0.004), savannas (K = 13.35, P < 
O.OOl), and forests (K = 14.67, P < 0.001). 

Levels of cowbird parasitization were lower 

None of the other vegetation types differed sig- 
in grasslands than in all other vegetation types 

nificantly (shrub vs. savanna K = 1.253, P = 
regardless of whether rejecters were included 

0.263; shrub vs. forest: K = 2.01, P = 0.151; 
(Fig. 5; Kruskal Wallis tests, grassland vs. 

savanna vs. forest: K = 0.025, P = 0.878). 
shrublands, K = 3.46, P = 0.06; grasslands vs. 
forests, K = 68.78, P < 0.01,; grassland vs. sa- 

COWBIRD USE OF DIFFERENT HABITATS 
vannas K = 11.97, P < 0.001) or excluded (Fig. 
4; Kruskal Wallis tests, grasslands vs. shrub- 

Cowbird:host ratios differed significantly lands, K = 22.4, P < 0.001, grasslands vs. sa- 
among vegetation types whether all hosts were vannas, K = 27.8, P < 0.001; grasslands vs. 
included (Fig. 3a; F,, 3, = 20.53, P < 0.001; all forests, K = 38.14, P < 0.001). Community- 
pairwise comparisons differed at P < 0.01 ex- wide levels of parasitization were significantly 
cept for shrublands and forests) or only suitable higher in shrubland and savannas than in forests 
hosts were included (Fig. 4; F,,,, = 29.53, P < (Fig. 5; shrubland vs. forest, K = 59.33, P < 
0.001; all pairwise comparisons different at P < 0.001; savannas vs. forests, K = 5.046, P = 
0.01 except for shrublands and forests). Grass- 0.022; savanna vs. shrubland, K = 6.955, P = 
lands consistently had the lowest relative abun- 0.006). Savannas and forests, however, did not 
dances of cowbirds and savannas had the highest differ significantly from forests when rejecters 
abundances. Shrublands and forests did not dif- were excluded from the analysis (Fig. 4, K = 
fer significantly in the relative abundance of 1.714, P = 0.193). Shrublands had relatively 
cowbirds. fewer heavily parasitized species (SO-loo% par- 
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FIGURE 5. Distribution of parasitization levels ex- 
perienced by all potential host species nesting in dif- 
ferent vegetation types in Illinois. Data from all seven 
regions in Table 1 are pooled for this analysis. 

asitization levels) than forests (K = 7.44, P = 
0.006) and savannas (K = 10.45, P < 0.001). 

PARASITIZATION vs. NEST PREDATION 

To determine if cowbirds were less abundant 
in areas with high nest predation rates, we com- 
pared levels of parasitization and nest predation 
within regions where we had data from more 
than one habitat (Figs. 6-9). In the Cache River 
(Fig. 6), levels of nest predation were signifi- 
cantly higher in shrublands (K = 6.47, P < 
0.001) in which parasitization levels were low, 
although not significantly lower than forest (K 
= 3.61, P = 0.062). In the Illinois Ozarks, how- 
ever, parasitization levels were significantly low- 
er in shrublands (Fig. 7; K = 10.54, P < O.OOl), 
but levels of nest predation did not differ be- 
tween forests and shrublands (K = 0.28, P = 
0.597). In the Rock River area (Fig. 8), parasit- 
ization levels were significantly lower in grass- 
lands than in forest (K = 8.656, P = 0.002) and 
were lower in shrublands than in forest (K = 
5.618, P = 0.166), but levels of nest predation 
did not differ significantly among plant com- 
munities. Similarly, in the Driftless Area (Fig. 
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FIGURE 6. Habitat-specific distribution of levels of 
cowbird parasitization and daily nest predation rates 
within the Illinois Ozark region of extreme southwest- 
ern Illinois. 

9), parasitization levels were significantly lower 
in grasslands than in forest (K = 14.31, P < 
0.001) and lower in shrubland than in forest (K 
= 10.49, P < O.OOl), but nest predation rates 
did not differ significantly among any of the 
vegetation types. 

DISCUSSION 

We found pronounced differences among dif- 
ferent vegetation types in parasitization levels, 
but there was little to suggest that these differ- 
ences represented adaptive habitat selection by 
cowbirds. Cowbirds consistently were less abun- 
dant in grasslands (see also Strausberger and 
Ashley 1997, Robinson et al. in press), even in 
one area in which nest predation rates were low- 
er in grasslands than in adjacent forests. Cow- 
birds were not less abundant in savannas and 
shrublands even though these vegetation types 
typically contained high proportions of rejecters 
and mobbers and even though nest predation 
rates were often higher in shrublands than in for- 
ests. The differences in community-wide levels 
of parasitization in shrublands, savannas, and 
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FIGURE 7. Habitat-specific distribution of levels of 
cowbird parasitization and daily nest predation rates 
within the Cache River region of extreme southcentral 
Illinois. 

grasslands (Fig. 5) were much less apparent 
when rejecters were excluded from the analysis 
(Fig. 4). Prime cowbird hosts gain little or no 
protection from parasitization by nesting in com- 
munities with a high proportion of rejecters. 
Cowbirds were most abundant in savannas even 
though the proportion of suitable hosts was gen- 
erally lower than in closed-canopy forests. 

We did not find strong support for any of the 
predictions we tested. Based on cowbird:host ra- 
tios, cowbirds were not disproportionately abun- 
dant in forests (hypothesis 1) in this landscape, 
as found by Hahn and Hatfield (1995). The rel- 
ative abundance of cowbirds was highest in sa- 
vannas, intermediate in shrublands and forests, 
and consistently lowest in grasslands. The ap- 
parent avoidance of grasslands is interesting giv- 
en that this is the habitat in which cowbirds his- 
torically were most abundant (Mayfield 1965). 
Although a detailed analysis of landscape com- 
position around each site is beyond the scope of 
this paper, we have no evidence that cattle pas- 
tures were more prevalent near savannas. Sev- 
eral of our grassland sites were being actively 
grazed during our study. 

were less abundant in vegetation types with high 
proportions of rejecters (hypothesis 2) and mob- 
bing species (hypothesis 3). Cowbirds were 
most abundant in savannas, which had interme- 
diate abundances of rejecters and mobbers; sim- 
ilarly, they were just as abundant in shrublands 
as they were in forests even though shrublands 
had much higher proportions of mobbers and re- 
jecters. We know relatively little about the de- 
fensive behavior of many grassland hosts. Re- 
cent experiments in the Driftless Area showed 
that Western Meadowlarks usually eject cowbird 
eggs and Eastern Meadowlarks eject about half 
of the eggs from experimentally parasitized 
nests (B. D. Peer, unpubl. data). If comparable 
defenses are also found in such rarely parasit- 
ized species as the Bobolink, then we may be 
underestimating the extent to which grassland 
birds have evolved resistance to parasitization. 
The mobbing activities of Red-winged Black- 
birds may deter cowbirds from some grasslands, 
but many grasslands with no red-wings were 
also avoided by cowbirds (J. L. Herkert, unpubl. 
data). 

We also found no evidence that cowbirds Evidence that cowbirds avoided vegetation 
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cowbird parasitization and daily nest predation rates in 
the Driftless region of far northwestern Illinois. 
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FIGURE 9. Habitat-specific distribution of levels of 
cowbird parasitization and daily nest predation rates in 
the Rock River region of northcentral Illinois. 

types with higher nest predation rates (hypoth- 
esis 4) was mixed. Data from one of the four 
sites for which we have enough data to compare 
nest predation rates among vegetation types 
(Figs. 6-9) showed reduced parasitization levels 

* in a habitat with higher nest predation rates (Fig. 
8). Data from the other regions, however, 
showed strong differences in parasitization lev- 
els, but not predation rates (Figs. 7-9). In an- 
other site in a suburban landscape of northeast- 
em Illinois, Strausberger and Ashley (1997) 
found high levels of cowbird parasitization in a 
shrubby area in which nest predation rates were 
generally over 85%. They concluded that nest 
predation rates may be too unpredictable to pro- 
vide reliable cues to habitat selection or host se- 
lection within vegetation types. 

Although we did not test the hypothesis that 
vegetation structure affects habitat selection (hy- 
pothesis 5), there are some indications that veg- 
etation structure is important. Grasslands may be 
extremely difficult for cowbirds to search be- 
cause of a lack of perches, the difficulty of de- 
tecting nests in dense grass, and the cryptic be- 
havior of hosts near their nests (Zimmerman 
1983). Parasitization levels tend to be higher 

near woody vegetation in grasslands, but even 
near such potential cowbird perches, parasitiza- 
tion levels were still less than 20% for nearly all 
species (J.L. Herkert and S.K. Robinson, unpubl. 
data). The other three plant communities gen- 
erally have many potential perches and no veg- 
etative layer as dense as grass in unburned tall- 
grass prairie. The marked preference for savan- 
nas may reflect a preference for this vegetation 
type, which usually occurs at the transition of 
grasslands and forests. Historically, savannas 
and shrubby streamside vegetation may have of- 
ten been the closest source of both host nests 
and suitable perches for searching. 

CONSERVATION IMPLICATIONS 

The apparent avoidance of grasslands by cow- 
birds and the comparatively high proportion of 
species with effective defenses against cowbirds 
in more open vegetation types suggest that the 
best approach to reducing cowbird parasitization 
in chronically fragmented landscapes may be to 
maintain and restore grasslands, shrublands, and 
savannas. Cowbirds appear not to be a signifi- 
cant problem for most grassland birds and many 
of the cowbird’s most frequent hosts are much 
less abundant in savannas than in forests (J. D. 
Brawn, unpubl. data). Similarly, shrublands con- 
tain few prime cowbird hosts and many species 
with effective defenses, or long breeding sea- 
sons that extend well beyond the period of cow- 
bird breeding activity (S. K. Robinson and J. D. 
Brawn, unpubl. data). Regional landscape com- 
position may influence the effectiveness of fa- 
voring one habitat over another. Tallgrass prairie 
bird communities in Kansas, for example, have 
extremely high levels of parasitization (Elliott 
1978), as do shrubland bird communities in at 
least one suburban area in Illinois (Strausberger 
and Ashley 1997). For this reason, restoring 
more open plant communities may not always 
reduce parasitization. In the less-fragmented sec- 
tions of Illinois, parasitization levels can be re- 
duced for some species by increasing the pro- 
portion of forest interior (Morse and Robinson, 
in press). In most of the agricultural Midwest, 
however, it is unlikely that forest tracts will ever 
be large enough to provide a complete refuge 
from cowbirds. 

Restoring more open plant communities may 
also negatively affect cowbird populations if 
heavily used habitats such as savannas and 
shrublands are population sinks for cowbirds, 
whereas forests are not. In this scenario, shrub- 
lands and savannas may be ecological traps be- 
cause they attract cowbirds, but fail to provide 
conditions for successful nesting. Before we can 
assess this possibility, however, we need addi- 
tional studies of habitat-specific breeding pro- 
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ductivity of cowbirds and to determine whether 
or not cowbirds avoid unsuitable hosts and plant 
communities in which nest predation rates are 
high. The cowbird’s well-documented habit of 
revisiting parasitized nests (Arcese et al. 1996) 
may enable them to assess host-specific nesting 
success and modify subsequent choice of hosts 
and even breeding habitat. We found no evi- 
dence for such fine-grained assessment of habi- 
tat quality by cowbirds, but perhaps this reflects 
the saturation of all vegetation types and hosts 
within communities in Illinois (see below). 

FUTURE RESEARCH QUESTIONS 

1. Are cowbirds more selective of habitats in 
regions where they are less abundant? In the ag- 
ricultural Midwest cowbirds are very common 
and, it is possible that habitats are saturated. In 
regions where cowbirds are less abundant, pref- 
erence for forests may be more evident because 
cowbirds seek those plant communities first. In 
the scenario, we might expect forests to fill up 
initially and other, less productive plant com- 
munities to be used secondarily. A reduction in 
cowbird populations might lead to dispropor- 
tionate reduction in intensity of parasitization in 
savannas and shrublands. The reduced abun- 
dance of cowbirds in the northeastern U.S. com- 
pared with the Midwest (Hoover and Britting- 
ham 1993) might explain why cowbirds avoided 
shrublands in Hahn and Hatfield’s (1995) study 
area. In addition, we might expect cowbirds to 
be more selective of hosts within plant com- 
munities, although Weatherhead (1989) and 
Strausberger and Ashley (1997) found little ev- 
idence of adaptive avoidance of poor hosts in 
shrubland plant communities. 

2. To what extent do cowbirds contribute to 
nest predation rates? Scott and McKinney 
(1994) and Arcese et al. (1996) found evidence 
that cowbirds may depredate unparasitized nests 
to increase future availability of nests to para- 
sitize. We have little evidence of higher nest pre- 
dation rates in vegetation types with high abun- 
dance of cowbirds. Savannas, for example, had 
similar nest predation rates to forests even 
though cowbirds were most abundant in savan- 
nas. Evaluating this hypothesis would require 
cowbird removal experiments. 

3. Do cowbirds avoid unsuitable hosts or are 

low parasitization levels in nests of rejecters 
simply caused by hosts removing eggs before 
they are counted by observers? The Gray Cat- 
bird, an ejector species, is parasitized in some 
plant communities in northeastern Illinois 
(Strausberger and Ashley 1997; J. D. Brawn, un- 
publ. data), indicating that cowbirds may not al- 
ways avoid this species (see also Scott 1977, 
Slack 1996). 

4. Are there additional species with previous- 
ly undescribed defenses against parasitization 
and are these species more likely to be found in 
more open vegetation types? Low parasitization 
levels of species such as Bobolinks (Strausber- 
ger and Ashley 1997), Northern Cardinals (Scott 
and Lemon 1996) and Yellow-breasted Chats 
(Zcleria vixens) (Thompson and Nolan 1973), 
may result from partial defenses against cow- 
birds. Recent experimental manipulations of 
grassland birds in Illinois revealed surprisingly 
high frequencies of egg ejection in two species 
of meadowlark (B. D. Peer, unpubl. data). Ad- 
ditional experiments will help identify the true 
proportion of suitable hosts in different vegeta- 
tion types and will also shed light on Mayfield’s 
still uncorroborated hypothesis (Robertson and 
Norman 1976, 1977, Rothstein and Robinson 
1994) that birds of open plant communities, 
which presumably have a longer coevolutionary 
history with cowbirds, are more resistant to 
cowbirds. Similarly, multi-species defensive ag- 
gregations (Clark and Robertson 1979) might be 
more prevalent than suspected. 
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THE DENSITY AND DISTRIBUTION OF BROWN-HEADED 
COWBIRDS: THE CENTRAL COASTAL CALIFORNIA ENIGMA 

CHRIS FARMER 

Abstract. I examined the density and distribution of Brown-headed Cowbirds (Molothrus ater) in 
Central Coastal California. I focused on Vandenberg Air Force Base, which contains some of the most 
extensive riparian vegetation along the 550 km Central Coast. Cowbirds were found only in riparian 
vegetation during morning point count surveys. All detected parasitization events occurred in riparian 
vegetation. The mean density of cowbirds on Vandenberg was 0.14 cowbird/point count in 1996 (N 
= 83 point counts) and 0.12 cowbird/point count in 1997 (N = 84), extremely low values compared 
to other regions. Breeding Bird Survey data also showed a low density of cowbirds in the vicinity of 
Vandenberg (X = 0.47 cowbird/route), and within the entire Central Coast (X = 1.79 cowbirds/route) 
when compared to other areas of California. While the causes for the low density of cowbirds along 
the Central Coast are unclear, this pattern shows that not all riparian zones are heavily used by 
cowbirds, with the subsequent parasitization risk for hosts. 

Key Words: Breeding Bird Survey, Brown-headed Cowbird, Molothrus ater, riparian vegetation. 

The need to understand the factors underlying 
the distribution of the Brown-headed Cowbird 
(Molothrus ater) is particularly acute due to its 
impact on endangered and sensitive species. 
Cowbird parasitization has been implicated as a 
cause in the decline of many passerine species 
(Gaines 1974, Mayfield 1977, Walkinshaw 
1983, Brittingham and Temple 1983, Laymon 
1987, Robinson and Wilcove 1994, Robinson et 
al. 1995a, Averill et al. this volume, Halterman 
and Laymon this volume). The impact of cow- 
birds on the Southwestern Willow Flycatcher 
(Empidonux truillii extimus) (Unitt 1987, Whit- 
field 1990) and the Least Bell’s Vireo (Vireo bel- 
Zii pusiZZus) (Franzreb 1989a) in California has 
been of particular concern. Because of impacts 
on these Federally Endangered species there 
have been many management plans and control 
efforts targeting cowbirds, aimed at protecting 
these vulnerable hosts. These programs fre- 
quently view cowbirds as a threat that needs to 
be eliminated as quickly as possible. Under- 
standing the causes of the distribution of cow- 
birds could lead to the implementation of more 
effective host conservation efforts. There is also 
the possibility that understanding the factors be- 
hind the distribution of cowbirds could generate 
landscape-based management alternatives to 
cowbird trapping. 

Brown-headed Cowbirds favor riparian vege- 
tation for breeding in the western United States, 
presumably due to the high density of potential 
hosts in this vegetation type (Grinnell and Miller 
1944, Rothstein et al. 1980, Vemer and Ritter 
1983, Lowther 1993). However, research pre- 
sented in these proceedings makes the important 
point that cowbirds are not limited to using ri- 
parian vegetation in the West (Ellison this vol- 
ume, Vander Haegen and Walker this volume). 

My study investigated two basic questions 
concerning cowbird ecology. The first was, do 
cowbirds show a preference for riparian vege- 
tation in Central Coastal California? I compared 
the density of cowbirds on point counts in ri- 
parian versus non-riparian vegetation on Van- 
denberg Air Force Base. The second question 
was, what is the density of cowbirds within this 
region, and how does it compare to other areas 
of California? I examined this question on a lo- 
cal scale by comparing point counts from Van- 
denberg with other counts I conducted along the 
Central Coast. I also used Breeding Bird Survey 
data to compare the densities of this region to 
other areas of California. 

METHODS 

STUDY SITE 

Vandenberg Air Force Base (VAFB) covers 
39,838 ha, and extends along more than 56 km 
of coastline in northern Santa Barbara County, 
California, from 34”30’-34”56’N at 120”35’W. 
There are five perennial watersheds on VAFB: 
Honda Creek, Bear Creek, the Santa Ynez River, 
San Antonio Creek, and Shuman Creek. The first 
two are on South Vandenberg Air Force Base 
(SVAFB), while the other three are on North 
Vandenberg Air Force Base (NVAFB). Because 
cowbirds have only been found breeding on 
NVAFB (Farmer 1998, unpubl. report to Van- 
denberg Air Force Base), the halves of VAFB 
are treated separately in the examination of the 
distribution and abundance of cowbirds. VAFB 
supports large, contiguous areas of native veg- 
etation that were once much more common in 
this region, with approximately 80% of the Base 
retained in an essentially wild state (Ferren and 
Collins 1997, unpubl. report to Vandenberg Air 
Force Base). 
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The three dominant plant communities found 
on VAFB are grasslands (native or exotic grass- 
es), coastal sage chaparral (Baccharis spp. or 
Artemisia spp.), and Burton Mesa chaparral 
(Arctustuphylos spp.). Riparian vegetation com- 
prises approximately 7% of VAFB’s area (Farm- 
er 1998, unpubl. report to Vandenberg Air Force 
Base). The dominant riparian vegetation on- 
Base is arroyo willow (Sulix lasiolepis) with an 
understory of blackberry (Rubus w-sinus), poi- 
son oak (Toxicodendron diversilobumj, stinging 
nettles (Urtica dioica), and bulrushes (Scirpus 
spp.) (Farmer 1998, unpubl. report to Vanden- 
berg Air Force Base). 

FIELD SURVEYS 

The number and identity of each avian species 
was recorded during a 5 min, unlimited distance 
point count at a site (Ralph et al. 1994). Point 
counts were conducted from 04OOXt900 PST, 
between 1 May-30 June, 1996-1997. Because 
cowbirds are known to be highly mobile in the 
mornings (Rothstein et al. 1984), all counts were 
separated by 400 m to avoid recounting the same 
individual birds. The majority of riparian and 
palustrine regions on-Base were surveyed, but 
some sites could not be reached before 0900. 
The survey route followed the watercourse or 
shoreline. There were 83 riparian point counts 
conducted in 1996 and 84 riparian counts in 
1997, of which 76 counts were replicated be- 
tween years. Because the replicated counts were 
done at the same location each year, they are not 
independent. Therefore, the data were not 
pooled across years to avoid inflating any con- 
found from landscape factors associated with a 
site (e.g., distance to feeding stations). 

Additional point counts were conducted at 
two geographical scales to investigate cowbird 
density across the landscape. The first was a se- 
ries of local surveys conducted in the riparian 
vegetation adjacent to VAFB outside the Base’s 
boundary, upstream of the five major drainages. 
These counts were within 1 km of VAFB’s 
boundary, except for those conducted along the 
Santa Ynez River. The riparian corridor is elim- 
inated by agricultural lands within 1 km for all 
the drainages except the Santa Ynez River, 
where the riparian vegetation continues far be- 
yond VAFB. The river was surveyed from 
VAFB to the town of Buelton (34”37’N, 
120”12’W), a distance of 34 km. The majority 
of these local surveys were within the town of 
Lompoc, and these counts are referred to as 
LOMP hereafter. There were 24 counts in 1996 
and 22 counts in 1997, with 20 counts replicated 
between years. The second series of comparative 
surveys was conducted on a regional scale and 
was composed of sections to the north and 

southeast of VAFB. The southeastern riparian 
vegetation (SRIP) section extended from Gavi- 
ota (34”28’N, 120”14’W) to Santa Barbara 
(34”25’N, 119”4O’W) (8-80 km southeast of 
VAFB), with the same eight counts performed 
in 1996 and 1997. The northern riparian vege- 
tation (NRIP) section extended from Orcutt 
(34”52’N, 120”27’W) to Cayucus (35”28’N, 
120”55’W) (2.5-88 km north of VAFB). There 
were 22 counts conducted in 1996 and 34 counts 
in 1997, with 19 of these counts replicated be- 
tween years. Across both the local and regional 
scale, there were 137 total point counts done in 
1996 and 148 total counts done in 1997. 

All point counts were on the west or south of 
the coastal mountain ranges, and below 500 m 
elevation to minimize differences in vegetation. 
All publicly accessible rivers, streams, lakes, 
and ponds between Santa Barbara and Cayucus 
meeting these criteria were examined, and those 
locations with the most extensive riparian veg- 
etation censused. I used this selection criteria to 
make the comparative points more similar to 
those on VAFB. However, compared to the on- 
Base vegetation, the off-Base riparian corridor 
appeared much narrower with less understory 
and associated breeding habitat for hosts (Gates 
and Gysel 1978, Chasko and Gates 1982). To 
measure this quantitatively, aerial photos of the 
entire study region were examined and the width 
of the riparian corridor at each count was com- 
pared. The photos were from the 1994 National 
Aerial Photography Program (1: 40,000). 

A separate series of 41 point counts was done 
in non-riparian vegetation on VAFB in 1997. 
The survey protocol for these counts was the 
same for the riparian counts. They were con- 
ducted in the three predominant vegetation types 
found on VAFB. There were 10 counts in grass- 
lands, 12 in coastal sage chaparral, and 19 in 
Burton Mesa chaparral. The non-riparian sur- 
veys were all done on NVAFB, and were com- 
pared with the NVAFB subset of the 1997 ri- 
parian counts (N = 61). Because past cowbird 
research showed a preference for riparian veg- 
etation, I used a one-tailed Mann Whitney U test 
to examine habitat use. 

Transects of the riparian vegetation were used 
to independently compare the distributional pat- 
tern of cowbirds with that determined from the 
point count data. Each drainage or lake shore 
was partitioned into 500-m sections and censu- 
sed between 14 April and 18 July, 1996. A tran- 
sect consisted of the surveyor walking 500 m 
along the waterway, and noting the species and 
abundance of all birds detected. Only those tran- 
sects completed within 15-60 min and initiated 
between 04OOXt900 PST were used for my anal- 
ysis. There were 108 transects which met these 
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standards, and this dataset is denoted STREAM 
hereafter. Because this survey effort was not as 
rigorously controlled as the point counts, statis- 
tical analysis is problematic. However, the 
stream transects covered the entire length of the 
five major drainages on VAFB, and extended to 
areas that were not covered by the point count 
surveys. The stream transects also included data 
from off-Base locations for comparative purpos- 
es. 

The field notes from another extensive avifau- 
nal study that occurred on VAFB between 199% 
1997 were examined for any opportunistic de- 
tections of cowbirds (Holmgren and Collins 
1998, unpubl. report to Vandenberg Air Force 
Base). This study was concentrated in grass- 
lands, Burton Mesa chaparral, and coastal sage 
chaparral. These data were not rigorous, but 
were used to confirm the distributional patterns 
of cowbirds. Only observations in non-feeding 
habitat were considered. Feeding sites were de- 
fined as areas with horses or cattle, or short grass 
lawns, where numerous Red-winged Blackbirds 
(Ageluius phoeniceus), Brewer’s Blackbirds (Eu- 
phagus cyanocephalus), Tricolored Blackbirds 
(Agelaius tricolor), and European Starlings 
(Sturnus vulgaris) tended to feed communally 
(Friedmann 1929, Rothstein et al. 1987, Lowther 
1993, Thompson 1994). When cowbirds were 
detected at such sites, they were not searching 
for nests, and were observed actively foraging 
(Farmer 1998, unpubl. report to Vandenberg Air 
Force Base). 

BREEDING BIRD SURVEYS 

The Breeding Bird Survey (BBS) provides 
data for examining cowbird populations at large 
geographical scales. I used data from the BBS 
World Wide Web site to compare cowbird den- 
sities between routes from selected areas (Sauer 
et al. 1997). The BBS has partitioned North 
America into 99 strata, based on vegetative and 
physiographic characteristics. VAFB is in the 
California Foothills stratum, which is immense 
and contains a large array of vegetation types. It 
ranges from Mexico to Redding, California 
(34”52’N, 122”OO’W), a distance of 1007 km, 
and encircles the Central Valley, going from the 
Pacific Ocean to the Sierra Nevada. Because of 
this, an analysis between a subset of individual 
routes from this stratum seemed more appropri- 
ate than the normal comparison between strata. 
Each route is 39.7 km long with 3 min point 
counts done every 0.81 km, and is conducted 
along secondary roads (Sauer et al. 1997). I only 
used routes that had been run three or more 
times over the most recent ten years of the BBS 
data. Each route’s data point for my analysis was 
the mean of all performances of that route from 

1987-1996. While some routes were conducted 
by the same observer over these ten years, the 
majority had multiple observers. Inter-observer 
variability, combined with the range of environ- 
mental conditions over the ten years, could in- 
troduce some variability in the results (Vemer 
1985). 

I compared four areas using the BBS data. 
The Central California Coast region contained 
eight BBS routes, and ranged from Ventura 
(34”20’N, 119”15’W) to 47 km north of High- 
way 46 (35”50’N, 121”05’W). These are all the 
routes within 50 km of my entire study region. 
The Northern California Coast contained 17 
BBS routes, and ranged from San Francisco 
(37”40’N, 122”3O’W) to Oregon (42’00’N, 
124”15’W). The Southern California Coast con- 
tained five BBS routes, and ranged from Los An- 
geles (34”10’N, 118”15’W) to Mexico (32”33’N, 
117”OO’W). The routes in each coastal region 
were within 70 km of the Pacific Ocean. The 
fourth region was California’s Central Valley, 
which adjoins the Central Coast to the northeast 
and contained 16 BBS routes and ranged from 
Bakersfield (35”15’N, 119”OO’W) to Stockton 
(38”00’N, 121”19’W). All routes in this region 
were between the coastal mountain ranges and 
the Sierra Nevada, and lower than 500 m ele- 
vation. 

Additional insight concerning the local den- 
sity of cowbirds in the vicinity of VAFB can be 
gained through comparing the BBS routes near- 
est VAFB with the adjacent regions described 
above. There are three BBS routes within 50 km 
of VAFB, and these local measures of the cow- 
bird density near my intensive surveys serve as 
an index relating my work to the BBS routes. 
Due to the scant number of routes, the statistical 
power is limited and only qualitative patterns are 
presented. 

NEST SEARCHES 

There are 34 cowbird hosts known to breed 
on VAFB (Farmer 1998, unpubl. report to Van- 
denberg Air Force Base). Intensive nest search- 
ing for all possible hosts was conducted from 15 
April-31 July, 1995-1997 in the riparian vege- 
tation on-Base. Searches were conducted by at- 
tempting to find the nests of birds exhibiting nest 
building or other nesting behaviors. In the latter 
part of the breeding season surveyors attempted 
to discover family groups, and received addi- 
tional training to detect the loud, distinctive beg- 
ging call of juvenile cowbirds. Concurrent proj- 
ects studying the breeding biology of all avifau- 
na on VAFB covered the major plant commu- 
nities in 1995-1997, and most likely would have 
discovered any cowbird breeding if it was oc- 
curring in these areas (Holmgren and Collins 
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TABLE 1. MEAN (+ SD) AND MEDIAN COWBIRD 
NUMBERS DETECTED DURING RIPARIAN SURVEYS CON- 
DUCTED EACH YEAR FOR THE VARIOUS STUDY REGIONS 
IN CENTRAL COASTAL CALIFORNIA 

Region N t k SD 

Point counts, 1996 (n = 137) 

SVAFB 22 0.00 2 0.00 

NVAFB 61 0.20 + 0.51 

NRIP 22 0.36 k 0.85 

LOMP 24 0.58 2 0.82 

SRIP 8 0.63 2 0.74 

Point counts, 1997 (n = 148) 

SVAFB 23 0.00 + 0.00 

NVAFB 61 0.16 t 0.49 

SRIP 8 0.25 + 0.46 

NRIP 34 0.35 k 0.73 

LOMP 22 0.41 2 0.59 

Stream transects, 1996 (n = 108) 

SVAFB 23 0.00 + 0.00 

NVAFB 58 1.09 k 1.37 

LOMP 27 1.48 i- 2.62 

Median 

0.00 
0.00 
0.00 
0.00 
0.50 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
1.00 
0.00 

1998, unpubl. report to Vandenberg Air Force 
Base; Holmgren and Gallo 1998, unpubl. report 
to Vandenberg Air Force Base). 

RESULTS 

HABITAT USE 

The comparison of the 41 non-riparian point 
counts with the 61 riparian counts, all 102 of 
which were conducted on North VAFB in 1997, 
showed a strong preferential use of riparian veg- 
etation by cowbirds. Cowbirds were detected on 
8 of 61 (13.1%) riparian counts and 0 of 41 non- 

riparian counts (Mann Whitney U = 1086.5, P 
= 0.008). Further support for a differential use 
of riparian vegetation came from the opportu- 
nistic detections of cowbirds over the three years 
of the study, with 189 of 207 (91.3%) non-feed- 
ing site detections before 0900 PST occurring in 
riparian vegetation. Nesting and fledgling rec- 
ords showed that all 34 parasitization events de- 
tected from the VAFB region from 1995-1997 
were in riparian vegetation. 

COWBIRD DENSITY 

The median number of cowbirds per point 

count in the riparian vegetation of VAFB was 

significantly less than that found in the riparian 
vegetation adjacent to the Base (LOMP), or in 
the NRIP and SRIP regions, in both 1996 and 
1997 (1996: Kruskal Wallis H = 17.32, P = 
0.002; 1997: Kruskal Wallis H = 12.16, P = 
0.016) (Table 1). Even though cowbirds were 
never found on SVAFB, because of the extreme- 
ly low density of cowbirds on NVAFB the dif- 
ference between NVAFB and SVAFB was not 
quite significant in either year (Mann Whitney 
U test, 1996: P = 0.058, 1997: P = 0.069). Cow- 
birds were not concentrated at certain sites; only 
one cowbird was present at the majority of sites 
where cowbirds were detected (Fig. 1). The dis- 
tributional pattern was corroborated by the 
STREAM dataset (Kruskal Wallis H = 19.94, P 
< 0.001) (Table 1). However, even with points 
selected to minimize differences in vegetation, 
the riparian zone on VAFB was wider than off- 
Base sites. Based on aerial photos, the mean 
width of the riparian vegetation at VAFB sites 
was 240 m with a median of 120 m, whereas 

120 

FIGURE 1. Cowbird abundance on all riparian point counts done from Santa Barbara to Cayucus, CA, 19$X- 
1997. 

0 1 2 3 4 

Number of Cowbirds/Point Count 
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VAFB Central CA Northern Southern Central CA CA 

Local coast CA Coast CA Coast Valley Foothills Overall 

BBS Route Locations 

FIGURE 2. Cowbird abundance on California Breeding Bird Survey routes, mean k SD (1987-1996). The 
number of routes in each region is shown above the bars. 

the off-Base sites had a mean width of 78 m and 
a median of 60 m (Mann Whitney U = 1379.5, 
P < 0.001). 

BREEDING BIRD SURVEYS 

The BBS data showed a similar pattern of low 
cowbird density in the local Vandenberg area. 
The mean for the three routes closest to VAFB 
was 0.47 cowbird/route (Fig. 2). The cowbird 
density on these three local routes was an order 
of magnitude lower than both California overall 
and the California Foothills stratum, with values 
of 6.01 and 7.13 cowbirds/route, respectively. 
The more statistically rigorous analysis of the 
four regions defined above showed a mixed pat- 
tern. The density of cowbirds in the Central Cal- 
ifornia Coast BBS routes, with a mean of 1.79 
cowbirds/route and a median of 0.98 cowbird/ 
route, was significantly lower than the routes in 
the Northern California Coast, which had a 
mean of 5.52 cowbirds/route and a median of 
3.86 cowbirds/route (Mann Whitney U = 31, P 
= 0.031) (Fig. 2). The difference between the 
Central Coast and the South Coast, which had a 
mean of 4.13 cowbirds/route and a median of 
2.67 cowbirds/route, was not significant (Mann 
Whitney U = 14.0, P = 0.38) (Fig. 2). BBS 
results from the Central Coast were significantly 
lower than the Central Valley, which had a mean 
of 13.9 cowbirds/route and a median of 11.44 
(Mann Whitney U = 19.0, P = 0.006) (Fig. 2). 

DISCUSSION 

Brown-headed Cowbirds displayed a strongly 
disproportionate use of the riparian vegetation 
on Vandenberg Air Force Base for breeding. 

This followed the pattern of other studies in the 
West (Rothstein et al. 1980, Vemer and Ritter 
1983, Lowther 1993), and contrasted with stud- 
ies from Maryland (Evans and Gates 1997) and 
Missouri (Thompson 1994), both of which 
found no strong preference for riparian areas. 

The differences in the habitat edges of eastern 
and western landscapes is a possible explanation 
for this variation. The riparian corridors in the 
West tend to have sharply defined edges, with 
the entire corridor composed of edge habitat. 
The adjacent vegetation on VAFB tends to be 
xeric communities such as coastal sage chaparral 
or grasslands. The surrounding vegetation in 
eastern landscapes tends to be more mesic, with 
a less abrupt ecotone. The evidence concerning 
the influence of edges on cowbird distribution 
has been mixed, but most work has been done 
in the Midwest and East. Some studies have 
shown that cowbirds use forest edge habitats 
more than the interior portions of the forest 
(Gates and Gysel 1978, Chasko and Gates 1982, 
Brittingham and Temple 1983, Gates and Griffin 
1991, Thompson et al. in press), whereas other 
studies have found no edge effect in cowbird 
distribution or parasitization rates (Robinson and 
Wilcove 1994, Hahn and Hatfield 1995). How- 
ever, no study has explicitly examined how edg- 
es influence cowbird distribution in the West. 

The density of cowbirds on both North and 
South Vandenberg Air Force Base was lower 
than both the local (LOMP) and regional (NRIP 
SRIP) areas. Cowbirds were most abundant 
where the riparian vegetation was narrower with 
less understory vegetation, and presumably few- 
er available breeding opportunities for their 
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hosts (Gates and Gysel 1978, Chasko and Gates 
1982). The narrow riparian corridors in the 
LOMP, NRIP, and SRIP regions had proportion- 
ally more edge habitat than either portion of 
VAFB. This relationship seemed to imply that 
cowbirds not only favor riparian vegetation in 
the West, but in the Central Coast of California 
preferred edge habitat, with its concomitant 
sparse understory, as opposed to the more ex- 
tensive riparian vegetation available on VAFB. 

The Breeding Bird Survey results supported 
my intensive point count results. Whereas the 
density of cowbirds on the Central Coast routes 
was significantly lower than the Central Valley 
or North Coast routes, it was no different from 
the South Coast routes. Although adjacent to the 
Central Coast, the Central Valley has the highest 
density of cowbirds in California (Sauer et al. 
1997, Peterjohn et al. in press), so this contrast 
was unsurprising. Although not a significant dif- 
ference, the comparison between the South 
Coast (x = 4.13 cowbirds/route) and the Central 
Coast (ji = 1.79 cowbirds/route), strongly sug- 
gested that the Central Coast actually does have 
a lower density of cowbirds than the South 
Coast. Not only did the Central Coast have a low 
density of cowbirds compared to the other 
regions, but within this region the three counts 
nearest to VAFB had a much lower density than 
the five remaining routes from this region (a = 
0.47 and X = 2.59, respectively). These results 
confirmed that VAFB has a low density of cow- 
birds within the Central Coast, and that the Cen- 
tral Coast has a low density of cowbirds within 
the surrounding regions. The BBS results sug- 
gested that the low density of cowbirds I de- 
tected with my riparian point counts was a true 
distributional pattern. 

These results have two important ramifica- 
tions for cowbird management and endangered 
species protection. The first is that not all ripar- 
ian vegetation in the West has high cowbird 
abundance, and subsequent high levels of cow- 
bird parasitization. Whenever riparian vegeta- 
tion is disturbed or destroyed, cowbird control 
programs are often implemented without docu- 
menting the cowbird population density or par- 
asitization risks of the local avifauna. But if 
cowbirds are already at a low density, such con- 
trol programs can do nothing to help the target 
species. The second consideration my results 
suggest is that when cowbird management is 
necessary, habitat restoration could be a highly 
effective means of reducing the level of cowbird 
parasitization in an area. Through increasing the 
width and extent of riparian vegetation to more 
resemble the VAFB landscape, habitat restora- 
tion could potentially be more effective over the 
long term than cowbird trapping. 
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LANDSCAPE EFFECTS ON COWBIRD OCCURRENCES IN 
MICHIGAN: IMPLICATIONS TO RESEARCH NEEDS IN 
FORESTS OF THE INLAND WEST 

JOHN M. STRIBLEY AND JONATHAN B. HAUFLER 

Abstract. We evaluated cowbird distributions relative to landscape-level conditions in northern Mich- 
igan. We located 113 study sites in mature, northern hardwood forests with varying stand conditions 
and land-uses in the surrounding landscape, characterized out to a radius of 3 km. The probability 
that a cowbird would occur at any given site was 3-3.5 times greater when agricultural lands were 
present within 3 km of a study site. Intra-stand structural diversity and surrounding habitat heteroge- 
neity were important predictors of cowbirds when agriculture was present within 3 km. Without the 
presence of agriculture, cowbird occurrence was low, regardless of surrounding habitat heterogeneity. 
The distribution of cowbirds in forested landscapes of the inland forests of the western U.S. is poorly 
understood. Studies similar to that described for Michigan need to be conducted to determine landscape 
and stand factors influencing cowbird occurrences, and their potential negative effects on breeding 
success of passerines. Complicating this possible experimental design is the open ranges of this region, 
and the widespread distribution of cattle. Until data on breeding success of passerines and landscape 
influences on this success are available, questions concerning fragmentation of western forests will 
remain. 

Key Words: agriculture, brood parasitism, cowbirds, forest management, habitat fragmentation, hab- 
itat analysis, landscape effects, Molothus ater. 

Studies have implicated parasitism by Brown- 
headed Cowbirds (Molothrus ater) as a signifi- 
cant negative influence on the breeding success 
of bird populations (Mayfield 1965, Payne 1977, 
Airola 1986, Robinson et al. 1995b). Fragmen- 
tation of forested landscapes has been docu- 
mented to increase cowbird parasitism rates 
(Robinson et al. 1995b). Brittingham and Tem- 
ple (1983) found that cowbird parasitism in Wis- 
consin decreased from 65% to 18% for nests lo- 
cated 100 m and 300 m from an opening, re- 
spectively. This led to the generalized recom- 
mendation that creation of forest edges should 
be avoided (Alverson et al. 1994) in order to 
provide for forest interior species. 

We investigated the influences of landscape 
characteristics, including the proximity of edges, 
on the probability of occurrence of cowbirds in 
northern hardwood stands in northern Michigan. 
We evaluated our results in relation to concerns 
about forest fragmentation. Finally, we evaluat- 
ed the implications of our findings in Michigan 
to research needs in forested landscapes in the 
western United States. 

STUDY AREAS 

Research was conducted in the Huron Nation- 
al Forest (Alcona County) of northeastern lower 
Michigan, Pigeon River Country State Forest 
(PRCSF) (Cheboygan, Otsego, and Montmoren- 
cy Counties) of north-central lower Michigan, 
Hiawatha National Forest (Delta County) in the 
central upper peninsula of Michigan, and the 
Huron Mountain Club (HMC) (Marquette Coun- 

ty) in the northwestern upper peninsula of Mich- 
igan. Multiple landuse activities including tim- 
ber harvesting, farming, prescribed burning, and 
recreational activities occurred at varying levels 
throughout these regions (Lantz 1976, Beyer 
1987). Climatic conditions within each of these 
regions are moderated by the Great Lakes with 
mean annual temperatures of 5.8 C and total an- 
nual precipitation ranging from 71-81 cm 
(Michigan Weather Service 1974, U.S. Depart- 
ment of Commerce 1979, Simpson et al. 1990). 

Agricultural lands and urban-suburban devel- 
opment were interspersed with forested lands 
throughout the Huron National Forest study 
sites. The PRCSF was a relatively contiguous 
state forest (33,590 ha) with agricultural lands 
and urban-suburban development adjoining its 
boundaries. The Hiawatha National Forest has a 
limited number of agricultural lands within its 
boundaries, and a small amount of urban-sub- 
urban areas. Agricultural lands were present on 
the southern portions of the Hiawatha National 
Forest, but not in the northern portions. The 
HMC is a privately owned reservation. Since its 
inception in 1889, the HMC has grown to in- 
clude over 7200 ha of contiguous, mature-old 
growth forest. With the exception of a 20% se- 
lective cut for white pines (Pinus strobus) in the 
1890’s and some peripheral clearcuts of hemlock 
(Tsuga canadensis), sugar maple (Acer sacchar- 

urn), and yellow birch (Betula alleghaniensis) 
from 1939-1950’s, HMC has received little sil- 
vicultural treatment (Simpson et al. 1990). 
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METHODS the tree species composition and density within 

Research was conducted at a total of 113 
each surveyed stand at five points positioned ev- 

study sites during spring, 1992 and 1993, with 
ery 50 m along a 200-m transect, oriented east- 

57 sites surveyed for both years. Study sites 
west and centered on the census station. 

were located in mature northern hardwood forest 
Landscape patterns were quantified using an 

stands, no less than 4 ha in size, at least 50 years 
acetate dot-grid overlay in tandem with collages 

old, and surrounded by a variety of forest stand 
of U.S. Forest Service vegetation maps and re- 

conditions and land use activities. Maximum 
cent aerial photos. A percent measure of the area 

stand size occurred in the HMC, where approx- 
occurring as agricultural, grassland, and mixed 

imately 85% of this 7200 ha area was northern 
opening (upland and lowland brush, seedling- 

hardwoods with inclusions of other cover types. 
sapling stage forests, and/or selectively cut for- 

No stands containing mean tree sizes < 8 cm 
ests with < 50% canopy coverage) vegetation 

diameter at breast height (dbh), streams > 3 m 
types was calculated within 0.5-km, 1 .O-km, 2.0- 

in width, clearings (> 1.0 ha in area and having 
km, and 3.0-km radii of each study site. Dis- 

< 50% canopy cover), human dwellings, or sim- 
tances from each census station to the nearest 

ilar disturbances within 100 m of a sampling 
edge and opening were measured (in meters) 

point were selected. Study sites were selected 
from the collage base maps using a metric ruler. 

based on current geographic information system 
Edges were defined as areas in early succession- 

(GIS) coverage, U.S. Forest Service vegetation 
al stages, at least 12 m wide, with no trees > 8 

maps, and ground truthing. 
cm dbh (e.g., primary and secondary roads, 

The avifauna at each study site was censused 
transmission line corridors, shorelines, open- 

using 20-min, unlimited-radius point counts ac- 
ings). Openings were defined as areas > 0.4 ha 

cording to Indice Ponctuel d’Abondance (IPA) 
with > 50% open canopy (e.g., grasslands, ag- 

protocol (Blonde1 et al. 1981). The approximate 
ricultural fields, and mixed openings). 

center of each forest stand (study site) served as 
Logistic regression using the variable selec- 

the IPA census station. In the HMC area, 20 
tion method (Hosmer and Lemeshow 1989) was 

point counts were distributed throughout the 
used to assess which habitat variables (covari- 

7200 ha area, without attempting to locate in- 
ates) were important predictors of cowbird oc- 
currence at census stations. For sites that were 

dividual stands or stand centers, but were placed 
> 100 m from an edge. Characteristics of each 

sampled in both 1992 and 1993, only one year’s 

point, the stand it occurred in, and the surround- 
sampling was used in the analysis, the year be- 

ing landscape were measured, and treated as in- 
ing chosen randomly. Exceptions were any sites 
that underwent silvicultural treatment between 

dependent samples in the analysis. Presence of 
any cowbirds was recorded during its breeding 

years, which were then assumed to be indepen- 

season (early May-mid July). Each study site 
dent observations. We did not analyze each year 

was censused three times during the breeding 
individually as we wished to focus our analysis 

season, once in mid-May, once in early-mid 
on the overall landscape characteristics affecting 
cowbird distribution and occurrence rather than 

June, and once in late Juneeearly July. 
The vegetation structure and composition of 

short term temporal dynamics of cowbird pop- 
ulations. 

each forest stand was sampled in the immediate 
vicinity of the census station. Sapling density 

The chi-square test of independence (Ott 

(woody stems < 8 cm dbh and > 1.5 m tall) 
1988:249-258) (o < 0.1) was used to analyze 
the occurrence of cowbirds at sites possessing 

was measured in two, 2-m X 40-m perpendicu- specific a priori defined conditions: (1) census 
lar belt transects centered upon each census stations in mature (> 50 years old) hardwood 
point and oriented to the four cardinal directions. forest stands with > 90% canopy coverage > 
The line intercept method (Gysel and Lyon 400 m from an edge, as defined above; (2) cen- 
1980) was used to determine the percent vertical sus stations in forested regions (4 sections [2.59 
cover within each of three height strata (O-l m, kmVsection] in size) where > 80% of the area 
l-7 m, and > 7 m) along a 20-m transect that was comprised of forest stands having > 50% 
extended 270 degrees (randomly selected) from canopy cover of trees > 8 cm dbh; and (3) cen- 
each census station. Horizontal cover was mea- sus stations in selectively harvested forest stands 
sured in four height intervals (O-O.3 m, 0.3-l having a mean basal area > 16 mYha. 
m, l-2 m, and 2-3 m) using a profile board. Two-sample t-tests and F-tests were per- 
Mean forest canopy height and mean basal area formed on all variables measured in sites having 
were measured using a Haga altimeter and tu- cowbirds versus those lacking cowbirds. A vat+ 
bular gauge at the center and end points of the able was considered for inclusion in the logistic 
sapling belt transect array. The point-centered regression model if its t-test P-value was < 0.25. 
quarter method (Cox 1990) was used to estimate This liberal P-value served to include potentially 
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important interaction terms. The F-tests were 
used in selecting the appropriate t-test for equal 
or unequal variances. Correlation analysis of the 
variables provided insight as to which variables 
met the independence assumption in logistic re- 
gression. Those variables that correlated signif- 
icantly ((w = 0.05) with relative cowbird abun- 
dance and were independent or potentially bio- 
logically significant, and had a significant t-test 
result, were used in the saturated logistic regres- 
sion model. An examination of the Wald statistic 
as well as each variable’s estimated coefficient 
within the saturated model and the model with 
only that variable were compared. Those vari- 
ables exhibiting significance (P < 0.10) were 
noted and remained in the model. 

Quantile analyses on variables remaining in 
the model were implemented to ascertain the 
correct scaling for the covariates (Hosmer and 
Lemeshow 1989). Estimated quantile coeffi- 
cients (B) exhibiting a quadratic or U-shaped 
pattern required an appropriate design variable 
to be used in the model given that these func- 
tions tend to exhibit a non-significant zero slope. 
Upon completion of this analysis, any variable 
having a non-significant Wald statistic was re- 
moved except for potential biologically relevant 
parameters (based on prior investigations from 
the literature and a priori selected land use vari- 
ables). These remaining covariates represented 
the main effects model. 

RESULTS 

Cowbirds occurred in all of the four general 
locations examined except for the HMC. Mean 
relative cowbird abundance was 5.6% (number 
of cowbirds as a percentage of total birds ob- 
served) for Huron National Forest sites, 0.7% 
for both PRCSF and Hiawatha National Forests 
sites, and 0.0% for HMC sites. The proportion 
of study sites with cowbirds present was 0.701 
for Huron National Forest sites, 0.487 for 
PRCSF sites, 0.207 for Hiawatha National For- 
est sites, and 0.0 for HMC sites. 

The logistic regression analysis indicated that 
cowbird occurrence in northern Michigan hard- 
wood forest stands could be predicted (91.6% 
concordance) based on five habitat variables: oc- 
currence of agriculture within 3.0 km of a cen- 
sus station, total percent of non-agricultural 
openings within 0.5 km of the census station, 
percent vertical cover in the l-7 m stratum, per- 
cent vertical cover in the O-l m stratum, and 
mean canopy height in meters (Table 1). The 
most influential variable in the logistic regres- 
sion model in terms of cowbird predictions was 
the presence or absence of agriculture within 3 
km of a study site (Stribley 1993). Further anal- 
ysis indicated that cowbirds were 3-3.5 times 

TABLE 1. LOGISTIC REGRESSION MODEL (CONCOR- 
DANT = 91.6%. TIED = 0%. DISCORDANT = 8.4%) FOR 
PREDICTING COWBIRD OCCURRENCE IN NORTHERN MICH- 
IGAN HARDWOOD FOREST STANDS, 1992- 1993 

Variable P” FI:b Wald x2 Prob > x2 

Intercept 4.182 2.435 2.950 0.0859 
HeightC -0.4009 0.1226 10.70 0.0011 
Ver Cover-1 d 5.654 1.583 12.76 0.0004 
Ver Cover2r 2.59 1 1.159 4.997 0.0254 
Ag Pres’ 1.564 2.360 2.880 0.0172 
Openingsa 4.005 0.657 5.67 1 0.0897 

* Estimated coefficient. 
h Standard error of estimated coefficient. 

‘ Mean canopy height Cm). 

* Percent vertical cover in the O-I m stratum. 

C Percent vertical cover in the l-7 m stratum. 

’ Occurrence of agriculture wthin 3.0 km of a study site. 

*Total percent of non-agricultural openings (primary and secondary 
roads, 5 20 year-old clcarcuts, selective cut areas wth < SO% canopy 

closure. grassland areas, upland and lowland brush) within 0.5 km of a 

study site. 

more likely to occur in a forest stand when ag- 
riculture was present in the surrounding land- 
scape (3 km). However, the probability of find- 
ing cowbirds at a study site dropped appreciably 
when the nearest agricultural lands were no clos- 
er than 2 km. 

The chi-square test for independence indicat- 
ed that cowbirds were significantly less likely to 
occur in forest stands that were > 300 m from 
an edge and had > 70% canopy cover. A com- 
parison of the distance to the nearest edge with 
the distance to the nearest grassland or agricul- 
tural opening for those stands meeting the > 400 
m and > 90% canopy closure requirements in- 
dicated the distance to the nearest opening was 
not significant, whereas the distance to the near- 
est edge was. Study sites with mean tree basal 
areas < 16 m*/ha were significantly more likely 
to have cowbirds present than absent. Correla- 
tion analysis indicated, however, that mean tree 
basal area did not correlate significantly with rel- 
ative cowbird abundance. Covariates that did 
correlate significantly with relative cowbird 
abundance included mean tree canopy height, 
percent vertical cover in the O-l m stratum, per- 
cent vertical cover in the l-7 m stratum, percent 
agriculture within 3 km of a study site, and per- 
cent mixed openings within 0.5 km of a study 
site. 

Results of the chi-square test of independence 
indicated that as much as 20% of a 4-section 
sized forested area can occur in open vegetation 
types while maintaining a significantly lower 
probability of cowbird occurrence than similar 
areas with > 20% in open vegetation types. 

DISCUSSION 
The distribution of Brown-headed Cowbirds 

in northern Michigan is clearly influenced by 
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landscape characteristics. Logistic regression 
identified five variables that influenced the oc- 
currence of cowbirds in northern hardwood 
stands. The variable with the greatest influence 
was the presence of agricultural lands in within 
a 3-km radius of a northern hardwood stand. 
These findings are consistent with other studies 
that have identified the proximity of cowbird 
feeding sites as a major influence on the occur- 
rence or abundance of cowbirds (Ankney and 
Scott 1980, Rothstein et al. 1984). The impli- 
cation of this to northern Michigan landscapes 
is significant, with the HMC as a good example. 
Agricultural lands do not occur within 3 km of 
these study sites, and no cowbirds were detect- 
ed. Christy (1925) reported the occurrence of 
cowbirds in the HMC at a time when the club 
maintained a horse stable and pasture area. 

This relationship is further demonstrated in 
Delta County. Four study sites in the southern 
part of this county were interspersed with agri- 
culture and urban-suburban areas, and all had 
cowbirds present. The remaining 21 sites were 
located further north and did not have agricul- 
tural lands within 3 km, and had (with one ex- 
ception) no recorded cowbirds present, regard- 
less of silvicultural activities or other landscape 
characteristics. 

In landscapes with agriculture present, other 
factors then influenced the likelihood of cow- 
birds occurring in a northern hardwoods stand. 
The proximity of edges was found to increase 
the likelihood of occurrence in these landscapes. 
Census stations that were more than 300 m from 
an edge, as defined for this study, for stands hav- 
ing >70% canopy coverage had significantly 
lower occurrence of cowbirds. Similarly, if 80% 
of a 4-section sized area was maintained in 
closed canopy stands, the occurrence of cow- 
birds was significantly less. 

Certain stand characteristics were also found 
to influence the occurrence of cowbirds once ag- 
ricultural lands were in the surrounding area. 
Percent cover in the O-l m stratum was the most 
significant predictor of cowbird occurrence after 
the presence of agricultural lands. Cowbird 
probability of occurrence was also found to in- 
crease as the percent mid-story cover (l-7 m) 
increased. These relationships may have been 
caused by the increased availability of nesting 
sites for host bird species in stands with higher 
structural diversity, attracting cowbirds to these 
stands. 

Our results differ from those of Robinson 
(1990), who reported that cowbirds were per- 
vasive throughout the Shawnee National Forest 
of southern Illinois regardless of distance (> 400 
m) from edges or agricultural lands. Robinson 
et al. (1993) proposed that cowbirds in this area 

of Illinois were so prevalent that the forests were 
simply saturated with cowbirds. The Illinois 
landscape differs from that of northern Michi- 
gan, the former being more of a mosaic of forest 
patches within an agricultural landscape while 
the latter is agricultural patches within a forested 
landscape. Coker and Capen (1995) conducted a 
similar study to ours that investigated cowbird 
occurrences in Vermont landscapes. They also 
found the presence of agriculture (livestock ar- 
eas) significantly influenced cowbird occur- 
rence. 

We conclude that the occurrence of cowbirds 
in northern hardwood forests of northern Mich- 
igan is most limited by the presence of agricul- 
tural lands, which provide feeding areas for 
cowbirds (Rothstein et al. 1984, Thompson 
1994). Those forest stands occurring within 3 
km of an agricultural field had the highest prob- 
ability of cowbird occurrence. In the presence of 
agricultural influences and, we assume, other po- 
tential feeding areas (e.g., bird feeders, horse 
corrals), habitat heterogeneity and intra-stand 
structural diversity become important factors in 
determining where cowbirds will occur. 

MANAGEMENT IMPLICATIONS IN MICHIGAN 

Direct effects of cowbird parasitism on repro- 
ductive success of bird populations in northern 
hardwood stands in northern Michigan have not 
been extensively researched. Studies conducted 
in other parts of the Midwest (Brittingham and 
Temple 1983, Robinson 1990) have found that 
cowbirds can have significant influences on pop- 
ulations of breeding birds. These findings have 
raised concerns about fragmentation as a con- 
tributor to cowbird parasitism rates throughout 
the Midwest. Our results indicate that more spe- 
cific factors than a general description of frag- 
mentation are important in understanding poten- 
tial cowbird influences on bird populations in 
northern Michigan. When agricultural lands (or 
other major cowbird feeding areas) are not pres- 
ent in the surrounding landscape, the heteroge- 
neity of stand types or structures, and the pres- 
ence of edges or openings, will not have a major 
influence on cowbird occurrence. We think that 
only when agricultural lands or other major 
feeding areas are within 2-3 km of a site does 
the influence of fragmentation by forest edges 
have significance for cowbird occurrence, and 
thus parasitism. In northern Michigan, through 
further analysis of landscape conditions, it may 
be found that the limited extent of agricultural 
lands leave sufficient areas that are not close to 
agriculture so that overall concerns with cow- 
birds may be negligible. 

Our results also indicate that if cowbird par- 
asitism continues to be a concern in northern 
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Michigan, then two different strategies may be 
used to address these concerns. In areas with 
limited numbers or amounts of agricultural 
lands, one strategy might be to remove these 
lands from agriculture through land purchases or 
conservation easements. While this is contrary 
to many government programs designed to 
maintain agricultural activities, the implications 
to native species of maintaining limited amounts 
of agricultural practices in marginal agricultural 
areas may need reevaluation. In areas lacking 
agricultural lands, other potential foraging areas 
(e.g., certain bird feeders, campgrounds, horse 
paddocks) may need to be identified and man- 
aged to minimize cowbird utilization if cowbirds 
are to be kept from occurring. Where agricul- 
tural activities will continue to be a major activ- 
ity in a landscape, the second strategy would 
strive to maintain stand and landscape charac- 
teristics to reduce cowbird occurrences in spec- 
ified locations. 

IMPLICATIONS FOR INLAND FORESTS OF THE 
WESTERN UNITED STATES 

Based on findings from studies conducted in 
other regions of the country, concerns about 
habitat fragmentation have been raised about 
forestlands in the inland area of the western 
United States (Della&la et al. 1995). Increased 
densities of cowbirds in National Forests in the 
Pacific Northwest have been identified as a con- 
cern (Sharp 1995). However, no data have been 
reported on the effects of cowbirds on breeding 
populations of birds in this region (Sharp 1995). 
Sharp (1995) did report, based on work by Roth- 
stein et al. (1980), Vemer and Ritter (1983), and 
Airola (1986), that cowbirds were congregating 
near cattle in the Sierra Nevada. Sharp (1995) 
also reported that in the Umatilla National Forest 
cowbirds were associated with riparian zones 

where cattle occurred, and found low cowbird 
numbers in “fragmented” conifer forests. 

These studies reveal that little empirical in- 
formation exists about cowbird distributions or 
effects on breeding bird populations in the in- 
land forests of the West, but that relationships 
seem to exist with cattle. This points to the need 
to conduct further landscape level research to 
determine the influence of parameters, such as 
the proximity of agricultural lands, on the dis- 
tribution of species such as the cowbird. As our 
work in northern Michigan demonstrates, gen- 
eral assumptions about effects of habitat frag- 
mentation or other factors may not apply to all 
landscapes. Haufler (1998) discussed a strategy 
for bird research to address information needs 
for bird conservation in forested ecosystems of 
the western United States. 

A complicating factor for landscape level 
studies on cowbirds in the western United States 
is the open range laws of many states. Cattle 
occur throughout most areas of both private and 
public lands as free-ranging animals. The impli- 
cation of this to the distribution of cowbirds has 
not been investigated, and designing replicated 
research projects is difficult. Effective studies 
may require collaborative efforts of agencies, 
ranchers, and other private landowners. Only 
through such well-designed studies that generate 
empirical data on land management questions 
will controversies be minimized and supportable 
conservation strategies identified. 
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BROWN-HEADED COWBIRDS IN PONDEROSA PINE/DOUGLAS- 
FIR-DOMINATED LANDSCAPES IN THE NORTHERN 
ROCKY MOUNTAINS 

SALLIE J. HEJL AND JOCK S. YOUNG 

Abstract. Little is known about the habitat and landscape associations of Brown-headed Cowbirds 
(Molothrus ater) within conifer-dominated landscapes in the northern Rocky Mountains. We counted 
Brown-headed Cowbirds in 16 mature second-growth and 16 old-growth ponderosa pine (Pinus pon- 
derosa)/Douglas-fir (Pseudotsuga menziesii) forests in western Montana and eastern Idaho during the 
breeding seasons of 1989, 1990, and 1991. We used aerial photo interpretation and ground-truthing 
to establish the landscape conditions surrounding each stand, and examined cowbird-habitat relations 
at two spatial scales: stand (mean = 143 ha) and landscape (518 ha). 

Both second-growth and old-growth stands were located in landscapes composed primarily of forest. 
Second-growth stands were closer to more agricultural land. The amount of forest land, open land, 
grassland, recent logging, riparian habitat, and residences did not differ between landscapes surround- 
ing both stand types. 

Brown-headed Cowbirds were more abundant in mature second-growth stands and in landscapes 
with more mature forest (naturally occurring and second growth), open land (agricultural land and 
grassland), and deciduous riparian habitat, and less old-growth forest. Neither forest cover (including 
all ages of conifer forest), logged openings, residences, nor elevation were important predictors of 
cowbird numbers. 

Our results suggest that landscape context was more important in determining cowbird numbers 
than stand attributes in pine-fir forests at the scale we examined. The strong negative relationship 
between cowbirds and landscapes with more old-growth implies that pristine landscapes had fewer 
cowbirds. We believe that amount of and distance from feeding sources are prime determinants of 
cowbird numbers in these landscapes, and that landscape features such as agricultural land and grass- 
land sometimes represent feeding sources. In addition, cowbird numbers may be greater in pine-fir 
forests near riparian areas as a “spillover effect”: cowbirds are attracted to riparian areas since they 
are dense with potential hosts and venture into nearby conifer forests secondarily. These hypotheses 
need to be tested in future studies. 

Kev Words: Brown-headed Cowbird. Douglas-fir, landscapes, mature second growth, Molothrus ater, 
old growth, ponderosa pine. 

Little is known about the habitat and landscape 
associations that influence Brown-headed Cow- 
bird (Molothrus ater) abundance within conifer- 
dominated landscapes in the northern Rocky 
Mountains (Robinson et al. 1995a; but see 
Tewksbury et al. this volume, Young and Hutto 
this volume). We studied lower elevation pon- 
derosa pine (Pinus ponderosa)lDouglas-fir 
(Pseudotsuga menziesii)-dominated landscapes 
in western Montana and eastern Idaho. Two dif- 
ferent types of human-induced changes in land- 
scape patterns surrounding these forests have oc- 
curred in the years since European settlement: 
(1) habitat conversion of some forests and grass- 
lands to human settlements (including housing, 
horse pastures, and agricultural land), and (2) 
habitat modification of many forests in terms of 
age, structure, and plant species composition by 
many different types of logging treatments and 
by fire suppression (Hejl 1992, 1994; Hann et 
al. 1997). 

Old-growth ponderosa pine dominated the 
lower elevation conifer landscapes during pre- 
settlement times (estimates of approximately 

60% old-growth ponderosa pine for western 
Montana; Losensky 1993). Continuous logging 
since settlement (around 1900; Losensky 1993) 
has transformed this old growth to a patchwork 
of clearcuts, immature, and mature forest with 
little of the original old growth remaining (es- 
timates of l-7% on the Lo10 National Forest; J. 
M. Hillis, pers. comm.). To identify some of the 
impacts of this logging on bird communities, we 
initiated a study to compare the distribution of 
birds in old-growth ponderosa-pine/Douglas-fir 
forests with those in mature second-growth for- 
ests. We examined the effects of local habitat 
change and landscape patterns on bird distribu- 
tions (for preliminary stand-level results, see 
Hejl and Woods 1991). Herein, we present our 
results on Brown-headed Cowbird abundances 
in relation to these habitat and landscape level 
patterns. 

We examined cowbird-habitat relations at two 
spatial scales: stand and landscape. Our objec- 
tives were (1) to compare the abundance of cow- 
birds between mature second-growth and old- 
growth ponderosa pine/Douglas-fir stands, and 
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(2) to determine if components in the surround- 
ing landscape affect the abundance of cowbirds 
within these forest stands. 

METHODS 

STUDY SITES 

We selected 16 old-growth and 16 mature sec- 
ond-growth ponderosa pine/Douglas-fir-domi- 
nated sites in western Montana and eastern Ida- 
ho that met criteria for usable stands. The cri- 
teria for old-growth stands (determined by on- 
site inspection) were: (1) each study site was 
homogeneous in vegetative structure and com- 
position, (2) each area was at least 8 ha in size 
and at least 200 m wide, (3) the dominant spe- 
cies on each site were Douglas-fir and ponderosa 
pine, (4) sites ranged from near 100% Douglas- 
fir to near 100% ponderosa pine for the large 
dominant trees, (5) the dominant trees were 
near-maximal age for the species in this geo- 
graphic area (based on size of trees; often one 
to two trees were cored on a site to help with 
determinations) and had old-age characteristics, 
(6) no obvious large-scale disturbance by people 
had occurred on any site (except for the exclu- 
sion of fire in this region for roughly the past 
50 years), and (7) stands were at least 0.8 km 
(0.5 mile) apart. The criteria for mature second- 
growth stands were the same as for the old- 
growth sites except that the dominant trees were 
younger and obvious large-scale human distur- 
bance (logging 70 or more years ago, and some- 
times thinning and prescribed fire) had occurred 
on the site. Old-growth stands were greater than 
170 years old and mature second-growth stands 
were approximately 70 to 120 years old. Ele- 
vation ranged from 1,024 to 1,841 m. 

We call our second-growth stands “mature 
second growth” throughout, because mature 
stands can result from logging (which we call 
second growth) or natural regeneration after a 
natural disturbance process such as fire (natu- 
rally occurring mature stands), and, for our stand 
analyses, we want to distinguish between hu- 
man-induced and naturally created stands. We 
were unable to make this distinction for our 
landscape analyses, where natural and human- 
induced mature stands are pooled together. 

BIRD OBSERVATIONS 

Four observers conducted lo-min point 
counts during each breeding season (13 May to 
9 July) in 1989, 1990, and 1991 (as suggested 
by Vemer 1985, 1988). Five points were located 
at 200-m intervals in each stand (with the ex- 
ception of two stands, one with four points and 
the other with two; total = 156 points). Each 
site was visited four times. One to two sites 
(from two to ten points) were visited by an ob- 

server during a day. To remove observer bias 
from treatment effects, each observer visited 
each site once during a breeding season. Some 
observers differed between years (SJH was an 
observer all 3 years and JSY and another ob- 
server sampled in 1990 and 1991). Visits to a 
site occurred at l- to 2-week intervals. Bird 
counts were conducted between one-half hour 
after dawn and 1100, and were confined to days 
with good weather. To sample points at different 
times in the morning, the transects were traveled 
in opposite directions on alternate visits. A two- 
week training session was conducted each year 
to minimize observer differences. 

All observations of adult birds considered to 
be using the stand (i.e., at unlimited distances) 
were included in the analyses. Birds flushed as 
the observer traveled to the point were counted. 
Only the first detection of an individual bird was 
included in the abundance estimates. Repeat de- 
tections of the same individual from later point 
counts on the same stand were ignored. 

LANDSCAPE MEASUREMENTS 

We defined our landscapes as 518-ha circular 
areas centered at the mid-point of each bird tran- 
sect (radius = 1.3 km). We chose this size based 
on inspection of topographic maps for western 
Montana and eastern Idaho and determined that 
many third-order drainages approximated this 
size. Because we began with a community-based 
study, we selected a size that would likely be 
relevant for habitat selection for the majority of 
birds breeding on that site, not necessarily for 
Brown-headed Cowbirds. In a separate study de- 
signed to determine the appropriate scale for 
predicting cowbird distribution in deciduous ri- 
parian habitats in western Montana, Tewksbury 
et al. (1998) determined that the scale of 1 km 
correlated with cowbird numbers in riparian 
habitats better than other local scales. 

Three of us (SJH, JSY, and S. Colt) indepen- 
dently interpreted aerial photographs of each site 
and the surrounding landscape. Each of us had 
spent one or more seasons in the field on each 
of these sites before we interpreted the photos. 
After each of us created overlays on orthopho- 
toquads based on the aerial photographs, we 
then decided by consensus a single interpretation 
of each landscape. We ignored discontinuities 
less than 2 ha. In summer 1991, we ground- 
truthed a majority of cover types in each con- 
sensus landscape, emphasizing borderline cases, 
and made any necessary changes. One difficult 
distinction was between different ages of forest. 
For borderline cases, we cored one or two dom- 
inant trees in a stand to index tree age. Based 
on tree-aging data from our mature and old- 
growth stands, the mature category for the land- 
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scape analyses was arbitrarily chosen to be 70 
to 169 years old (which included natural and 
second-growth stands) and old growth was 
greater than 170 years old. 

We entered our landscapes into a GIS using a 
digitizing table and summarized the coverage of 
14 vegetation categories. The categories we used 
were: old conifer forest, mature conifer forest, 
young conifer forest, shrub/scrub, grassland, ag- 
riculture, deciduous riparian, clearcut, logged 
(with leave trees), rock/scree, upland deciduous 
trees, water, road, and residences. Five of these 
categories were rare. For the landscape analyses, 
we used those categories that were prevalent and 
that, based on our biological intuition, we 
thought were potentially meaningful for cowbird 
occupancy: old conifer forest, mature conifer 
forest, total conifer forest, grassland, agriculture, 
open land (combination of grassland and agri- 
cultural land), deciduous riparian, logged (in- 
cluding clearcut with and without leave trees), 
and residences. In addition, because others (Ver- 
ner and Ritter 1983) have had trouble isolating 
the importance of elevation from other variables, 
we also obtained the elevation of each site at the 
mid-point of each transect and analyzed this sep- 
arately. 

DATA ANALYSIS 

Because Brown-headed Cowbird numbers 
were count data, we created Poisson regressions 
(McCullagh and Nelder 1983) between cowbird 
numbers and the stand and landscape variables. 

To examine stand association, we created 
Poisson regressions between cowbird numbers 
(average number of adult cowbirds/point/visit to 
a site) and stand type (mature second-growth 
versus old-growth stands). 

For landscape descriptions, we used Mann- 
Whitney U-tests to compare the acreage of each 
landscape variable between the two stand types 
and Kendall’s Tau-b correlations to investigate 
relationships among landscape variables. 

For landscape associations, we used the av- 
erage number of adult cowbirds per point per 
visit to a site as the response variable. First, we 
created univariate Poisson regressions to exam- 
ine the relationships between cowbird abun- 
dances and coverage of each of the landscape 
components and with elevation. Second, we cre- 
ated multivariate Poisson regressions with all 
appropriate landscape variables, considering that 
two or more landscape variables might work in 
concert to determine cowbird abundances. We 
examined scatterplots of the significant correla- 
tions at each stage. If needed, we examined the 
effects of outliers on our analyses. We chose an 
(Y of 0.05 for all analyses. 

For the multivariate Poisson regression anal- 

ysis, we started with the full model (including 
stand type as an indicator variable and all rele- 
vant two-way interactions among the landscape 
variables) and then removed variables one at a 
time whose parameter estimates were not signif- 
icant at the 0.05 level, starting with the least 
significant term first. We included stand type as 
an indicator variable to examine whether stand 
or landscape associations were more important 
in determining cowbird numbers in these habi- 
tats. We used an +like measure (model devi- 
ance/total deviance, hereafter called “r*“) to de- 
scribe the goodness-of-fit of the model (D. Tur- 
ner, pers. comm.). 

RESULTS 

COWBIRD ASSOCIATIONS AT THE STAND LEVEL 

Brown-headed Cowbirds were more abundant 
in mature second-growth than in old-growth 
stands (P < 0.01). Cowbirds were present on all 
16 mature second-growth stands, with an aver- 
age of 0.52 birds/point/visit (range: 0.10-l .47). 
Cowbirds were present only on 6 old-growth 
stands and averaged 0.05 birds/point/visit 
(range: 0.00-0.27). 

LANDSCAPE DESCRIPTIONS 

Both mature second-growth and old-growth 
sites were located in landscapes composed pri- 
marily of forests, averaging 79% and 86%, re- 
spectively (Table 1). The mature second-growth 
stands were found in landscapes consisting 
mainly of mature forests, with little old growth 
nearby. Old-growth stands were located in land- 
scapes composed of both mature and old-growth 
forests. Second-growth stands, on average, were 
closer to more agricultural land. The amount of 
forested land, open land, grassland, recent log- 
ging, riparian habitat, and residences did not dif- 
fer between landscapes surrounding both stand 
types. 

The amount of mature forest in these land- 
scapes was negatively correlated with only one 
landscape variable, the amount of old growth in 
the landscape (Table 2). The amount of old 
growth in these landscapes was negatively cor- 
related with the amount of open land, agricul- 
tural land, and residences. 

COWBIRD ASSOCIATIONS AT THE 
LANDSCAPE LEVEL 

Univariately, the number of cowbirds was 
positively associated with the amount of mature 
forest and open land (agriculture and grassland) 
in these landscapes and was negatively associ- 
ated with the amount of old growth (Table 3). 
The number of cowbirds was not associated with 
the amount of forest cover, grassland, logged 
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TABLE 1. AVERAGE (AND SE) COVERAGES (IN HA) FOR SELECTED VEGETATION CATEGORIES IN THE LANDSCAPES 
SURROUNDING AND INCLUDING THE 16 MATURE SECOND-GROWTH AND 16 OLD-GROWTH PINE-FIR STUDY SITES, AND 
STAND ELEVATION 

Landscape varmhle 
Mature 

second-growth 
Old 

growth SE p” 

Elevation (m) 
Total conifer forest 
Mature 
Old growth 
Open land 
Grassland 
Logged 
Agriculture 
Deciduous riparian 
Residence 

1,258 36.8 1,366 49.7 0.09 
410 17.4 446 13.0 0.13 
377 18.9 183 19.3 CO.01 

9 3.6 196 28.7 CO.01 
60 15.3 23 6.3 0.10 
35 12.7 21 6.2 0.7 1 
25 8.9 18 8.5 0.62 
25 8.2 2 1.1 0.01 
14 3.7 9 1.5 0.57 
11 4.4 1 0.8 0.10 

a Result of Mann Whitney U-test comparing between stand types 

openings, agricultural land, riparian habitat, or 
residences. In addition, elevation was not a pre- 
dictor of cowbird numbers. 

When examined multivariately, Brown-head- 
ed Cowbirds were negatively associated with the 
amount of old-growth forest in the landscape (P 
< 0.01; “r2” = 0.61). When we examined scat- 
terplots of the multivariate relationship, we 
found that we had one strong outlier. The num- 
ber of cowbirds on one of these sites was much 
greater than on the other 31 sites. The outlier 
site had 1.47 cowbirds/point/visit; the other 21 
sites with cowbirds averaged 0.36 (SD = 0.29; 
range = 0.02-l .02) cowbirds/point/visit. Be- 
cause the outlier site was located near (< 8 km) 
another one of our sites (which had the third 
highest cowbird numbers) and far (> 30 km) 
from the other sites, we removed both sites, and 
re-ran the analyses. With the two sites removed, 
cowbirds were positively associated with mature 
forest (P < O.Ol), open land (P < O.Ol), and 
deciduous riparian habitat (P < 0.01) in the mul- 
tivariate Poisson regression and had a good fit 
of “r*” = 0 81 . . 

After we discovered the importance of an out- 
lier, we re-did our univariate tests with the out- 
lier site and its neighbor removed (Table 3). The 
positive relationships of cowbird numbers with 
mature forest and open land and negative rela- 
tionship with old growth remained, but a nega- 
tive relationship to total forest and positive re- 
lationships to grassland, agricultural land, and 
residences appeared, suggesting that most land- 
scapes with cowbirds shared these features. 

DISCUSSION 

COWBIRD ASSOCIATIONS AT THE STAND LEVEL 

Brown-headed Cowbirds were more abundant 
in 16 mature second-growth ponderosa pine/ 
Douglas-fir stands than in 16 old-growth ones in 
western Montana and eastern Idaho. Most of our 
sites would be classified as mixed conifer by 
Young and Hutto (this volume). In their region- 
wide survey of bird distribution, Young and 
Hutto found that cowbirds were more abundant 
in ponderosa pine forests than any other conifer 
type, of intermediate abundance in Douglas-fir 

TABLE 2. KENDALL’S TAU-B CORRELATIONS BETWEEN ACREAGES OF MATURE AND OLD-GROWTH CATEGORIES 
W~H ELEVATION AND WITH ALL OF THE OTHER SELECTED VEGETATION CATEGORIES IN THE LANDSCAPES 

MatlKt? Old growth 

Landscaor variable Correlation P Correlation P 

Elevation 
Total forested 
Mature 
Old growth 
Open land 
Grassland 
Logged 
Agriculture 
Deciduous riparian 
Residences 

-0.17 0.16 
-0.05 0.67 

1.00 <O.Ol 
-0.67 CO.01 

0.08 0.52 
-0.04 0.76 

0.04 0.75 
0.21 0.13 
0.01 0.94 
0.16 0.23 

0.25 0.05 
0.25 0.05 

-0.67 CO.01 
1.00 <O.Ol 

-0.29 0.03 
-0.15 0.26 
-0.13 0.36 
-0.33 0.02 

0.02 0.88 
-0.34 0.02 
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TABLE 3. POISSON REGRESSIONS (SIGN OF THE COEFFICIENT, CHI-SQUARE AND ASSOCIATED P-VALUES) BETWEEN 
BROWN-HEADED COWBIRD NUMBERS AND LANDSCAPE CATEGORIES IN THE 51%~~ CIRCLES SURROUNDING AND IN- 
CLUDING THE 16 MATURE SECOND-GROWTH AND 16 OLD-GROWTH PINE-FIR STUDY SITES 

Landscape variable Sign 

All study sites 

Chi-square 

Without outlier and neighbor 

P Sien Chl-sauare P 

Elevation 
Total forested 
Mature 
Old growth 
Open land 
Grassland 
Logged 
Agriculture 
Deciduous riparian 
Residences 

1.99 0.16 
2.66 0.10 

13.65 CO.01 
19.08 <O.Ol 
6.02 0.01 
3.04 0.08 
0.10 0.75 
3.59 0.06 
0.00 0.98 
2.61 0.11 

3.22 0.07 
10.63 CO.01 
7.12 0.01 

19.20 CO.01 
27.80 <O.Ol 
11.64 CO.01 
0.39 0.53 

11.34 CO.01 
1.87 0.17 
7.24 0.01 

and mixed-conifer forests, and rare in other co- 
nifer types. We found that within mixed-conifer 
stands, cowbirds are much more abundant in 
mature second-growth than in old-growth 
stands. Therefore, our intensive study, focusing 
on two types of stands primarily within Young 
and Hutto’s mixed conifer forests, complements 
their extensive surveys within the northern 
Rocky Mountains. 

COWBIRD ASSOCIATIONS AT THE 
LANDSCAPE LEVEL 

We found Brown-headed Cowbirds to be 
more abundant in landscapes with more mature 
forest, open land, deciduous riparian habitat, and 
with less old growth. Young and Hutto (this vol- 
ume) found them to be most abundant near ag- 
riculture and developed areas, with riparian be- 
ing important in some cases. 

RELATIVE IMPORTANCE OF STAND Vs. 

LANDSCAPE ASSOCIATIONS 

Our results suggest that landscape context is 
more important than stand conditions in pine-fir 
forests. Because stand type was not in either of 
the multivariate Poisson regressions, it is unlike- 
ly that the association with mature forests was 
simply a reflection of most cowbirds being in 
mature second-growth stands. The negative as- 
sociation of cowbirds with landscapes with more 
old growth implies that more pristine land- 
scapes, those landscapes with less open land, ag- 
ricultural land, and residences, had fewer cow- 
birds. Old-growth stands in this study were pri- 
marily located in the less accessible, and in 
some cases unlogged, portions of these moun- 
tains. Most of the old-growth stands were locat- 
ed far from human concentrations, although 
some were near individual houses, many of 
which had horses. Our results suggest that old- 
growth stands in similar landscape situations to 

those surrounding mature second-growth stands 
would have a similar number of cowbirds. Cur- 
rently, most old-growth stands are in different 
situations. 

In addition to the amount of mature and old- 
growth forests, proximity to open land (agricul- 
tural land and grassland combined) was a con- 
sistent predictor of cowbird distribution and 
abundance. Because cows and horses rarely oc- 
curred on these sites, we think that cowbirds 
probably uncoupled their breeding and foraging 
behavior in our study landscapes, similarly to 
cowbirds in the eastern Sierra Nevada (Rothstein 
et al. 1984) and to some in the western Sierra 
Nevada (Vemer and Ritter 1983). We suggest 
that our category of open land weakly represents 
cowbird feeding areas. We often saw cows and 
horses on many of the lands that we called ag- 
ricultural land and grassland. Cowbirds were 
present and foraging in many of these locations 
when cows or horses were present (especially 
agricultural lands), but not all agricultural lands 
or grasslands in the area of our study had graz- 
ing cows or horses, and the presence of grazing 
animals within any particular place likely 
changed during the course of our study. The fact 
that open land was a better predictor than either 
agricultural land or grassland alone provides fur- 
ther support for this hypothesis. Furthermore, if 
the proximity to feeding areas is a prime deter- 
minant of cowbird presence and abundance in 
ponderosa pine/Douglas-fir forests, we believe 
we would have found stronger relationships if 
we had the ability to determine the timing and 
extent of grazing or locations of bird-feeders on 
the landscapes we studied (Tewksbury et al. 
1998). Cowbird feeding areas elsewhere in the 
West include meadows with free-ranging cattle, 
livestock corrals, feedlots, and bird-feeders (Ver- 
ner and Ritter 1983, Rothstein et al. 1984, Airola 
1986). 
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The two sites with high cowbird numbers that 
we removed in our final analysis may have been 
located in a unique area compared to the other 
14 mature second-growth forests. When we re- 
moved both sites, cowbird relationships to land- 
scape variables changed both univariately and 
multivariately. These two sites were located on 
forested hills in the middle of a bowl-shaped 
valley; the valleys on two sides of these forests 
have many agriculture lands, but no agricultural 
land was located within the landscape associated 
with either site. Most of the other 14 mature 
forests had nearby agricultural lands in only one 
direction. Therefore, not just the amount of near- 
by agricultural land, but the location of it in re- 
lation to the stand of interest, may be important 
in determining cowbird numbers in a particular 
conifer stand. 

Proximity to potential feeding areas seems to 
be more important than proximity to openings 
per se near these mature second-growth and old- 
growth pine-fir forests. Cowbird presence did 
not correlate with the amount of logged open- 
ings (clearcuts and seed-tree cuts) in the land- 
scape. Cows or horses were rarely found in the 
logged openings near our study sites. Region- 
wide, however, cowbirds were abundant in 
logged areas, but the proximity to agricultural 
lands was a greater determinant of cowbird pres- 
ence than logging type (Young and Hutto this 
volume). In northern Idaho, no cowbirds or cow- 
bird parasitism was found in an area punctuated 
with clearcuts or in extensive forest, although 
cowbirds were seen 11 km away (Hejl and Paige 
1994; S. Hejl, unpubl. data). It is unclear from 
studies done elsewhere (Rosenberg and Raphael 
1986, Thompson et al. 1992, Schmiegelow et al. 
1997) if landscape effects via feeding sources 
are a more important determinant of cowbird 
abundance than openings per se across regions, 
or if the effects of silvicultural treatments on 
cowbirds vary by region. 

The relative importance of distance from 
nearest known feeding source has been difficult 
to tease apart from elevation in other cowbird 
studies in the West (e.g., Vemer and Ritter 
1983). In our case, elevation was not an impor- 
tant predictor of cowbird abundance in pine-fir 
forests. Based on data from just a few locations, 
Vemer and Ritter (1983) also suggested that el- 
evation was not a driver of cowbird numbers in 
forests in the Sierra Nevada, but cowbird feed- 
ing sites in general co-varied with elevation, so 
they could not clearly isolate the effect of ele- 
vation. 

The potential importance of the proximity of 
deciduous riparian areas to cowbird distribution 
in these conifer forests was only noted when the 
outlier and neighboring site were removed. In at 

least some conditions in the northern Rockies, 
therefore, cowbirds are more abundant in mixed- 
conifer forests that are located near riparian ar- 
eas. Riparian areas in this part of the northern 
Rockies have greater densities of cowbirds and 
potential hosts than do pine-fir forests (Tewks- 
bury et al. this volume, Young and Hutto this 
volume). We suggest that cowbird numbers are 
sometimes greater in the pine-fir forests near ri- 
parian areas as a “spillover effect”: cowbirds 
are attracted to riparian areas because they are 
dense with potential hosts and venture into near- 
by conifer forests secondarily. This same effect 
could explain the higher density of cowbirds 
near riparian areas regionwide (Young and Hutto 
this volume). In eastern forests, Gates and Giffen 
(1991) found numbers of cowbirds and brood 
parasitism rates higher along a natural corridor 
created by a stream running through forest hab- 
itat and decreasing with distance from the 
stream. They similarly suggested that cowbirds 
are attracted to the higher density of nests along 
riparian corridors. 

The trend of fewer cowbirds in more forested 
pine-fir landscapes parallels brood parasitism re- 
sults by Tewksbury et al. (1998) obtained from 
deciduous riparian systems in agricultural and 
forested landscapes near some of our sites. 
Brood parasitism decreased in deciduous habi- 
tats in which the forested portion of the land- 
scapes increased, but this result was attributed 
to decreased human habitation in more forested 
landscapes. We also suggest that forest cover is 
a surrogate variable. In pine-fir forests in west- 
em Montana and eastern Idaho, conifer forest 
cover is negatively associated with agricultural 
lands and grasslands, primary areas used by 
cowbirds for feeding. Indeed, the relationship 
between cowbird abundance and forest cover 
was weaker than relationships between cowbird 
abundance and four other significant landscape 
variables (all but residences and mature forest). 

We are uncertain what landscape scale would 
be best for future studies in pine-fir forests. Our 
interpretations are limited to the landscape size 
that we selected (1.3 km). We believe that cow- 
birds on our outlier site and its neighboring site 
would have had similar landscape relations to 
the other sites, if we had chosen a larger land- 
scape size. We suggest that future investigators 
of this topic select a larger scale and look at 
various scales nested within the largest size. Ra- 
diotelemetry results from the Sierra Nevada in- 
dicate that cowbirds commute 2-7 km between 
breeding and feeding habitats (Rothstein et al. 
1984). Young and Hutto’s (this volume) point 
count data from across the northern Rockies 
suggest 7-10 km as an upper limit for distance 
from agriculture. Tewksbury et al’s (this vol- 
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ume) point count data for conifer and riparian 
systems in western Montana suggest l-2 km 
from feeding sources, while radio-telemetry in- 
dicates that cowbirds travel from 0.5-3 km from 
feeding sources to riparian systems. Tewksbury 
et al’s (1998) ideal scale for western Montana 
riparian systems was 1 km. The optimum scale 
for conifer systems may be different from ripar- 
ian systems and may depend on habitat type, 
landscape variable of interest, and local cowbird 
feeding sources. 

Because the association between cowbirds 
and deciduous riparian areas only appeared in 
the final analyses, we suggest future investiga- 
tors test the hypothesis that cowbirds are some- 
times more abundant in mixed-conifer forests 
that are located near riparian areas in the north- 
em Rockies. Other interesting questions include 
the need to examine the importance of stand 
characteristics (e.g., forest composition and 
structure) to cowbird abundance, host density, 
cowbird-host relationships, and diurnal cowbird 
use patterns to understand more completely 
cowbird abundance in pine-fir stands, at a di- 
versity of spatial scales (see Hochachka et al. 
this volume). In addition, we would like to know 
if landscape effects via feeding sources are a 
more important determinant of cowbird abun- 
dance than openings per se across regions, or if 
the effects of silvicultural treatments on cow- 
birds vary by region. 

MANAGEMENT RECOMMENDATIONS 

The presence, amount of, and distance to 
cowbird feeding sources (e.g., grazing animals 
in agricultural land, grasslands, or in logged 
openings; proximity to pack stations and bird 
feeders) are important factors to consider for 
cowbird management in western Montana and 
eastern Idaho. Cowbird feeding sources may in 
fact be the primary determinant of cowbird 
numbers in pine-fir forests in the northern Rock- 
ies. Cowbird numbers were greater in mature 
second-growth than in old-growth pine-fir stands 
in the northern Rocky Mountains, but this rela- 
tionship was influenced by landscape factors that 
probably reflect cowbird feeding locations. In 
addition, the number of cowbirds on these sites 
(i.e., the greater abundance in mature second- 
growth versus old-growth stands) could change 
depending upon future cowbird feeding loca- 
tions. If meadows with free-ranging cattle, live- 
stock corrals or pastures, feedlots, bird-feeders 
or other cowbird feeding sources were located 
near old-growth stands, those stands could have 

as many or more cowbirds using them than did 
the second-growth stands during our study. 
Proximity to deciduous riparian areas may be a 
secondary factor determining which conifer 
stands are searched by cowbirds. 

We do not know if any host species is threat- 
ened as a result of these relationships, although 
a number of potential hosts were more abundant 
in second-growth stands (Dusky Flycatcher 
[Empidonax oberholseri] and Cassin’s Vireo 
[Vireo cassinii], two high priority species in this 
physiographic region according to Partners in 
Flight [C. Beardmore, pers. comm.], and Chip- 
ping Sparrow [Spizellu passerina]; Hejl and 
Woods 1991). Olive-sided Flycatcher (Contopus 
cooperi), Hammond’s Flycatcher (Empidonax 
hammondii), Warbling Vireo (Vireo gilvus), 
Nashville Warbler (Vermivoru ruficapilla), Yel- 
low-rumped Warbler (Dendroica coronata), 
Townsend’s Warbler (Dendroica townsendi), and 
MacGillivray’s Warbler (Oporornis tolmiei) are 
other potential hosts that breed in these stands 
and are high priority species in this area accord- 
ing to Partners in Flight. Hammond’s Flycatcher, 
Townsend’s Warbler, and MacGillivray’s War- 
bler were more abundant in old-growth stands 
(Hejl and Woods 1991); it would be ideal to 
maintain current forest-dominated landscapes 
without cowbird feeding sources around these 
areas. Because each of the above-mentioned po- 
tential host species is found in both pine-fir 
stand types and in other habitats across the 
northern Rocky Mountains (R. Hutto, unpubl. 
data), it is unlikely that any species is threatened 
based solely on relationships in these habitats. 
With our current state of knowledge, we do not 
know if management activities such as silvicul- 
tural or fire treatments in these conifer stands 
would affect cowbird numbers in these land- 
scapes. 
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SCALE DEPENDENCE IN THE EFFECTS OF FOREST COVERAGE 
ON PARASITIZATION BY BROWN-HEADED COWBIRDS 

W. M. HOCHACHKA*, T. E. MARTIN*, V. ARTMAN, C. R. SMITH, S. J. HEJL, 

D. E. ANDERSEN, D. CURSON, L. PETIT, N. MATHEWS, T. DONOVAN, E. E. KLAAS, 

P. B. WOOD, J. C. MANOLIS, K. I? MCFARLAND, J.V. NICHOLS, J. C. BEDNARZ, 
D. M. EVANS, J. F? DUGUAY, S. GARNER, J. TEWKSBURY, K. L. PURCELL, J. FAABORG, 

C. B. GOGUEN, C. RIMMER, R. DETTMERS, M. KNUTSON, J. A. COLLAZO, L. GARNER, 

D. WHITEHEAD, AND G. GEUPEL 

Abstract. Previous work has shown that the rate at which Brown-headed Cowbirds (Molothrus ater) 
parasitize forest nesting birds is affected by the proportion of a local landscape that is forested. 
However, much of the previous work has been restricted to a relatively small part of the cowbird’s 
range, and has looked at forest coverage in very restricted areas around study plots. We used data 
from a wider geographical area, the entire width of the United States, and examined forest coverage 
in relatively large areas (lo-km and 50-km radii) around study plots to determine if forest coverage 
is a generally useful statistic for predicting rates of brood parasitization. As was found in previous 
studies, we showed that increased amounts of forest coverage within 10 km of an area resulted in 
lower rates of parasitization by cowbirds. This pattern held not only among widely separated sites, 
but also within local clusters of study plots. However, we found that increased amounts of forest 
within 50 km of a study site resulted in slightly increased rates of parasitization in sites west of the 
Great Plains, contrary to previous research findings. Forest structure, as indicated by the relationship 
between forest coverage and other measures of forest distribution and abundance, differed across the 
United States. However, differences in forest structure were not obviously related to differences in the 
manner that parasitization and forest coverage covaried from east to west across the continent. Even 
given the variable patterns found, management for higher proportions of forest within IO-km radius 
areas should result in decreased rates of parasitization of host species; however, the impact of such a 
management strategy will vary across the continent. 

Key Words: Brown-headed Cowbird, forest coverage, geographical variation, landscape structure, 
Molothrus ater, parasitization rate, scale. 

Areas containing a greater proportion of forest 
have a lower abundance of Brown-headed Cow- 
birds (Molothrus ater) (Donovan et al. 1997, 
Donovan et al. in press, Tewksbury et al. 1998), 
and show a lower rate of parasitization of the 
nests of host species (Robinson et al. 1995b, 
Thompson et al. in press). The conclusion of this 
previous research is that larger proportions of 
forest, relative to all terrestrial habitats (the land- 
scape), will result in a lower impact of Brown- 
headed Cowbirds on their hosts. 

However, the majority of work relating forest 
coverage to rates of parasitization is from the 
eastern edge of the Great Plains (e.g., Robinson 
et al. 1995b, Donovan et al. 1997, Donovan et 
al. in press, Thompson et al. in press; but see 
Coker and Capen 1995, Tewksbury et al. 1998 
for exceptions). We might expect the relation- 
ship between forest coverage and parasitization 
to differ away from the Midwest for a number 
of reasons. Variation in cowbird abundance may 
not only affect absolute rates of parasitization 
(Thompson et al. in press), but also the pattern 

*Ordering of names of authors subsequent to T. E. 
Martin determined using a random number generator. 

of variation in parasitization rate with varying 
forest coverage. Cowbirds in different parts of 
the continent encounter communities of hosts 
with different lengths of exposure (e.g., May- 
field 1965) and responses (e.g., Briskie et al. 
1992) to parasitization, and host species with 
longer exposure to cowbirds may be resistant to 
parasitization regardless of the proportion of for- 
est in a landscape. 

Geographical variation in the relationship be- 
tween forest coverage and parasitization rate 
also may result because of geographical differ- 
ences in the pattern of forest in a landscape. 
Cowbirds may respond to the amount of edge 
(Gates and Gysel 1978, Brittingham and Temple 
1983, Thompson et al. in press), distance from 
foraging sites (Donovan et al. in press), or other 
features correlated with forest coverage. Within 
a region, the proportion of forest in a landscape 
may correlate well with measures such as the 
amount of edge (Robinson et al. 1995b). How- 
ever, land-use practices and topography vary 
across the continent, such that the relationship 
between forest coverage and features such as 
edge may vary across the continent. 

The relationship between cowbird parasitiza- 
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tion and forest coverage may vary as a function 
of the local area over which forests were mea- 
sured, in addition to varying among widely sep- 
arate regions of the continent. Research relating 
forest coverage to rates of cowbird parasitization 
initially examined effects of variation in the size 
of individual forest patches and distance from 
forest edges (e.g., Paton 1994) and only recent- 
ly has looked at local landscapes around indi- 
vidual forest patches (e.g. Robinson et al, 1995b, 
Donovan et al. in press, Tewksbury et al. 1998). 
Within these local areas, forest coverage varied 
in its power to predict parasitization, depending 
on the size of the area over which forest cov- 
erage was measured (Donovan et al. in press, 
Tewksbury et al. 1998). However, it is still not 
clear whether the range of areas measured (up 
to lo-km radius) encompass those that give the 
best predictions of the rate of parasitization. Lo- 
cal variation in forest coverage may only affect 
the movements of individual cowbirds (func- 
tional responses). Better predictions of the rate 
of cowbird parasitization may be provided by 
measuring forest coverage over larger areas than 
previously considered, if forest coverage over 
larger regions predict the abundance of cowbirds 
(a numeric response) and rates of parasitization 
are better predicted by cowbird abundance than 
the behavior of individual cowbirds. Knowledge 
of the most appropriate scale on which to man- 
age forest coverage is essential for informed de- 
cisions about land management. 

Differences in forest coverage may not predict 
the same change in the rate of parasitization de- 
pending on whether the sites being compared are 
widely separated. To date, studies have looked 
at variation in cowbird abundance or parasitiza- 
tion in relation to either local (e.g., Tewksbury 
et al. 1998) or regional (e.g., Robinson et al. 
1995b, Thompson et al. in press) variation in 
forest coverage, but not both simultaneously. It 
is still unclear whether parasitization rates vary 
with local differences in forest coverage in the 
same manner as they respond to differences in 
forest coverage among more widely spaced 
sites, because the proportion of forest in a local 
landscape may be highly correlated with the pro- 
portion of forest within a far wider region. 

This paper examines four questions: (1) does 
the relationship between forest coverage and 
other measures of landscape structure (e.g., 
amount of edge, size of forest patches) vary 
across the continent? (2) do changes in forest 
coverage over small distances predict the same 
variation in parasitization rates as changes in 
forest coverage among sites more widely sepa- 
rated? (3) does the relationship between forest 
coverage and cowbird parasitization vary with 
the size of the region over which forest coverage 

is measured? and (4) does the relationship be- 
tween forest coverage and parasitization differ 
among the eastern, central, and western United 
States? In conducting our analyses, we had no 
prior expectations of the patterns that would 
emerge. Our goal was to document patterns that 
could affect the way land managers use the pre- 
viously described pattern of lower cowbird par- 
asitization in areas containing a higher propor- 
tion of forested land. 

METHODS 

The data on parasitization rates of forest birds 
come from the Breeding Biology Research and 
Monitoring Database (BBIRD), with data from 
23,448 individual nests being represented in our 
analyses. BBIRD is a collaborative project in 
which researchers across the United States have 
monitored nests and recorded data following a 
standardized protocol (Martin et al. 1997). There 
were 26 study sites (Fig. 1) on which the nesting 
success of forest-nesting birds was monitored. 
Data from five sites were previously used in the 
analyses of Robinson et al. (1995b). Each study 
site included 2 to 31 separate study plots (me- 
dian = 9), with a total of 366 study plots in the 
data set. The spatial arrangement of study plots 
into local groups (termed “study sites”) allowed 
us to contrast the effects of local (within tens of 
kilometers), and large-scale (across hundreds of 
kilometers) variation in forest coverage. This 
comparison was made by examining the rela- 
tionship between forest coverage and the rate of 
parasitization both within study sites and among 
study sites. 

The data obtained from each study plot were 
the proportion of nests containing cowbird eggs 
or young; potential hosts were only included 
when at least one nest of a species was recorded 
as having been parasitized in our database. Pro- 
portions were calculated across all species of 
hosts combined. Roughly 75% of all variance in 
the rate of parasitization occurred among plots 
within individual study sites (calculated follow- 
ing Sokal and Rohlf [1981:216]; we excluded 
data from sites on which cowbirds were not 
present). Given the high proportion of variance 
in parasitization rate that occurred within indi- 
vidual sites, we treated each of the study plots 
as an independent data point; i.e., we treated the 
data from each study plot as independent esti- 
mates of the rate of parasitization within the area 
that encompassed the separate study plots that 
compose a site. 

The data on landscape structure came from an 
ARC/INFO GIS layer that was produced for the 
USDA Forest Service’s Forest and Rangeland 
Renewable Resources Planning Act (RPA) 1993 
Assessment Update (Anonymous no date). Data 
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FIGURE 1. Locations of study sites. Diamond-shaped points indicate sites designated as “eastern”, triangles 
as “Midwestern”, and squares as “western”. Each site plotted on this map is composed of several independent 
study plots. 

were derived from NOAA satellite images 
(AVHRR data), with the Forest Service project 
being completed at the end of 1992. The finest 
resolution of the GIS layer is a 1 km square that 
is classified as either water, non-forest, or forest; 
within forested areas the type of forest was spec- 
ified as one of 22 types (e.g., oak-hickory, pin- 
yon-juniper). The relatively coarse resolution of 
the GIS layer placed constraints on our use and 
interpretation of the data on forest coverage. 
Each one of the l-km squares could easily rep- 
resent multiple patches of forest, detail that 
would be lost from our analyses. Additionally, 
our circles were approximate, with edge pixels 
from the GIS layer being included within a “cir- 
cle” if >50% of that pixel was included within 
the circle. Because of the coarse resolution of 
the GIS layer, we used circles of lo-km radius 
(over 300 km*) as the minimum area in which 
forest coverage was measured. We made this de- 
cision in order to average measurement errors 
caused by individual pixels in the GIS layer con- 
taining fractions of both forested and non-for- 
ested land. However, in interpreting our results, 
we do not know what fraction of the unex- 
plained variance in parasitization rates was 
caused by variation in the spatial arrangement of 
forest at a resolution finer than was provided by 
our GIS layer. 

Statistics describing landscape structure were 
obtained using FRAGSTATS (McGarigal and 
Marks 1995). The areas in which landscape 
structure was described were circles of IO-km 
and 50-km radius surrounding each study plot. 
The lo-km radius, chosen to allow comparison 
with Robinson et al. (1995b), was based on ob- 
servations of distances that female cowbirds fly 
between feeding and nesting areas in the Mid- 
west (Thompson 1994). Although female cow- 
birds have also been found flying distances of 
under 10 km in California (Rothstein et al. 
1984), work in New Mexico (C. B. Goguen and 
D. R. Curson, unpubl. data) has found female 
cowbirds flying in excess of 10 km between for- 
aging and nesting sites. Thus landscape structure 
further than 10 km from study plots can poten- 
tially affect cowbirds’ presence and abundance. 
Fifty km was arbitrarily chosen to represent larg- 
er spatial scales. The circles of 50-km radius 
contain 25 times the surface area as the IO-km 
circles and roughly 9 times greater area than was 
used in any previous study examining effects of 
forest coverage on cowbird abundance (Dono- 
van et al. 1997). We did not use data from 50- 
km circles in comparisons of the rate of parasit- 
ization within study sites, because within indi- 
vidual study sites the study plots were often so 
closely spaced that 50-km forest coverage were 
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essentially identical among the plots within a 
single study site. In analyses examining pres- 
ence and absence of parasitization among study 
sites, forest coverage for each site was calculat- 
ed as the weighted average forest coverage 
around each study plot. Forest coverages were 
weighted by the proportion of a site’s potential 
hosts that were found on each plot. 

The proportion of a landscape in forest was 
used as the primary measure of landscape struc- 
ture in this paper following the conventions of 
previous studies (e.g., Robinson et al. 1995b). 
However, other metrics generated by FRAG- 
STATS were also collated for each study plot: 
size of largest patch (as a proportion of the land- 
scape), number of forest patches, mean size of 
forest patches, standard deviation in patch size, 
edge density (m/ha of edge), and the number of 
types of forest. Some of these metrics require 
further explanation because our FRAGSTATS 
calculations were done separately for each of the 
types of forest recognized in the original data 
set. As a result, we calculated edge density as 
the amount of non-forest edge, assuming that 
most non-forest edges were with forest. Addi- 
tionally, the largest patch of forest in a landscape 
may be contiguous with other areas of forest of 
a different type, and the number of patches may 
not represent the actual number of discrete units 
of forest because patches of one type of forest 
may be nested within another type of forest. 
Still, these metrics represent some aspects of the 
spatial complexity of a landscape. Mean and 
standard deviation of patch size were calculated 
by decomposing the mean and SD for each for- 
est type into sums and sums of squares and then 
calculating an overall mean and SD by combin- 
ing this information across forest types. 

Analyses relating parasitization rates to forest 
coverage were of two types: those examining 
whether variation in forest coverage affected 
whether any nests were parasitized, and those 
examining variation in the rate of parasitization 
given that at least some nests were parasitized. 
The former analyses concerned the presence or 
absence of parasitization, and we tested for pat- 
terns using logistic regression. For the latter 
analyses we used generalized linear models, and 
excluded sites on which no parasitization was 
found. Plots varied in the number of nests mon- 
itored, and thus the accuracy of our estimates of 
parasitization rates also varied. This varying ac- 
curacy was taken into account in our analyses 
by weighting each data point by USE of the es- 
timated rate of parasitization, which resulted in 
greater importance being placed on those data 
that were estimated with the greatest accuracy. 
In all analyses, continent-wide geographical 
variation in patterns were examined by dividing 

study sites into three regions (Fig. 1): west of 
the Great Plains, Midwest (eastern edge of the 
Great Plains), and east. Data were also divided 
into two categories, east or west of the Great 
Plains, to test if better predictions were made 
when two or three regions were used in analy- 
ses. 

Data from all sites were used simultaneously 
in analyses that tested for variation in parasit- 
ization rate within individual sites. To use data 
from all sites in a single analysis, we standard- 
ized forest coverages and rates of parasitization 
to have a mean value of zero within each group 
of study plots. This standardizing eliminated 
overall differences in forest coverage and rate of 
parasitization among these sites, and thus anal- 
yses of within-site variation exclusively examine 
variation relative to the average parasitization 
rate and forest coverage for a site. Forest cov- 
erages used in this analysis were within a lo- 
km radius of each study. 

All statistical analyses were conducted using 
SPSS 7 (SPSS 1996). We refer to results from 
statistical tests as being “statistically signifi- 
cant” when P 5 0.05. However, because statis- 
tical significance is not necessarily an indication 
of biological reality or importance (e.g., Thomas 
1997), we have also noted instances in which 
the results of statistical tests approached but did 
not meet the arbitrary criterion of P = 0.05. In 
these instances, we have presented confidence 
limits (e.g., Greenland 1988, Steidl et al 1997, 
Thomas 1997) around parameters estimated in 
the analyses as a more refined indication of the 
potential biological significance of results. 

RESULTS 

Our results are divided into three sections. 
First, we examined landscape structure to show 
that landscape structure differed across the con- 
tinent These differences could provide a biolog- 
ical explanation for differences in the relation- 
ship between forest coverage and rates of cow- 
bird parasitization across the continent. The sec- 
ond set of analyses examined whether variation 
in forest coverage was associated with the pres- 
ence or absence of cowbird parasitization in a 
study area. Finally, where cowbirds were pres- 
ent, we show how the rate at which nests were 
parasitized was associated with forest coverage. 
These last two sets of analyses tested for geo- 
graphical variation in parasitization rates, as well 
as for differences in the predicted effects of for- 
est coverage that resulted from varying the area 
over which forest coverage was measured. 

We examined the relationship between forest 
coverage and parasitization rates, both within lo- 
cal clusters of study plots and among widely 
separated study areas. The within-site analyses 
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FIGURE 2. Relationship of forest coverage mea- 
sured on different scales for the same study plots. Re- 
gression coefficients are given in Table 1. Regions not- 
ed in the legend correspond to those shown in Fig. 1. 

were used to determine whether parasitization 
varied with local variation in landscape struc- 
ture, whereas the among-site analyses show 
whether parasitization rates varied with differ- 
ences in average forest coverage among widely 
separated regions. 

RELATIONSHIPS AMONG FOREST METRICS 

Measuring forest coverage at one scale pre- 
dicts forest coverage at other scales, but the sta- 
tistical relationships differed among geographi- 
cal regions across the continent (Table 1). Low 
forest coverages, measured within IO-km radii 
of study plots, indicated even lower proportions 
of forest within 50 km in the Midwest than in 
either eastern or western landscapes (Fig. 2). 

The relationship between forest coverage and 
most of the other measures of landscape struc- 
ture that we compiled also differed across the 
United States. The only exception was mean size 
of forest patches; as the proportion of forest in 
the landscape increased, the mean size of forest 
patches increased consistently across the United 
States. Edge density was always highest at in- 
termediate levels of forest coverage, and for a 
given amount of forest cover the amount of edge 
was highest in eastern forests and lowest in 
western forests (Fig. 3). 

All other forest metrics varied linearly with 
increasing forest coverage, and the patterns were 
typically that landscapes with greater forest cov- 
erage also contained a larger number of forest 
types, larger size for the biggest forest patch, 
greater variation in patch size, and greater num- 
ber of forest patches (Table I). The one excep- 
tion was for numbers of forest patches; in east- 
em and western sites greater forest coverage 
meant a larger number of patches, but in the 
Midwest greater forest coverage meant fewer 
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FIGURE 3. Relationship between forest coverage 
and edge density in different regions. Regions noted 
in the legend correspond to those shown in Fig. 1. 

patches. This relationship at least partially re- 
sulted from different types of forest being treat- 
ed as separate patches, in combination with the 
number of forest types remaining relatively un- 
changed with increased forest coverage in the 
Midwest (Table 1). 

FOREST COVERAGE AND PRESENCE OF 
COWBIRD PARASITIZATION 

We found no indication that local variation in 
forest coverage affected the presence or absence 
of cowbird parasitization on a given study plot. 
Twelve of 26 sites had plots both with and with- 
out detected cowbird parasitization. For each of 
these 12 sites, we determined whether increased 
forest coverage (measured within a lo-km radius 
of each study plot) resulted in a change in the 
probability of finding cowbird eggs or nestlings. 
No single regression was statistically significant 
(range P = 0.11 to P = 0.99), which may reflect 
the low statistical power resulting from the small 
number (N = 5-31) of data points in each anal- 
ysis. 

Further, we also found no indication of an ef- 
fect even when results from individual analyses 
were combined in a meta-analysis. The meta- 
analysis used the regression coefficients from 
the individual logistic regressions as data points. 
Each regression coefficient was weighted by l/ 

SE of the coefficient, meaning that the coeffi- 
cients that were estimated more precisely were 
given greater importance in the analysis. These 
weighted regression coefficients were used in a 
l-sample t-test to determine if on average great- 
er forest coverage lead to a greater or lower 
probability of detection of parasitization on 
study plots. The results of the meta-analysis 
were not significant (P = 0.64, df = 11, weight- 
ed mean regression coefficient = -0.0121 + 
0.025 SE), again indicating that when cowbirds 
were present in a region (i.e., at least one nest 
was parasitized on a study plot within a site) 
they did not avoid parasitizing nests on specific 
study plots in relation to local variation in forest 
coverage. 

Sites with greater forest coverage tended to 
have a lower chance of cowbird parasitization, 
although the pattern only approached statistical 
significance (Table 2). For this analysis each of 
the separate study sites was treated as a single 
data point. The probability of detecting cowbird 
parasitization was not significantly affected by 
forest coverage on either scale of measurement 
(lo-km or 50-km radii; Table 2). However, con- 
fidence limits around the regression coefficients 
showed a 95.3% probability that increased forest 
coverage within 10 km of study plots resulted in 
a decreased likelihood of cowbird parasitization 
at that site. Confidence limits also indicated a 
92.7% probability that sites east of the Great 
Plains were less likely to have any cowbird par- 
asitization. 

FOREST COVERAGE AND THE RATE 
OF PARASITIZATION 

Although we found some evidence that forest 
coverage affected the presence or absence of 
cowbird parasitization (above), we found more 
consistent evidence that the proportion of nests 
that were parasitized was related to forest cov- 
erage. Hosts were parasitized at lower rates 
when there was greater forest coverage, in com- 
parisons both among study plots within the same 
study site and among widely separate study 
sites. 

We examined the effects of local variation in 
forest coverage on the rate of brood parasitiza- 

TABLE 2. VARIATION IN FOREST COVERAGE, AND PRESENCE OR ABSENCE OF COWBIRD PARASITIZATION. RESULTS 
ARE FROM LOGISTIC REGRESSIONS 

% Forest Region’ 

Scale, forest coverage P Sh P P SE P 

IO-km radius -0.055 0.033 0.09 1.55 1.07 0.15 
50-km radius -0.0088 0.019 0.64 1.33 0.93 0.64 

a Denotss whether slks wrre east or west of the Great Plains; results were similarly non-significant when data were divided into east, Midwest, and 
west. Regression corfficient is for data east of Great Plains; regression coefficient for west of Great Plains IS zero. 
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TABLE 3. VARIATION IN FOREST COVERAGE AND THE PROPORTION OF NESTS PARASITIZED. RESULTS ARE FROM 
GENERALIZED LINEAR MODELS 

5% Forest RlZgHXl Interaction’ 

Test P \, P P SI. P P SE P R2 

Within Site -0.00099 0.0003 <O.OOl -0.01 la 0.013 0.7 1 0.08 

(10 km) -0.004b 0.010 

Among Site -0.00054 0.0003 0.001 0.23Y 0.070 0.003 -0.0020a 0.001 0.031 0.13 

(10 km) -0.004b 0.038 0.0004b 0.001 

Among Site 0.0014 0.0005 0.082 0.317a 0.079 <O.OOl -0.0046a 0.001 <O.OOl 0.16 

(50 km) 0. 103b 0.036 -0.0019b 0.0007 

a Regression coefficients for eastern sttes (see Fig. I). 
h Regression coefficients for s~tcc from the Midwest. Coefficients for western sites were set to zero in the analysis. 
c Statistical interaction between I Forest and Region. 

tion by comparing forest coverage and the rate 
of parasitization among study plots within the 
same study site. A 10% increase in forest cov- 
erage was predicted to result in a roughly 1% 
decrease in the proportion of nests that were par- 
asitized (Table 3). This effect did not vary across 
the continent, either when sites were divided as 
east or west of the Great Plains, or east, Mid- 
west, and west. We added forest coverage as a 
quadratic term to the statistical model to test for 
non-linear relationships between forest coverage 
and parasitization rate. No quadratic effect ap- 
proached statistical significance, and we con- 
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FIGURE 4. Variation in the rate of parasitization of 
nests as a function of forest coverage. Different point 
and line styles correspond to the legends in Figs. 2, 3. 

elude that non-linearity in the relationship was 
minimal. 

Both forest coverage and geographical loca- 
tion affected the rate of parasitization in com- 
parisons among widely separate regions; addi- 
tionally, the effect of forest coverage varied with 
the scale at which forest coverage was measured 
(Table 3). The typical pattern was as expected: 
the rate of parasitization was lower with in- 
creased forest coverage. However, an increase in 
parasitization with increased forest coverage was 
found from sites west of the Great Plains, but 
only when forest coverages were measured with- 
in 50-km radii of study plots (Table 3, Fig. 4). 
Confidence intervals around this regression co- 
efficient indicate that there was only a 0.4% 
chance that the true pattern was for parasitiza- 
tion to be lower in areas of higher forest cov- 
erage. Regression models better fit the data 
when study sites were divided into 3 regions 
than when only categorized as being either east 
or west of the Great Plains. When forest cov- 
erage was added as a quadratic term to the mod- 
els, the goodness of fit of regressions was iden- 
tical or improved over the relationships given in 
Table 3. However, the qualitative patterns shown 
in Fig. 4 remained unchanged. 

The magnitude of the effect of forest coverage 
on parasitization rate (i.e., slope of the regres- 
sion) was greater when differences in forest cov- 
erage were measured among widely separated 
sites; however, this result was not robust. Within 
a given geographical region, the slopes of the 
within- and among-site regressions were within 
2 SE (a roughly 95% confidence interval) of each 
other, with confidence intervals calculated as- 
suming that the main and interaction effects in 
the among-site analyses were independent. To 
further test for differences within and among 
sites, we calculated separate regressions for each 
geographic region, both within and among sites; 
in this case, regression coefficients within a re- 
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gion all overlapped in confidence limits of 1 SE 

(roughly 68% confidence limits). 

DISCUSSION 

Generally, we found that rates of parasitiza- 
tion were lower in areas of greater forest cov- 
erage (Fig. 4), as previously described (Robin- 
son et al. 1995b, Donovan et al. in press, Tewks- 
bury et al. 1998). This pattern was perhaps min- 
imally due to increased forest coverage tending 
to result in a lower probability of any cowbird 
parasitization (Table 2). However, the clearer ef- 
fect was a statistically significant decrease in the 
proportion of nests parasitized with increasing 
forest coverage (Table 3, Fig. 4). The relation- 
ship between greater forest coverage and lower 
rates of parasitization held regardless of whether 
we examined variation in forest coverage among 
plots within a local area or among widely sep- 
arated study sites (Table 3). The presence of a 
relationship between forest coverage and para- 
sitization rate, even within single study sites, 
suggests that behavioral decisions of individual 
cowbirds were at least partially responsible for 
the larger-scale variation in parasitization rate 
previously found (e.g., Robinson et al. 1995b). 

However, the generalization that lower rates 
of parasitization are associated with a greater 
proportion of forest is not universal; greater rates 
of parasitization were found in areas of greater 
forest coverage in sites west of the Great Plains 
(Fig. 4, bottom panel) when forest coverage was 
measured within a 50-km radius of study plots. 
We suspect that traits other than landscape struc- 
ture, such as human land-use practices (e.g., 
Tewksbury et al. 1998) may be responsible for 
our findings (Fig. 4, bottom panel). This result 
was not an artifact of a narrower range of forest 
coverages from the western sites (Fig. 4), nor 
did data from a single site create the pattern. 
Although landscape structure varied with 
changes in forest coverage across the continent 
(Table 1; Figs. 2, 3), we found no traits for 
which western forests differed qualitatively from 
both eastern and mid-western forests. Hence, we 
do not think that our results (Fig. 4) were due 
to differences in landscape structure east and 
west of the Great Plains. Neither are we aware 
of any substantial differences in the behavior 
and habitat requirements among the races of 
Brown-headed Cowbird (Lowther 1993). We 
also do not think that our results (Fig. 4) were 
an artifact of combining data from all host spe- 
cies into a single measure of parasitization, be- 
cause an artifact of differing species composi- 
tion would be manifested at both scales of mea- 
surement of forest coverage (top and bottom 
panels of Fig. 4). Finally, although cowbird 
abundance declined westward, away from the 

center of the cowbird’s range (Thompson et al. 
in press), the lower abundance of cowbirds in 
the west should simply lower the rate of para- 
sitization but not cause a completely opposite 
response of parasitization rate to variation in for- 
est coverage. 

Our results indicate that the predicted rate of 
parasitization can be affected by the area over 
which forest coverage is measured (Table 3; Fig. 
4, compare top and bottom panels). Previous 
work (Donovan et al. in press, Tewksbury et al. 
1998) has shown that some scales of measuring 
forest coverage provide better predictions of the 
rate of parasitization than other scales. Our re- 
sults indicate that not only the goodness of fit 
(measured as a correlation), but the actual pre- 
dicted rates of parasitization (regression inter- 
cept and slope) were dependent on the scale at 
which forest coverage was measured (Table 3). 
However, we were not able to estimate the ef- 
fects of variation in forest coverage on parasit- 
ization with great accuracy. The 95% confidence 
limits around the effect of forest coverage (lo- 
km radius) in the eastern U.S. (Table 3) showed 
that the estimated effect could be somewhere 
within a 35-fold range of values! If this variation 
is due to insufficient sampling, the variation is 
probably sufficiently large to make the current 
estimates unsuitable for attempts to model (i.e., 
Hilbom and Mange1 1997, Starfield 1997) the 
demographic consequences to host species of 
modifying forest coverage. If the variation is bi- 
ologically real, then our results indicate that re- 
lying on measurement of forest coverage to ac- 
curately predict rates of parasitization is proba- 
bly not a fruitful endeavor. 

The low accuracy of estimates is an indication 
that forest coverage explains only a small frac- 
tion of variation in the rate of parasitization (Ta- 
ble 3). As noted above, roughly 75% of all vari- 
ance in the rate of parasitization was within local 
clusters of study plots, even though less than 
23% of all variance in forest coverage was found 
among study plots within these same local clus- 
ters. While some of the within-site variance in 
the rate of parasitization was due to sampling 
error, variation in species composition of hosts 
among plots, and other random effects, we feel 
that the importance of non-forest landscape fea- 
tures (e.g., Tewksbury et al. 1998) should not be 
underestimated. One known reason is the need 
by female cowbirds to have both feeding sites 
and breeding areas in close proximity (Rothstein 
et al 1984, Thompson 1994, Donovan et al. in 
press), and feeding sites are often human-related 
features of landscapes (Vemer and Ritter 1983, 
Airola 1986). 

The one consistent finding of this study was 
that lower rates of parasitization of host species 
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occurred with greater forest coverage within 10 
km of a location, a result that held in spite of 
the different communities of hosts and their his- 
tories of exposure to cowbirds (Mayfield 1965) 
from east to west across the continent. This con- 
sistent result suggests that management for 
greater forest coverage even over relatively 
small spatial extents can decrease rates of brood 
parasitization. However, managers should real- 
ize that variation in forest coverage may show 
qualitatively different relationships with the rate 
of parasitization across the continent (Table 3, 
Fig. 4). The most extreme case was the sites 
from west of the Great Plains (Fig. 4), but we 
feel that data from additional sites are needed to 
substantiate the relationship between larger scale 
(50~km radius) forest coverage and rates of par- 
asitization that we have found. 

Nevertheless, it is clear that patterns found in 
one part of the continent should not be blindly 
extrapolated to other regions. Managers should 
also be aware that non-forest features such as 
feeding sites can play an important role in de- 
termining the rate of parasitization by cowbirds 
in a region (e.g., Airola 1986, Tewksbury et al. 
1998, Thompson et al. in press). The effects of 
non-forest features should be carefully examined 

if demographic modeling is to be a useful part 
of a research and management strategy (e.g., 
Starfield 1997), because the effects of forest 
coverage alone on rates of parasitization are 
variable enough that accurate predictions of par- 
asitization rate were not possible, even with a 
data set as large as was available for this study. 
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PAST AND PRESENT DISTRIBUTION OF THE BROWN-HEADED 
COWBIRD IN THE ROCKY MOUNTAIN REGION 

JAMESON E CHACE AND ALEXANDER CRUZ 

Abstract. The Brown-headed Cowbird (Molothrus ater) historically occupied a range similar to that 
of the American bison (Bison bison). The range of the cowbird and bison on the Great Plains has 
been well documented. In the Rocky Mountains the bison range included both the eastern grasslands 
and higher-elevation ridges and mountain parks up to an elevation of 3900 m in Colorado. Based on 
the commensal relationship of the brood parasitic Brown-headed Cowbird with bison, we suggest that 
the cowbird had a larger elevational range in the Rocky Mountains than previously known, and 
subsequently has had a long-term host-parasite relationship with high-elevation breeding songbirds. 
The change from free-ranging bison herds of the past to the restricted movements of fenced cattle 
herds today has probably increased the duration and intensity of parasite pressure on cowbird hosts 
in localized areas. 

Key Words: American bison, Bison bison, cowbirds, Molothrus ater, Rocky Mountains. 

The Brown-headed Cowbird (Molothrus ater) is 
a well-studied obligate brood parasite (Rothstein 
1975a, Friedmann et al. 1977, Rothstein 1990, 
Robinson et al. 1995a, Smith et al. in press) that 
historically occupied a range similar to that of 
the American bison (Bison bison) (Friedmann 
1929). Cowbirds ranged over the Great Plains in 
commensal association with bison. “Buffalo 
birds” are thought to have foraged among the 
grazed grasslands for insects stirred up by herd 
movements (Friedmann 1929, Mayfield 1965, 
Thomas Say in Evans 1997:171). Cowbirds ex- 
panded their range with the clearing of forests 
and introduction of domestic livestock (Mayfield 
1965, Rothstein 1994). In the Rocky Mountains, 
Brown-headed Cowbirds have undergone a re- 
cent elevational range expansion possibly due to 
habitat alteration and cattle grazing in the high 
country (Hanka 1985), as have cowbirds in the 
Sierra Nevada Range and the Far West (Roth- 
stein et al. 1980, Rothstein 1994). 

The historical range of bison on the Great 
Plains is well documented (Allen 1877, Roe 
1970, McDonald 1981). In addition, mountain 
bison (Bison bison athabascae) ranged far west 
of the Great Plains (Christman 1971). While the 
subspecies separation of Great Plains bison (B. 
b. bison) from athabascae is not entirely clear 
(Meagher 1986), we use “mountain bison” to 
refer to those bison that ranged west of the Great 
Plains, in lowland shrub-steppe of the Great Ba- 
sin and high-elevation coniferous forests, sub- 
alpine meadows, and alpine tundra. Mountain 
bison in the Rocky Mountains ranged above tim- 
berline in Colorado, Idaho, Montana, and Wy- 
oming (Henderson 1870; Fryxell 1926, 1928; 
Warren 1927, Bergtold 1929, Davis 1935, Bei- 
dleman 1955, Pattie and Verbeek 1967, Arm- 
strong 1972, Meaney and Van Vuren 1993). We 
suggest that, based on their commensal relation- 

ship with bison, Brown-headed Cowbirds have 
had a longer high-elevation range distribution in 
the Rocky Mountains than previously described, 
and that the recent elevational range expansion 
(Hanka 1985) is actually a re-expansion back to 
their former range. 

Our purpose is to demonstrate that (a) bison 
occurred at high elevations in the mountains 
west of the Great Plains, (b) the first observa- 
tions of cowbirds in the western states occurred 
during the period between extirpation of bison 
from and movement of cattle into the higher el- 
evations, and (c) the number of high-elevation 
records of cowbirds has increased historically 
with increasing cattle numbers in the West in 
general, but also specifically at high-elevations. 
We argue that many hosts have had a long-term 
association with the cowbird in the West. 

METHODS 

We reviewed records of bison distribution 
(Christman 1971, McDonald 1981) and cowbird 
parasitism (Freidmann 1929, 1963; Freidmann et 
al. 1977, Chace and Cruz 1996) in the West. We 
reviewed agriculture statistics for Colorado, Ida- 
ho, Montana, Utah, and Wyoming (yearbook of 
the U.S. Department of Agriculture) to obtain 
the number of cattle in each state per year from 
1896 to 1996 to determine the timing and abun- 
dance of cattle introductions to the Rocky 
Mountain states. Colorado counties east and 
west of the Front Range were analyzed sepa- 
rately, with Front Range counties containing 
>40% grassland habitat designated as eastern 
(see Chace and Cruz 1998 for delineation of 
counties). Cattle numbers were summed per year 
by eastern and western designation. This desig- 
nation also has important bison implications. 
Eastern counties contained Great Plains bison, 
and a few along the eastern edge of the Front 
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Range may have also contained mountain bison; 
western counties had only mountain bison if 
they had any bison at all. Although cattle are not 
the only livestock that attract cowbirds (Roth- 
stein et al. 1980), they are by far the most nu- 
merous and probably are a good index of live- 
stock numbers in general. 

RESULTS 

The maximum range expansion of the bison 
was achieved approximately 2000 years before 
present (BP), although mountain bison remains 
have been found as early as 10,000 years BP 
(Lyman and Livingston 1983). Mountain bison 
ranged far west of the Great Plains and through- 
out the Rocky Mountain region and occurred at 
all elevations (Christman 1971, Meagher 1986). 
Archeological findings include mountain bison 
kill sites in Waterton Valley in southwestern Al- 
berta as old as 7500 years BP (Reeves 1978), 
and 7000 years BP in southwestern Idaho 
(Agenbroad 1978). Other archeological locali- 
ties with, presumably, mountain bison stretch 
west beyond the Great Plains to eastern Wash- 
ington and Oregon, to the Sierra Nevada of Cal- 
ifornia, south to Arizona and New Mexico, and 
north, at least to southwestern Alberta (Christ- 
man 1971, Butler 1978, Reeves 1978, Lyman 
and Livingston 1983, Van Vuren and Bray 
1985). Nearly half the specimens of mountain 
bison between 1500 to 600 years BP in Colo- 
rado, Arizona, and New Mexico were associated 
with low-elevation ponderosa pine and pinyon- 
juniper forests (Christman 197 1). 

Mountain bison were found not only west of 
the Great Plains but also at high elevations. 
Bergtold (1929) speculated that bison were 
widely distributed across the high country of 
Colorado at least during the last 300 years, 
which was verified by Meaney and Van Vuren 
(1993). Meaney and Van Vuren (1993) recorded 
all known bison specimens in Colorado west of 
the Great Plains, from which we calculated that 
56.9% of 116 bison specimens were collected 
above 2500 m. In Montana, Fryxell (1928) 
found a “fairly complete and perfect skeleton of 
a very large bull buffalo on top of Pryor Moun- 
tains [2750 m] in south central Montana,” which 
confirmed Grinnell’s earlier comment to Fryxell 
(1928) that “I have frequently seen bison living 
at and above timberline . . . in Montana . . .” 
Indeed, Pattie and Verbeek (1967) found skeletal 
evidence of bull, cow, and calf bison in the 
Beartooth Mountains. Bison also ranged at high 
elevations in Wyoming. Henderson (1870) com- 
mented that in June “. . thousands of buffalo 
[were] quietly grazing” on Buffalo Plateau, Yel- 
lowstone National Park. Additionally, bison re- 
mains have been found in the Medicine Bow 

Mountains (2850-3600 m) and slopes of the 
Gros Ventre Mountains above Jackson Hole, 
Wyoming (Fryxell 1928). We found no records 
that suggest a similar use of high-elevation areas 
in Utah or Idaho, even though bison were found 
in high numbers at lower elevations (Ross in Da- 
vis 1935, Roe 1970). 

Current free-ranging mountain bison herds 
have seasonal elevational movements through 
open ponderosa pine (Pinus ponderosa), pinyon- 
juniper woodlands (P. monophylla and Junip- 
erus scopulorum), and across subalpine forest- 
parkland habitat (Fuller 1962, Van Vuren 1983, 
Van Vuren and Bray 1986, Shaw and Carter 
1990). Furthermore, based on specimens taken 
(Figgins 1933), some herds of mountain bison 
wintered in the high-elevation montane grass- 
lands (parks) and migrated into alpine zones 
through forested communities during the sum- 
mer (Meaney and Van Vuren 1993). Some 
mountain bison may have wintered on the wind- 
swept alpine tundra, like the 5% to 10% of the 
Rocky Mountain National Park elk herd today 
(Stevens 1980). Mountain bison achieved max- 
imum abundance west of the Rocky Mountains 
approximately 3000 to 1500 years BP (Butler 
1978) but never reached the population densities 
found on the plains east of the Rockies 
(Schroedl 1973). Extant reintroduced free-rang- 
ing bison in forested montane habitats of the 
Henry Mountains of Utah have smaller group 
sizes and larger home ranges than bison of the 
Great Plains, and this was probably true of for- 
mer high-elevation mountain bison herds in the 
Rocky Mountains (Van Vuren 1983, Van Vuren 
and Bray 1986, Meaney and Van Vuren 1993). 

Bison are not well adapted for deep snow 
(Telfer and Kelsall 1984). In Colorado, Benedict 
(1993, and pers. comm.) speculates that bison 
were extirpated from the Estes Park area by 
1859 in part because of deep snow during the 
spring of 1844. The heavy snowfall during the 
winter of 1837-1838 had a similar effect on bi- 
son herds in Idaho and Utah (Stansbury 1852, 
Roe 1970), and deep snow accumulation contin- 
ues to exact a heavy toll on the Yellowstone bi- 
son population (Meagher 1976). Increased hunt- 
ing pressure with the arrival of Europeans prob- 
ably restricted the seasonal movements of moun- 
tain bison as they did Great Plains bison. Higher 
numbers of mountain bison were probably 
forced to stay at higher elevations in large open 
parks and meadows during the winter where the 
effects of deep snow and less forage would have 
reduced numbers. The harsh winters of 1837- 
1838 and 1843-1844 in combination with mar- 
ket hunting may have been the cause of the bi- 
son decline in the Rocky Mountains in general. 
Most wild bison in western states were extirpat- 
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FIGURE 1. Number of cattle in Colorado, east and west of the Continential Divide (1883-1985). 
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ed by the 188Os, although a few may have sur- 
vived until 1904 (Warren 1906). 

Although the first livestock were introduced 
to the West in 1598 in New Mexico (Scurlock 
and Finch 1997), it was not for another 250 
years that cattle reached substantial numbers. 
Bison abundance was very low by the late 1800s 
when cattle were becoming fairly abundant in 
the Rocky Mountains. In Colorado, nearly equal 
numbers of cattle occurred in eastern (plains) 
counties and western (higher elevation) counties 
through the 1920s (Fig. 1). Western counties 
reached their present levels of cattle by 1959 
with a peak in 1974. Since 1941, the number of 
cattle in eastern counties consistently doubled 
the number of cattle west of the plains, with a 
peak in 1973 (- 3 million head). We feel that 
the trend of high-elevation cattle numbers lag- 
ging behind numbers in low-elevation grass- 
lands in Colorado is consistent with other west- 
em states. Although the total abundance of cattle 
differs among states, the increase of cattle from 
1940 to 1975 is consistent across states (Fig. 2). 
Overall, cattle number patterns are similar 
among Colorado and Montana, and Wyoming 
and Idaho (Fig. 2). Utah shows only a slow, 
steady increase in cattle numbers (Fig. 2). For 
the first 50 years of recorded cattle abundance 

in Colorado, Idaho, Montana, Utah, and Wyo- 
ming, the total number ranged between 3.5 and 
6 million head. Following 1940 the number of 
cattle increased to a peak of nearly 12 million 
in the mid-1970s. Cowbirds began to be record- 
ed at high elevations in the west during this pe- 
riod of peak cattle abundance. 

Early records of cowbird parasitism or cow- 
bird presence rarely mentioned exact elevation. 
Naturalists in Colorado recorded cowbirds as oc- 
curring in the grasslands and lower foothills 
(Drew 1885, Gale 1893 unpublished field notes, 
Cooke 1897, Sclater 1912, Saunders 1921, Hay- 
ward 1941, 1945). Since 1966 cowbirds have 
been recorded at higher elevations (3300 m) in 
Colorado (Hanka 1985, Spencer 1985), Montana 
(Pattie and Verbeek 1966), and (2500 m) Utah 
(Hayward et al. 1976, Behle et al. 1985). Recent 
evidence in California and Colorado suggests 
that cowbirds expanded their elevational range 
in response to montane livestock (Rothstein et 
al. 1980, Hanka 1985), and cowbirds subse- 
quently have parasitized species at those eleva- 
tions (Table 1). 

DISCUSSION 

Over the past 5000 years in the Rocky Moun- 
tain states cowbirds probably had a historical, 
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geographical, temporal, and elevational distri- 
bution similar to that of the bison, with an upper 
elevational limit at ca. 3800 m. Even though 
they occurred at lower densities than Great 
Plains bison, mountain bison probably were nu- 
merous enough to support commensal flocks of 
cowbirds during the avian breeding season. 
While deep snows may have been present into 
the early summer and prevented bison, and con- 
sequently cowbirds, from reaching the habitats 
of forest breeding birds until after incubation, 
we cannot rule out the possibility that mountain 
bison wintered above treeline and thus provided 
cowbirds with a foraging location next to sub- 
alpine forest breeding birds. As bison ap- 
proached extirpation in the mid-18OOs, herds 
were small and scattered and cowbirds probably 
were mostly restricted to lower elevations where 

cattle were just beginning to occur in apprecia- 
ble numbers in the mountain West (Fig. 2). Dur- 
ing the late 1800s and early 1900s cowbirds 
probably became associated with the growing 
low-elevation cattle herds. By the turn of the 
century, naturalists had covered many high ele- 
vation areas in the region and reported cowbirds 
as birds of the grasslands and foothills. Even 
though higher elevations were surveyed (Drew 
1885, Sclater 1912), cowbirds were primarily 
found from the grasslands up to the foothills and 
mountain parks < 2500 m (Gale 1893 unpub- 
lished field notes, Cooke 1897), although Fried- 
mann (1929) reported one observation of a fe- 
male cowbird in association with horses at 2895 
m in Colorado. Cowbirds began to be recorded 
at high elevations during the peak of cattle abun- 
dance in the Rocky Mountian states from the 

TABLE 1. PASSERINE SPECIES PARASITIZED AT HIGH ELEVATIONS IN COLORADO 

Species Number 

Poecile gambeli 1 
Regulus calendula 3 
Wilsonia pusilla 1 
Wilsonia pusilla 7 
Catharus guttatus 2 
Dendroica petechia 1 
Spizella passerina 1 
Melospiza lincolnii 3 
Euphagus cyanocephalus 18 

Year ElWbNl 

1984 2280 m 
1985 >2400 m 
198.5 3180 m 
1990, 1992 >2800 m 
1990, 1994 2400 m 
1990 2800 m 
1985 >2400 m 
1990, 1992 >2800 m 
1985 2895 m 

Referrnce 

Brockner 1984 
Chace and Cruz 1996 
Spencer 1985 
Chace and Cruz 1996 
Chace and Cruz 1996 
Chace and Cruz 1996 
Spencer 1985 
Chace and Cruz 1996 
Hanka 1985 
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mid-1960s to the present (Keeler-Wolf et al. 
1972, Hanka 1985). The association of cowbirds 
with herding ungulates is strong, and their his- 
torical elevational distribution may be as great 
as the former range of the bison, and now cattle. 
We suggest that Brown-headed Cowbirds oc- 
curred at high elevations in the Rocky Moun- 
tains until the extirpation of bison and have re- 
cently regained their former range with intro- 
duction of domestic livestock. 

Cowbird distribution is not wholly dependent 
on the presence of bison, cattle, or other large 
ungulates. Rothstein (1994) suggested that de- 
spite the presence of preferred habitat, elk herds, 
and potential hosts, cowbirds were absent from 
the Central Valley of California until 1922. 
Cowbirds entered this region in 1922 following 
anthropogenic changes (irrigation and agricul- 
ture) that improved feeding and breeding con- 
ditions for the cowbird (Rothstein 1994). We 
feel that along the Rocky Mountains the long- 
term presence of mountain bison probably en- 
abled cowbirds to move easily between high-el- 
evation bison herds and those of the Great 
Plains. High-elevation herds provided foraging 
opportunities and allowed cowbirds to parasitize 
the nests of many high-elevation songbirds. 

As in the Sierra Nevada of California (Vemer 
and Ritter 1983, Rothstein 1994) present-day 
populations of cowbirds in the Rocky Mountains 
often forage among large grazing animals. Feed- 
ing sites are anthropogenic, e.g., horse corrals, 
pastures with livestock, bird feeders, or camp- 
grounds. From 1986-1989, 164 Brown-headed 
Cowbirds were trapped and banded at a feeding 
station on Mount Evans, Colorado (elev. 3260 
m). Cowbirds were trapped from April to Au- 
gust, with highest numbers in May (mean cap- 
tures per month = 29.0); males outnumbered fe- 
males 2.35:1 (L. E. Reiner, unpubl. data). 

The center of cowbird abundance today (Rob- 
inson et al. 1995a) overlaps the former center of 
bison abundance among the grasslands of the 
Great Plains (McDonald 1981, Meagher 1986). 
Although mountain bison have been recorded in 
the high-elevation areas in the Rocky Moun- 
tains, little is known about the distribution of 

cowbirds in the Great Basin prior to the extir- 
pation of the bison. They were probably located 
along major tributaries, such as the Colorado 
River (Rothstein 1994), and were associated 
with far western mountain bison herds. Follow- 
ing cattle introductions in the Great Basin, west- 
em populations of cowbirds may also have re- 
expanded their elevational distribution; however, 
a distributional change along the west slope of 
the Rocky Mountains has not been as well doc- 
umented as along the east slope. 

Prior to the extirpation of bison in the late 
1800s Brown-headed Cowbirds probably para- 
sitized the nests of many songbird species in the 
high-elevation regions. Cowbird numbers at 
higher elevations likely declined as bison were 
extirpated, then resurged following the introduc- 
tion of cattle. When cowbirds followed the no- 
madic bison herds, their parasitic efforts and 
eggs were dispersed over the range of the sea- 
sonal movements of the bison herds, whereas 
now cowbird breeding populations are as sta- 
tionary as the herds of livestock around which 
they forage. While free-ranging herds occur at 
lower densities and may disperse cowbird activ- 
ity over a larger area, many cattle containment 
areas are at high densities and largely stationary 
through the early part of the breeding season. 
The implications of this changing pattern on 
songbird communities are likely very important. 
Where once songbird communities may have en- 
countered brood parasitism for only a portion of 
their breeding season, now the pressure of par- 
asitism is pronounced throughout their reproduc- 
tive season. In addition, because of the strong 
site fidelity of many songbirds (Greenwood and 
Harvey 1982, Holmes and Sherry 1992) and an- 
nual timing of cattle movement among pastures, 
the pressure of parasitism may exist throughout 
the lifetime reproductive effort of many individ- 
ual birds. 
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DISTRIBUTION AND ABUNDANCE OF BROWN-HEADED 
COWBIRDS IN THE WILDERNESS OF CENTRAL IDAHO 

ANTHONY L. WRIGHT 

Abstract. The value of wilderness as an ecological control area where anthropogenic factors are 
minimal and as a demographic source area for neotropical migrant birds is diminished by exotic species 
such as the Brown-headed Cowbird (Molorhrus ater). I observed Brown-headed Cowbirds at 9 of 10 
small, developed sites within the Selway-Bitterroot and Frank Church-River of No Return wildernesses 
of Idaho during 1993-1997. None were detected during 290 5.minute point counts at undeveloped 
sites in the Selway-Bitterroot Wilderness. During daily counts at a small ranch on the Selway River, 
where 6 or fewer horses or mules were kept year-round, the minimum number of adult cowbirds 
present was highest in mid-May and mid-July and low in June and after late July. Because Brown- 
headed Cowbirds are restricted spatially and are not numerous in the wilderness of central Idaho, 
current impacts are probably minor and effective control may be possible in local problem spots. 

Kev Words: abundance, Brown-headed Cowbird, distribution, Idaho, Molothrus am-. wilderness. 

Brown-headed Cowbirds (Molothrus ater) are 
obligate brood parasites that may cause reduc- 
tions in populations of vulnerable host species 
(Mayfield 1965, Brittingham and Temple 1983). 
Originally associated with American bison (Bi- 
son bison), they were probably absent from the 
wilderness of central Idaho before homesteading 
occurred in the early twentieth century (Laymon 
1987). The earliest known historical reference, a 
crude bird list made for District 5 of the Nez 
Perce National Forest in 1922, suggests they ar- 
rived in the area between 1905 and 1922. In the 
northern Rockies region cowbirds are known to 
be common in agricultural/forest mosaics and 
fringes (Hejl and Young this volume, Tewksbury 
et al. this volume) and on urban fringes (Greene 
this volume), but their status in extensive wil- 
derness is poorly known. In this paper I compare 
the numbers of cowbirds observed at developed 
and undeveloped sites within wilderness and 
document seasonal changes in abundance at one 
developed site over five years. 

METHODS 

The central Idaho wilderness consists of 1.5 
million ha of contiguous, federally-designated 
wilderness comprising the Selway-Bitterroot. 
Frank Church-River of No Return, and Gospel 
Hump wildernesses. The vegetation is a mosaic 
of conifer stands of various types and open areas 
including brush fields, wet meadows, and steep 
slopes of grasses and forbs. Elevations range 
from 670 to 3000 m. Developed areas, both pub- 
lic and private, are generally under 60 ha and 
are located along rivers or large creeks. 

The focal point of this study was Running 
Creek Ranch on the Selway River, a 12-ha re- 
search station with irrigated lawns and hayfields, 
where horses and mules have been kept since 
the early 1900s. About five head were kept there 

year-round during the study. These animals con- 
centrated their activities near the ranch, wander- 
ing up to 1 km away into the grazing allotment 
1 June-15 August but returning to the corral dai- 
ly. Two similar ranches are located 2.5 and 13 
km down river. A trailhead, U.S. Forest Service 
guard station, and an outfitter’s camp, all located 
13 km up river, received heavy stock use. 

From 1993-1997 when I, or observers I had 
trained, visited developed sites in the Idaho 
backcountry, we recorded the numbers of adult 
male, adult female, and juvenile cowbirds pres- 
ent. Feeding habitat and associated grazing ani- 
mals were noted. Five sites were visited on more 
than 10 different days, two sites on five different 
days, one site on three different days, and two 
sites only once. 

I counted and classified by age and sex cow- 
birds seen during the course of nearly every 
day’s activities at Running Creek Ranch. I con- 
sidered the highest count achieved each day to 
be the minimum number present for an age/sex 
category. Because the chances of seeing cow- 
birds varied greatly from day to day depending 
on the day’s activities, minimum numbers pres- 
ent were subsequently converted from a daily to 
a weekly figure. Also, I watched and listened for 
cowbirds during 290 5-minute point counts 
(Ralph et al. 1995) conducted from June 1 to 
July 10 in four vegetation types that dominate 
the study area: lower canyon (N = 120), mixed 
conifer (N = 60), lodgepole transition (N = 60), 
and whitebark pine-spruce/fir (N = 50). Points 
were located 200 m apart in patches at least 
1900 m wide. Of these points, 72 were located 
5 1 km from developed sites, 167 from 1 to 10 
km from developed sites, and 51 2 10 km from 
developed sites. I watched and listened for cow- 
birds during 222 hr of travel on foot to and from 
point counts. During June and July of 1994- 
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FIGURE 1. Minimum number of adult female, adult male, and independent juvenile Brown-headed Cowbirds 
present each week 1993-1997 at Running Creek Ranch in the Selway-Bitterroot Wilderness, Idaho. 

1997, I also searched for cowbirds during re- 
peated visits to three sites 51 km and four sites 
between 1 km and 10 km from developed areas 
as a volunteer contribution to a nation-wide re- 
search project (Rosenberg et al. 1996). 

RESULTS 

Cowbirds were seen at 9 of 10 backcountry, 
developed sites including the highest site (1900 
m). They were observed feeding in short or 
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sparse vegetation of lawns, airstrips, or corrals 
at all sites. Cowbirds associated with horses at 
six sites and wild cervids, primarily moose (AZ- 
ces &es) using a salt block, at one site. The 
single developed site where no cowbirds were 
detected was visited on only two different days. 

At Running Creek Ranch the minimum num- 
ber of adult cowbirds present followed a bimod- 
al temporal pattern for both sexes in all years 
(Fig. 1). A first peak occurred 6-22 May, fol- 
lowed by a period of very low numbers from 
about 7 June-7 July, a second peak lo-20 July, 
and very low numbers again by the final days 
of July. Juvenile cowbirds first appeared 23-26 
July; reached a peak 18-24 August, and disap- 
peared by 6 September (Fig. 1). 

No cowbirds were detected during point 
counts in the wilderness surrounding Running 
Creek Ranch. On five occasions I saw cowbirds 
with the horse herd in undeveloped areas less 
than 0.5 km from the ranch. These were the only 
cowbirds I detected during travel or other activ- 
ities in undeveloped areas. 

DISCUSSION 

Although Brown-headed Cowbirds were 
widespread in the Idaho backcountry, they were 
only detected in the vicinity of widely scattered 
developed sites. The types of areas used for 
feeding were similar to those reported by Roth- 
stein et al. (1980) and Vemer and Ritter (1983) 
in the Sierra Nevada. Most developed sites in 
the Idaho backcountry are located in riparian 
zones where potential host species nest; thus, 
food and host resources are in close proximity. 

Both adults and independent juveniles used 

Running Creek Ranch for brief time periods, 
about 10 and 8 weeks per year, respectively. The 
peaks in adult numbers that occurred each year 
in May probably included migrants. In some 
years peak counts were made when cowbirds 
traveled in transient, mixed flocks with other 
blackbird species. During the last 3 weeks of 
June and the first few days of July, cowbirds 
either left the ranch or became secretive and 
abandoned their usual feeding areas. Data from 
my study were not sufficient to explain patterns 
of cowbird abundance during the summer, but I 
did note a number of consistent environmental 
patterns that could have been related. The early 
summer period with few cowbird detections 
probably coincided with incubation and rearing 
of the first brood by common host species. Large 
numbers of female horseflies (Tubanus spp.) 
were present on horses and mules each year 
from mid-July through mid-August and cow- 
birds were often observed feeding on them. 
Adult cowbirds disappeared from the Ranch at 
about the time flocks of independent juveniles 
began to congregate at the corral. 

The restricted spatial and temporal use of the 
Idaho backcountry by Brown-headed Cowbirds 
may indicate a host-rich/food-poor environment. 
Because Brown-headed Cowbirds are fairly re- 
stricted both temporally and spatially in the wil- 
derness of central Idaho, current impacts are 
probably minor and effective control may be 
possible in local problem spots. 
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ABUNDANCE AND RATES OF BROOD PARASITISM BY BROWN- 
HEADED COWBIRDS OVER AN ELEVATIONAL GRADIENT IN 
THE SOUTHERN SIERRA NEVADA 

KATHRYN L. PURCELL AND JARED VERNER 

Abstract. We studied Brown-headed Cowbird (Molothrus ater) parasitism rates in four forest types 
(ponderosa pine, mixed conifer, true fir, and lodgepole pine) over an elevational gradient in the southern 
Sierra Nevada. Cowbirds were most abundant and parasitism rates were highest at the lowest sites. 
All but one of 17 parasitized nests were found in the ponderosa pine type and cowbirds were detected 
only in ponderosa pine and mixed-conifer forest types. A hypothesis that cowbird breeding and egg- 
laying are limited by late release of livestock at higher elevations was not rejected. Data also supported 
a second hypothesis-that host abundance and richness influence cowbird abundance and parasitism 
rates. Bird species richness was a better predictor of cowbird abundance than abundance (total count 
per plot per year, pooled across species), and models including all passerines were better predictors 
than models with only host species. Brood parasitism rates were low overall, although rates for War- 
bling Vireos (Vireo &US), Cassin’s Vireos (Vireo cassinii), and Black-throated Gray Warblers (Den- 
droica nigrescens) were high enough to warrant some concern. We recommend continued monitoring 
of cowbird parasitism rates for these three species in the Sierra Nevada. 

Key Words; Black-throated Gray Warbler, brood parasitism, Brown-headed Cowbird, bird species 
richness, Cassin’s Vireo, Dendroica nigrescens, elevation, Molothrus ater, ponderosa pine, Sierra Ne- 
vada, Vireo cassinii. 

The Brown-headed Cowbird (Molothrus ater) is 
a fairly recent addition to the avifauna of the 
west slope of the Sierra Nevada, having invaded 
the region only within the last 60 to 70 years 
(Rothstein et al. 1980). This raises a concern 
about potential impacts on endemic populations 
of host species that have only recently been ex- 
posed to cowbird parasitism. Twenty-seven spe- 
cies have been confirmed as hosts of Brown- 
headed Cowbirds in the Sierra Nevada (Table I), 
and populations of these species may be partic- 
ularly vulnerable to the loss of productivity as- 
sociated with brood parasitism. 

As part of an ongoing study of productivity 
of forest birds in four forest types, we accumu- 
lated data on relative abundance of cowbirds and 
rates of brood parasitism over an elevational 
gradient in the Sierra National Forest. Our ob- 
jectives were to examine patterns of abundance 
of cowbirds, patterns and rates of brood parasit- 
ism, and their potential effects on host species. 

Although Vemer and Ritter (1983) found 
cowbirds at all elevations when pack stations 
and other anthropogenic food sources were near- 
by, we observed in the present study that cow- 
bird abundance and parasitism rates decreased 
with increasing elevation. To investigate the ob- 
served pattern of higher parasitism rates at lower 
elevations, we examined two hypotheses. First, 
because cowbirds in the Sierra seem to depend 
on supplemental food sources related to various 
sorts of human activity, especially those con- 
nected to livestock, breeding and egg-laying by 
cowbirds may depend on the timing of livestock 

release (“cattle on-dates”) into the mountains. 
This hypothesis predicts that cattle on-dates at 
the higher elevations were later in relation to the 
arrival and laying dates of the host species. Sec- 
ond, because host abundance and richness tend 
to be greater at lower elevations, one or both of 
these variables could influence cowbird abun- 
dance. 

METHODS 

From 1995-1997, we censused birds and 
monitored nests of all bird species in four forest 
types over an elevational gradient on the Rings 
River Ranger District of the Sierra National For- 
est on the western slope of the southern Sierra 
Nevada-ponderosa pine (Pinus ponderosa; 
four sites, 1024-1372 m), mixed-conifer (six 
sites, 1707-2012 m), true fir (four sites, 2170- 
2347 m), and lodgepole pine (Pinus contorta; 
four sites, 2469-2774 m). All sites consisted of 
at least 60 ha of mature forest with relatively 
high canopy cover. Within the 60-ha sites, 40- 
ha gridded plots were established to allow cen- 
susing and facilitate mapping and relocation of 
nests. The sites tended to be heterogeneous- 
most included small meadows, creeks, and open, 
rocky areas. Only the mixed-conifer sites were 
close to large campgrounds and pack stations. 
We are not aware that bird feeders play a role 
in cowbird abundance in any of our study areas. 
In addition, the ponderosa pine sites were rela- 
tively remote and inaccessible, particularly early 
in the nesting season. All sites were protected 
from major disturbances, including timber har- 
vest, road construction, and major fuel breaks. 
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TABLE 1. PERCENTAGE OF BROODS OF PASSERINE SPECIES PARASITIZED BY BROWN-HEADED COWBIRDS (TOTAL 
NUMBER OF NESTS FOUNDS) IN FOUR FOREST TYPES, 1995-1997, AND REFERENCES FOR CONFIRMED HOSTS (*)IN 
THE SIERRA NEVADA 

Spewa 
Ponderosa Mixed 

pl”e conifer 
TrlX 

fir 
Lodgepole 

pine Reference& 

Olive-sided Flycatcher (Contopus cooperi)* 
Western Wood-Pewee (Contopus sordidulus)* 
Black Phoebe (Sayornis nigricans) 
Hammond’s Flycatcher (Empidonax hammondii)* 
Dusky Flycatcher (Empidonaw oberholseri)* 
Pacific-slope Flycatcher (Empidonax difJicilis) 
Cassin’s Vireo (Vireo ca.winii)* 

Hutton’s Vireo (Vireo huttoni)* 
Warbling Vireo (Vireo gilvus)* 
Steller’s Jay (Cyanociffa stelleri) 
Mountain Chickadee (Poecile gambeli) 
Bushtit (Psaltriparus minimus) 
Red-breasted Nuthatch (Sitta canadensis) 
Brown Creeper (Certhia americana) 
House Wren (Troglodvtes aedon) 
Winter Wren (Troglodytes troglodytes) 
Golden-crowned Kinglet (Regulus satrapa)* 
Ruby-crowned Kinglet (Regulus calendula)* 
Blue-gray Gnatcatcher (Polioptila caerulea) 
Townsend’s Solitaire (Myadestes townsendi) 
Hermit Thrush (Catharus guttutus)* 
American Robin (Turdus migratorius) 
Wrentit (Chamaea fasciuta) 
Nashville Warbler (Vermivora ru$capilla)* 
Yellow Warbler (Dendroica petechia)* 
Yellow-rumped Warbler (Dendroica coronata)* 
Black-throated Gray Warbler (Dendroica nigrescens)* 
Hermit Warbler (Dendroica occident&is)* 
MacGillivray’s Warbler (Oporornis tolmiei)* 
Wilson’s Warbler (Wilsonia pusilla)* 
Western Tanager (Piranga ludoviciana)* 
Black-headed Grosbeak (Pheucticus melanocephalus) 
Green-tailed Towhee (Pipilo chlorurus)* 
Spotted Towhee (Pipilo maculatus) 
California Towhee (Pipilo crissalis)* 
Chipping Sparrow (Spizella passerina)* 
Fox Sparrow (Passerella iliaca)* 
Song Sparrow (Melospiza melodia)* 
Lincoln’s Sparrow (Melospiza lincolnii)* 
White-crowned Sparrow (Zonotrichia leucophrys)* 
Dark-eyed Junco (Bunco hyemalis)* 

Pine Grosbeak (Pinicola enucleator) 
Gray-crowned Rosy-finch (Leucosticte tephrocotis)* 
Purple Finch (Carpodacus purpureus) 
Cassin’s Finch (Carpodacus cassinii) 
Pine Siskin (Carduelis pinus) 
Lesser Goldfinch (Curduelis psaltria) 
Evening Grosbeak (Coccothraustes vespertinus) 

0 (1) 
0 (17) 
0 (1) 
0 (4) 

0 (12) 
25 (20) 

9 (23) 
67 (3) 

0 (8) 
0 (1) 
0 (6) 
0 (6) 
0 (10) 

0 (4) 

0 (25) 
0 (3) 

17 (6) 

0 (1) 
29 (14) 

0 (2) 

9 (11) 
0 (41) 

0 (48) 

0 (10) 

4 (51) 

0 (12) 

0 (1) 

0 (4) 

0 (15) 
0 (65) 
0 (2) 

10 (10) 

0 (24) 
0 (5) 
0 (19) 

0 (10) 
0 (10) 
0 (1) 
0 (1) 
0 (1) 

0 (2) 
0 (6) 
0 (14) 

0 (2) 
0 (2) 
0 (9) 

0 (2) 
0 (12) 

0 (14) 

0 (4) 
0 (4) 

0 (2) 
0 (8) 

0 (1) 

0 (76) 

0 (1) 
0 (1) 

D 
0 (1) D, J 

0 (2) D 
0 (25) 0 (21) D, J 

0 (1) D, E, 1, J, L, 
N 

N 
0 (3) 0 (1) K 1, J, M, N 
0 (1) 
0 (39) 0 (19) 

0 (4) 
0 (5) 0 (14) 

0 (1) J 
D, E 

0 (5) 
0 (5) 0 (10) D 
0 (15) 0 (10) 

N 
H, 1, J, L 

0 (2) 0 (12) D, J, L 
E, 1, M, N 
A, E, J, M 

0 (1) D, 1, J, L, M 
D, E, F 

0 (4) D, L, N 

Q H, K 

0 M 
L 

0 (4) D, L 
D, H, 1, M 

0 (1) D, G, M 
M 

0 (55) 0 (46) B, C, D, E, 
H, J, L, N 

0 (2) 
M 

0 (2) 0 (3) 
0 (1) 

0 (1) 

a Number of nests we could look into to confirm parasmsm. 
h References (chronolopxally): A-Frirdmann 1963, B-Orr and Moffitt 1971, C-White 1973, D-Friedman” et al 1977. E-Gaines 1977, F- 
Stewart et al. 1977, G-Rothsteln 1978, H-Rothstein et al. 1980, I-Gaines (in Rothstein et al. 1980), I-Vemrr and Rittrr 1983, K-Friedmann 
and Kiff 1985, L-AK& 1986, M-Gaines 1988, N-this study. 
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We censused 8 (1995) or 16 (1996-97) plots 
each year, using a timed transect method. Tran- 
sects were 1000 m in length and observers 
walked at a rate of 50 m per 3 minutes. We 
recorded birds <50 and >50 m from the transect 
line. Observers received training in bird vocali- 
zations at the beginning of the season and before 
moving up to a new elevational band. Each tran- 
sect was counted six times during the breeding 
season, with two visits by each of three observ- 
ers. All censuses were completed by 0930 PDT 

We searched for nests of all bird species and 
monitored nests every 3 to 4 days. Open nests 
were checked directly where possible, or with a 
mirror on a pole. Cavity nests were checked 
with a fiberscope (Purcell 1997). When nests 
were too high to reach from the ground, and nest 
substrates were sturdy, we climbed to nests us- 
ing a variety of climbing techniques. Laying 
dates were determined by backdating, assuming 
one egg laid per day. 

Personnel from the Kings River Ranger Dis- 
trict provided data on dates when cattle were 
released onto grazing allotments each year. All 
livestock permitted for a given allotment were 
released annually on the date each was open to 
grazing and generally the cattle had dispersed 
over the full allotment within a couple of days. 
Most allotments in a particular forest type had 
the same on-date. Livestock release preceded the 
presence of horses at pack stations, and the 
study sites were not in locations where we 
would expect cowbirds to occur because of pack 
stations. Radio-tagged cowbirds on the eastern 
slope of the Sierra Nevada traveled up to 7 km 
between feeding and breeding sites (Rothstein et 
al. 1984). We assume here that cowbirds could 
have traveled up to 7 km from feeding sites (cat- 
tle allotments) to breeding sites (our study sites), 
although they traveled a maximum of only 4.5 
km in an earlier radio-tracking study in the same 
watersheds as the present study (J. Vemer, un- 
publ. data). 

Host abundance and richness were analyzed 
for correlations with cowbird abundance. Our 
measure of abundance was the total number of 
individuals detected per plot per year. Richness 
was the total number of species detected per plot 
per year. Two groups of species were used in 
analyses of host abundance and richness: (1) the 
14 species identified as cowbird hosts in the 
combined results of this study and Vemer and 
Ritter (1983), also done in the Sierra National 
Forest; and (2) all confirmed Sierran host species 
(Table 1). Common Ravens (scientific names 
listed in Table 1) were omitted from analyses. 
We used Poisson regression to model cowbird 
abundance because the errors in count data gen- 
erally are non-normally distributed. The regres- 

sion parameters were estimated using SAS (SAS 
Institute 1997). Because count data are typically 
overdispersed (the variance is greater than the 
mean), we used a scaled deviance formula to 
accommodate the assumption of a Poisson dis- 
tribution (Littell et al. 1996). Plots of deviance 
residuals showed homogeneity of variance, in- 
dicating that this was an appropriate approach. 
We included a year term in all models to control 
for year effects. 

RESULTS 

We monitored 300 nests of 31 passerine spe- 
cies in 1995 for which we were able to confirm 
the presence or lack of parasitism, 323 nests of 
35 species in 1996, and 360 nests of 36 species 
in 1997. During the three years, all but one of 
the 17 parasitized nests were found in ponderosa 
pine habitat (Table 1). Brown-headed Cowbirds 
were most abundant and parasitism rates were 
highest in the ponderosa pine forest type, i.e., 
sites at the lowest elevations. Cowbirds were 
never detected in our true fir or lodgepole pine 
sites (Table 2, Fig. l), nor was brood parasitism. 
This study added two new species to the list of 
confirmed hosts in the Sierra Nevada: Hutton’s 
Vireo and Nashville Warbler. Overall rates of 
cowbird parasitism were low-1.4% of all pas- 
serine nests and 3.8% of all passerine nests in 
ponderosa pine sites. Considering only nests in 
the ponderosa pine sites, parasitism rates of 
some individual species were high (Table l), al- 
though sample sizes were small for many spe- 
cies. 

Our first hypothesis, that timing of livestock 
release may influence the timing of cowbird 
breeding and egg laying, was not rejected. Graz- 
ing allotments on the lodgepole pine sites were 
rested or vacant during the study, except for 10 
cow/calf pairs released on 1 July (Julian date = 
182) in 1997 within 7 km of 2 plots, and cow- 
birds were not detected in these sites. In the pon- 
derosa pine sites, cattle were released prior to 
the first egg dates of nearly all nests, whereas 
cattle did not arrive in the mixed-conifer and 
true fir sites until about the middle of the laying 
period (Fig. 2). Cowbirds arrived only after live- 
stock release in the ponderosa pine sites, and did 
not begin laying until about two weeks later 
(Fig. 2a). In the mixed conifer sites, cowbirds 
arrived just prior to livestock release, and the 
only parasitized brood was coincident with live- 
stock release (Fig. 2b.). While there does not 
appear to be a close connection between cattle 
on-date and cowbird laying date, cowbirds are 
rare and do not regularly breed in areas where 
food sources (associated with cattle) are not 
available until late in the breeding season. 

The second hypothesis, that host abundance 
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TABLE 2. BROWN-HEADED COWBIRD ABUNDANCE, HOST SPECIES RICHNESS, AND HOST ABUNDANCE (SE) IN FOUR 
FOREST TYPES 

Ponderosa Lodgepole 
pine Mxrd conifer True fir pine 

Cowbird abundance 7.3 (0.8) 0.9 (0.3) 0 0 
Species richness 

14 Sierran hosts 10.1 (0.5) 11.0 (0.2) 7.8 (0.2) 4.9 (0.4) 
All Sierran hosts 12.1 (0.9) 13.6 (0.3) 9.9 (0.3) 6.2 (0.5) 
All passerines 28.6 (1.4) 26.6 (1.1) 22.0 (0.9) 17.2 (0.6) 

Host Abundancea 

14 Sierran hosts 212.7 (16.5) 261.0 (16.1) 211.8 (11.5) 151.7 (13.1) 
All Sierran hosts 220.5 (17.6) 292.0 (20.0) 227.2 (14.3) 159.7 (14.0) 
All passerines 396.9 (26.8) 387.8 (27.5) 327.6 (23.8) 263.8 (20.9) 

Notes: The 14 Sierran hosts include species parasitized by cowbirds m this study and the study by Verner and Ritter (1983). “All Sierran hosts” 
included all confirmed Sierran host species (Table I). Common Ravens were excluded from the passerine group 
a Mean total count per site per year, N = 12 (3 years X 4 sites). 

and richness influenced cowbird abundance, was 
also supported by the data. Host abundances and 
richness across the four forest types are given in 
Table 2. Species richness was a better predictor 
of cowbird abundance than summed species 
abundance (Table 3), and adding abundance did 
not significantly improve the model. Models in- 
cluding all passerine species were better predic- 
tors of cowbird abundance than models includ- 
ing only known host species (Table 3). The best 
model, in terms of goodness of fit and signifi- 
cance, included richness of all passerine species 
and year (Table 3; Fig. 3). Outliers from that 
model reveal that richness of all passerines tend- 
ed to underestimate cowbird abundance at lower 
elevations and to overestimate it at higher ele- 
vations (Fig 3), providing further evidence for 
an elevation effect. (Estimated equations avail- 
able from K. Purcell) 

DISCUSSION 

Cowbird abundance was related to both the 
timing of livestock release and the number of 
passerine species. These hypotheses are not mu- 
tually exclusive and both may be important in- 
fluences on the observed patterns of higher 
abundance of cowbirds and higher rates of brood 
parasitism at lower elevations. Of course, even 
a highly significant statistical model cannot im- 
ply cause and effect, and we do not rule out the 
possibility that other factors may contribute to 
the observed patterns. 

Other studies have found that cowbird abun- 
dance or parasitism rates were related to host 
densities (Barber and Martin 1997, Evans and 
Gates 1997, Tewksbury et al. this volume). Don- 
ovan et al. (1997) found that cowbird abundance 
was positively associated with host abundance 

Ponderosa Pine Mixed Conifer True Fir Lodgepole Pine 

FIGURE 1. Mean number of Brown-headed Cowbirds detected per plot (unlimited distance) in four forest 
types from 1995-1997. N = 8 plots in 1995 and 16 in 1996 and 1997. 

q  1995 

q  1996 

•m 1997 
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TABLE 3. POISSON REGRESSION ANALYSIS OF BIRD SPECIES RICHNESS AND ABUNDANCE ON BROWN-HEADED Cow- 
BIRD ABUNDANCE 

devldfd Chi-square P 

Species richness 

14 Sierran hosts 

All Sierran hosts 

All passerines 

Abundanceb 

14 Sierran hosts 

All Sierran hosts 

All passerines 

richness 3.96 12.19 0.001 
year 7.15 0.067 
richness 4.39 7.59 0.006 
year 4.17 0.244 
richness 2.24 49.54 0.000 
year 39.34 0.000 

abundance 5.22 0.60 0.438 
year 0.82 0.845 
abundance 5.30 0.07 0.798 
year 0.93 0.818 
abundance 3.23 23.18 0.000 
year 19.30 0.000 

* Devianceldf ratio is the dispcrslon parameter. Thn value indicates the goodness of fit of the model and should be close to I 
h Total count per plot per year. 

in core habitats but negatively associated with 
host abundance in edge habitats. S. Rothstein 
(pets. comm.) argues that parasitism rates should 
be more closely related to richness because in- 
dividual species have a distinct breeding 
“pulse,” resulting in more pulses and a longer 
period of high availability of host nests for cow- 
birds when many potential species are present. 
In eastern Sierran sites, S. Rothstein (pers. 
comm.) also found that richness of passerine 

species predicted cowbird abundance better than 
the number of individuals. 

Elevation, per se, is not an impediment to 
cowbirds if they have supplemental food 
sources. Rothstein et al. (1980) reported that 
cowbirds were ubiquitous over most or all of the 
Sierra Nevada, but most of their study sites were 
close to human influences such as roads, towns, 
campgrounds, and pack stations. Vemer and Rit- 
ter (1983) found that cowbird abundance in the 
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14 x Lower C.I. 
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l 97hK 
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FIGURE 3. Plot of cowbird abundance (BHCO), predicted cowbird abundance (predicted BHCO), and upper 
and lower confidence limits on the linear predictor for the Poisson regression of cowbird abundance on richness 
of all passerine species. Outliers are labeled by forest type (PP = ponderosa pine, MC = mixed conifer) and 
year of census. 
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Sierra National Forest was positively related to 
proximity to human disturbance and negatively 
related to elevation. Sampling mountain mead- 
ows, they found that remote meadows without 
cattle did not have cowbirds, whereas meadows 
close to supplemental food sources did. Because 
most of their high-elevation sites were also far 
from pack stations and other livestock, they con- 
cluded that the negative correlation with eleva- 
tion was spurious. Our high-elevation study sites 
were not in locations where we expected cow- 
birds to occur because no pack stations or live- 
stock were nearby. Livestock at high elevations, 
if they occurred at all, were brought in too late 
for the cowbirds to use them as a focal point for 
foraging to promote reproduction. It thus ap- 
pears that distance to food sources, timing of 
food sources, host species richness, and eleva- 
tion are all influences on cowbird abundance in 
the Sierra Nevada. 

Does this level of parasitism impact popula- 
tion viability for any species studied? Warbling 
Vireos, Cassin’s Vireos, and Black-throated 
Gray Warblers had parasitism rates of 25% or 
greater (Table 1). Compared to parasitism rates 
in fragmented landscapes in the Midwest (Rob- 
inson et al. 1995b; S. Robinson, pers. comm.), 
the levels of cowbird parasitism we observed are 
not high, suggesting that parasitism is probably 
not a problem for these species, especially if 
they are double-brooded. Rothstein et al. (1980) 
Vemer and Ritter (1983), and Vemer and Roth- 
stein (1988) suggested that Warbling Vireos 
might be significantly impacted by brood para- 
sitism in certain localities. Warbling Vireos in 
this study had the highest parasitism rates in 
ponderosa pine sites, although the sample size 
was small (Table 1). Because they are most 
abundant in mixed-conifer stands, where brood 
parasitism rates were low, productivity of pop- 
ulations there is probably adequate to sustain 
their numbers in the Sierra Nevada, especially 
in areas 27 km from feeding sources. Cassin’s 
Vireos are abundant in both ponderosa pine and 
mixed conifer forests. Parasitism rates were low 
in mixed-conifer forests (Table l), suggesting 
that viable populations may exist in this forest 

type in areas free or nearly free of cowbirds. 
Black-throated Gray Warblers breed in ponder- 
osa pine forests and lower-elevation oak types, 
but they occur only rarely above 1830 m (Verner 
and Boss 1980). Most populations are probably 
exposed to cowbird parasitism. Black-throated 
Gray Warblers deserve further monitoring to de- 
termine if they are significantly impacted by 
cowbird parasitism in the Sierra Nevada. 

Although we found that cowbird parasitism 
rates for most species nesting in this portion of 
the Sierra Nevada are not high, cowbirds are still 
a relatively new addition to the avifauna there, 
and they bear continued watching as cowbird 
numbers have not stabilized. Based on point- 
count data from both the western and eastern 
slopes of the Sierra Nevada, cowbird numbers 
decreased between the late 1970s and the early 
1990s (S. Rothstein, pers. comm.). The decline 
could have occurred at any time during that pe- 
riod, and may or may not be continuing. The 
elevational pattern for cowbird abundance and 
rates of parasitism that we found has not been 
previously reported. The proximate cues for 
cowbird settling appear to be related to both the 
timing of livestock release and species richness, 
although the latter could also be an ultimate fac- 
tor if cowbirds are evolutionarily tied to their 
hosts. This does not seem to be the case, as rich- 
ness of all passerine species was a better indi- 
cator of cowbird abundance than was host rich- 
ness. Further research to identify the relative im- 
portance of each of these variables will need to 
involve the manipulation of cattle on-dates in 
relation to cowbird arrival and laying dates, and 
the laying dates of host species. 
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SECTION II: THE BASIS FOR COWBIRD 
SELECTION. IMPACTS ON HOSTS, AND 
MANAGEMENT ACTION 

JAMES N. M. SMITH 

THE PROBLEM 

The Brown-headed Cowbird (Molothrus ater) 
uses many different hosts over its large range 
(Friedmann and Kiff 1985, Lowther 1993). Be- 
cause of this fact, countless host populations are 
exposed to potential reproductive costs from 
cowbirds. The papers in this section deal with 
two key questions: (1) What are the magnitudes 
of these costs to specific host populations? (2) 
When is intervention necessary to protect vul- 
nerable populations of hosts, and are there gen- 
eral rules of thumb to help managers decide that 
intervention is timely? 

Before discussing these issues in more detail, 
I note that the costs imposed by cowbirds on 
hosts, and the occasional need to intervene to 
reduce these costs, are emotionally charged mat- 
ters. To some managers of sensitive species 
(e.g., papers in Section III this volume), and to 
many members of the amateur birding commu- 
nity (Holmes 1993), cowbirds seem an obvious 
threat to populations of small songbirds, and one 
that can be readily ameliorated by trapping. 
However, four points in opposition to this view 
should be considered: first, the Brown-headed 
Cowbird is a native North American species 
(even though it has expanded its range greatly 
in the past) with certain intrinsic rights; second, 
the abundance of Brown-headed Cowbirds is 
low in areas of extensive forest; third, Brown- 
headed Cowbird numbers have recently declined 
over much of their range (Robinson et al. 1995a, 
Peterjohn et al. 1999, Wiedenfeld 1999); fourth, 
even where interactions with host individuals are 
strong, cowbirds may have little effect on host 
population dynamics (see below). Even people 
inclining to the view that cowbird impacts on 
host are often small (e.g., Rothstein and Robin- 
son 1994), however, acknowledge that there are 
situations that justify strong management inter- 
vention. 

ESTIMATING IMPACTS OF 
COWBIRD PARASITISM 

THE RANGE OF COSTS IMPOSED BY COWBIRDS 

Cowbirds impose a variety of costs on indi- 
vidual hosts (reviewed in Lorenzana and Sealy, 
this section): (1) egg removal (Sealy 1992) and 
(2) egg puncture (Peer and Sealy, this section), 
both of which can lead to desertion of clutches; 

MANAGEMENT: HOST 
CRITERIA FOR TAKING 

(3) occasional nestling removal (Tate 1967); (4) 
destruction of entire clutches or broods of hosts 
(Scott and McKinney 1994; Averill-Murray et 
al., this section); (5) reduced hatching success of 
host eggs (Peer and Bollinger 1999; Peer and 
Sealy, this section); (6) reduced survival of host 
young (Payne 1977, May and Robinson 1985, 
Payne and Payne 1998; Sedgwick and Iko, 
Chace and Cruz, this section); (7) increased en- 
ergetic expenditure while rearing broods of nest- 
lings and fledglings containing cowbirds (Smith 
and Merkt 1980, Woodward 1983) and perhaps 
consequent delays in renesting; (8) reduced post- 
fledging survival (Whitfield and Sogge, Sedg- 
wick and Iko, this section); (9) reduced adult 
survival (Sedgwick and Iko, this section) and 
(10) reduced future fecundity (Lorenzana and 
Sealy, this section). 

Brood parasitism always imposes costs on 
host individuals that get parasitized, but parasit- 
ism does not necessarily have any effect on the 
dynamics of host populations. Failure to appre- 
ciate this fact explains much of the lack of un- 
derstanding between advocates and opponents of 
killing cowbirds in control programs. Costs due 
to parasitism, however, are likely to have con- 
sequences for populations if average reproduc- 
tive success per host is already near the thresh- 
old level required to replace adult mortality in 
the absence of parasitism. If, on the other hand, 
hosts are reproducing at well above the level 
needed to replace adults that die, and host num- 
bers are regulated by site-dependent mecha- 
nisms such as limited breeding habitat (Roden- 
house et al. 1997), parasitism merely removes 
host individuals that would otherwise emigrate 
or die before reproducing. Finally, host popula- 
tions experiencing poor reproductive success be- 
cause of frequent parasitism may remain stable 
because they are rescued by immigration from 
healthy populations elsewhere (Smith et al. 
1996, Rogers et al. 1997). Only isolated popu- 
lations cut off from immigrants are denied the 
possibility of rescue. 

Three factors affect the cost of parasitism to 
a host population, and should therefore be con- 
sidered when estimating this cost. First, the se- 
lection of hosts by cowbirds determines the de- 
gree to which particular hosts in a community 
are affected. Host selection by cowbirds is high- 
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ly variable, with the same host species often ex- 
periencing different levels of use in different 
places (Robinson et al. 1995a). Second, costs to 
individual hosts are generally low where female 
cowbirds are scarce relative to hosts (< 1% of a 
host community). Finally, some taxa are intrin- 
sically more vulnerable to cowbird parasitism 
than others. Larger hosts such as Red-winged 
Blackbirds (Agekzius phoeniceus; Roskaft et al. 
1990) and Wood Thrushes (Hylocichla musteli- 
na; Hoover and Brittingham 1993) are resistant 
to parasitism and show little cost unless a nest 
receives two or more cowbird eggs (R@skaft et 
al. 1990, Trine in press). Other hosts, such as 
vireos, generally suffer severely even when par- 
asitized with one cowbird egg (Grzybowski et 
al. 1986; papers by Averill-Murray et al., Kus, 
and Chace and Cruz, this section). I now con- 
sider the papers in this volume. 

HOST SELECTION BY BROWN-HEADED AND 
BRONZED COWBIRDS 

Knowledge of local host selection is critical 
to estimating costs due to parasitism, as only 
hosts that are parasitized frequently are likely to 
show any population cost. The extensive survey 
of Halterman et al. found that, on average only 
23% of host species were ever parasitized in 
eight western National Parks. Among the para- 
sitized species, many were parasitized only 
once. In host species where over 20 nests were 
found, parasitism barely exceeded 10% for the 
four most commonly parasitized species: Bell’s 
Vireo (Vireo bellii), Warbling Vireo (V. gilvus), 
Wilson’s Warbler (Wilsonia pusillu), and Song 
Sparrow (Melospiza melodia). These data sug- 
gest that cowbirds living at low to moderate den- 
sities in extensive natural areas like large parks 
mainly use a few favored and suitable host spe- 
cies. In support of this pattern, Ellison found 
minimal parasitism of four species of sparrows 
in southern coastal California, while the Cali- 
fornia Gnatcatcher (Polioptilu californicu) was 
parasitized frequently at the same site (Braden 
et al. 1997b). Peer and Sealy also found very 
little use of almost all suitable hosts by Brown- 
headed and Bronzed (Molothrus aeneus) cow- 
birds at a site in Texas where the two species 
are sympatric, and community-wide levels of 
parasitism were low. The Northern Cardinal 
(Cardinalis cardinalis) was preferentially para- 
sitized (88% of all cases of parasitism) by both 
species of cowbird. Spautz found that the fre- 
quency of parasitism of Common Yellowthroats 
(Geothlypis trichas) varied strongly across hab- 
itats within a local area. 

In contrast to these cases of strong host selec- 
tion, Hahn et al. described seemingly unselective 
use of hosts in an area with dense cowbird pop- 

ulations and frequent multiple parasitism of sev- 
eral hosts (see Strausberger and Ashley 1997 for 
a similar pattern). They marked female cowbirds 
individually and radio-tracked some of these. 
Their paper also reports the first DNA-based 
analysis of host selection by cowbirds, and is 
pioneering because host selection is related to 
the use of space by individual cowbirds. As in 
a previous molecular study by Fleischer (1985), 
Hahn et al. found that individual cowbirds at 
Millbrook, NY, behaved as host generalists. In 
summary, host selection is still a poorly under- 
stood aspect of cowbird biology, but selectivity 
may vary inversely with the female cowbird: 
host ratio within a landscape. 

COSTS OF PARASITISM TO HOST INDIVIDUALS 

Several papers in this section found that cow- 
birds imposed high costs on host individuals. 
Chace and Cruz and Averill-Murray et al. report 
large costs for the Plumbeous Vireo (Vireo 
plumbeus) and Arizona Bell’s Vireos (V. bellii 
arizonae), respectively. In contrast, other papers 
report lower costs to individuals. Halterman et 
al. found that none of the many host species that 
they studied in eight western National Parks 
were parasitized frequently enough to reach their 
threshold (30% of nests parasitized) of concern 
about the population effects of parasitism. Whit- 
field and Sogge and Greene found generally 
high but spatially variable frequencies of para- 
sitism across several study sites for Willow Fly- 
catchers (Empidonux traillii) and Lazuli Bunt- 
ings (Passerinu amoenu), respectively. At some 
sites and years, all the bunting nests that Greene 
found were parasitized. These small hosts sel- 
dom rear any of their own young when a cow- 
bird egg hatches in their nests. 

Most estimates of individual costs, including 
many of those found here, are based on com- 
parisons of fledgling production in parasitized 
and unparasitized nests, and this estimate is sub- 
ject to biases (Lorenzana and Sealy). Only the 
paper by Sedgwick and Iko here measured the 
effect of parasitism on seasonal reproductive 
success, and made the useful comparison of pro- 
duction from parasitized nests, unparasitized 
nests, and all nests. Finally, Sedgwick and Iko 
calculated the first estimate of the lifetime cost 
of cowbird parasitism to individual hosts. Para- 
sitized females raised 45% fewer young than un- 
parasitized females over their life spans. 

The meta-analysis by Lorenzana and Sealy is 
a welcome application of this technique to stud- 
ies of brood parasitism. They summarized sev- 
eral of the most detailed studies of parasitism 
and calculated effect size for the numbers of 
host fledglings lost through parasitism. Losses 
varied in a coherent pattern with host size, with 
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smaller hosts losing more fledglings per attempt 
than larger hosts. 

COSTS OF PARASITISM TO HOST POPULATIONS 

It is much more difficult to estimate the ef- 
fects of parasitism on host populations than ef- 
fects on host individuals. To estimate costs to 
populations requires a demographic analysis of 
the effects of parasitism on host population 
growth. The paper by Sedgwick and Iko in this 
section is one of the most detailed demographic 
analyses of the consequences of parasitism con- 
ducted to date. They found that an average fre- 
quency of parasitism of 23% was insufficient to 
have a detectable influence on Willow Flycatch- 
er population growth in eastern Oregon. Their 
paper is also a benchmark for predicting the ef- 
fects of higher levels of parasitism on endan- 
gered populations of Southwestern Willow Fly- 
catchers (Empidonax traillii extimus; see Whit- 
field and Sogge, this section). 

Most estimates of the population-level costs 
of parasitism have employed formal demograph- 
ic modeling. The pioneering study by May and 
Robinson (1985) used difference equations to 
model population costs. Their results suggested 
that costs to populations could be severe, es- 
pecially in short-lived hosts. 

Current approaches usually employ matrix 
models (e.g., Greene, and Citta and Mills, this 
section), which are readily available in software 
packages for analyzing population viability. 
These models make simplifying assumptions 
(such as stable age distributions and density-in- 
dependent vital rates) that may make field biol- 
ogists uncomfortable, but they generate useful 
insights. Greene’s stochastic and deterministic 
models both predict that isolated local popula- 
tions of buntings are vulnerable to extinction 
when parasitized. In a second study of this host 
species, Greene et al. (this section) used land- 
scape models to estimate the amount of habitat 
where the Lazuli Bunting may be exposed to 
frequent cowbird parasitism. They found that 
virtually the entire range of the bunting in the 
state of Montana consists of good cowbird hab- 
itat, and concluded that the buntings are region- 
ally at risk of extinction. However, temporal and 
spatial variation in parasitism levels were both 
high (Greene, this section), and nearby source 
populations may reduce the risk of extinction 
below that suggested by the models, which did 
not incorporate dispersal. 

In a novel use of matrix models, Citta and 
Mills explore how cowbird control options af- 
fect population growth in cowbirds. They found 
several interesting results. First, cowbird popu- 
lation growth is very sensitive to the survival 
rate of cowbird eggs in host nests. Second, kill- 

ing adult cowbirds in the breeding season does 
little to reduce cowbird numbers in the future, 
an empirical result found by most cowbird re- 
moval programs. Modeling suggests that remov- 
als outside the breeding season would be more 
effective at reducing cowbird population growth, 
but Citta and Mills consider winter removals to 
be impractical because of the high dispersal ca- 
pability of the cowbird (see also Rothstein and 
Cook in press). Finally, the costly management 
practice of removing cowbird eggs from host 
nests (see Kus, this section) may do little to re- 
duce cowbird population growth. Citta and Mills 
also note that habitat alteration may be a more 
effective way of managing cowbirds than re- 
moval programs (see also papers in section III, 
this volume). 

The models in this section reveal that we still 
lack reliable estimates of some key demographic 
parameters needed to model the impacts of par- 
asitism reliably. The most difficult parameter to 
estimate is juvenile survival after fledging. Even 
the careful work of Sedgwick and Iko found that 
local juvenile survival was far too low (0.11) to 
fill local territorial vacancies, presumably be- 
cause open Willow Flycatcher populations in 
Oregon exchange dispersers frequently. Higher 
estimates of juvenile survival are available for 
island populations where water barriers frustrate 
dispersal. The mean proportion of juvenile Song 
Sparrows surviving from 30 days to breeding 
age on Mandarte Island, BC, was 0.37 (N = 15 
years, Arcese et al. 1992). Such estimates, how- 
ever, may not apply well to open populations on 
the mainland. Until we have the methods to 
measure juvenile dispersal and survival accu- 
rately in the field, all population models of the 
effects of parasitism will have considerable un- 
certainty associated with their predictions. 

A final way to estimate population and com- 
munity-level costs is by manipulative experi- 
ment. De Groot et al. showed that trapping fe- 
male cowbirds markedly reduced the frequency 
of local nest failure in the Song Sparrow, but 
trapping did not increase numbers of breeding 
sparrows the next year (M. J. Taitt and J. N. M. 
Smith, unpubl. data). Costs to a host population 
may be higher than those calculated from dif- 
ferential production of fledglings from parasit- 
ized and unparasitized nests, if cowbirds com- 
monly induce total nest failure in a species, as 
they seem to in the Song Sparrow (De Groot et 
al.; Arcese and Smith, in press). There are ad- 
ditional reasons to think that cowbirds contribute 
to source-sink dynamics in this species in the 
Pacific Northwest (Smith et al. 1996, Rogers et 
al. 1997). Data are needed to test if cowbirds 
markedly increase rates of total nest failure in 
species other than the Song Sparrow. Until it is 
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confirmed that cowbirds frequently depredate 
nests in a range of host species, De Groot et al.‘s 
result should not be used to justify broad-scale 
cowbird removal programs. Appropriate data 
can be obtained from pilot removal programs or 
by comparing sites with variable abundance of 
cowbirds (Arcese and Smith in press). 

De Groot et al. also report the first systematic 
attempt to measure community-wide impacts of 
cowbirds. They used a long-running cowbird re- 
moval program to test the idea that cowbirds al- 
ter quantitative patterns of host abundance in 
communities. Such effects are apparently pres- 
ent, but relatively weak, in pine forests of the 
Lower Peninsula of Michigan. 

Two types of management decisions should 
flow from accurate assessments of population 
costs that are due to cowbirds. First, new habitat 
restoration or cowbird removal programs should 
be initiated to reduce newly recognized and se- 
vere population costs. Second, if cowbird pres- 
sure on a host population is low, or has de- 
creased below a threshold of concern (see be- 
low), any management action already in prog- 
ress should be scaled down so that scarce funds 
are matched to current conservation priorities. 
The Southwestern Willow Flycatcher population 
on the South Fork of the Kern River (Whitfield 
and Sogge, this section; Whitfield et al., section 
III; Whitfield in press, Rothstein and Cook in 
press) may be a case of the latter type. Despite 
several years of cowbird trapping, and conse- 
quent large reductions in the local frequency of 
parasitism, there has been little recovery of fly- 
catcher numbers. Despite the lack of a popula- 
tion response at the South Fork Kern River, cow- 
bird control efforts to protect this subspecies 
elsewhere are being expanded (Rothstein and 
Cook in press). 

De Groot et al’s study is also of interest in 
this context. Costs of parasitism to individual 
Kirtland’s Warblers (Den&-&a kirtlundii) were 
high before 1972 (Walkinshaw 1983), and led to 
the initiation of a 26-year cowbird removal pro- 
gram to protect the warbler population (De- 
Capita in press). De Groot found that trapping 
was remarkably effective and removed virtually 
all cowbirds locally. However, she found only 
0.016 female cowbirds per suitable host (De 
Groot, unpubl. point count data) in jack pine (Pi- 
nus banksiana) habitat in Michigan > 10 km 
distant from trapping areas. This value is low 
enough to suggest that cowbirds are no longer 
abundant enough regionally to pose a serious 
threat to the warbler population. Cowbird num- 
bers have declined in the region since 1960 (Pe- 
terjohn et al. in press) and it may be time to 
cease killing cowbirds in part of the Kirtland’s 
Warbler’s breeding habitat. Such an action 

would test whether current cowbird removal 
programs to protect the warbler are still needed 
and would be timely, given recent suggestions 
that winter habitat, not reproductive output, lim- 
its warbler numbers (Haney et al. 1998). 

RULES OF THUMB FOR MAKING 
MANAGEMENT DECISIONS 

One rule of thumb used in this section is that 
parasitism is of concern (and a host population 
may need protective management) when the fre- 
quency of parasitism exceeds 30% (Halterman 
et al.). This rule originates from a paper by May- 
field (1977), who also noted in the same paper 
that Ovenbirds (Seiurus aurocapillus) repro- 
duced well despite 50% parasitism. It is of in- 
terest that only two of the papers in this section 
(Averill-Murray et al. and Chace and Cruz) re- 
ported average frequencies of parasitism of over 
50% across a region. Recent simulations by 
Grzybowski and Pease (in press) have revealed 
that the relationship between percent parasitism 
and seasonal reproductive success (seasonal fe- 
cundity) of hosts is complex, and that 30% of 
nests parasitized is probably much too low to be 
a threshold of concern in most populations. 

I therefore close with a suggested rule of 
thumb for managers to consider when contem- 
plating action to reduce the costs of cowbird par- 
asitism. I choose what might seem to be a high 
threshold for four reasons. First, there are few 
good examples of severe costs of parasitism to 
host populations (as opposed to high costs to 
host individuals, which are frequent). Second, 
some recent cases where moderate to high costs 
to individuals have been studied in detail in the 
field, they have had little or no effect on host 
populations (Smith and Arcese 1994, Rogers et 
al. 1997; Sedgwick and Iko, this section). Third, 
simulations by Grzybowski and Pease (in press) 
suggest that passetines can often tolerate fre- 
quencies of parasitism exceeding 50%. Finally, 
two studies where parasitism lowered mean host 
productivity so markedly that local populations 
were sinks (Robinson et al. 1995b, Rogers et al. 
1997) reported frequencies of parasitism of 65- 
95%. My suggested rule of thumb is: 

Managers should consider initiating cow- 
bird management programs when the fre- 
quency of parasitism in a sample of 30 or 
more nests gathered in a locality in each of 
two or more years, consistently exceeds 60%. 

Only one study in this section (Averill-Mur- 
ray et al.) meets this criterion. It may be no co- 
incidence that the Arizona Bell’s Vireo that they 
studied is a race of the only cowbird host that 
has shown consistent and large increases in local 
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numbers after effective cowbird removal (Kus, 
this section; Griffith and Griffith in press; but 
see Rothstein and Cook in press). 

My suggested rule, however, should be mod- 
ified if one or more of the following additional 
factors applies. If one or more of factors l-5 
below apply, a lower threshold of concern, per- 
haps > SO%, is appropriate. 

1. The habitat of the host is so poor, or so 
restricted in extent, that even unparasitized fe- 
males are reproducing poorly. 

2. The host species belongs to a particularly 
vulnerable taxon (e.g., vireos). 

3. The population of concern is spatially iso- 
lated and appropriately listed as threatened or 
endangered (Kus, and Whitfield and Sogge, this 
section). 

4. The host’s local or regional population has 
been in a prolonged state of decline (e.g., Whit- 
field and Sogge, this section). 

5. There is frequent multiple parasitism (e.g., 
Hahn et al. this section). 

If, however, factors 6-8 below apply, they 
would raise the threshold of concern. 

6. There is a period early in the year when 
the host can reproduce in the absence of cow- 
birds, as often seen in birds of the U.S. south- 
west (e.g., Finch 1983; Braden et al. 1997b; El- 
lison, this section). 

7. The host has a widespread distribution and 
generally healthy populations in much of its 
range, so that local populations performing 

poorly are likely to be rescued by immigration 
(Robinson et al. 1995b, Brawn and Robinson 
1996, Rogers et al. 1997). 

8. Host numbers are increasing locally in the 
absence of management action. 

A final and fairly common situation is that 
both brood parasitism and nest depredation are 
frequent locally (e.g., Brawn and Robinson 
1996, Rogers et al. 1997). Since cowbirds can 
behave like nest predators (see above), there is 
a possibility that cowbird management may 
solve both problems simultaneously. In other 
cases, predator management, not cowbird con- 
trol, may be the appropriate management action. 

In conclusion, the papers in this section offer 
many insights into host selection by cowbirds 
and the costs of parasitism. I encourage readers 
to distinguish costs severe enough to lower num- 
bers of adult hosts in the future, which are of 
considerable management significance, from 
those that merely reduce the breeding success of 
individual hosts without changing host numbers 
the following year. Managers will generally need 
detailed local data on host populations and par- 
asitism levels to make wise decisions. Even with 
such data, careful judgement will still be needed 
in deciding when to initiate or terminate cowbird 
management programs. 
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COWBIRD PARASITISM OF ARIZONA BELL’S VIREOS 
(VZREO BELLZZ ARZZONAE) IN A DESERT RIPARIAN LANDSCAPE: 
IMPLICATIONS FOR COWBIRD MANAGEMENT AND 
RIPARIAN RESTORATION 

ANNALAURA AVERILL-MURRAY, SUELLEN LYNN, AND MICHAEL L. MORRISON 

Abstract. We determined microhabitat characteristics associated with both nest-site selection by the 
Arizona Bell’s Vireo (Vireo bellii arizonae) and discovery of vireo nests by Brown-headed Cowbirds 
(Molothrus ater) on the Bill Williams River National Wildlife Refuge, Arizona, during the 1994 and 
1995 breeding seasons. Nest sites had greater foliage cover than random sites, particularly in the low 
canopy layer (0.7-4.5 m high). This may have concealed nests and/or parental activity from predators 
and brood parasites. The probability of nest discovery by cowbirds was a function of distance to a 
mature cottonwood or willow tree. Nests that were 5-12 m from a mature cottonwood or willow tree 
were 4.5 times more likely to be discovered by cowbirds than nests with a mature cottonwood or 
willow tree within 5 m. However, nests that were 12-30 m and >30 m from a mature cottonwood or 
willow tree were 1.3 and 3.2 times less likely to be discovered by cowbirds, respectively, than nests 
with a mature cottonwood or willow tree within 5 m. We also conducted point counts and monitored 
parasitization rates and nesting success in 1994, 1995, and 1997. The proportion of Bell’s Vireo nests 
parasitized ranged from 88% to 93% from late April to early July 1994 and 1995. Parasitization rates 
in 1997 were 38% for the entire breeding season and 58% for nests initiated after 29 April. The lower 
parasitization rate in 1997 may be related to several factors, including the initiation of cowbird control 
on the refuge in 1996 and decreased forage availability for Brown-headed Cowbirds with the tem- 
porary cessation of ranching operations upriver. The leading cause of nest failure was nest abandon- 
ment in 1994 and 1995, and predation in 1997. 

Key Words; Arizona Bell’s Vireo, parasitization rates, riparian restoration, vegetation management, 
Vireo bellii arizonae. 

Habitat loss and high parasitization rates by 
Brown-headed Cowbirds (Molothrus ater) are 
often related factors in the decline of songbird 
populations (e.g., Terborgh 1989, Rosenberg et 
al. 1991, Rothstein 1994). While cowbird para- 
sitism has been implicated in the near extirpation 
of several species, including Least Bell’s Vireo 
(Vireo bellii pusillus; Franzreb 1990) and Kirt- 
land’s Warbler (Dendroica kirtlandii; Walkin- 
shaw 1972), habitat loss is the ultimate cause 
behind these population declines. Cowbird con- 
trol via live-decoy trapping has been used suc- 
cessfully to manage small populations of neo- 
tropical migratory songbirds with narrow geo- 
graphic ranges (Robinson et al. 1993). However, 
habitat restoration on the breeding grounds 
through vegetation management may be a better 
option for permanently reducing parasitization 
rates and increasing nest success (Laymon 1987, 
Robinson et al. 1993, Larison et al. 1998, Staab 
and Morrison this volume). 

The relationship between vegetation features, 
Brown-headed Cowbird abundance, and brood 
parasitization rates is well documented. How- 
ever, past studies have primarily focused on 
landscape-level effects, such as total forest area, 
distance to edge, and level of habitat fragmen- 
tation (e.g., Robinson 1992, Paton 1994). Few 
studies have addressed the relationship between 

microhabitat features at nest sites and brood par- 
asitization rates (Robinson et al. 1995a), and few 
have considered the potential this information 
has as a management tool. 

Our study focused on identifying microhabitat 
characteristics associated with (1) nest-site se- 
lection by Arizona Bell’s Vireos (Vireo bellii ar- 
izonae) and (2) discovery of vireo nests by 
Brown-headed Cowbirds in the lower Colorado 
River Valley, Arizona. Many riparian-obligate 
songbirds have experienced population declines 
in this region since the turn of the century (Ro- 
senberg et al. 1991). The Arizona Bell’s Vireo 
(hereafter, Bell’s Vireo) has declined dramati- 
cally since the 1950s and is currently listed as 
endangered at the state level by the California 
Department of Fish and Game (Rosenberg et al. 
1991). 

Bell’s Vireos have been heavily parasitized in 
the lower Colorado River Valley since the early 
1900s (Brown 1903, Grinnell 1914) without ex- 
periencing population declines until recently 
(Rosenberg et al. 1991). The destruction of gal- 
lery cottonwood (Populus fremontii)-willow 
(Salix gooddingii) forests in the valley since the 
turn of the century has likely increased the vul- 
nerability of the Bell’s Vireo to cowbird para- 
sitism (Rosenberg et al. 1991). With the excep- 
tion of the cottonwood-willow and mesquite 

109 



110 STUDIES IN AVIAN BIOLOGY NO. 18 

River NWR 

- m Metropolitan Areas 

FIGURE I. Bill Williams River National Wildlife 
Refuge, Mohave and La Paz Counties, Arizona. 

(Prosopis spp.) woodlands of the Bill Williams 
River drainage, the Bell’s Vireo is no longer a 
common summer resident in the lower Colorado 
River Valley. To restore native vegetation (i.e., 
cottonwood, willow, and mesquite), revegetation 
efforts were initiated along the lower Colorado 
River in the 1970s (Rosenberg et al. 1991). As 
of 1997, few bird species nested in these reve- 
getation sites, and those that did experienced 
high parasitization and predation rates (A. Av- 
erill-Murray and S. Lynn, unpubl. data). There- 
fore, identification of vegetation features in cot- 
tonwood-willow forest associated with nests dis- 
covered by cowbirds may be useful in designing 
and managing revegetation sites. 

STUDY AREA 

Our study was conducted on the Bill Williams 
River National Wildlife Refuge (BWRNWR) lo- 
cated in the Sonoran Desert, La Paz and Mohave 
counties, Arizona (Fig. 1). The Bill Williams 
River is one of the principal tributaries of the 
lower Colorado River and is the site of the larg- 
est remaining stand of cottonwood-willow forest 
in the lower Colorado River Valley. However, 
the cottonwood-willow community has been al- 
tered by extended flooding, fire, and the intro- 
duction of saltcedar (Tamarix ramosissima; Ro- 
senberg et al. 1991). Though natural regenera- 
tion of cottonwoods and willows occurs along 
the Bill Williams River drainage, few old trees 
remain. 

Common understory species of the cotton- 
wood-willow forest included saltcedar, mesquite 
(Prosopis glandulosa), arrowweed (Pluchea ser- 
icea), Baccharis veminosa, and cattail (Typha 
latifolia). Surrounding vegetation was typical of 

the lower Colorado River biome; desert uplands 
were characterized by creosote bush (L.arrea tri- 
dentata), cholla cacti (Opuntia spp.), and sagua- 
ro (Carnegiea gigantea), and desert arroyos 
were characterized by ironwood (Olneya tesota), 
catclaw acacia (Acacia greggii), paloverde (Cer- 
cidium spp.), mesquite, and quail bush (Atriplex 
lentiformis). Several non-functional ranches bor- 
dered the riparian forest of the Bill Williams 
River, including one that temporarily ceased op- 
erations in 1994. These areas were typified by 
fallow fields bordered by a narrow band of mes- 
quite trees. 

METHODS 

AVIAN COMMUNITY SURVEYS 

We conducted 5-min point counts at 200-m 
intervals along transects established in the ripar- 
ian zone of the Bill Williams River. We sur- 
veyed 83 point-count stations in 1994 and 1995 
and 45 point-count stations in 1997. Data pre- 
sented here are for point-count stations that were 
surveyed in all three years. We used the variable 
circular plot method (Reynolds et al. 1980) to 
estimate the abundance of Brown-headed Cow- 
birds, Bell’s Vireos, and other cowbird host spe- 
cies. We truncated data at 60 m to increase the 
chance of detecting most birds while decreasing 
the chance of double counting birds at neigh- 
boring point-count stations. We conducted three 
surveys between late April and late June in 
1994, 1995, and 1997. We calculated the ratio 
of Brown-headed Cowbirds to suitable hosts, de- 
fined as species that accept cowbird eggs and 
feed their young insect diets (Rogers et al. 
1997). 

RATES OF BROOD PARASITIZATION AND 
NEST SUCCESS 

We searched for Bell’s Vireo nests from late 
April to early July 1994 and 1995 and early 
April through June 1997. In 1994 and 1995, we 
searched for nests within 50 m of point-count 
transects, concentrating on areas where Bell’s 
Vireos were heard singing during early-morning 
surveys. Additional nest-searching transects 
were established in areas characterized primarily 
by mesquite. In 1997, we established nine 5-ha 
nest-searching plots along point-count transects. 
We located nests by systematically searching 
vegetation and observing adult behavior (Martin 
and Guepel 1993). We monitored nests approx- 
imately every five days to determine brood par- 
asitization rates and nest failure. 

We calculated brood parasitization rates as the 
percent of all nesting attempts that were discov- 
ered by cowbirds. We considered a nest “dis- 
covered” if we found one or more cowbird eggs 
or nestlings in the nest or cowbird eggs on the 
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ground below the nest. We defined successful 
brood parasitism as those instances in which the 
cowbird egg was deposited early in a vireo’s 
nesting attempt (i.e., egg-laying or early incu- 
bation) and unsuccessful brood parasitism as 
those instances in which the cowbird egg was 
deposited in the nest during late incubation or 
subsequent to hatching. We considered a brood 
unparasitized if the nesting attempt did not fail 
prior to incubation and there were no cowbirds 
in the nest. This assumption is probably valid 
because (1) host species with small bills, such 
as Bell’s Vireos, probably do not eject cowbird 
eggs due to the large cost associated with this 
behavior (Rohwer and Spaw 1988), and (2) nests 
found during the brooding stage often contained 
three or four vireo nestlings (a full clutch size). 
We calculated the intensity of brood parasitiza- 
tion as the average number of cowbird eggs per 
discovered nest. 

We calculated nest success as the proportion 
of nests that successfully fledged at least one 
host young. We assumed that a nest was suc- 
cessful if fledglings were seen near the nest, if 
the nest had a flattened rim and fecal matter on 
the edge, or if the nest had large nestlings close 
to fledging age at the time of the last nest check 
and there was no subsequent evidence of dep- 
redation. We assumed that the number of fledg- 
lings was equivalent to the number of nestlings 
present in the nest at the last visit, as long as 
these nestlings were within a few days of fledg- 
ing. We attributed nest failure to complete pre- 
dation (loss of entire clutch or brood), parasit- 
ization (raising only cowbird young), abandon- 
ment following partial predation (in nests with 
or without cowbird eggs), abandonment of nests 
containing only cowbird eggs (no evidence of 
partial predation), abandonment during nest 
building, and unknown factors (Rogers et al. 
1997). 

We calculated parasitization and nest success 
rates in 1997 for (1) all nests and (2) nests found 
after 29 April to allow comparison with 1994 
and 1995 data. Cowbird control was initiated on 
BWRNWR in 1996. In 1997, we trapped cow- 
birds on two-thirds of the nest-searching plots, 
and we addled cowbird eggs on half of these 
plots. Ongoing research will examine the rela- 
tionship between parasitism, nest success, and 
varying levels of cowbird control. 

VEGETATION SAMPLING AT NEST AND 
RANDOM SITES 

We measured vegetation characteristics asso- 
ciated with nest sites at the end of the 1994 and 
1995 breeding seasons to quantify differences 
between nests that were and were not discovered 
by cowbirds. The location of each nest was 

broadly classified as being in either the cotton- 
wood-willow riparian zone or the mesquite 
woodland-desert wash zone. We measured spe- 
cific vegetation features at the nest and within a 
5-m radius circular plot centered on the ground 
below the nest (Appendix; Martin and Roper 
1988). We also measured vegetation character- 
istics within randomly placed 5-m radius circu- 
lar plots to determine which vegetation features 
were associated with nest-site selection for 
Bell’s Vireos. We examined nest-site selection 
within the general vegetation types associated 
with Bell’s Vireo nests by stratifying random 
plots among the nest-searching transects, one 
random plot per nest plot (Martin and Roper 
1988). We established a random plot for each 
nest found on a transect, including nests of other 
bird species, resulting in a larger number of ran- 
dom plots than Bell’s Vireo nest plots. We lo- 
cated plots by generating two random numbers, 
the first of which determined the distance along 
the transect and the second of which determined 
the distance away from the transect (O-50 m) at 
which to place each plot. We spun a compass to 
determine which side of the transect the plot 
would be located. On random plots we measured 
a subset of the variables measured at nest plots: 
distance to nearest shrub, distance to nearest ma- 
ture tree, canopy cover, ground cover, and ver- 
tical height diversity within a 5-m radius circle 
(Appendix). 

We calculated shrub and tree dispersion, plant 
species composition by height class, percent 
canopy and ground cover, and average nest con- 
cealment for use in vegetation analyses (Appen- 
dix). We used logistic regression to build two 
models, a model that would discriminate be- 
tween nest and random sites (hereafter, nest-site 
selection model) and a model that would dis- 
criminate between nests discovered and undis- 
covered by cowbirds (hereafter, parasitism mod- 
el). For the purpose of the model, we limited 
“discovered” nests to those containing success- 
fully parasitized broods; “undiscovered” nests 
included those nests in which no cowbird eggs 
or nestlings were found and those containing un- 
successfully parasitized broods. We decided on 
this grouping because nests discovered by cow- 
birds late in a vireo’s nesting attempt had a suc- 
cess rate closer to undiscovered nests than nests 
discovered by cowbirds early in a vireo’s nesting 
attempt (Averill 1996). This grouping also less- 
ened the disparity between sample sizes of dis- 
covered and undiscovered nests. Nests initiated 
before the onset of cowbird breeding were con- 
sidered unavailable for brood parasitism and 
were not included in the parasitism model. 

We screened vegetation variables with uni- 
variate analyses prior to logistic regression mod- 
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TABLE 1. PARASITIZATION RATES AND NESTING SUCCESS FOR THE BELL’S VIREO, BILL WILLIAMS RIVER NATIONAL 
WILDLIFE REFUGE, 1994-l 995 AND 1997 

Vanable description 1994 1995 1997= 

Number of nests studied 
Proportion of nests discovered by cowbirds 
Proportion of broods successfully parasitized 
Cowbird eggs per discovered nestb 
Cowbird eggs per successfully parasitized broodb 
Size of unparasitized clutchesb 
Size of parasitized clutchesb 
Proportion of nests succeeding 
Proportion of nests failing due to: 

Complete predation 
Abandonment after partial predation in nests con- 

taining cowbird eggs 
Abandonment with cowbird eggs in nest, no evi- 

dence of partial predation 
Abandonment with only host eggs in nest, no evi- 

dence of partial predation 
Abandonment during nest building 
Raised only cowbird young 
Unknown causes 

Vireos fledged per nestb 
Vireos fledged per successful nestb 

49 86 43 (26) 
0.88 0.93 0.38 (0.58) 
0.81 0.81 0.33 (0.54) 

1.66 + 0.83 1.94 Z 0.97 1.40 2 0.63 
1.75 + 0.84 2.07 2 0.98 1.46 Z 0.66 
3.50 + 0.58 3.20 2 0.45 3.62 2 0.50 
2.71 + 0.92 2.25 2 0.95 2.77 2 0.93 

0.11 0.11 0.66 (0.48) 

0.3 1 

0.29 

0.13 

0.00 0.00 
0.04 0.11 
0.09 0.07 
0.03 0.05 

0.31 2 0.97 0.24 ? 0.78 
2.80 t 1.30 2.50 f 0.93 

0.22 0.16 (0.24) 

0.29 0.08 (0.14) 

0.15 0.03 (0.05) 

0.03 (0.00) 
0.00 

0.05 (0.10) 
0.00 

1.41 2 1.37 (1.00 2 1.35) 
2.29 t 1.00 (2.44 2 0.88) 

aIn 1997, nest-searchmg efforts began three weeks earlier than 1994-1995. The first number includes all nests found in 1997. The number in 
parentheses includes only nests found after 29 Apnl, which 1s directly comparable to efforts in 199461995. 
h Means 5 SD. 

eling (Hosmer and Lemeshow 1989). We tested 
for significant differences between (1) nest and 
random sites, and (2) discovered and undiscov- 
ered nests with the Chi-square test for categor- 
ical variables and the Mann-Whitney U test 
(corrected for ties) for continuous variables. The 
significance level for entry into logistic regres- 
sion was set at 0.25 (Hosmer and Lemeshow 
1989). Independent variables were also screened 
for high intercorrelation. Only one of each pair 
of variables with a Pearson’s correlation coeffi- 
cient 2 IO.80 1 was selected for entry into the 
model. We used forward stepwise variable se- 
lection with variables entered into the model if 
the score statistic was CO.10 and removed from 
the model if the likelihood ratio was >O.l 1. 
There was a large disparity between sample 
sizes of discovered and undiscovered nests in 
the parasitism model. Therefore, we ran 50 lo- 
gistic regression analyses by subsampling from 
the larger outcome category (i.e., discovered 
nests). 

RESULTS 

AVIAN COMMUNITY SURVEYS 

In 1994-1995, the predominant songbird spe- 
cies in rank order of decreasing abundance were 
Brown-headed Cowbird, Yellow-breasted Chat 
(Zcteria virens), Song Sparrow (Melospiza me- 
lodia), Abert’s Towhee (Pipilo aberti), and 
Bell’s Vireo. The ratio of Brown-headed Cow- 

birds to suitable host species was 0.28. In 1997, 
the predominant songbird species in rank order 
of decreasing abundance were Yellow-breasted 
Chat, Bell’s Vireo, Blue Grosbeak (Guiruca ca- 
erulea), Common Yellowthroat (Geothlypis tri- 
chas), and Verdin (Auriparus Juviceps). The ra- 
tio of Brown-headed Cowbirds to suitable host 
species was 0.07. Potential nest predators that 
were detected on point counts included Bewick’s 
Wren (Thryomanes bewickii), Marsh Wren (Cis- 
tothorus palustris), Cactus Wren (Campylorhyn- 
thus brunneicupillus), Great-tailed Grackle 
(Quiscalus mexicanus), Greater Roadrunner 
(Geococcyx californianus), and Common Raven 
(Corvus corax). 

RATES OF BROOD PARASITIZATION AND 
NEST SUCCESS 

The proportion of Bell’s Vireo nests discov- 
ered by cowbirds in 1994-1995 ranged from 
88% to 93% (Table 1). The proportion of suc- 
cessfully parasitized broods was slightly lower 
(81%). However, this sample consisted mainly 
of nests initiated after April, with the earliest 
recorded parasitism event occurring on 2 May. 
In 1997, discovery rates were lower: 38% for all 
nests (including those initiated in early April) 
and 58% for nests found after 29 April. We 
found no cowbird eggs prior to 8 May in 1997. 
Fifty percent of discovered nests received more 
than one cowbird egg in 1994, and 61% received 
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TABLE 2. RESULTS OF UNIVARIATE AND FORWARD STEPWISE LOGISTIC REGRESSION ANALYSES FOR BELL’S VIREO 
NEST-SITE SELECTION AND PARASITISM MODELS 

Variable 

Mann-Whttney U 

U Statistic P-V4lK 

Loglstlc rrgression 

Coeff. (B) + SE Wald statistic P-value 

Nest site selection modelb 

Foliage cover, 0.7-4.5 m high 5377.5 CO.01 0.021 + 0.005 16.28 CO.01 
Total mesquite foliage cover 8122.5 CO.01 0.019 + 0.005 14.36 CO.01 
Saltcedar cover, 4.6-7.5 m high 7716.0 CO.01 0.022 + 0.009 5.91 0.02 
Mean distance to tree >8 cm dbh 7210.5 CO.01 -0.042 -t 0.022 3.66 0.06 
Total saltcedar foliage cover 7689.5 CO.01 0.009 -c 0.005 3.11 0.08 

Parasitism modelC 

Distance to cottonwood or willow tree >8 cm dbh 514.0 0.02 -0.015 2 0.006 5.47 0.02 

a Vanables that were included in forward stepwise lagistic regression models 
h Model x2 = 76.01, P i 0.01. 
CModel x2 = 6.09, P = 0.01. 

multiple cowbird eggs in 1995, with an average 
of 1.66 and 1.94 cowbird eggs per nest in 1994 
and 1995, respectively. In 1997, the percent of 
nests with multiple cowbird eggs was lower 
(33%). 

Clutch size (i.e., the number of vireo eggs per 
clutch) was significantly lower in discovered 
than undiscovered nests in all but one year 
(1994: U = 16.0, P = 0.07; 1995: U = 40.5, P 
= 0.02; 1997: U = 46.0, P = 0.01; Table 1). 
Success rates were also significantly lower for 
parasitized broods in all but one year, despite the 
fact that we addled cowbird eggs in 40% of the 
parasitized broods in 1997 (Fisher’s Exact Test; 
1994: P = 0.08; 1995: P < 0.01; 1997: P < 
0.01). All of the parasitized broods that success- 
fully fledged vireo young in 1997 were located 
in nest-searching plots in which cowbird eggs 
were addled. The proportion of nests that 
fledged vireo young was very low in 1994 and 
1995 compared to 1997, even if only nests ini- 
tiated after 29 April are considered. The leading 
cause of nest failure in 1994 and 1995 was nest 
abandonment (approximately half of all nests 
were abandoned, either during nest building, egg 
laying, or incubation). The majority of aban- 
doned nests appeared to be discovered and par- 
tially depredated by cowbirds prior to desertion. 
Complete predation was the leading cause of 
nest failure in 1997, accounting for 16% of nest 
loss (24% for nests found after 29 April). In 
1994 and 1995, 31% and 22% of nests, respec- 
tively, failed due to complete predation. 

NEST-SITE SELECTION MODEL 

We measured vegetation at 129 Bell’s Vireo 
nests and 154 random sites. Sixty-seven percent 
of nests were located in the cottonwood-willow 
riparian zone, and 33% were located in the mes- 
quite-desert wash zone. Seven plant species 
were used as nest substrates: 52% of nests were 

in saltcedar, 28% were in mesquite, 10% were 
in arrowweed, 6% were in cottonwood or willow 
trees, and the remaining 4% were in either Bac- 
charis sp. or quail bush. Vegetation structure at 
nest and random plots was significantly different 
(P < 0.25) for 16 variables, all of which were 
used in the forward stepwise logistic regression 
procedure. These variables included distance to 
the closest shrub and mature tree; canopy and 
ground cover within 5 m; foliage cover in all 
height categories except >7.5 m; and cotton- 
wood-willow, saltcedar, mesquite, arrowweed, 
and total shrub foliage cover within 5 m. 

Five variables were significant predictors of 
nest-site selection (Table 2). These variables are 
listed in Table 2 in rank order of their relative 
contribution to the model. Nest sites had greater 
foliage cover in the low tree canopy layer (0.7- 
4.5 m high) than random sites. Nest sites were 
also characterized by greater mesquite and salt- 
cedar foliage cover and a shorter average dis- 
tance to a tree X cm dbh (Fig. 2). 

PARASITISM MODEL 

Vegetation structure at discovered and undis- 
covered nests was significantly different (P < 
0.25) for ten variables, all of which were used 
in the forward stepwise logistic regression pro- 
cedure (Table 3). Only one variable, distance to 
cottonwood or willow tree >8 cm dbh, met the 
criteria for entry into the model when all cases 
were considered. Nests discovered by cowbirds 
were generally closer to a mature cottonwood or 
willow tree than undiscovered nests (Fig. 3). 
When we transformed this continuous variable 
into a categorical variable based on quartile 
ranges (Hosmer and Lemeshow 1989), a specific 
pattern emerged. Nests that were 5-12 m from 
a mature cottonwood or willow tree were 4.5 
times more likely to be discovered by cowbirds 
than nests with a mature cottonwood or willow 
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FIGURE 2. Box and whisker plots for variables included in the nest-site selection model: (A) Percent foliage 
cover, 0.7-4.5 m high, within 5 m of nest; (B) Total mesquite foliage cover within 5 m of nest; (C) Saltcedar 
foliage cover, 467.5 m high, within 5 m of nest; (D) Mean distance to the closest tree >8 cm dbh; (E) and Total 
saltcedar foliage cover within 5 m of nest. Box and whiskers represent 25th and 75th percentile values and minimum 
and maximum values, respectively. Dark square represents median value. Figure continued next page. 

tree within 5 m. However, nests that were 12- No nests that were placed within a cottonwood 
30 m and >30 m from a mature cottonwood or or willow tree were discovered by cowbirds, 
willow tree were 1.3 and 3.2 times less likely to whereas 83% of nests in saltcedar, 88% of nests 
be discovered, respectively, than nests with a in mesquite, and 67% of nests in shrubs (arrow- 
mature cottonwood or willow tree within 5 m. weed, quail bush, and Baccharis sp.) were dis- 
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FIGURE 2. Continued. 

covered by cowbirds (x2 = 3.80, P = 0.28). Ad- wood-willow riparian zone (92%) and the mes- 
ditionally, there was not a significant difference quite-desert wash zone (89%). 
(Fisher’s exact test, P = 0.41) in the proportion When regression models were built by subsam- 
of nests discovered by cowbirds in the cotton- pling from the discovered nest category, all ten 

TABLE 3. VEGETATION VARIABLES USED IN LOGISTIC REGRESSION ANALYSES FOR BELL’S VIREO PARASITEM 
MODEL, BILL WILLIAMS RIVER NATIONAL WILDLIFE REFUGE, 1994-1995 

Variablea U statistic P-V4U.Z 

Percent of LR 
models in whxh 

vanablr was 
mcluded” 

Distance to cottonwood or willow tree >8 cm dbh 
Nest height 
Average lateral concealment at nest 
Total cottonwood and willow foliage cover 
Total shrub foliage cover 
Canopy cover within nest patch 
Foliage cover, 0.0-0.6 m high 
Mean distance to shrub 
Cottonwood and willow cover, 4.6-7.5 m high 
Cottonwood and willow cover, 0.7-4.5 m high 

514.0 0.02 36 
576.5 0.05 24 
525.5 0.09 24 
646.5 0.11 14 
639.0 0.12 10 
632.5 0.14 18 
646.0 0.15 8 
612.5 0.19 12 
688.0 0.22 6 
690.0 0.23 4 

a Variables used in forward stepwise logistic regression modeling based on univariate screemng at P < 0.25. 
h Percent of forward stepwise logistic regression models in which variable was included when 50 analyses were run by subsampling from larger 
outcome group (successfully parasitized broods). 
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FIGURE 3. Box and whisker plots for variables included in >20% of the parasitism models built by subsam- 
pling: (A) Distance to the closest cottonwood or willow tree >8 cm dbh; (B) Nest height; and (C) Average 
lateral cover at the nest. For purposes of this model, “discovered” refers to nests that were found by cowbirds 
early in a vireo’s nesting attempt (egg-laying or early incubation); “undiscovered” refers to nests that were 
never found by cowbirds or were found late in a vireo’s nesting attempt (mid-incubation or later). See Fig. 2 
legend for details on box and whisker plots. 

vegetation structure variables were included in at nest-were included in more than 20% of the sub- 
least two models (Table 3). However, only three sampled models. Nests discovered by cowbirds 
variables_‘istance to cottonwood or willow tree, were placed higher and had greater lateral con- 
nest height, and average lateral concealment at the ceahnent than undiscovered nests (Fig. 3). 
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DISCUSSION 

PARASITIZATION RATES AND NESTING SUCCESS 

Years of high cowbird abundance: 1994-1995 

The Brown-headed Cowbird was the most 
abundant passerine species on BWRNWR be- 
tween late April and late June, 1994 and 1995. 
There were 11 suitable host species breeding on 
the refuge, and the ratio of cowbirds to suitable 
hosts was 0.28. Ratios above 0.10 have been as- 
sociated with high levels of brood parasitism in 
other regions (Donovan et al. in press, Thomp- 
son et al. in press, cited in Rogers et al. 1997). 
On BWRNWR, 88-93% of Bell’s Vireo nests 
found between late April and early July 1994 
and 1995 had at least one cowbird egg or nest- 
ling, and over half of these had more. 

Bell’s Vireos typically arrive in the lower Col- 
orado River Valley in mid-March and begin 
breeding in late March to early April (Rosenberg 
et al. 1991, A. Averill-Murray, pers. obs.). 
Therefore, parasitization and nest success rates 
in 1994 and 1995 are not representative of the 
entire breeding season (i.e., early-season nests 
and first brood attempts are under-represented). 
In 1997, the parasitization rate for late-season 
broods was 20% higher than the parasitization 
rate for the entire breeding season. This suggests 
that parasitization rates may also have been low- 
er in April 1994 and 1995, before we started nest 
searching. 

Parasitization rates along the Bill Williams 
River were high relative to other locales along 
the Colorado River. Brown (1994) reported par- 
asitization rates of 7% for the Bell’s Vireo (N = 
57) in Grand Canyon National Park. On the oth- 
er hand, parasitization rates 2 50% have also 
been documented for the Kirtland’s Warbler 
(Walkinshaw 1983), Black-capped Vireo (Vireo 
atricapillus; Gryzbowski, unpubl. data, Tazik 
and Cornelius, unpubl. data, cited in Robinson 
et al. 1995a), and Least Bell’s Vireo (Goldwas- 
ser et al. 1980, Franzreb 1989a) prior to cowbird 
control. These species breed in a wide range of 
habitats, ranging from jack pine (Pinus banksi- 
ana) forest to scrub vegetation to riparian wood- 
land. However, all require or prefer early suc- 
cessional stages for breeding (Robinson et al. 
1995a). 

Bell’s Vireos experienced low nesting success 
on BWRNWR between late April and early July, 
1994 and 1995. Cowbird parasitism directly or 
indirectly accounted for the failure of approxi- 
mately 50% of nests in 1994 and 1995. Barlow 
(1962) also reported that brood parasitism by 
Brown-headed Cowbirds was the primary cause 
of low nest success for Bell’s Vireos. Approxi- 
mately 43% of vireo nests along the Bill Wil- 
liams River were abandoned shortly after they 

were discovered by cowbirds. Nest desertion is 
a common rejection behavior in small host spe- 
cies (Friedmann 1963, Graham 1988). Though 
nest abandonment may lower total reproductive 
success by limiting the number of broods a fe- 
male successfully rears, this strategy may be 
preferable for small host species that incur a 
higher fitness by raising one unparasitized brood 
rather than two parasitized broods (Petit 1991). 
Bell’s Vireos rarely fledge their own young from 
parasitized broods (Mumford 1952, A. Averill- 
Murray, pers. obs.). This may partly explain the 
high desertion rate of parasitized broods ob- 
served in this species. 

Twenty-two to 31% of nests failed due to 
complete predation in 1994 and 1995. The ma- 
jority of depredated nests were undisturbed (i.e., 
the nest was not missing or tom and the nest 
lining was not pulled up; A. Averill-Murray, un- 
publ. data) suggesting that snakes may be a 
common nest predator in this region. In fact, 
common kingsnakes (Lmnpropeltis get&a) were 
seen near nests on more than one occasion. 

Year of low cowbird abundance: 1997 

In 1997, the ratio of Brown-headed Cowbirds 
to suitable host species was lower than 0.10, and 
this was correlated with lower parasitism rates 
on Bell’s Vireos (38% of nests discovered by 
cowbirds, 58% of nests found after late April). 
The incidence of multiple parasitism was also 
substantially lower. Several factors may have 
contributed to the lower number of cowbirds on 
BWRNWR in 1997: (1) cowbird trapping efforts 
removed a total of 264 female cowbirds in 
1996-1997; (2) temporary cessation of ranching 
operations upriver in 1994 may be limiting for- 
age availability for cowbirds; and (3) unknown 
factors on the wintering grounds and during mi- 
gration may be contributing to a decline in cow- 
bird numbers. The shift in rank relative abun- 
dance of other avian species on the BWRNWR 
may be attributable, in part, to random variation 
and interobserver variability. In addition, the ac- 
tual change in abundance of any particular host 
species relative to other host species between 
study years was small. For example, Bell’s Vir- 
eos comprised 12% of the detections of suitable 
cowbird host species in 1994-1995 (0.50 vireos/ 
point) and 15% of the detections in 1997 (0.53 
vireos/point). 

Nest success was high in 1997, 66% overall 
and 48% for nests found after 29 April. This is 
also high compared to values reported for pas- 
serine species in other studies. Martin (1992) re- 
viewed published reports of nesting success for 
32 species from 35 different studies or locations 
and found an average nest success of 44% based 
on fraction estimates (the number of successful 
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nests divided by the total number of nests stud- 
ied). Complete predation was the primary nest 
mortality agent for Bell’s Vireos along the Bill 
Williams River in 1997, as is typical for many 
species in other locales (Martin 1992). Nest 
abandonment dropped dramatically, from 55% 
in 1995 to 14% in 1997. 

On BWRNWR, there were several occasions 
where cowbird eggs were found on the ground 
below a nest, pierced on a branch near a nest, 
or broken inside a nest. This frequently coincid- 
ed with the appearance of another cowbird egg, 
suggesting that female cowbirds with overlap- 
ping laying areas may remove the eggs of com- 
peting cowbirds. In addition, the partial brood 
reduction of a Yellow-breasted Chat nest in 1997 
coincided with the appearance of a cowbird egg. 
A bloody chat nestling was discovered dangling 
from the nest. Nestling removal by cowbirds has 
also been documented by other researchers 
(Scott and McKinney 1994, Sheppard 1996). 

Bell’s Vireo populations in the lower Colo- 
rado River Valley have been heavily parasitized 
since the turn of the century (Brown 1903, Grin- 
nell 1914); however, this species is still found in 
isolated pockets, including the Bill Williams 
River delta (Rosenberg et al. 1991). Rothstein 
(1994) suggested that parasitization rates report- 
ed by early researchers may apply only to the 
nests most easily located (i.e., those on the edge 
of dense riparian forest). The landscape of the 
lower Colorado River Valley has changed dra- 
matically since 1900: the riparian corridor is 
narrow and fragmented with little interior forest 
remaining (Robinson et al. 1993). Along the Bill 
Williams River, Bell’s Vireos were not typically 
found in dense, interior cottonwood-willow 
stands but were common in forest edges, early 
successional stands of cottonwood and willow, 
and shrubby mesquite groves. Bell’s Vireos may 
be persisting along the Bill Williams River be- 
cause some birds arrive early enough to produce 
first broods before the cowbird breeding season 
fully commences. There is evidence that first 
broods in 1994 and 1995 experienced low par- 
asitization rates; we found no cowbird eggs in 
April, and there were sightings of vireo fledgling 
groups during May, 1994 and 1995. 

Bell’s Vireos may still be in danger of region- 
al extirpation if brood parasitization remains at 
the current level. Parasitization rates >25% 
(Robinson et al. 1993) or >30% (Laymon 1987) 
could threaten the persistence of local popula- 
tions of host species. Though cowbird control 
may lower parasitization rates in the lower Col- 
orado River Valley (A. Averill-Murray and M. 
L. Morrison, unpubl. data), it is not a permanent 
solution and may not be effective over large, 
fragmented landscapes with agricultural areas 

that provide cowbirds with numerous feeding 
grounds. Habitat restoration through revegeta- 
tion of native plant species may be the key to 
maintaining many local breeding bird popula- 
tions. Determining vegetation features associat- 
ed with nest-site selection by sensitive songbird 
species and nest discovery by cowbirds will aid 
in the planning of revegetation sites along the 
lower Colorado River. 

VEGETATION FEATURES ASSOCIATED WITH NEST- 
SITE SELECTION AND PARASITISM 

In the lower Colorado River Valley, Bell’s 
Vireos were most abundant in cottonwood-wil- 
low forest (A. Averill-Murray and S. Lynn, un- 
publ. data). Within this general vegetation type, 
percent cottonwood-willow foliage cover did not 
differ (P > 0.15) between nest and random plots. 
However, Bell’s Vireos selected nest sites with 
greater saltcedar foliage cover than random 
sites, especially in the middle canopy layer (4.6- 
7.5 m high). The majority of nests (52%) were 
in saltcedar while only 6% of nests were in cot- 
tonwood or willow trees. Therefore, saltcedar 
may be an important understory component for 
shrub-nesting species along the Bill Williams 
River. On the other hand, monotypic stands of 
saltcedar do not attract and support many birds 
in the lower Colorado River Valley, although 
this tree species is heavily used in other areas of 
the southwest (Hunter et al. 1988). This regional 
difference is attributed to saltcedar’s lack of 
structural complexity and inability to provide 
shelter from the extreme summer heat typical of 
the lower Colorado River Valley. However, salt- 
cedar may provide suitable nesting sites when 
an overstory of cottonwood or willow provides 
shelter from the extreme summer heat. 

The nest-site model further indicated that 
Bell’s Vireos may be selecting mesquite. Twen- 
ty-eight percent of Bell’s Vireo nests were 
placed in mesquite trees; 33% of nests were lo- 
cated in areas typified by mesquite and other 
desert wash vegetation. Of 12 general vegetation 
types found in the lower Colorado River Valley, 
Bell’s Vireos were abundant in mesquite vege- 
tation, second only to the cottonwood-willow as- 
sociation (A. Averill-Murray and S. Lynn, un- 
publ. data). 

Bell’s Vireo nests were associated with veg- 
etation features that potentially affect nest con- 
cealment. For example, nest plots had higher 
percent foliage cover in the low canopy layer 
(0.7-4.5 m high) than random plots. This cor- 
responds to the height at which most Bell’s Vir- 
eo nests were placed (0.5-3.8 m). High foliage 
cover in the low canopy layer may have con- 
cealed nests or parental activity from predators 
and brood parasites and may be indicative of a 
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high number of potential nest sites nearby. This 
could lower predator or parasite search efficien- 
cy by increasing the number of sites that must 
be searched (Martin 1988). Likewise, Staab 
(1995) and Staab and Morrison (this volume) 
found that greater vegetation volume near the 
nest significantly reduced the likelihood of par- 
asitization for several host species breeding in a 
riparian area of central Arizona. 

Tall cottonwood or willow trees near vireo 
nests may have aided nest discovery by cow- 
birds. Cowbirds use tall trees as perches from 
which to survey the surrounding area for nests 
to parasitize (Norman and Robertson 1975), and 
parasitization rates have been shown to increase 
with proximity of tall trees (Alvarez 1993) and 
snags (Anderson and Storer 1976). Tall trees 
with adjacent open areas may allow cowbirds to 
observe the movements and behaviors of poten- 
tial hosts more easily than when host activities 
are confined to more interior, dense patches of 
vegetation. Brittingham and Temple (1996) 
found that parasitized broods occurred in nests 
characterized by a more open subcanopy (3-10 
m) and canopy (>lOm) than nests with unpar- 
asitized broods. This may have enabled cow- 
birds to find elevated perches with unobstructed 
views of host activity in the understory vegeta- 
tion. 

Bell’s Vireo nests discovered by cowbirds had 
greater lateral concealment than undiscovered 
nests. However, vireo nests were typically 
placed within a small clearing in the shrubby 
undergrowth and were rarely well concealed 
from close range. Brittingham and Temple 
(1996) suggested that host species that nest in 
shrubs within small openings may be particular- 
ly vulnerable to parasitism, especially when po- 
tential cowbird perches are nearby. In addition, 
Bell’s Vireos are not secretive around their nest 
but rather sing and scold aggressively. There- 
fore, host behavior may have further aided cow- 
bird nest-searching efforts. 

In conclusion, we have identified vegetation 
characteristics associated with cowbird nest dis- 
covery in cottonwood-willow forest that could 
be useful in designing and managing revegeta- 
tion sites. High vegetation volume in the low 
canopy layer may be an important component of 
breeding habitat for many shrub-nesting species 
by concealing nests from predators and brood 
parasites. Saltcedar is the predominant woody 
species providing foliage cover at nests along 
the Bill Williams River. Therefore, removal of 
saltcedar per se is not a preferred management 
technique unless dense, native vegetation (e.g., 
willow, mesquite) is reestablished. Additionally, 
revegetation efforts that focus on planting rows 
of cottonwoods without providing for a dense 
understory could actually enhance the ability of 
cowbirds to locate nests by providing elevated 
survey perches with unobstructed views. 
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APPENDIX 1. VEGETATION VARIABLES MEASURED AT NEST AND RANDOM PLOTS AND CALCULATED VARIABLES 
USED IN LOGISTIC REGRESSION ANALYSES 

Variable Description 

Measured variables 

Nest substrate type Plant species in which nest was located. 
Height of nest Measured with a pole calibrated to decimeters or a tape measure. 
Height of nest substrate Measured with a pole calibrated to decimeters. If the plant substrate was >6..5 m, 

substrate height was visually estimated using the pole as a reference. 
Nest concealment Vegetation cover below, above, and lateral to nest. Lateral nest concealment was 

measured one meter from the nest in each of the four cardinal directions. A 
25-cm diameter circle was projected onto the nest and the percent of the circle 
obscured by vegetation was estimated (Martin and Roper 1988, Ralph et al. 
1993). Concealment above and below the nest was the percent obscurement of 
a 25cm diameter circle centered on the nest and projected to the ground and 
through the canopy. 

Distance to closest shrub Distance to the closest shrub/sapling (woody plant >0.6 m tall and (2.5 cm dbh) 
and mature treea and tree (>8 cm dbh) in each of four quadrants formed by extending perpen- 

dicular lines in the cardinal directions from a point directly below the nest or 
random site. Measured with a tape measure or estimated by pacing. 

Distance to closest ma- Distance from nest to closest cottonwood or willow tree >8 cm dbh. Measured 
ture cottonwood or with a tape measure or estimated by pacing. 
willow tree 

Cottonwood and willow Estimated as the number of cottonwood or willow trees >8 cm dbh within 30 m 
tree density of the nest. 

Vertical height diversity Estimated using the point-intercept method (Bonham 1989). Two 5-m radii were 
within 5 ma established, centered on the nest/random site and oriented in the east-west di- 

rection. At meter intervals, we recorded the plant species whose foliage inter- 
cepted an imaginary vertical line that was divided into four height categories 
following Anderson and Ohmart (1986): 0.0-0.6 m, 0.7-4.5 m, 4.6-7.5 m, and 
>7.5 m. Estimates were aided by the use of an ocular tube (James and Shugart 
1970). 

Canopy and ground Estimated by sighting up and down through an ocular tube and recording pres- 
cover within 5 ma ence or absence of vegetation cover where the crossthreads intersect. Measure- 

ments taken at meter intervals along east-west radii. 

Calculated variables 

Average lateral Average percent lateral concealment from the four cardinal directions. 
concealment at nest 

Total nest concealment Sum of lateral, above, and below nest concealment. 
Minimum and mean dis- 1) Distance to the closest shrub and tree >8 cm dbh and 2) average distance to 

tance to closest shrub the closest shrub and mature tree in four quadrants formed by extending per- 
and mature tree pendicular lines in the cardinal directions from a point directly below the nest 

or random site. 
Dispersion index for Coefficient of Variation [(standard deviation/mean) X lOO] for distance to closest 

shrubs and mature shrub and mature tree 
trees 

Percent live foliage The number of times foliage was recorded in a particular height interval divided 
cover by height class by the total number of sample points. 
within 5 m 

Percent plant species The percent of sample points within 5 m of nest/random site at which each plant 
composition within species was recorded. Percent cover by plant species was also calculated for 
5m each of the four height categories. 

Percent ground and Percent of sample points at which ground or canopy cover was recorded. 
canopy cover within 
5m 

a Vegetation characteristics measured at random sites. 
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WHAT DO DEMOGRAPHIC SENSITIVITY ANALYSES TELL US 
ABOUT CONTROLLING BROWN-HEADED COWBIRDS? 

JOHN J CITTA AND L. SCOTT MILLS 

Abstract. While Brown-headed Cowbird (Mofothrus ater) control efforts are fairly common, the 
effects of control programs on cowbird populations are unknown. We apply analytical-based and 
simulation-based demographic sensitivity analysis to the problem of cowbird management. Collec- 
tively, the analyses indicate that natural variation of egg survival likely determines population growth 
when mean values of egg survival are low (yet plausible) or when high variation exists around mean 
rates. When the natural range of egg survival does not encompass low rates, yearling survival increases 
in importance. Due to uncertainty in vital rates, it is currently impossible to ascertain the true sensitivity 
of these two vital rates. Management actions that decrease only adult survival on breeding ranges are 
not expected to regulate population growth. In contrast, trapping on wintering ranges is expected to 
be more effective as this technique reduces both adult and yearling survival. However, the impacts of 
winter trapping may be swamped by high egg survival. When this analysis is combined with life 
history and logistical realities, we believe that widespread trapping efforts will be largely ineffectual 
for controlling cowbird populations on either breeding or wintering ranges. We suggest that cowbird 
vital rates be specifically examined with respect to host communities, vegetation type, and land use 
in order to rank management priorities. 

Key Words: Brown-headed Cowbird, cowbird management, demographic analysis, Mobthus ater, 
population control, sensitivity analysis. 

Land managers have long realized that Brown- 
headed Cowbirds (Molothrus ater) may decrease 
nesting success of passerine hosts (e.g., Hof- 
slund 1957, McGeen 1972, Mayfield 1977, El- 
liott 1978, Brittingham and Temple 1983, 
Weatherhead 1989). Due to the negative effect 
cowbirds have on some host species, land man- 
agers have attempted to control cowbird popu- 
lations since the early 1970s. For example, con- 
trol programs in Michigan typically remove 
3,000 or more female cowbirds and cowbird 
eggs yearly (Kelly and DeCapita 1982; M. 
DeCapita, pers. comm.) and trapping efforts on 
the Ft. Hood military reservation in Texas re- 
move upwards of 3,000 to 5,000 female cow- 
birds per year (J. D. Cornelius, pers. comm.). 
These control programs usually target cowbirds 
to protect federally listed endangered species 
and commonly involve the removal of adults 
from feeding areas (Rothstein et al. 1987), the 
removal of adults and yearlings from communal 
wintering areas (J. D. Cornelius, pers. comm.), 
and to a much lesser extent, the removal of eggs 
from host nests. While cowbird control efforts 
are fairly common and such efforts are capable 
of decreasing parasitism rates, the effect of such 
efforts on cowbird population growth remains 
unknown. 

Better knowledge of cowbird population dy- 
namics is necessary to assess the efficacy of cur- 
rent management strategies and to aid the design 
of more efficient management strategies. Here 
we apply traditional techniques and new matrix- 
based techniques of sensitivity analysis to in- 
vestigate how different management options 

may influence cowbird population dynamics. 
Specifically, we use sensitivity analysis to deter- 
mine how we can most effectively decrease the 
growth rate of cowbird populations. Our objec- 
tives are three-fold: (1) to determine the relative 
importance of various demographic components 
to Brown-headed Cowbird annual population 
growth rates (A); (2) to determine the robustness 
of model predictions when vital rate estimates 
vary due to measurement error and/or environ- 
mental variation; and (3) to discuss the impli- 
cations of this analysis for management and re- 
search. 

METHODS 

We examine the sensitivity of annual popu- 
lation growth rate (X) to perturbations in specific 
Brown-headed Cowbird vital rates with tradi- 
tional analytical-based and new simulation- 
based techniques. 

ANALYTICAL-BASED TECHNIQUES 

Traditional sensitivity analysis (Caswell 1989) 
is an analytical technique used to evaluate ex- 
pected response of population growth rates to 
perturbations in single vital rates (i.e., birth or 
death rates) one-at-a-time and by equal amounts. 
Sensitivity, as defined by Caswell (1989), is the 
absolute infinitesimal change in population 
growth rate given an absolute infinitesimal 
change in a vital rate, while all other vital rates 
are held constant. If a is a matrix of transition 
probabilities, v and w are the vectors of repro- 
ductive values and stable age distributions 
(SAD) associated with matrix a, respectively, 
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and (VW) is the scalar product of the two vectors, 
the sensitivity of matrix element a,, (row i, col- 
umn j) is equal to: 

viw, 
Sensitivity (s,,) of a,, = - 

i 1 (vw) . 
(1) 

Elasticities are similar, but are calculated on 
a proportional scale, where h is the geometric 
population growth rate at SAD: 

Elasticity (e,,) of aij = 
viwj 3 

( 10 (VW) A 
(2) 

Intuitively, elasticity is the sensitivity of u,~ 
weighted by its proportional change with A. The 
change in vital rates and A is assumed to be in- 
finitesimal and linear. 

When matrix elements are composed of more 
than one vital rate, component sensitivities and 
elasticities can be calculated for each vital rate 
that appears in one or more matrix elements. 
Chain rule differentiation is required for each a,, 
that contains a particular vital rate x. For n ele- 
ments that contain vital rate X, the sensitivity and 
elasticity of x are: 

Component sensitivity of vital rate x 

= i [(s,,)(product of non-x components)] 

(3) 

Component elasticity of vital rate x 

= (Component sensitivity of vital rate n) X 
0 

. 

(4) 

What do analytical techniques of sensitivity 
analysis imply biologically? Because sensitivity 
and elasticity are partial derivatives, they rep- 
resent the slope of the relationship between a 
small change in a vital rate to the corresponding 
change in A. Traditionally, researchers and man- 
agers have assumed that vital rates with high 
sensitivities or elasticities should be the focus of 
management actions, as perturbation of these vi- 
tal rates produce the greatest change in A. This 
assumption is not always correct (Mills et al., in 
press). 

SIMULATION-BASED TECHNIQUES 

Traditional sensitivities and elasticities may 
mislead managers because inevitable variation 
imposed by nature, by management action, or by 
measurement error will not be infinitesimal or 
equal across all vital rates (Gaillard et al. 1998; 
Mills et al., in press). To account for vital rate 
variation on scales that are neither absolutely or 
proportionally equal across vital rates, we also 

use the sensitivity technique used by Wisdom 
and Mills (1997). Upper and lower limits of vital 
rates, determined from literature review, are in- 
corporated into high and low matrices and a 
computer program constructs 1,000 matrices 
with each vital rate of each matrix randomly 
chosen from a distribution bounded by the high 
and low values. A population growth rate (A) is 
then calculated for each matrix. The relative im- 
portance of a stage specific vital rate is assessed 
by regressing A for each replicate against the 
value of that rate for all replicates to derive co- 
efficients of determination (P). In terms of tra- 
ditional definitions of sensitivity, R2 for any 
component vital rate is analogous to the squared 
sensitivity weighted by the relative variance of 
a vital rate (H. Caswell, pers. comm.). 

The regression method is appealing, because 
it allows variation in particular vital rates to alter 
according to the scale perceived to occur in the 
field. With the regression technique, variation in 
vital rates can be incorporated to represent nat- 
ural amounts of variation, levels of variation im- 
posed by management, or measurement error. 
Furthermore, vital rates can be selected from 
distributions that mimic natural distributions. 
For the selection of vital rates, we favored a uni- 
form distribution over other distributions. With- 
out knowing how likely different vital rates are, 
all vital rates should have equal likelihood of 
selection and this distribution evaluates the sce- 
nario where extreme changes in rates under 
management have the same likelihood as small 
changes from the current mean. 

Because all possible As are plotted, the re- 
gression technique also has the advantage of be- 
ing able to detect non-linearities that traditional 
methods may not. This is similar to the covari- 
ante technique used by Brault and Caswell 
(1993), but is computationally and intuitively 
easier to manage. If non-linearities do not exist 
in the data, then varying vital rates on absolute 
and proportional scales should produce similar 
results as traditional sensitivities and elasticities 
(Mills et al., in press). 

MODEL STRUCTURE AND INPUT FOR 
COWBIRD ANALYSIS 

We use two-stage Leftkovitch matrices (see 
Appendix 1) to model cowbird populations. 
Stage specific demographic data form the matrix 
and the model projection interval is 1 year. Ei- 
genanalysis of the matrix, or projection of the 
matrix over time, provides annual population 
growth rates (A). Consequently, all techniques of 
sensitivity analysis assume populations are at 
stable age distribution (SAD). It is an all female 
model, a reasonable approach given the excess 
of adult males in natural populations (Dailey 
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1971, Arnold 1983). Fecundities are divided in 
half to account for female eggs only and are 
multiplied by annual cohort survival to account 
for a post-breeding census. 

We derive inputs to the matrix model, in terms 
of estimated stage-specific ranges of vital rates, 
from the literature (Table 1). The top row of the 
matnx (F,, and F,, ; see Appendix 1) contains 
reproductive information based on both survival 
of females to breed and number of eggs laid (fe- 
cundity). Historically, cowbird fecundity has 
been difficult to determine and estimates of the 
number of eggs laid per female varied widely. 
Much of this variation is removed when daily 
laying rates are considered. When multiplied by 
the length of the breeding season, daily laying 
rates are likely to be the most accurate estimator 
of annual female fecundity (Rothstein et al. 
1986b). Consequently, we only consider daily 
laying rates and, to avoid non-constant laying 
rates over the breeding season, assume a 40-d 
breeding period within which laying rates are 
constant (Table 1). To determine the possible im- 
portance of low fecundity, we include Holford 
and Roby’s (1993) fecundity estimates for cal- 
cium deprived individuals in captivity. From 
these data we estimate the suppressed daily egg 
laying rate to be approximately 0.37. While this 
figure is significantly lower than the lowest es- 
timate of daily egg laying rate measured under 
natural conditions (0.51 eggs per day), inclusion 
in the model illustrates the consequences of ex- 
tremely low fecundity on h. Finally, we assume 
adults and yearlings have the same maximum 
and minimum daily laying rates. Although Jack- 
son and Roby (1992) indicate that yearlings 
have lower fecundity than adults, the lowest 
measured daily laying rate for yearlings is great- 
er than the rate for calcium deprived individuals. 
This implies that the lower daily laying rate used 
in the model (that for calcium deprived individ- 
uals) represents a worst case scenario for both 
adults and yearlings. 

Matrix element Gz, (Appendix 1) is the mean 
survival from stage 1 to stage 2, and represents 
a composite of egg, nestling, and yearling sur- 
vival. Egg survival is defined as the probability 
that an egg survives to hatch. This life stage is 
assumed to be 15 d. While the average incuba- 
tion period is approximately lo-13 d (Briskie 
and Sealy 1990), these estimates do not include 
time before incubation is initiated. In other 
words, because eggs are likely to remain within 
the nest some number of days before incubation 
is initiated (see Nice 1954), a 15 d pre-hatching 
period is realistic. Nestling survival is defined as 
the probability that a nestling survives to fledge, 
given that it hatched. This period is assumed to 
be 10 d (Norris 1947, Hann 1937). Yearling sur- 
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viva1 is defined as the probability that a juvenile 
survives to breed, given that it fledges. This pe- 
riod is assumed to be the remaining 340 d of a 
cowbird’s first year. Estimating yearling survival 
rates are problematic, because only one study 
(Woodward and Woodward 1979) quantified 
cowbird fledgling survival rates (only until in- 
dependence at approximately 30 d). For an up- 
per bound, we assume yearlings attain adult sur- 
vival rates immediately after independence and 
we combine the Woodward and Woodward 
(1979) yearling rate for the first month after 
fledging (0.48) with the highest estimate of adult 
survival for the remaining 310 d before breed- 
ing. This yields an upper bound for yearling sur- 
vival of 0.32. The lower bound for yearling sur- 
vival (0.15) is assumed equal to known lower 
bounds for Great Tits (Purus major) (Dhondt 
1979). While using data from other species is 
not ideal, Great Tits are one of the only passer- 
ine species with known yearling survival rates, 
thereby providing insight into a lower bound of 
cowbird survival. 

Matrix element P,, is the mean survival to 
remain within stage 2. This is simply an adult 
female survival rate between annual birth 
events, and is estimated via return rates or re- 
coveries (Table 1). 

RESULTS 

If variation is artificially constrained to be 
small and equal around all vital rates, we would 
expect the simulation-based technique to rank 
the importance of all vital rates similarly to the 
traditional analytical-based sensitivity analysis 
(L. S. Mills et al., unpubl. data). Although tra- 
ditional sensitivities and R2 sensitivities are not 
directly comparable, because they are different 
statistics, we do in fact find that with small and 
equal absolute change of -CO.10 for each rate, 
the rankings of vital rate effects on A are iden- 
tical for both approaches (Fig. la). Likewise, in- 
corporating proportional changes in the regres- 
sion technique (? 10 %) produces similar rank- 
ings as traditional elasticities (Fig. lb). The 
small deviations between the sensitivities or 
elasticities and the simulation-based measure are 
likely due to the effect of non-linearities on sen- 
sitivities or elasticities (Mills et al., in press). 
The vital rates with the highest sensitivities on 
an absolute scale of variation are yearling sur- 
vival and nestling survival. The vital rates with 
the highest sensitivities on a proportional scale 
are egg, nestling, and yearling survival. 

Of course, neither of these vital rate ranges, 
determined by fixed and equal absolute or pro- 
portional change, are likely biologically realistic. 
Therefore, we used the regression technique to 
determine R2 sensitivities for the entire range of 

cowbird variation, letting different rates vary by 
different amounts according to the upper and 
lower bounds presented in Table 1; we refer to 
this as the empirical range of variation (Figs. 2 
and 3). Egg survival alone appears to account 
for over 60% of the variation in population 
growth rates. The vital rate accounting for the 
next largest amount of variation in X is yearling 
survival (R2 = 0.14). 

While the regression technique is likely to be 
more realistic than traditional methods because 
it selects vital rates from biologically realistic 
upper and lower bounds, it is possible that vital 
rate ranges that are too large or too small may 
artificially increase or decrease the R2 value of 
a vital rate (Wisdom and Mills 1997). Unfortu- 
nately, the sparse data available for most species 
makes determination of vital rate ranges diffi- 
cult. This is especially true for threatened or en- 
dangered species that we model the most, but is 
also true for common species such as cowbirds. 
A critical question is thus: what are the conse- 
quences of under- or over-estimating our range 
of variation in demographic parameters? If al- 
tering the range of an uncertain vital rate has 
little effect upon R2, then accurate range esti- 
mation is unimportant. However, if R2 is sensi- 
tive to small changes in the range of vital rates, 
then correct range estimation is critical. To as- 
sess this with our data, we altered the range of 
each vital rate one-at-a-time while holding the 
other vital rates at the empirical range width (Ta- 
ble 1). Vital rate ranges were decreased by 25 
and 50% and increased by 25% (50% increases 
were not possible because some survival rates 
would exceed 1). 

Generally, we find that increasing or decreas- 
ing range widths results in a monotonic increase 
or decrease in R* values (Fig. 4), as expected 
from the fact that R* for any component vital 
rate is weighted by the variance in that rate. Al- 
though in this case we do find the statistically 
expected change in absolute R* values with 
changes in vital rate ranges, the biologically im- 
portant result is that the relative rankings do not 
change for the vital rates that account for most 
of the variation in X. 

Because egg survival was identified as the vi- 
tal rate most affecting population growth when 
vital rates vary between empirically determined 
bounds, and because decreasing the range of egg 
survival can decrease the R2 value of egg sur- 
vival, it is relevant to ask how much of a de- 
crease in the range of egg survival is necessary 
before another rate replaces egg survival as the 
rate most affecting X. In the most extreme case 
of a 50% decline in range width, we find that 
most of the change in R* (40%) was partitioned 
as increased R* for yearling survival and that the 
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FIGURE 1. Comparison of component sensitivities and RZ values for Brown-headed Cowbird vital rates with 
(a) range standardized on an absolute scale (plus or minus 0.10) and (b) range standardized on a proportional 
scale (plus or minus 10%). Only rankings are directly comparable between component sensitivities and RZ values. 
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FIGURE 2. Amount of variation in Brown-headed Cowbird population growth rate (P) as accounted for by 
(a) egg survival rate, (b) nestling survival rate, (c) yearling survival rate, (d) adult survival rate, (e) yearling 
fecundity rate, and (f) adult fecundity rate in 1000 matrices with randomly selected vital rates. Coefficient of 
determination (P) and linear regression line presented. 

total R2 for yearling survival approached that of around the regression line for egg survival is 
egg survival (compare Fig. 5 to Fig. 3). non-constant (Fig. 2a), indicating that R2 values 

In addition to range width, mean vital rates will change as the mean values of vital rates 
must also play a role in determining the effect change. To investigate this further, we deter- 
of a change in any rate on A. The variance mined how sensitivities were affected by alter- 
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FIGURE 3. Sensitivities of Brown-headed Cowbird vital rates as indexed by the coefficient of determination 
(Rz) in 1000 matrices with randomly selected vital rates regressed against corresponding population growth rates. 
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FIGURE 4. Changes in R* for Brown-headed Cowbird life stages when vital rate ranges are altered. Each point 
equals R* for a vital rate range which is 50%, 75%, lOO%, or 125% of the original empirical range, while all 
other vital rate ranges are held at the empirical range. 
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FIGURE 5. Sensitivities of Brown-headed Cowbird vital rates as indexed by the coefficient of determination 
(P) in 1000 matrices with randomly selected vital rates regressed against corresponding population growth rates 
when the range of egg survival is 50% of the empirical range. Compare to Fig. 3. 

ing the mean egg survival rate, while holding 
the range of variation constant. To keep the total 
range of variation within the biologically plau- 
sible range of variation, we again restricted the 
range of egg survival (50% of the empirical 
range), and then increased and decreased the 
mean vital rate by 25%. We find that even with 
a small range of egg survival, if the mean egg 
survival rate is low, then the egg stage has the 
highest R2 (Fig. 6a). Alternatively, if the mean 
egg survival rate is high, yearling survival has 
the highest R2 (Fig. 6b). 

DISCUSSION 

How VITAL RATES AFFECT POPULATION GROWTH 

The egg survival stage is likely to be the vital 
rate that most affects population growth rate 
whenever the range of variation in egg survival 
is high or in situations where the mean egg sur- 
vival rate is low. The only studies that examine 
cowbird egg survival across the entire commu- 
nity of hosts within an area yield mean rates of 
0.08 (Elliot 1978) and 0.43 (Norris 1947), indi- 
cating that the sensitivities in any of our simu- 
lations are plausible. Unfortunately, we do not 
know how often low rates of egg survival occur 

and, more importantly, how much egg survival 
varies within and between sites over time. In 
situations with high mean egg survival rates and 
low levels of variation around those mean rates, 
the yearling stage may play the biggest role in 
impacting A. 

An obvious question is: with what degree of 
certainty have we estimated our vital rate rang- 
es? This question is most critical with regard to 
egg survival. Range estimation for egg survival 
is problematic, because most studies observe 
only one host. Furthermore, cowbird researchers 
tend to study highly parasitized hosts, hosts that 
accept cowbird eggs and are parasitized enough 
to be analyzed statistically. Unfortunately, cow- 
birds do not exclusively parasitize one species, 
but typically parasitize a number of hosts within 
the breeding area. Host communities likely yield 
rates of egg survival that differ from the rates 
observed in any single species. Furthermore, egg 
survival rates are sure to be systematically over- 
estimated, because egg ejections or eggs laid in 
inactive nests are unlikely to be detected. The 
extent of this bias is unknown and likely depen- 
dent upon the host community and vegetation 
type. While many host species are known ejec- 
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FIGURE 6. R* for Brown-headed Cowbird vital rates when the range of egg survival is 50% of the empirical 
range and the mean rate is (a) decreased 25% from the empirical mean (new mean = 0.29) and (b) increased 
25% from the empirical mean (new mean = 0.48). All other vital rates have the empirical means and ranges. 
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tom, very little is know about how often these 
species are parasitized as eggs may be almost 
immediately ejected (Rothstein 1975b, Friedman 
et al. 1977). Although not well quantified, the 
rate at which cowbirds lay eggs in abandoned 
nests appears to highly variable. Berger (1951) 
reported a rate of 1.35% for Song Sparrows 
(Melospiza melodia) and Freeman et al. (1990) 
reported a rate of 21.5% for Red-winged Black- 
birds (A,qeluius phoeniceus). The high rates of 
inappropriate egg laying noted by Freeman et al. 
(1990) appear to be a function of not having 
perch sites; they hypothesized that without 
perches, the cowbirds were not able to assess 
correctly whether a nest was abandoned. 

In summary, traditional analytical techniques 
indicate that egg, yearling, and nestling survival 
are the most sensitive vital rates. Regression- 
based techniques indicate that egg and yearling 
stages are the most sensitive. Regression-based 
techniques also indicate that the relative impor- 
tance of egg versus yearling stages depends 
upon the range of variation and the mean rate 
of egg survival. Whenever egg survival rates are 
low or if the range of egg survival encompasses 
low rates then egg survival will most affect pop- 
ulation growth. Adult survival, adult fecundity, 
and yearling fecundity were not important fac- 
tors in any of the modeled scenarios. 

LIMITATIONS OF MODELING TECHNIQUES 

Although sensitivity analysis is capable of re- 
vealing non-intuitive relationships, several limi- 
tations must be kept in mind. First, neither the 
analytical- nor simulation-based technique ac- 
counts for density dependent relationships. 
While positive or negative correlations between 
vital rates could be included within either the 
analytical-based technique (van Tienderen 1995) 
or within the simulation-based technique (M. J. 
Wisdom et al., unpubl. data), these data are not 
available. Furthermore, density dependent cor- 
relations between vital rates may change as 
management perturbations are intensified and 
these changes may not be predictable under cur- 
rent conditions. 

Second, and related to density dependence, 
the techniques do not account for compensatory 
effects. One possible compensatory effect is the 
replacement of breeding females and may occur 
as present non-breeding “floaters” occupy emp- 
ty egg laying areas. If removed females are re- 
placed, then adult survival is not functionally 
decreased as modeled and the predicted sensitiv- 
ity is biased high. We predict that the sensitivity 
(traditional and regression-based) of adult sur- 
vival is maximized when non-breeding floaters 
are not present. Conversely, if many floaters are 
present, adult removals will not be effective un- 

til the number of adult females drops below the 
amount necessary to parasitize all available 
nests. In short, if cowbirds exhibited extremely 
high replacement rates, then it is unlikely that 
trapping of adults near sensitive host species 
would be effective. Trapping records from the 
effort to protect the Kirtland’s Warbler show that 
most female cowbirds are captured within the 
first few weeks of the breeding season (Kelly 
and DeCapita 1982), indicating that trapping ef- 
forts are capable of removing all females within 
a short time period and that floaters are not a 
concern to this analysis. 

Third, neither technique accounts for spatial 
considerations. As modeled, Brown-headed 
Cowbirds are treated as one large population and 
we assume perturbations are population-wide. 
Management actions must consider the ratio of 
the size of the target population to the size of 
the total population, because managing only a 
subset of individuals dilutes population-wide ef- 
fects. In other words, if we manage only a part 
of a cowbird population, we may have little ef- 
fect on the population as a whole. Identifying 
exactly what effect any given management ac- 
tion will have on cowbird populations will re- 
quire delineation of population boundaries and 
knowledge of movement rates between popula- 
tions within and between breeding seasons. 
Trapping records from the effort to protect the 
K&land’s Warbler (Kelly and DeCapita 1982) 
and the Black-capped Vireo (Barber and Martin 
1997) show that trapping does not reduce the 
number of cowbirds in subsequent years; this in- 
dicates that there is either a large level of move- 
ment between populations or that the target pop- 
ulation is much smaller than the total population. 
Unfortunately, there are little or no data identi- 
fying the spatial structure and dynamics of cow- 
bird populations. 

Finally, matrix-based calculations of A also 
assume populations are at Stable Age Distribu- 
tion (SAD). SAD is the proportion of individuals 
in any age or stage class over time, given a con- 
stant matrix. It is unlikely that populations in 
fluctuating environments exist at SAD for long 
periods of time. Currently, it is unknown how 
deviations from SAD in a fluctuating environ- 
ment affect either traditional or the regression- 
based techniques. 

IMPLICATIONS FOR COWBIRD MANAGEMENT 

Although egg survival is likely the vital rate 
which most affects population growth rate in 
many situations, it is nearly impossible to man- 
age with current techniques and logistical con- 
straints. We identify four problems with egg re- 
moval programs. First, host nests are difficult 
and expensive to find (Martin and Geupel 1993). 
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FIGURE 7. Number of individual eggs, nestlings, 
yearlings, and adults removed and the resulting pop- 
ulation growth rates for a hypothetical population of 
5,000 cowbirds. Removals are assumed to impose ad- 
ditive mortality. See Appendix 2 for details. 

Second, removing cowbird eggs may increase 
nest predation rates or result in nest abandon- 
ment (Major 1990, Gotmark 1992), although 
correct protocols can reduce disturbance (Martin 
and Geupel 1993). Third, to be effective, egg 
removals must target a large proportion of the 
total cowbird population. Egg removals will 
likely have to exist at scales much larger than 
study sites, management areas, and wildlife ref- 
uges. The exact scale of management will de- 
pend upon the size of the cowbird population 
and movement rates between populations, which 
remain unknown. Fourth, eggs are expected to 
be numerous. At the time of breeding, over 90% 
of the population is in the egg stage at stable 
age distribution; consequently, management ac- 
tions may remove many eggs, yet have little im- 
pact upon total egg survival rates. 

To illustrate how a management imposed 
change in a vital rate is affected by the number 
in that age class, we provide an example. Using 
the mean matrix (Appendix 1) and assuming a 
population size of 5,000 cowbirds, there are over 
4,600 eggs resulting from approximately 400 
adults at the time of breeding (Appendix 2). 
Suppose that from this population we remove 
equal numbers of eggs, nestlings, fledglings, and 
adults, assuming that this mortality was additive. 
We find that by removing large numbers of eggs, 
we impact total population growth very little 
compared to other stages (Fig. 7). For example, 
on an individual basis, removing approximately 
100 adults or fledglings will have the same im- 
pact as removing over 475 eggs, because there 
are fewer adults or fledglings in the population. 
In short, there are so many cowbird eggs that 
even large egg removals may have little impact 

upon total egg survival rates. While environ- 
mental variation and the consequences of having 
different host communities determine the popu- 
lation-wide survival rate of eggs, and therefore 
affect population growth, the effects of manage- 
ment on egg survival and the resulting changes 
in population growth are likely minuscule. 
When the problems of finding nests, human in- 
duced impacts upon hosts, large management 
scales, and the preponderance of eggs are con- 
sidered jointly, we conclude that egg removal is 
not a viable management option. 

Because reducing egg survival is not a wide- 
scale management option, we must consider 
what vital rates can be managed. Currently, the 
most common management options are trapping 
on the breeding grounds and trapping on the 
wintering grounds. Trapping on the breeding 
grounds typically involves the trapping of 
adults, while trapping on the wintering grounds 
involves the removal of adults and yearlings. We 
shall consider each of these options in turn. 

Cowbird population growth rates are gener- 
ally less affected by fluctuations in adult surviv- 
al than other vital rates and the effects of adult 
removals may be masked by variation in egg 
and/or yearling survival. During the breeding 
season, the replacement of breeding females (via 
floaters and immigrants) exacerbates this prob- 
lem and makes population growth rates even 
less sensitive to adult removals. To illustrate the 
significance of this problem, consider that cow- 
bird trapping programs in Michigan typically re- 
move 3,000 cowbirds per year with no notice- 
able decline in cowbird populations between 
years, despite the fact that virtually all individ- 
uals are removed during the breeding season 
(Kelly and DeCapita 1982; M. DeCapita, pers. 
comm.). The lack of any effect of trapping on 
cowbird populations may be due to either tar- 
geting only a small proportion of the total cow- 
bird population or high rates of immigration. Ei- 
ther alternative leads to the same conclusion: 
adult removal programs on breeding grounds are 
not likely to regulate populations unless they are 
conducted on a much larger scale. However, this 
does not invalidate trapping programs during the 
breeding season, as such programs are usually 
intended to protect sensitive host species at a 
local scale and can successfully do so (Kelly and 
DeCapita 1982, Barber and Martin 1997; M. 
DeCapita, pers. comm.; J. Cornelius, pers. 
comm.). 

Trapping adult and yearling cowbirds on the 
wintering ranges is expected to be much more 
effective in controlling cowbird population 
growth. While population growth is not sensitive 
to perturbations in adult survival, adults are only 
a small proportion of the total population. 
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Hence, adult survival may be greatly altered by 
removing only a small absolute number of adults 
(Appendix 2). In contrast to adult survival, pop- 
ulation growth is likely sensitive to perturbations 
in yearling survival; there are also relatively few 
yearlings in any given population. Therefore, 
our sensitivity analysis and our age distributions 
suggest that winter trapping programs are more 
likely to decrease cowbird population growth 
rates than by removing eggs or trapping on 
breeding grounds. In addition to these life his- 
tory considerations, winter trapping has many 
logistical advantages because cowbirds concen- 
trate on large communal wintering grounds. 

Unfortunately, there are also serious limita- 
tions with using winter trapping to control cow- 
bird populations. Removing cowbirds from all 
wintering areas may be logistically impossible, 
because wintering ranges extend from Texas into 
Mexico (Bray et al. 1974, Arnold 1983). Also, 
even massive control in a limited number of 
wintering areas may produce extremely diffuse 
effects on the breeding ranges (Rothstein and 
Robinson 1994), because individuals in one win- 
tering range may breed throughout North Amer- 
ica (Bray et al. 1974, Dolbeer 1982). Finally, the 
large effect of egg survival on population 
growth rate may make trap efforts on other age 
classes ineffectual. For example, note that for 
the lowest rates of yearling and adult survival, 
many of the matrices have positive growth rates 
(Fig. 2~). So, while winter removals of adults 
and yearlings are expected to be more effective 
than removing eggs or adults on the breeding 
ranges, they do not have a high likelihood of 
regulating population growth rates unless most 
or all wintering areas are targeted for manage- 
ment. Furthermore, the effects of winter remov- 
als may be swamped by natural variation in egg 
survival rates. 

Given the formidable logistical difficulties in 
lowering the vital rates that most affect cowbird 
population growth, we believe that the most ef- 
fective method of cowbird control is likely to be 
the management of land uses to disfavor cow- 
birds. Cowbird presence is often significantly 
correlated with the presence of livestock (Schulz 
and Leininger 1991, Knopf et. al. 1988, Mosconi 
and Hutto 1982; but also see Kantrud 1981), ag- 
riculture (Rothstein et al. 1984, Rothstein et al. 
1987, Tewksbury et. al. 1998), and forest frag- 
mentation (Chasko and Gates 1982, Coker and 
Capen 1995, Tewksbury et al. 1998). By man- 
aging grazing patterns, availability of agricultur- 
al waste grain (often an important food source), 
and forest fragmentation, we may be able to in- 
directly eliminate or at least control the presence 
of cowbirds before they parasitize host species. 

IMPLICATIONS FOR COWBIRD RESEARCH 

Much research has focused upon the effects 
of limiting cowbird fecundity or determining 
what limits cowbird fecundity. We feel that this 
is a valid research topic for life history infor- 
mation, but is of little management interest un- 
less fecundity can be decreased to rates near 
zero. We varied fecundity to rates lower than 
anything ever measured in nature (the calcium 
deprived rates) and then decreased that rate to 
assess the effect of larger variation in vital rate 
ranges. In all simulations but one (Fig. 6b) fe- 
cundity had the least effect on A of any vital rate. 

To date, most cowbird research has focused 
upon parasitism of specific host species, not 
upon parasitism of host communities within hab- 
itats or by land use practice. Because parasitism 
rates, predation rates, host communities, and the 
ability of hosts to fledge cowbirds vary across 
the landscape, it is unlikely that all vegetation 
types and host communities are equally produc- 
tive for cowbirds. Furthermore, the presence of 
cowbirds may not reflect cowbird habitat quali- 
ty. As long as adequate foraging habitat (feeding 
grounds) exist within flight range, cowbirds may 
parasitize host nests in habitats which barely 
provide positive growth rates or provide nega- 
tive growth rates. By focusing research efforts 
upon cowbird vital rates in different vegetation 
types and host communities, researchers may be 
able to identify habitats and land use practices 
which are most important for (or possibly are 
responsible for) cowbird population growth. If 
the goal of management is to regulate popula- 
tions of cowbirds, we suggest focusing manage- 
ment plans on regulating land uses which favor 
cowbirds in areas with positive cowbird growth 
rates. For example, livestock grazing in areas 
that have vegetation types and host communities 
that lead to negative cowbird population growth 
rates should be a lower management priority (as- 
suming no endangered species are present) than 
livestock grazing in areas which lead to positive 
cowbird population growth rates. Currently there 
is no knowledge of how cowbird population 
growth rates may vary across combinations of 
vegetation types and host communities. 

Last, we stress that more data are needed to 
understand cowbird population structure. Our 
model assumes that cowbirds exist in one large 
population, because there are no data for con- 
structing spatially-explicit models. Without 
more knowledge of population boundaries and 
how adult and juvenile cowbirds move between 
populations over time, managers will not be able 
to predict the true efficacy of management al- 
ternatives and may choose inappropriate scales 
for management. 
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The projection interval is one year (365 d): 

1st year: 
egg survival stage: 15 d 
nestling survival stage: 10 d 
yearling survival stage: 340 d 

2nd year + (Adults): 1 yr 

APPENDIX 1. BROWN-HEADED COWBIRD STAGE- 

BASED MODEL 

APPENDIX 2. ANALYSIS OF A HOW A GIVEN 

REMOVAL MAY AFFECT BROWN-HEADED COWBIRD 

SURVIVAL AND POPULATION GROWTH RATE 

COWBIRD LIFE CYCLE DIAGRAM AND MATRIX 

The biologically relevant projection interval for 
cowbirds is 1 year, so elements within the matrix rep- 
resent annual rates (Fig. Al). However, in the first year 
of life, there are three relevant stages: egg, nestling, 
and yearling; thus we let the first year of life have egg, 
nestling, and yearling components. We only include 
one adult stage (as opposed to annual age classes) be- 
cause age specific adult survival rates are not available 
and management techniques target all adults concur- 
rently. 
Transition matrix: F,, F,, I 1 G,, P,, 

This analysis is included to clarify how the sensitiv- 
ity analysis must be interpreted. Specifically, we were 
concerned that our analysis would lead to time, effort, 
and money being prematurely applied towards egg re- 
moval programs. When we include environmental 
variance in the analysis, egg survival has the largest 
impact upon population growth rate. However, it is not 
clear how removing cowbird eggs actually alters egg 
survival rates. We investigate this link with the follow- 
ing crude analysis, where we decrement cowbird vital 
rates one-at-a-time by removing a specified number of 
individual eggs, nestlings, yearlings, or adults. 

We start with the following assumptions: 
1. There is a population of 5,000 cowbirds at the 

beginning of a breeding season. 
2. This population has the vital rates of the mean 

matrix in Appendix 1. 

DEFINITIONS OF MATRIX ELEMENTS AND 
VALUES FOR THE MEAN MATRIX: 

Mean survival from stage 1 to stage 2 [G(2,1)] = 
mean egg survival (0.38) X mean nestling survival 
(0.64) X mean yearling survival (0.24) = 0.06 

Mean survival from stage 2 to stage 2 [P(2,2)] = 
mean annual adult survival = 0.47 

Mean yearling fertility [F(l,l)] = mean daily laying 
rate (0.56) X laying period (40 d) X proportion of 
female eggs (0.5) X mean first year survival (0.06) = 
0.65 

Mean adult fertility [F(l,2)] = mean daily laying 
rate (0.69) X laying period (40 d) X proportion of 
female eggs (0.5) X mean adult survival (0.47) = 6.49 

These transition probabilities are incorporated into 
a mean matrix and have the resulting stable stage dis- 
tribution and deterministic population growth rate (A): 

[;:ir 6:;][;:a;:;] A = 1.184 

F (12) 

FIGURE Al. Life cycle diagram used for the Brown- 
headed Cowbird analysis. 

3. All mortality is additive (no compensatory ef- 
fects) and immigration is nonexistent. 

4. Populations are at stable age (stage) distribution. 
To calculate the number of individuals in particular 

life stages within a population of 5,000, at time t, we 
must first determine the number of individuals at time 
t-1: 

N (_, x A = 5,000 

N t I = 4222.97. 

By multiplying N,_, by the stage distribution vector 
(Appendix 1), we determine the total number of eggs 
and adults at time t- 1: 

We then multiply the matrix by the stage distribution 
vector at time t-l to determine the initial number of 
individuals in each stage at time t: 

Initial number of eggs: 

(F,, X V,) + (F,, X V,) = 4621.81 

Initial number of adults: 

(C,, x V,) + (P22 x V,) = 377.90. 

Immediately after breeding, we have a population 
size of 377.90 adults and 4621.81 eggs. This is our 
total population of 5,000. To calculate the number of 
individuals in intermediate stages, the total number of 
eggs is decrement by egg, nestling, and yearling sur- 
vival rates successively: 
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Initial number of nestlings: 

Initial number of eggs X egg survival rate 

= 1756.29 

Initial number of yearlings: 

Initial number of nestlings X yearling survival rate 

= 1124.03. 

We simulate individual removals by decreasing the 
number of individuals in a life stage by increments of 
40. This mortality is assumed to occur after the initial 
probabilistic mortality of that stage class (i.e., it is as- 
sumed to be additive). For example, if management 

removes 200 eggs, then the adjusted egg survival rate 
is calculated as follows: 

[(Initial number of eggs X original egg survival rate) 

- 200 eggs]/Initial number of eggs 

= New egg survival rate 

(4621.81 x 0.38) - 200 eggs = o,34 

4621.81 

In this example, removing 200 eggs reduced egg 
survival rates by only 11%. The altered survival rates 
are then incorporated into the mean matrix to calculate 
the resulting population growth rate (Fig. 7). 
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LAZULI BUNTINGS AND BROWN-HEADED COWBIRDS IN 
MONTANA: A STATE-WIDE LANDSCAPE ANALYSIS OF 
POTENTIAL SOURCES AND SINKS 

ERICK GREENE, JENNIFER JOLIVETTE, AND ROLAND REDMOND 

Abstract. Although Lazuli Buntings (Passen’na amoena) are currently widely distributed in the west- 
ern United States and southwestern Canada, parasitization by Brown-headed Cowbirds (Molothrus 
ater) is high in many populations. Demographic models suggest that isolated Lazuli Bunting popu- 
lations with greater than about 20% parasitization are not self-sustaining. To examine the spatial 
structure of potential source and sink populations, we developed landscape models of Lazuli Bunting 
and Brown-headed Cowbird distributions for Montana. These models were derived from a compre- 
hensive GIS database that contains information on vegetation types, topographic relief, and hydrog- 
raphy for all 38,081,490 ha in Montana, with a resolution of land cover types of 90 m*. These models 
suggest that Lazuli Buntings may be more vulnerable to Brown-headed Cowbirds than is currently 
appreciated: of the 8,070,163 ha identified as potential Lazuli Bunting breeding habitat, 98.5% fell in 
areas with a high and medium risk of Brown-headed Cowbird presence; only 1.5% of potential Lazuli 
Bunting breeding habitat was in areas in which Brown-headed Cowbirds are not predicted to occur. 
Furthermore, Lazuli Buntings breed in vegetation patches that occur in spatial configurations that 
make them especially vulnerable to Brown-headed Cowbirds; patches tend to be small (more than 
90% of patches are less than 10 ha in size) with high edge to interior ratios, and are generally 
surrounded by locations that could support livestock. 

Key Words: brood parasite, Brown-headed Cowbird, demography, GIS models, landscape ecology, 
Lazuli Bunting, metapopulation, M&thus ater, parasitization, Passen‘na amoena, source-sink pop- 
ulations. 

Many natural areas are becoming degraded and 
fragmented by human activities, with many or- 
ganisms living in increasingly remote or isolated 
patches (Askins 1995). Concern over such 
threats has lead to monitoring programs for pop- 
ulations of many species, which rely on esti- 
mates of the distribution and abundance of the 
species of interest. Although these data are im- 
portant, they do not in themselves provide in- 
formation on the reproductive performance of a 
population, and they may be misleading about 
its underlying dynamics (Donovan et al. 1995a, 
Brawn and Robinson 1996). For example, a spe- 
cies may be a common resident in an area, thus 
suggesting that the local population is reproduc- 
ing well enough to be self-sustaining, but per- 
sists because of immigration and recolonization 
by individuals from other source populations. 
Although some species of neotropical migrant 
birds still occur in many small woodlots during 
the spring and summer in mid-western and east- 
em North America, their reproductive success 
can be well below that required for replacement. 
These ecological sinks are being replenished by 
frequent immigration of individuals from source 
areas (Robinson et al. 1995a, Villard et al. 
1989). 

Thus, the number, sizes, spatial relationships 
of breeding sub-populations, correlation of eco- 
logical conditions among patches, reproductive 
performance and survivorship in patches across 
a landscape, and the patterns of dispersal of in- 

dividuals between patches are important in de- 
termining the dynamics of a species on a large 
spatial scale (Harrison and Quinn 1989, Gutz- 
willer and Anderson 1992, Donovan et al. 
1995a, b, Brawn and Robinson 1996). These 
characteristics are difficult to measure and are 
generally poorly known for most species, but 
have been the impetus for such population mon- 
itoring programs as Breeding Biology Research 
and Monitoring Database (BBIRD) and Moni- 
toring Avian Productivity and Survivorship 
(MAPS). The emerging fields of metapopulation 
dynamics and landscape ecology seek to provide 
insights to such critical questions. 

Lazuli Buntings (Pusserina amoena) occur 
commonly during the breeding season in a va- 
riety of vegetation types throughout western 
United States and southwestern Canada (Greene 
et al. 1996). In many areas with high shrub cov- 
er in western Montana they are the among the 
most abundant species during the breeding sea- 
son. Based solely on their distribution and abun- 
dance, this species appears to be doing well. In- 
deed, Partners in Flight’s monitoring scheme 
suggests that Lazuli Buntings are not at risk; an 
analysis of Breeding Bird Survey data suggests 
that most populations are stable, or perhaps even 
increasing (Butcher et al. 1992). 

However, the apparent abundance and wide 
geographic distribution of Lazuli Buntings may 
mask serious underlying problems. Although 
Lazuli Buntings had been reported to be rare 
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hosts of Brown-headed Cowbirds (Molothrus 
ater; Friedmann 1929, Friedmann et al. 1977, 
Friedmann and Kiff 1985), it has recently been 
discovered that parasitization levels are high in 
many populations (Greene et al. 1996). The de- 
mographic consequences of parasitization ap- 
pear severe, and parasitization levels above 
about 20% are likely to reduce population 
growth rate below that required for replacement 
(Greene et al. 1996, Greene this volume). Thus, 
some Lazuli Bunting breeding populations may 
consist of source populations in which repro- 
duction is good, and these sources may resupply 
sink populations. 

We currently have no information on possible 
location of source and sink areas for Lazuli 
Buntings. Our objective is to predict the breed- 
ing distribution of Lazuli Buntings and Brown- 
headed Cowbirds for Montana. We estimate the 
amounts, locations, and spatial configurations of 
potential Lazuli Bunting breeding habitat that is 
at various degrees of risk from Brown-headed 
Cowbirds. This general approach may also serve 
as a model for other species of birds (Tucker et 
al. 1997), and may help inform management de- 
cisions (Thompson 1993, Doak and Mills 1994, 
Petit et al. 1995). 

METHODS 

We modeled the potential breeding habitats 
for Lazuli Buntings and Brown-headed Cow- 
birds using a GIS database containing informa- 
tion on types of land cover, elevation, slope, as- 
pect, and hydrography for the entire state of 
Montana. We briefly describe the construction of 
this database, followed by descriptions of the 
specific habitat models for Lazuli Buntings and 
Brown-headed Cowbirds. 

GIS DATABASE 

A two stage, digital classification process was 
used to map vegetation and land cover across 
Montana. In the first stage, land cover patterns 
were derived from false-color composite images 
from Landsat Thematic Mapper (TM) channels 
4, 5, and 3 (R, G, and B) using an unsupervised 
classification algorithm (www.wru.umt.edu/de- 
fault.shtml). Thirty-three different Landsat TM 
scenes were used to map existing vegetation and 
land cover across the state. All scenes were re- 
corded during the growing seasons (mid-June to 
mid-September) of 1991-1993. The scenes were 
obtained in terrain-corrected form and projected 
into an Albers Equal Area Conic projection 
(NAD27 datum). The final pixel size was 30 m2. 
Adjacent pixels of the same spectral class were 
grouped into contiguous areas equal to or greater 
than 2 ha for upland cover types (Ma 1995, Ford 
et al. 1997). In riparian and woody draw areas, 

pixels were merged to 0.4 ha minimum map 
units (MMU) in eastern Montana and 0.1 ha in 
western Montana. These spatial units were im- 
ported into ARC/INFO GIS as raster polygons 
(and were termed “regions”). 

The second stage involved a supervised clas- 
sification (based on ground reference data) run 
within ARC/INFO to label all regions according 
to existing vegetation and land cover types (Ford 
et al. 1997). This process was carried out inde- 
pendently for each TM scene, then all 33 scenes 
were edge-matched to create a seamless raster 
database containing cover type attributes for 
each region. The resulting database contained 
more than 4 million regions labeled to one of 50 
different land cover types. To reduce the file size 
for GIS modeling, the statewide land cover grid 
was resampled to 90 m2, which still resulted in 
a very large database with over 4.232 X lo9 pix- 
els covering Montana (38,081,490 ha). 

Information on elevation, slope, and aspect 
were derived from digital elevation data. U. S. 
Geological Survey (USGS) 7.5’ Digital Eleva- 
tion Models were used when available (- 
1,500). Some quadrangles, particularly in east- 
em Montana, were not available in digital form. 
Data for these quadrangles were estimated with 
3-arc-second data from USGS (source scale 1: 
250,000), resampled to 30 m* cells, and co-reg- 
istered to the TM scenes. Digital Elevation Mod- 
els for each TM scene were appended to the 
state boundary and then resampled to the same 
90 m2 pixel size as the land cover data set. Data 
on rivers, streams, and lakes, in the form of 
USGS 1: 100,000 scale digital line graphs were 
acquired for all Montana. These were merged to 
create a seamless, statewide hydrography data- 
base. 

All analyses were conducted with ARC/INFO 
(version 7.11) and Erdas Imagine (version 8.1) 
on IBM RS/6000 workstations running AIX 
(version 4.1). In addition, customized software 
for many processing steps was written in FOR- 
TRAN and C, or scripts written in ARC Macro 
Language. Descriptions of the land cover types 
used the species habitat models are summarized 
in the Appendix. Additional information on the 
database, along with detailed descriptions and 
photographs of the 50 vegetation cover catego- 
ries can be found at the University of Montana’s 
Wildlife Spatial Analysis Lab’s web site 
(www.wru.umt.edu/default.shtml). 

HABITAT MODELS 

We developed habitat models to predict the 
breeding distribution of Lazuli Buntings and 
Brown-headed Cowbirds by selecting combina- 
tions of variables from the statewide land cover, 
hydrography, and topography data sets. We se- 
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lected the distributional rules based on both pub- 
lished sources, as well as our unpublished infor- 
mation on the distribution of Lazuli Buntings in 
western Montana. All GIS operations were done 
in raster format using the Grid Module in ARC/ 
INFO. The selection rules described below pro- 
duced distributional layers that corresponded 
closely with actual bunting and cowbird distri- 
butions in western Montana. 

LAZULI BUNTING MODEL 

Lazuli Buntings breed in habitats that have 
thick shrubs, low trees, and/or dense herbaceous 
vegetation (Greene et al. 1996). These areas in- 
clude arid brushy canyons, slopes of hills and 
escarpments, riparian edges, and thicketed 
swales. On the prairies east of the continental 
divide, Lazuli Buntings typically breed in ripar- 
ian areas, vegetated gullies, thickets on hillsides, 
sagebrush, and along ravines and gullies (Dob- 
kin 1994, Greene et al. 1996). In western Mon- 
tana, Lazuli Buntings breed from the lowest val- 
leys to at least 3,000 m on mountain slopes, al- 
pine meadows, and in high elevation aspen for- 
ests with thick shrub cover. The highest breeding 
densities occur in recent post-fire areas, but low- 
er breeding densities are typical in post-logged 
treatments such as group-selection cuts, seed- 
tree cuts, and clearcuts (Hutto 1995b, Greene et 
al. 1996). Lazuli Buntings also breed in open 
forests with low canopy closure. 

To model potential Lazuli Bunting breeding 
habitat, the GIS database was queried to find 
suitable combinations of land cover, topography, 
and proximity to water. In the following query 
descriptions, numbers in parentheses refer to 
land cover type codes (descriptions and photo- 
graphs are available at www.wru.umt.edu/de- 
faultshtml). All grassland (3110, 3130, 3150, 
3170), agriculture (2010, 2020), and urban 
(1100) land cover types were selected, along 
with a 90-m wide buffer strip into adjacent shrub 
or forest lands (3200 through 4400). Similar 90- 
m wide buffer strips were selected along both 
sides of all streams if the land cover represented 
montane parkland and subalpine meadow 
(3180), grassland (3110, 3130, 3150, 3170), xer- 
ic forest (4290), or broadleaf-conifer forest 
(4300). Grassland cover types (3110, 3130, 
3150, and 3170) were included if the associated 
slope was greater than 20%. Low canopy closure 
(lo-39%) was selected for ponderosa pine (Pi- 
ltus ponderosa) (4206), xeric forest (4290), and 
broadleaf forest (4140) within 90 m of streams 
and rivers. All burns (4400) were included. 

BROWN-HEADED COWBIRD MODEL 

Brown-headed Cowbirds have expanded their 
range into nearly all of Montana. They are com- 

mon in a wide variety of areas within commut- 
ing distances of livestock, including agriculture 
areas, grasslands, riparian vegetation, woodlands 
and woodland edges, brushy thickets, and resi- 
dential areas (Robinson et al. 1995a, Hutto 
1995b). Brown-headed Cowbird females com- 
mute between separate breeding and feeding 
ranges, and typical commuting distances are in 
the range of l-7 km, although females can travel 
longer distances to their foraging areas (Roth- 
stein et al. 1980, 1984, 1986b; Dufty 1982a, 
Thompson 1994, Robinson et al. 1995a). 

We predicted two different Brown-headed 
Cowbird distributional layers: (1) a High Risk 
layer included areas within 2700 m of cover 
types that contain suitable afternoon foraging ar- 
eas for Brown-headed Cowbirds, and (2) a Low 
Risk layer that included areas 2700-4500 m 
from cover types suitable for afternoon foraging 
by Brown-headed Cowbirds. The High Risk lay- 
er included all vegetation along riparian cover 
types (61 lo-6400), plus all areas within 2700 m 
of all urban (1100), agricultural (2010, 2020), 
and grassland cover types (3110, 3130, 3150, 
and 3170). The Low Risk layer included areas 
that were farther than 2700 m but less than 4500 
m from any of the cover types used to define 
the High Risk areas. These risk areas are con- 
servative, because female Brown-headed Cow- 
birds can commute more than 4500 m from for- 
aging areas to egg-laying areas (Rothstein et al. 
1980, 1995a; Dufty 1982a). 

ACCURACY OF MODELS 

To assess the accuracy of the land cover map, 
the probability of misclassifying cover types was 
estimated using a bootstrap method, in which the 
training data were subsampled 50 times, ran- 
domly and with replacement; each time the 
bootstrap sample was used to classify the re- 
maining reference data (details in Steele et al. 
1998). Because the land cover classification 
scheme is complex, and some cover types were 
quite similar in terms of their constituent plant 
species, some types of misclassification were 
considered less serious than others. For example, 
confusion between sagebrush (3350) and xeric 
shrub-grasslands (3520) was considered to be 
acceptable, since sagebrush (Artemesia spp.) is 
a dominant component of each cover type. In 
contrast, a confusion between very low cover 
grassland (3130) and Douglas-fir forest (4212) 
was considered an absolutely wrong mismatch. 
The average classification accuracy at the ac- 
ceptable level (i.e., the cover type was classified 
correctly, or classified as another cover type 
which shares the same dominant plant species) 
was 82.8% for the cover types used in the spe- 
cies habitat models (Appendix). 
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FIGURE 1. GIS habitat model for potential Lazuli Bunting breeding habitat for Montana. Inset box in west- 
central part of state indicates location of area shown in more detail in Fig. 2. 

The accuracy of the bird habitat models was 
assessed following the recommendations of Ed- 
wards et al. (1996). The predicted and observed 
occurrence of Lazuli Buntings and Brown-head- 
ed Cowbirds was compared at 14 validation sites 
around the state for which checklists were avail- 
able. For Brown-headed Cowbirds, there was 
100% agreement between the predicted and ob- 
served occurrence. For Lazuli Buntings, there 
was 86% agreement; in no case were buntings 
recorded where we did not predict them to occur 
(error of omission), but there were two areas 
where we predicted they would occur but they 
have not been recorded (errors of commission). 

OVERLAPPING LAYERS 

We intersected the predicted High Risk and 
Low Risk Brown-headed Cowbird layers with 
the Lazuli Bunting distribution. This predicted 
three different categories of potential Lazuli 
Bunting breeding habitat corresponding to three 
different levels of risk of Brown-headed Cow- 
bird parasitization. We defined (1) High Risk 
Lazuli Bunting habitat as that within 2700 m of 
potential afternoon foraging areas for Brown- 
headed Cowbirds; (2) Low Risk Lazuli Bunting 
habitat as potential breeding habitat between 
2700 and 4500 m away from potential afternoon 
foraging areas for Brown-headed Cowbirds; and 

(3) No Risk areas as all potential Lazuli Bunting 
breeding habitat that was farther than 4500 m 
away from potential afternoon foraging areas for 
Brown-headed Cowbirds. 

To obtain perimeter measurements for all the 
No Risk patches of potential Lazuli Bunting 
breeding habitat, we converted the patch bound- 
aries from 90 m2 raster format to smooth, vector 
lines (using ARC/INFO). For each No Risk bun- 
ting patch, we also estimated the distance to the 
nearest High Risk and Low Risk areas, mea- 
sured from the centroid of each patch. 

RESULTS 

The model identified 8,070,163 ha as potential 
breeding habitat for Lazuli Buntings in Montana 
(Fig. 1). Of this habitat, over 97.2 % (7,846,315 
ha) occurred in areas that are potentially at High 
Risk of Brown-headed Cowbird parasitization; 
1.3 % (100,793 ha) occurs in areas of Low Risk; 
and only 1.5 % (123,055 ha) occurred in areas 
where Brown-headed Cowbirds are unlikely to 
occur. 

The distribution of potential High Risk, Low 
Risk, and No Risk habitats for Lazuli Buntings 
varied across the state. East of the continental 
divide, all potential Lazuli Bunting breeding 
habitat was classified as High Risk. This is be- 
cause Lazuli Bunting breeding habitat was main- 
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FIGURE 2. Detail of inset area shown in Fig. 1 along the Rocky Mountain front, where prairies (to the east) 
meet the Rocky Mountains. Potential High Risk, Low Risk, and No Risk Lazuli Bunting breeding habitats are 
shown in relation to topographic relief. 

ly restricted to riparian edges and small patches 
of vegetation that were close to areas that could 
be grazed by livestock. West of the continental 
divide, Brown-headed Cowbirds and Lazuli 
Buntings both occur in mountain valleys, and 
their overlap was predicted to be substantial at 
lower elevations. However, Lazuli Buntings also 
breed at higher elevations farther away from ar- 
eas likely to support Brown-headed Cowbirds. 
Thus, west of the continental divide, patches of 
No Risk habitat were widely distributed on the 
slopes above the mountain valleys. 

This analysis also suggested that there are 
three qualitatively and quantitatively different 

patterns of spatial configuration of Lazuli Bun- 
ting breeding habitat in Montana. All three spa- 
tial patterns are illustrated in Fig. 2, which is an 
enlargement of an area along the east front of 
the Rocky Mountains (shown as a rectangle in 
Fig. 1). First, east of the Rocky Mountain front, 
potential Lazuli Bunting breeding habitat oc- 
curred primarily in thin, highly-dissected strips 
along streams, gullies and rivers (A in Fig. 2). 
Second, west of the Rocky Mountain front, 
small, isolated patches of Low Risk or No Risk 
habitat were distributed mainly at mid-elevations 
above valley bottoms (B in Fig. 2). Third, ex- 
tremely large patches of No Risk habitat were 
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FIGURE 3. A. Distribution of sizes of potential 
patches of No Risk breeding habitat of Lazuli Bunting. 
(N = 9,673 patches). Thirty eight patches are larger 
than 100 ha, but they do not show up at this scale. B. 
Distribution of patch size of potential breeding habitat 
larger than 100 ha; all patches larger than 1000 ha 
occurred in bums. Notice the different scales in panels 
A and B. 

limited to burned areas in the western mountains 
(C in Fig. 2) and near Yellowstone National 
Park along the borders of Wyoming and Idaho. 

In general, Lazuli Bunting breeding habitat 
occurred in small patches (Fig. 3). Of all habitat 
patches in No Risk areas, 72% were less than 5 
ha, 85% were less than 10 ha, and 95% were 
less than 20 ha in size (Fig. 3A). Only 38 
(0.29%) potential patches of No Risk breeding 
habitat in Montana were larger than 100 ha (Fig. 
3B); 27 of these patches were between 100 and 
1,000 ha. All patches larger than 1,000 ha oc- 
curred in old bums. The three patches larger 
than 10,000 ha were in the 1988 Scapegoat Wil- 
derness bum (33,880 ha), visible as the largest 
green patch in west-central Montana in Fig. 1; 
part of the 1988 Yellowstone fire complex visi- 
ble on the Montana-Wyoming border (10,998 ha 
in Montana); and the 1984 Charlotte Peak bum 
(10,387 ha), visible in Fig. 1 north of the Scape- 
goat bum, and shown in close-up at C in Fig. 2. 

In addition to their small size, patches of No 
Risk breeding habitat were located fairly close 
to habitats that could support Brown-headed 
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FIGURE 4. Minimum distance from patches of No 
Risk Lazuli Bunting breeding habitat (N = 9,673 hab- 
itat patches) to (A) High Risk habitat, and (B) Low 
Risk habitat. 

Cowbirds (Fig. 4). Out of 9,673 patches of po- 
tential No Risk habitat, 38.5% were within 4 km 
of High Risk areas, and 76.1% were within 7 
km of High Risk areas (Fig. 4A); 75.4% of 
patches were within 4 km of Low Risk areas, 
while 91.6% were within 7 km of Low Risk ar- 
eas (Fig. 4B). There was no relationship between 
the size of No Risk habitat patches and the dis- 
tance away from potential areas with Brown- 
headed Cowbirds (Fig. 5). This figure shows the 
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FIGURE 5. Relationship between size of potential 
breeding habitat in No Risk areas and distance to the 
nearest High Risk area. This graph shows the relation- 
ship for the 1500 largest patches (N = 1500 patches, 
rZ = 0.00026, ns). Ten largest patches omitted from 
this graph for scaling purposes; the relationship does 
not change when all patches included. 
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FIGURE 6. Shape indices for patches of potential 
breeding habitat. Lines show theoretical curves for 
area/perimeter ratios for patches of different shapes 
(square patches, rectangular patches ten times longer 
than wide, and rectangular patches 100 times longer 
than wide). Circles show area/perimeter ratios for 
1,500 randomly selected patches of potential No Risk 
habitat in western Montana; diamonds show area/pe- 
rimeter ratios for 500 randomly selected patches of 
potential High Risk habitat in eastern Montana. 

relationship for the largest 1500 patches (the ten 
largest patches were omitted for scaling purpos- 
es; there was no change if all patches are in- 
cluded). 

Potential breeding habitat of Lazuli Buntings 
occurred in long, thin strips or in highly dis- 
sected patches, with lots of edge relative to area 
(Fig. 6). The distribution of area-perimeter ratios 
for No Risk habitat patches (from west of the 
Rocky Mountain front) were clustered between 
the lines showing area-perimeter ratios for rect- 
angles ten and 100 times longer than wide. Po- 
tential patches of breeding habitat were even 
more elongated in the eastern part of Montana, 
with most patches even more extreme than the 
1OO:l line (Fig. 6). 

DISCUSSION 

Our landscape-level GIS model is a first step 
towards a better understanding, of the population 
dynamics of Lazuli Buntings on a large spatial 
scale; we present these results as testable hy- 
potheses in need of ground-truthing. Our model 
identified a large proportion (97%) of potential 
Lazuli Bunting breeding habitat in Montana at 
high vulnerability to Brown-headed Cowbirds. 
This is especially true for eastern Montana. 
However, the Brown-headed Cowbird distribu- 
tional model was based solely on land cover 
types, and did not incorporate any information 
on the actual spatial distribution of livestock 
(since such information is not currently avail- 
able). This model assumes that all areas that 
could support livestock actually contain cattle. 
Although this assumption may be correct for 
some parts of the state, we need more informa- 
tion on the spatial and temporal distribution of 

livestock, and thus Brown-headed Cowbirds, for 
many western locations. It is probable that cattle 
and Brown-headed Cowbirds are much more 
clumped in time and space than suggested by 
the red, High Risk areas identified in Fig. 1. If 
this is the case, there may be many more safe, 
No Risk or Low Risk habitats east of the Rocky 
Mountain front than was identified by this mod- 
el. We are currently conducting ground-truthing 
studies to identify the spatial and temporal dis- 
tribution of cows and Brown-headed Cowbirds, 
especially within areas identified as High Risk 
for Lazuli Buntings. 

Potential Lazuli Bunting breeding habitat oc- 
curs in three quantitatively different spatial con- 
figurations. First, potential breeding habitat in 
non-mountainous areas tends to occur in long, 
linear, strips along streams and in gullies. These 
patches have low ratios of interior to edge, and 
are typically embedded in vegetation types that 
could support livestock, such as rangeland or 
grassland. Brown-headed Cowbirds are able to 
search vegetation with these characteristics ex- 
tremely effectively (Robinson et al. 1995a). In 
the western part of Montana, most potential Laz- 
uli Bunting breeding habitat that occurred in the 
valley bottoms was predicted to be at High Risk 
of parasitization. Many small (usually less than 
20 ha) Low Risk and No Risk habitat patches 
occurred above the valley bottoms; a few ex- 
tremely large patches of No Risk habitats oc- 
curred in old bums. 

We defined High Risk and Low Risk Lazuli 
Bunting habitats as those occurring within 2.7 
km, and 2.7-4.5 km, respectively, of potential 
habitats that could support livestock. This is a 
conservative choice of buffer distances, since ra- 
dio-tracking studies indicate that female Brown- 
headed Cowbirds can commute up to 7 km be- 
tween their morning breeding areas and after- 
noon feeding sites (Rothstein et al. 1984, 
Thompson 1994). However, most female cow- 
birds commute shorter distances than these max- 
imum values, and parasitization levels typically 
fall off with increasing distance from afternoon 
feeding areas. 

Lazuli Bunting populations appear to consist 
of spatially-separated subpopulations, intercon- 
nected by dispersal of individuals between 
patches (i.e., metapopulations). Realistic meta- 
population models for Lazuli Buntings will re- 
quire more information on the sizes, spatial re- 
lationships, and demographic characteristics (re- 
productive performance, survivorship) of bun- 
ting sub-populations, and dispersal behavior of 
buntings between sub-populations. 

Dispersal abilities and recolonization behavior 
are unknown for most species of birds, including 
Lazuli Buntings. Dispersal distances for many 
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species may be much larger than previously 
thought, and thus the appropriate spatial scale 
for metapopulation models may be large. Infor- 
mation on the dispersal of Lazuli Buntings is 
limited, but anecdotal evidence suggests that this 
species can disperse large distances and quickly 
colonize suitable areas. First, Lazuli Buntings 
breed in early successional vegetation that is 
created unpredictably in time and space. Forest 
fires (or other events such as draining reservoirs) 
create patches of suitable vegetation that are of- 
ten a long way from other suitable areas; Lazuli 
Buntings typically colonize these areas rapidly 
and in large numbers (Greene et al. 1996). Sec- 
ond, banding studies suggest that natal philopa- 
try by juvenile buntings is low, and that adults 
can disperse among suitable breeding habitats 
between years (Greene et al. 1996). Third, there 
does not appear to be any large-scale geographic 
structure to song dialects. Yearling males learn 
their song after they return to the breeding 
grounds (Greene et al. 1996). With local or re- 
gional philopatry, we would expect some hint of 
cultural evolution of song types, giving rise to 
some sort of geographic song dialects. 

These issues of dispersal behavior aid in un- 
derstanding the dynamics of interconnected pop- 
ulations, and in formulating ecologically realis- 
tic metapopulation models (Pulliam 1988, Rob- 
inson et al. 1995b, Brawn and Robinson 1996). 
The original formulation of metapopulation 
models consisted of habitat patches in which 
isolated subpopulations of about the same size 
exchanged migrants with each other (Levin 
1974, Gilpin and Hanski 1991). Several varia- 
tions on this theme have been proposed, and 
they differ mainly in the relative size of habitat 
patches and the spatial scale of dispersal relative 
to the spatial heterogeneity of the environment. 
The core-satellite model (Hanski 1982, Harrison 
1991) refers to a population that is subdivided 
into a large, central population with smaller pe- 
ripheral satellite populations. Most of the repro- 
duction occurs in the core area, and it provides 
dispersers to the outlying satellite populations, 
but not vice versa. The dynamics and persistence 
of such a system is determined by events in the 
core area and does not depend upon the satellite 
populations. Such may be the case for Lazuli 
Buntings if it is found that reproductive success 
is high only in the large bums (source popula- 
tions) and much lower in other areas (satellite 
populations). 

Patchy population models describe individual 
patches that are separated from other patches, 
but the patches are close enough to each other 
so that dispersal of individuals among patches is 
extremely frequent. The spatial scale of dispersal 
is much larger than the spatial scale of habitat 

heterogeneity (Harrison 1991). In this case, the 
relevant demographic unit is a larger network of 
interconnected patches that are isolated demo- 
graphically from other networks of patches. 

IDENTIFICATION OF RESEARCH PRIORITIES 

This landscape analysis helps to focus atten- 
tion on some research and management priori- 
ties. 

Spatial and temporal distribution of 
Brown-headed Cowbirds in 
western landscapes 

We currently have much less understanding of 
Brown-headed Cowbird movements and spatial 
relationships with livestock in western than in 
eastern and mid-western landscapes (Robinson 
et al. 1995a). Rather than isolated islands of un- 
disturbed vegetation embedded in landscapes 
modified by human activities (e.g., agricultural 
and urban lands), many western landscapes con- 
sist of relatively large tracts of forested areas 
inset with smaller patches of disturbed areas. We 
need to document the spatial and temporal dis- 
tributions of livestock and Brown-headed Cow- 
birds in these western landscapes. 

Management implications 

Once we have a better understanding of the 
relationship between the distribution of livestock 
and Brown-headed Cowbirds, it may be possible 
to suggest ways to modify grazing regimes that 
would result in large improvements in reproduc- 
tive success for many species of Brown-headed 
Cowbird hosts (Robinson et al. 1993, 1995a; 
Thompson 1993, Petit et al. 1995). For example, 
cattle may be concentrated for short periods dur- 
ing the time when many species initiate nesting. 
Although areas surrounding the cattle might ex- 
perience extremely high levels of parasitization, 
larger areas farther away from the cattle could 
be converted into source areas experiencing 
much lower levels of parasitization. 

Ecological importance of burns 

Ecologists recognize that fires play a critical 
role in western forest ecosystems. Their ecolog- 
ical effects can be different from other sorts of 
disturbances, such as different types of forest 
harvesting practices. The only large, No Risk 
habitats identified by our model were burned ar- 
eas. Indeed, the highest breeding densities of 
Lazuli Buntings have been reported in post-bum 
areas (Hutto 1995b). These few, large bums may 
be significant source locations, producing excess 
buntings that disperse to other areas in which 
reproductive success is lower. The importance of 
large, post-bum areas for Lazuli Bunting repro- 
duction needs to be determined. 
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APPENDIX. DESCRETIONS OF MONTANA GAP ANALYSIS LAND COVER TYPES USED IN GIS MODELS 

CWJer 

type 
code Name 

Area Number 9% of 

(ha) of patches state 

Estimated 
Level 3 

accuracy~ 

1100 Urban or developed lands 63,733 1,109 0.17 
2010 Agricultural lands non-irrigated 3,632,611 96,092 9.54 
2020 Agricultural lands 1.957,294 94,928 5.14 
3110 Altered herbaceous 1,104,946 109,396 2.67 
3130 Very low cover grasslands 1,104,361 139,493 2.90 
3150 Low/moderate cover grasslands 10,427,464 432,016 27.38 
3170 Moderate/high cover grasslands 1,236,660 196,470 3.25 
3180 Montane parklands and subalpine meadows 528,201 59,185 1.39 
3200 Mixed mesic shrubs 949,873 172,497 2.49 
3300 Mixed xeric shrubs 1.227,852 184,013 3.22 
3309 Silver sage 73,334 20,022 0.19 
3310 Salt-desert shrub/dry salt flat 131,141 22,824 0.34 
3350 Sagebrush 2,145,574 220,288 5.63 
3510 Mesic shrub-grassland 280,075 64,714 0.74 
3520 Xeric shrub-grassland 524,06 1 79,041 1.38 
4000 Low density xeric forest 286,187 63,913 0.75 
4140 Mixed broadleaf forest 357,539 72,262 0.94 
4203 Lodgepole pine 1.286.156 98,028 3.38 
4205 Limber pine 120,372 22,148 0.32 
4206 Ponderosa pine 1,066,130 127,272 2.80 
4207 Grand fir 22,017 3,328 0.06 
4210 Western red cedar 36,339 4,55 1 0.10 
4211 Western hemlock 20,940 1,990 0.05 
4212 Douglas-fir 1,329,994 139,735 3.49 
4214 Rocky Mountain juniper 80,379 17,669 0.21 
4215 Larch 90,437 13,652 0.24 
4216 Utah juniper 14,843 2,686 0.04 
4223 Douglas-fidlodgepole pine 45 1,332 50,494 1.19 
4260 Mixed whitebark pine forest 394,340 38,963 1.04 
4270 Mixed subalpine forest 1582,611 83,658 4.16 
4280 Mixed mexic forest 1,227,309 62,871 3.22 
4290 Mixed xeric forest 542,049 79,625 1.42 
4300 Mixed broadleaf and conifer forest 99,843 23,137 0.26 
4400 Standing burnt forest 139,261 3,43 1 0.37 
6100 Conifer riparian 85,004 71,033 0.22 
6120 Broadleaf riparian 198,372 91,838 0.52 
6130 Mixed broadleaf conifer riparian 34,932 29,923 0.09 
6200 Graminoid and forb riparian 702,574 281,322 1.84 
6300 Shrub riparian 363,596 200,240 0.95 
6400 Mixed riparian 122,662 88,540 0.32 

- 

89.5 
97.8 
95.1 
88.5 
79.6 
68.1 
81.1 
61.5 
96.9 
90.9 
83.6 
90.8 
76.2 
76.2 
96.3 
63.0 
92.8 
94.5 
88.9 
94.8 
93.1 
75.6 
85.2 
50.7 
93.8 
81.3 
96.2 
95.7 
89.9 
87.1 
59.9 
83.8 
83.2 
60.9 
74.5 
74.0 
73.7 

d Level 3 Acceptability was assigned if the cover type was classified correctly, or if the cover type was mwAassified, but the dominant plant species 
were the same I” the two cover types. 
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DEMOGRAPHIC CONSEQUENCES OF BROWN-HEADED 
COWBIRD PARASITIZATION OF LAZULI BUNTINGS 

ERICK GREENE 

Abstract. Lazuli Buntings (Passerina amoena) have a large breeding distribution throughout western 
United States and southwestern Canada. They are not currently considered to be a species at risk, and 
have been reported to be rare hosts of Brown-headed Cowbirds (Molothrus arer). At some locations 
in west-central Montana, however, the prevalence of cowbird parasitization is high, with over 70% of 
bunting nests parasitized. The cost of cowbird parasitization for Lazuli Buntings is severe: about 90% 
of parasitized nests that fledged a cowbird chick did not fledge any bunting chicks. The demographic 
consequences of parasitization by cowbirds were investigated with non-spatial, age-structured popu- 
lation models, using a range of values for survivorship, fecundity, and cost of parasitization. These 
demographic analyses suggest that isolated populations of Lazuli Buntings are more at risk than 
currently appreciated; deterministic models suggest that the threshold parasitization levels required for 
bunting populations to replace themselves (A = 1.0) are relatively low (threshold levels are 17% of 
nests parasitized for intermediate survivorship estimates and 44% for high survivorship estimates). 
When realistic environmental and demographic stochastic variation is incorporated into the demo- 
graphic models, Lazuli Bunting populations appear even more at risk than suggested by deterministic 
models. More research is needed on documenting the spatial and temporal patterns of cowbird para- 
sitization, refining survivorship estimates, and understanding the metapopulation structure of Lazuli 
Buntings. 

Key Words: age-structured model, brood parasitism, Brown-headed Cowbird, cost of parasitization, 
Lazuli Bunting, Molorhrus arer, neotropical migrant, Passerma umoena, population dynamics. 

The impact of parasitization by Brown-headed 
Cowbirds (Molothrus ater) on populations of 
passerine hosts has been a long-standing issue 
in conservation biology. There are some well- 
publicized cases in which populations of song- 
birds are threatened by cowbird parasitization 
(usually in conjunction with other anthropogenic 
changes, such as loss and fragmentation of 
breeding habitat, and high densities of nest pred- 
ators; Robinson et al. 1995b): K&land’s Warbler 
(Dendroica kirtlandii; Mayfield 1977), Black- 
capped Vireo (Vireo atricapillus; Grzybowski et 
al. 1986), and Least Bell’s Vireo (Vireo bellii 
pusillus; Goldwasser et al. 1980). In spite of one 
view that many populations of songbirds are 
now threatened by cowbird parasitization (Brit- 
tingham and Temple 1983, Terborgh 1989), the 
magnitude of this problem remains unclear. This 
is largely because the abundance of a species 
does not necessarily reflect its reproductive suc- 
cess at a location; because of large total popu- 
lations and high juvenile and adult dispersal, 
birds can continue to recolonize areas in which 
nesting success is extremely low (Brawn and 
Robinson 1996). Since abundance may mask se- 
rious underlying reproductive failures at a lo- 
cation, there is a need for more detailed demo- 
graphic analyses of the impact of cowbird par- 
asitization on the dynamics of songbird popu- 
lations (Robinson et al 1995a). 

Lazuli Buntings (Passerina amoena) are 
widespread breeding songbirds throughout west- 
em United States and southwestern Canada, and 

they can be very abundant in many different 
types of vegetation (Greene et al. 1996). Anal- 
ysis of Breeding Bird Survey (BBS) data 
(Butcher et al. 1992) suggested that Lazuli Bun- 
ting populations were stable or perhaps increas- 
ing, and none of the monitoring criteria indicat- 
ed that Lazuli Buntings were a species at risk. 

However, other analyses of BBS data (Sauer 
and Droege 1992) suggested populations were 
declining in some central and western regions, 
although these decreasing trends were not statis- 
tically significant. More detailed analyses of 
BBS data that took into account magnitude of 
population changes (DeSante and George 1994) 
suggested that populations were declining in 
seven states, especially in Utah. These popula- 
tion analyses combined data from large geo- 
graphic areas and many vegetation types, and 
therefore may mask some serious local repro- 
ductive failures and regional population de- 
clines. 

If bunting populations are declining in some 
areas, the causes are unknown. Previous studies 
have suggested that Lazuli Buntings are rare 
hosts of Brown-headed Cowbirds (Friedmann et 
al. 1977, Friedmann and Kiff 1985). However, 
the prevalence of cowbird parasitization, the 
cost of parasitization on Lazuli Bunting repro- 
ductive success, and the impact of parasitization 
on Lazuli Bunting population dynamics are cur- 
rently unknown. 

The purpose of this paper is to (1) document 
levels of Brown-headed Cowbird parasitization 

144 
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on Lazuli Buntings in western Montana, and (2) 
model the demographic consequences of vary- 
ing levels of cowbird parasitization on Lazuli 
Buntings. 

METHODS 

DEMOGRAPHIC MODELS 

The demographic consequences of cowbird 
brood parasitization on Lazuli Buntings were 
modeled using age-structured, non-spatial ma- 
trix projection models. Such models summarize 
the survival and reproduction of different age 
classes in projection matrices, and they allow a 
wide variety of demographic analyses (e.g., 
Crouse et al. 1987, Burgman and Gerard 1990, 
Wooton and Bell 1992; for reviews of these 
methods see Caswell 1989 and McDonald and 
Caswell 1993). 

Since the survival and fecundity of buntings 
differ between yearling birds and older birds, but 
is independent of age after the first year of life 
(Greene et al. 1996), I constructed a female- 
based model with two age classes, and with a 
projection interval of one year. This demograph- 
ic model is summarized as a life cycle diagram 
(Caswell 1989) which shows the transition co- 
efficients related to survivorship and reproduc- 
tion of the two age classes (Fig. 1A). Note that 
the age categories span a year. Thus, the yearling 
category integrates information about birds from 
just after hatching until just after their first birth- 
day (for details see Caswell 1989, McDonald 
and Caswell 1993). 

I investigated the consequences of cowbird 
parasitization on the population dynamics of 
Lazuli Buntings with two types of models: 

1) Deterministic population models. These 
models assume time-invariant transition proba- 
bilities, density independent population growth, 
and do not allow for stochastic variation in vital 
rates (Caswell 1989). The dominant eigenvalue 
of a projection matrix, A, represents the geo- 
metric rate of population growth associated with 
the specific transition coefficients in the matrix; 
a value of A = 1.0 indicates a population is ex- 
actly replacing itself, A > 1 indicates a popula- 
tion is increasing, and A < 1 indicates a popu- 
lation is declining. For example, a matrix that 
has an associated dominant eigenvalue of A = 
1.054 indicates that a population with those vital 
rates would grow at 5.4% per time interval. The 
break-even threshold values (A = 1.0) presented 
in these analyses are equivalent to May and 
Robinson’s (1985) maximum rate of parasitiza- 
tion sustainable by a host population. Although 
long-term projections of such models are un- 
doubtedly suspect, they are useful for investi- 
gating the short-term potential of a population 
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FIGURE 1. (A) Life cycle diagram of the age-struc- 
tured matrix population model for Lazuli Buntings. 
The two nodes represent the two age classes, yearling 
females and females ~2 years of age. Arrows indicate 
age-specific survivorship (P,‘s) or age-specific fertili- 
ties (F,‘s). The projection interval was one year. Spe- 
cific values for the transition probabilities used in the 
analyses are shown in Table 2. (B) Schematic time line 
of a seasonally breeding bird, showing bookkeeping 
details used in a post-breeding census parameterization 
of projection matrices. B indicates the yearly pulse of 
breeding activity. The vertical arrows show the timing 
of the yearly censuses just after the breeding season. 
The chicks produced by females (m,) are assigned to 
the age class before the birth event (Caswell 1989). 
See text for more details. 

to grow (or decline), and to compare the effect 
of different vital rates on population growth 
rates. 

The relative contribution of different transi- 
tion coefficients to the overall population growth 
rate, A, can be assessed through elasticity anal- 
yses. Elasticity coefficients, or proportional sen- 
sitivities, measure the relative change in A in re- 
sponse to a proportional change in one transition 
coefficient (Caswell 1989, McDonald and Cas- 
well 1993). Elasticity values are calculated for 
each matrix element independently (i.e., assum- 
ing all other transition coefficients do not 
change), and they represent the effect of infi- 
nitely small changes in each transition coeffi- 
cient on A (calculated as the partial derivative 6 
(In A)/8 (In aj), where a, is the element in the ith 
row and jth column of the transition matrix). 
Since elasticity values sum to 1, the relative con- 
tribution of matrix elements to overall popula- 
tion growth, A, can be compared; a large elastic- 
ity coefficient associated with a particular vital 
rate suggests that a change in that transition will 
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result in a relatively large change in the popu- 
lation growth rate, whereas a small elasticity co- 
efficient indicates that a change in that vital rate 
will have a relatively small effect on the popu- 
lation growth rate. See Caswell (1989) and 
McDonald and Caswell (1993) for more detailed 
discussions on the calculation and interpretation 
of elasticity coefficients. Wisdom and Mills 
(1997) commented on limitations of the elastic- 
ity approach, and offered some methods of es- 
timating the relative contribution of transitions 
on population growth rates over larger ranges of 
variation for each transition, and when all tran- 
sition coefficients are allowed to vary at the 
same time (see also Citta and Mills this volume). 

2) Stochastic population models. All species 
experience variation in life history characteris- 
tics, such as survivorship and fecundity. Incor- 
porating variation in demographic models can 
provide additional important insights into the 
population dynamics of a species, and allows 
probabilistic statements about the distribution of 
population sizes over time (Caswell 1989, Burg- 
man et al. 1993). Thus, in addition to the deter- 
ministic demographic models with fixed vital 
rates described above, I also ran stochastic Mon- 
te Carlo simulations of bunting populations that 
incorporated both demographic and environmen- 
tal stochasticity. Demographic stochasticity re- 
fers to chance variation in population size when 
vital rates are applied to individuals in small 
populations (Burgman et al. 1993). For example, 
it is impossible to have 9.5 individuals, and so 
the population would have to be either 9 or 10; 
the chance difference of “half” an individual 
represents a large proportion of such a small 
population. Environmental stochasticity refers to 
variation in survivorship and fecundity arising 
from variation in environmental conditions 
(Caswell 1989, Burgman et al. 1993). 

Each of the stochastic simulations started with 
100 replicate bunting populations, each with an 
initial size of 100 females. Vital rates were ran- 
domly drawn from normal distributions with co- 
efficients of variation (CV) of 10% of the mean 
value of the vital rates. These values of yearly 
variation are well within the range of variation 
for birds, and have been used in stochastic sim- 
ulations for other species (e.g., Burgman et al. 
1993). For example, a 10% CV for a mean year- 
ly survivorship of 70% implies that 95 out of 
100 populations would experience survivorship 
values between 56-84% (i.e., X ? 2 SD). 

The models used in these analyses assume 
closed populations, and do not allow for dis- 
persal among sub-populations. It is clear that 
most populations consist of metapopulations, in 
which isolated sub-populations are loosely con- 
nected by immigration and emigration of indi- 

viduals. The population dynamics of a metapop- 
ulation depends upon the sizes and spatial rela- 
tionships of sub-populations, variation in survi- 
vorship and reproduction among patches, and 
dispersal among patches (Gilpin and Hanski 
1991, Harrison 1991, Brawn and Robinson 
1996). Hence, the results of the non-spatial mod- 
els presented here are meant only to address the 
question of how cowbird parasitization may in- 
fluence isolated bunting populations. In essence, 
these analyses ask the questions: at what level 
of cowbird parasitization is a bunting population 
a potential sink population (i.e., A < l), and at 
what level of cowbird parasitization is a bunting 
population a potential source population (i.e., A 
> l)? Analyses of potential source and sink pop- 
ulations of Lazuli Buntings are the subject of 
another paper (Greene et al. this volume). 

PARAMETRIZATION OF DEMOGRAPHIC MODELS 

As part of other behavioral studies, popula- 
tions of color-marked Lazuli Buntings have been 
monitored in west-central Montana since 1992 
(Greene et al. 1996). Data on reproductive suc- 
cess, survivorship, incidence of parasitization, 
and the cost of parasitization from three main 
study locations (described below) were used to 
parameterize these demographic models. To 
gather information on age-related reproductive 
performance and survivorship, buntings were 
aged using plumage characteristics; yearling 
birds retain brown primary coverts, whereas 
birds in their second year or older have primary 
coverts that are tinged with blue edges (Young 
1991, Greene et al. 1996). 

SURVIVORSHIP 

Over a six year period (1992-1997), an av- 
erage of 43% of banded adult males returned to 
the study sites the following year. This estimate 
of annual survivorship is undoubtedly low, since 
there was dispersal off of and onto the study 
sites between years (Greene et al. 1996). The 
highest estimates of yearly adult male survivor- 
ship for the congeneric Indigo Buntings (Pas- 
serina cyanea) are about 0.70 (Payne 1992). 
Yearly survivorship for adult female Indigo 
Buntings are generally lower than those for adult 
males (Payne 1992). There is little information 
on survivorship of buntings during their first 
year of life since it is extremely difficult to dis- 
tinguish between mortality and dispersal. How- 
ever, first year survivorship for many passerines 
has been suggested to be roughly half that of 
adult birds (Ricklefs 1973). For these analyses I 
have assigned juvenile survival as half of adult 
survival. These estimates may be too low, and 
thus overestimate the impact of cowbird para- 
sitism. 
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TABLE 1. SUMMARY OF LIFE HISTORY PARAMETERS 

USED IN DEMOGRAPHIC ANALYSES 

A. Yearly survivorslup 

Subse- 
First q”e”t 

Ye= years 

Low 0.20 0.40 
Intermediate 0.45 0.65 
High 0.50 0.70 

B. Age-specific fertilities (# female offspring fledged per female per 
breeding season). 

Females 
Yearling two and 
female older 

No cowbird parasitization 0.61 1.13 
Low effect of parasitizationa 0.20 0.20 
Severe effect of parasitizationb 0.05 0.05 

aDerived from congeneric Indigo Buntings (Passerina cyanea, Payne 
1992; Payne and Payne 1998). 
h Estimated from nest studies in western Montana. 

To bracket a range of plausible survivorship 
values, three different estimates (low, interme- 
diate, and high) were analyzed (Table 1A). The 
high survivorship schedule corresponds to the 
highest survivorship values estimated for Pus- 
serina buntings (Payne 1992). 

REPR~OUCTIVE Success 

During six breeding seasons (1992-1997) 
near Missoula, Montana, the average number of 
young reared to fledging per breeding season per 
female in unparasitized nests was 1.87. How- 
ever, the age of the female, but not the male, 
influenced fledging success; yearling females 
fledged an average of 1.22 chicks per breeding 
season, whereas older females fledged average 
of 2.26 chicks per breeding season (N = 60 fe- 
males). The age-specific fertilities are summa- 

rized in Table 1. As pointed out by Pease and 
Grzybowski (1995), it can be misleading to es- 
timate how brood parasites influence the season- 
al reproductive success of hosts from individual 
nesting attempts. For example, if a female 
quickly renests after nest failure or parasitiza- 
tion, she may produce the same number of 
young during the entire breeding season as un- 
parasitized females. However, Lazuli Buntings 
accept cowbird eggs (Greene et al. 1996), and 
they rarely renest in Palouse prairie areas in 
western Montana. The data used to parameterize 
these models were from intensive nest searching 
and monitoring of known birds over entire 
breeding seasons. Thus, these estimates of re- 
productive success were not adjusted using the 
methods of Pease and Grzybowski (1995). 

COST OF PARASITIZATION 

The effect of cowbird parasitization on Lazuli 
Buntings in western Montana is severe. Most 
cowbird chicks hatch slightly before or at same 
time as bunting chicks. When this happens, the 
cowbird chick obtains most of the food, and the 
bunting chicks usually starve within 2-3 days 
(Greene et al. 1996, Davison 1998). In a sample 
of 38 nests that fledged cowbird chick(s), 73.7% 
fledged only 1 cowbird chick, 15.8% fledged 2 
cowbird chicks, and only 10.5% fledged 1 cow- 
bird chick and 1 bunting chick. 

To bracket a range of different costs of para- 
sitization on bunting reproductive success, two 
different values were used (low and severe; Ta- 
ble 1B). The severe effect of parasitization is 
from reproductive success data from study sites 
in western Montana; the low cost is derived 
from Indigo Buntings in Michigan (Payne 1992, 
Payne and Payne 1998). 

TABLE 2. LEFKOVITCH TRANSITION MATRICES FOR LAZULI BUNTINGS USED IN DEMOGRAPHIC ANALYSES, DERIVED 
USING LOW, INTERMEDIATE,AND HIGH SURVIVORSHIP ESTIMATES IN TABLE 1 

TO Yearling b 2 yrars 

Low survivorship, no parasitization 
Yearling 
2 2 years 

Intermediate survivorship, no parasitization 
Yearling 
2 2 years 

High survivorship, no parasitization 
Yearling 
2 2 years 

0.122 (0.060)a 0.425 (0.230) 
0.20 (0.230) 0.40 (0.479) 
A = 0.5922b 

0.275 (0.089) 0.73 (0.256) 
0.45 (0.256) 0.65 (0.400) 
A = 1.067 

0.305 (0.092) 0.791 (0.258) 
0.50 (0.258) 0.70 (0.392) 
A = 1.1617 

a Elasticity coefficients associated with specific transition coefficients shown in brackets. 
bThe dominant eigenvalue, A, is shown below each transition matrix. 
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TRANSITION MATRICES 

The demographic parameters used in mahix- 
based models are different from the survivorship 
(1,) and maternity (m,) functions used in life ta- 
ble approaches. This is worth emphasizing, since 
these differences continue to be a source of con- 
fusion (McDonald and Caswell 1993). In partic- 
ular, as pointed out below, the fertility elements 
(Fi’s) of matrix-based models, unlike the m, 
functions of life tables, contain terms relating to 
survival as well as fertility rates. 

To derive the coefficients for a projection ma- 
trix model, we must define the projection inter- 
val and for birth-pulse organisms, such as bunt- 
ings with concentrated, seasonal reproductive 
periods, the time of the census of individuals 
relative to the breeding period. For the projec- 
tion matrix for Lazuli Buntings, the projection 
interval and the age class is defined as one year, 
and I have chosen to parameterize the model 
with a post-breeding census. The bookkeeping 
aspects of the model parameterization are shown 
schematically in Fig. 1B. 

The survival and fertility coefficients are de- 
fined as follows (Caswell 1989, McDonald and 
Caswell 1993): 

P, = the probability that members of age class i 
survive to enter the next age class i + 1. 

Fi = the number of individual females in age 
class 1 at time t + 1 per individual in age 
class i at time t. 

As an example, the coefficients for the pro- 
jection matrix using the low survivorship and no 
parasitism values from Table 1 are derived as 
follows. With a post-breeding census, we assign 
the offspring that are produced by females just 
before their first birthday to age class 1 (Caswell 
1989). Thus, for F,, we are concerned with how 
the newborn individuals in age class 1 survive 
to the next census period and then reproduce. 
By definition, 

F, = (the probability that newly hatched in- 
dividuals survive to the next census pe- 
riod) X (the number of female offspring 
produced by the surviving individuals 
on their first birthday). 

For no parasitism and low survivorship values 
(from Table l), F, = 0.2 X 0.61 = 1.22, which 
is the value in the upper left of the top transition 
matrix in Table 2. 

Similarly, 

F, = (the probability that 1 year olds survive 
to the next census period) X (the num- 
ber of female offspring produced by 

those surviving females on their second 
birthday). 

For no parasitism and low survivorship values 
(from Table l), F, = 0.4 X 1.13 = 0.452, which 
is the value in the upper right of the top transi- 
tion matrix in Table 2. The age specific survi- 
vorship values are P, = 0.2 and P, = 0.4 (Cas- 
well 1989). These are the values in the lower 
left and lower right, respectively, of the top ma- 
trix in Table 2. 

Although I arbitrarily chose a post-breeding 
bookkeeping census, the model could be para- 
meterized with any other arbitrarily chosen cen- 
sus time, such as a pre-breeding census. The 
transition coefficients in the resulting matrix 
would be different, but the resulting demograph- 
ic analyses and conclusions would be identical. 
For more details on the construction and param- 
eterization of matrix-based projection models, 
the interested reader is referred to the excellent 
treatments of Caswell(1989) and McDonald and 
Caswell (1993). 

All demographic simulations were performed 
with RamaslAge (Ferson and AkGakaya 1991) 
and Ramas/Stage software (Ferson 1994). 

INCIDENCE OF PARASITIZATION 

The prevalence of cowbird parasitization in 
Lazuli Bunting nests was determined at three 
main study sites in western Montana. 

1) Mount Sentinel and Mount Jumbo are west- 
facing hillsides overlooking the city of Missou- 
la, Montana (46” 50’ N, 114” 10’ W). This Pa- 
louse prairie grassland is dominated by several 
species of native bunch grasses, several invading 
weeds, with patches of bushes of ninebark (Phy- 
socarpus malvaceus), honeysuckle (Lonicera 
utahenesis), snowberry (Symphoricarpos occi- 
denta&), wild rose (Rosa woodsii), and service- 
berry (Amelanchier alnifolia) and chokecherry 
(Prunus virginiana) trees. During the 1995 
breeding season, a communal cowbird roost was 
located in bushes at the base of Mount Jumbo 
and the north end of Mount Sentinel. This roost 
contained at least several hundred cowbirds. 
Spring floods during the 1996 and 1997 breed- 
ing seasons covered the cowbird roost sites, and 
they moved somewhere else. 

2) Bison Range National Wildlife Refuge (47” 
08’ N, 114” 20’ W) consists of Palouse Prairie 
vegetation, with steep gullies with dense patches 
of wild rose, ninebark, alder (Alnus spp.), haw- 
thorn (Crataegus sp.), serviceberry, and choke- 
cherry. Approximately 370 adult American bi- 
son (Bison bison) with 80-100 calves are kept 
on 7,492 ha, but are rotated through eight large 
grazing units. Ranches with large herds of cattle 
occur outside of the wildlife refuge. Flocks of 
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FIGURE 2. Effect of different parasitism rates and 
demographic characteristics on population growth 
rates of Lazuli Buntings in the deterministic model. 
The line A = 1 indicates the break-even point at which 
a population exactly replaces itself, X < 1 indicates a 
declining population, A > 1 indicates a population with 
the potential to increase. The four different lines were 
calculated with the following combinations of survi- 
vorship and fertility shown in Table 3: (A) high sur- 
vivorship, low effect of parasitism; (B) high survivor- 
ship, strong effect of parasitism; (C) intermediate sur- 
vivorship, strong effect of parasitism; and (D) low sur- 
vivorship, strong effect of parasitism. 

cowbirds associate with the bison in the after- 
noon. I located and monitored Lazuli Bunting 
nests in Triskey Creek when bison were absent 
(the closest bison or cattle were about 4 km 
away), and near Indian Springs, where bison 
were present in large numbers throughout the 
breeding season. 

3) Along the Bitterroot River, from Lee Met- 
calf National Wildlife Refuge (46” 40’ N, 114” 
20’ W) and north to the town of Lolo, Montana. 
Riparian vegetation occurs in thin strips of black 
cottonwood (Populus trichocarpa) and Ponder- 
osa pine (Pinus ponderosa) gallery forests and 
dense shrubby areas. These forests are generally 
less that 250 m wide. Cattle and horses are nu- 

merous in the surrounding valley on farms and 
small “ranchettes.” 

RESULTS 

DEMOGRAPHIC MODELS 

The deterministic demographic models sug- 
gest that Lazuli Bunting populations are not self- 
sustaining in the face of low to modest levels of 
cowbird parasitization (Fig. 2). Even in the com- 
plete absence of cowbird parasitization, a bun- 
ting population experiencing the low survivor- 
ship values would decline by about 60% per 
year (A = 0.59; Fig. 2, line D). For bunting pop- 
ulations experiencing intermediate survivorship 
values and severe parasitization, population 
growth is slightly above the break even point 
even in the absence of parasitization (A = 1.066; 
Fig. 2, line C); the break-even point of A = 1.0 
would occur when 17% of the bunting nests 
were parasitized (Fig. 2, line C). Even with the 
highest estimates of survivorship and low effect 
of parasitization on bunting reproductive suc- 
cess, parasitism levels of higher than 44% would 
lead to growth rates that could not sustain the 
local population (A < 1.0; Fig. 2, line A). 

The elasticity coefficients associated with dif- 
ferent transition coefficients (shown in brackets 
in Table 3) suggest that population growth rate 
is most sensitive to changes in adult survivor- 
ship, less sensitive to changes in yearling sur- 
vivorship, and least sensitive to changes in fer- 
tility. These general results are illustrated graph- 
ically when adult survivorship and the effect of 
cowbird parasitization were independently var- 
ied (Fig. 3). For example, a 10% increase in the 
effect of cowbird parasitization had almost neg- 
ligible demographic consequences; this change 
resulted in only a 0.10% change in the percent- 
age of nests parasitized required for exact pop- 
ulation replacement (Fig. 3, lines C to D). Fur- 
thermore, a 400% increase in the effect of par- 
asitization resulted in only 3.5% increase in the 
percentage of nests parasitized required for exact 
population replacement (Fig. 3, lines D to B). In 

TABLE 3. PERCENT OF LAZULI BUNTING NESTS PARASITIZED IN WESTERN MONTANA 

Percent parasifieed 

Location 

Bison Range NWR 
Indian Springs (bison present) 
Triskey Creek (bison absent) 

Missoula 
Mt Jumbo and Mt Sentinel (north) 
Mt Sentinel (south) 

Bitterroot River 
Cottonwood forests 

1995 1996 ,997 

100.0 (3)” 87.5 (8) 100.0 (5) 
5.9 (17) 16.6 (12) 12.5 (8) 

95.8 (24) 25.0 (12) 44.4 (9) 
6.2 (48) 13.3 (15) 20.0 (5) 

100.0 (4) 83.3 (12) 72.2 (18) 

a Sample size in parentheses 
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FIGURE 3. Sensitivity of population growth rate to FIGURE 4. Example of a stochastic simulation of 
changes in survivorship and effect of parasitism for Lazuli Bunting population growth, using A = 1.0186 
Lazuli Buntings in western Montana. The four lines (high survivorship and strong effect of parasitism, with 
were calculated with the intermediate survivorship 36% of population parasitized). Simulations run with 
transition matrix (Table 3) with the following changes: 100 populations for 25 years, with 10% coefficient of 
(A) Intermediate adult survivorship + 10% (i.e., P,,, variation on vital rates. Horizontal bars indicate mean 
= 0.715) strong effect of parasitism; (B) Low effect population size; vertical bars indicate range; thick bars 
of parasitism; (C) Strong effect of parasitism + 10%; bracket 75% of all population values for each time 
and (D) Strong effect of parasitism. step. 

contrast, a 10% increase in adult survivorship 
resulted in a 23% increase in the percentage of 
nests parasitized required for exact population 
replacement (Fig. 3, lines D to A). 

The stochastic simulations show that replicate 
populations exposed to variation in vital rates 
become increasingly skewed around the average 
population size, with many populations smaller 
than the mean, and only a few populations much 
larger than the mean population size. This point 
is illustrated with the simulations for populations 
with a deterministic A = 1.019; although the 
mean population size increased about 2% per 
year, the distribution of population sizes around 
the mean became quickly skewed over time 
(Fig. 4). Indeed, 82 of the original 100 popula- 
tions in the stochastic simulation had decreased 
in size, even though the overall mean of all 100 
populations increased (Fig. 4). 

This result is a general one, in which the dis- 
tribution of population sizes in stochastic envi- 
ronments became grossly skewed around the 
mean, with most populations much smaller than 
the overall mean. 

INCIDENCE OF PARASITISM 

There was considerable variation between 
sites and across years in the incidence of para- 
sitization (range 5.9-100% of nests parasitized; 
Table 3). However, bunting breeding habitats 
that were close to agricultural land with live- 
stock (Bitterroot River sites) or bison (Bison 
Range NWR, Indian Spring site), or close to 

cowbird roosts (Mount Jumbo and Mount Sen- 
tinel north in 1995) had high levels of parasit- 
ization (72-100% of nests parasitized; Table 3). 

DISCUSSION 

These analyses suggest that Lazuli Bunting 
populations may be adversely effected by rela- 
tively low levels of cowbird parasitization. Even 
with high estimates of survivorship and repro- 
ductive success, the deterministic demographic 
analyses suggest that parasitization levels above 
about 40% of nests would cause populations to 
decline. Analyses for White-crowned Sparrows 
in the San Francisco Bay area suggested that 
populations can not be maintained when para- 
sitization rates exceed about 20% (Trail and 
Baptista 1993). 

The stochastic population models suggest that 
there may be even more cause for concern than 
suggested by the deterministic analyses; even 
though a X value may be well above the break- 
even point of 1.0, replicate populations experi- 
encing realistic levels of stochastic variation in 
vital rates become skewed around the mean pop- 
ulation size. These results are in concordance 
with theoretical models of stochastic population 
growth, which indicate that the probability dis- 
tribution of population sizes are asymptotically 
lognormal (stochastic ergodic theorems; Tulja- 
purkar and Orzach 1980, Caswell 1989). The 
most important implication of this result is that 
the lognormal distribution is skewed around its 
mean, with most populations below the mean, 
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and few populations above the mean; the mean 
population size, and the geometric growth rate 
A, become poor measures of population dynam- 
ics in stochastic environments (Caswell 1989). 
Indeed, h or the mean population size can be 
dangerously misleading in stochastic environ- 
ments; even though the average population size 
can increase over time for replicate populations 
exposed to stochastic variation in vital rates (i.e., 
A > l), most of the original populations may 
have gone extinct (Caswell 1989). 

Intensive monitoring of Lazuli Bunting nests 
at several locations revealed previously unsus- 
pected high levels of cowbird parasitization in 
western Montana. Although there was substan- 
tial spatial and yearly variation in parasitism lev- 
els, generally more than 70% of buntings breed- 
ing close to livestock or cowbird roosts were 
parasitized. These high parasitism levels are 
comparable to those reported for Lazuli Bun- 
tings breeding in riparian vegetation along the 
Sacramento River in California (87% of 45 nests 
parasitized over four years, annual variation 
ranged from 71-100%; Gardali et al. 1998). 
Lazuli Bunting populations experiencing such 
high levels of parasitism are unlikely to be self- 
sustaining, and are most likely sink populations 
that are continually recolonized by individuals 
from other source populations (Robinson 1992, 
Brawn and Robinson 1996). 

The cost of parasitization was high for Lazuli 
Buntings in west-central Montana. Congeneric 
Indigo Buntings are common cowbird hosts, but 
they appear to be able to commonly fledge some 
of their own chicks as well as a cowbird chick 
(Payne 1992, Payne and Payne 1998). For ex- 
ample, Payne (1992) found that 67% of 76 par- 
asitized nests that fledged a cowbird also fledged 
an Indigo Bunting chick; the immediate cost of 
parasitization was about 1.2 fewer bunting 
chicks fledged per parasitized nest than unpar- 
asitized nests (Payne and Payne 1998). It is not 
clear how these differences arise; food may be 
less abundant in the more xeric Lazuli Bunting 
breeding habitat in western Montana than the 
more mesic areas used by Indigo Buntings. Ob- 
servations at Lazuli Bunting nests indicate that 
cowbird chicks receive most of the food brought 
in by the Lazuli Bunting adults, and that bunting 
chicks in parasitized nests typically starve to 
death in a few days (Greene et al. 1996, Davison 
1998). Nestling provisioning rates may be high- 
er in more mesic areas if food is more plentiful. 
If this is the case, cowbird chicks may become 
satiated, allowing bunting chicks to obtain food 
after that. 

It is best to view the results of these demo- 
graphic analyses as cautionary. I have made a 

number of demographic assumptions that are un- 
doubtedly biased on the pessimistic side. 

1) Suwivorship estimates. Juvenile survivor- 
ship was estimated as half the adult survivorship 
(Table 1). Survivorship is extremely difficult to 
estimate, especially for species, such as Lazuli 
Buntings, that breed in early successional veg- 
etation and appear to have good dispersal abili- 
ties (Greene et al. 1996). Thus, both adult and 
juvenile survivorship may be higher than the 
values used in these analyses. 

2) Fecundity estimates. Although the fecun- 
dity values used in these analyses were estimat- 
ed from field data, the estimates for yearlings 
may be too low. Most passerines show weak age 
effect on reproductive success (Saether 1990). In 
addition, estimates of reproductive success from 
unparasitized nests may underestimate the true 
reproductive success in areas where cowbirds 
are common, since undetected egg destruction 
and egg removal by cowbirds at unparasitized 
nests also reduces host fecundity (Arcese and 
Smith in press, Pease and Grzybowski 1995). 

3) Purusitization frequency. The estimates of 
parasitization frequency were from a small geo- 
graphic area (all were within 50 km of Missoula, 
Montana). It may be that these locations happen 
to be cowbird “hotspots” that are unrepresen- 
tative of parasitization pressures in other places. 
In addition, there was considerable fluctuations 
in parasitization frequencies between years. 

IDENTIFICATION OF RESEARCH PRIORITIES 

These demographic analyses, and the uncer- 
tainties in these analyses outlined above, help 
focus attention on some research and manage- 
ment priorities. The issues outlined below are 
poorly understood, not only for Lazuli Buntings, 
but for many other species of birds as well. 

Incidence of parasitization 

This study has documented previously unsus- 
pected high levels of cowbird parasitization in 
populations of Lazuli Buntings in west-central 
Montana. With the exception of similarly high 
parasitism levels reported in the Sacramento 
Valley of California (Gardali et al. 1998) there 
are few other estimates of the incidence of par- 
asitization in other areas of the breeding range 
of Lazuli Buntings. Thus it is unclear if these 
results are representative of other areas. We need 
more information on the geographic structure of 
reproductive success and parasitization for Laz- 
uli Buntings (as well as other species of birds). 

Dispersal and survivorship 

These life history parameters are difficult to 
estimate, since mortality is difficult to distin- 
guish from dispersal. The demographic analysis 
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indicate that population growth rate X is most 
sensitive to changes in survival estimates. How 
good were the ranges of survivorship values 
used in these analyses? Although I used a wide 
a range of survivorship values (0.2-0.5 for birds 
in their first year of life; 0.4-0.7 for older birds), 
Lazuli Bunting populations may be more resil- 
ient to cowbird parasitization than suggested by 
these demographic analyses if they tend to live 
longer than suggested by our current estimates. 
These problems are especially problematic for 
species, such as Lazuli Buntings, that breed in 
early successional vegetation types, and thus 
may have good dispersal abilities. 

Metapopulation structure 

These analyses investigated the demographic 
consequences of parasitization of isolated pop- 
ulations. However, bunting populations are con- 
nected by dispersal, and the dynamics of these 
interconnected populations depend on the details 
of the sizes and distances between populations, 
the geographic structure of survivorship, repro- 

ductive success, parasitization, and patterns of 
dispersal of buntings among patches. Better data 
on these life history characteristics will be im- 
portant to construct biologically realistic meta- 
population models. 
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ASSESSING THE IMPACT OF BROWN-HEADED COWBIRD 
PARASITISM IN EIGHT NATIONAL PARKS 

MARY D. HALTERMAN, SARAH ALLEN, AND STEPHEN A. LAYMON 

Abstract. In 1995 and 1996 we conducted point count surveys and nest searches to examine the need 
to manage Brown-headed Cowbird (Molothrus ater) populations in eight western national parks. Our 
goal was to examine what impact, if any, Brown-headed Cowbird parasitism was having on passerines 
in the parks, and how current management practices might be affecting cowbird activity. The parks 
selected for this study were: Golden Gate National Recreation Area, Great Basin National Park, Lake 
Mead National Recreation Area, Montezuma Castle National Monument, Organ Pipe Cactus National 
Monument, Point Reyes National Seashore, Sequoia-Kings Canyon National Parks, and Yosemite 
National Park. We located and monitored 1295 nests of potential cowbird hosts. Parasitism had a 
significant impact on host reproduction in four of the eight parks: Golden Gate, Great Basin, Lake 
Mead, and Montezuma Castle. All of the parks had some form of livestock within or adjacent to their 
boundaries (cattle or horses), and proximity to grazing was significantly correlated with parasitism 
rates. 

Key Words: brood parasitism, Brown-headed Cowbird, Molothrus ater, National Parks. 

Birds are recognized as an important component 
of the biological resources protected and man- 
aged by the National Park Service. Park units 
provide vital breeding areas for a variety of avi- 
an species, including many neotropical migrants. 
Neotropical migrant birds (NTMB) are receiving 
much attention from international, federal, and 
state resource agencies and conservation organ- 
izations because many species have shown sig- 
nificant declines in all or part of their range 
(Ehrlich et al. 1992). Declines in the populations 
of some neotropical migrant bird populations 
have been documented by Breeding Bird Sur- 
veys over the past forty years in eastern North 
America and the past several decades in western 
North America (Askins et al. 1990, Sauer and 
Droege 1992). 

The primary factors contributing to the recent 
declines of NTMBs are loss and fragmentation 
of habitat on breeding grounds in North America 
and deforestation and pesticides on Latin Amer- 
ican wintering grounds. More recently, declines 
in the populations of some species have been 
linked to the range expansion of the parasitic 
Brown-headed Cowbird (Molothrus ater; Gaines 
1974, Laymon 1987). Robinson et al. (1993) 
suggest that brood parasitism by cowbirds has 
become one of the major threats to neotropical 
migrants on the breeding grounds. Cowbirds are 
the only obligate brood parasite in North Amer- 
ica, they have a large number of potential hosts, 
and they often remove or damage the host eggs 
(Friedmann and Kiff 1985). Populations of cow- 
birds have increased throughout North America 
over the last eighty years (Brittingham and Tem- 
ple 1983, Laymon 1987). A number of NTMBs, 
including several species of flycatchers, vireos, 
warblers, tanagers, and grosbeaks are suffering 

heavy losses in productivity and population de- 
creases at least partially due to cowbird parasit- 
ism (Brittingham and Temple 1983, Laymon 
1987, Whitfield 1990). Freidmann and Kiff 
(1985) reported that cowbirds have been record- 
ed parasitizing 220 species of birds, of which 
144 species have successfully raised young cow- 
birds. Studies done by Gaines (1974) on riparian 
songbirds breeding in the Sacramento Valley of 
California indicated that virtually all of the spe- 
cies that declined this century are highly para- 
sitized by the Brown-headed Cowbird. 

Many of the NTMB species impacted are ri- 
parian obligate species. Riparian areas support 
the highest breeding bird diversity and density 
of any habitat type, and they often have the 
highest proportion of species of management 
concern (Thomas et al. 1979, Laymon 1987). 
Cowbird parasitism in riparian zones can there- 
fore affect a major part of the bird community 
in an area. As human populations outside the 
National Parks have expanded and caused alter- 
ation of riparian habitats, the remaining riparian 
areas within the parks have increased in impor- 
tance as neotropical migrant habitat. 

There are several Park Service-wide issues 
and park-specific Resource Management Plans 
that are directly addressed by this study. The 
most important service-wide resource manage- 
ment issues are: (1) impacts on threatened, en- 
dangered and other sensitive species; (2) deg- 
radation of park resources due to non-native an- 
imals; and (3) disruption of natural ecosystems. 

The threats to neotropical migrant birds with- 
in the National Park System are broad, imme- 
diate, and complex. The magnitude of the re- 
source threat is demonstrated by the number of 
park units with riparian habitats that have been 
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damaged by cattle, erosion, and the presence of 
parasitic cowbirds, and the number of bird spe- 
cies that are involved. Parasitic cowbirds have 
expanded their range in the West in association 
with livestock grazing both in and adjacent to 
park units. Horse stables in the parks and other 
external developments have also aided the cow- 
bird by providing concentrated sources of food 
(Rothstein et al. 1980). The threat is immediate 
because many NTMBs are listed or are proposed 
for listing as state and federal endangered spe- 
cies (Cunningham 1993). The impacts of cow- 
bird parasitism are complex because cowbirds 
can affect neotropical migratory birds in several 
ways: (1) removal of host eggs results in low- 
ered clutch size; (2) competition for food by the 
aggressive cowbird chicks may result in mortal- 
ity of host young; and (3) the effort to feed the 
fledgling cowbird may adversely affect multiple 
nesting attempts. Neotropical migrants are es- 
pecially vulnerable to parasitism because: (1) 
many build open-cup nests, which are the most 
frequent target of cowbirds (Friedmann 1929); 
(2) the cowbird egg-laying season generally co- 
incides with the peak egg-laying season of most 
neotropical migrants; and (3) cowbirds usually 
parasitize hosts that are smaller (cowbirds weigh 
30-60 grams, while most warblers, vireos and 
flycatchers weigh less than 20 grams) and have 
a smaller egg size. This interaction results in 
nest failure or reduced reproductive output for 
the host species (Best and Stauffer 1980, Rob- 
inson et al. 1993). 

In addition to a general mandate to protect 
endangered species and other resources within 
parks, the Park Service should be concerned 
with determining how park actions may be con- 
tributing to the local and regional cowbird prob- 
lem. For example, cowbirds are known to con- 
centrate at, and benefit from, pack mule stations 
and horse corrals at Grand Canyon National 
Park (Johnson and Sogge 1995). In Yosemite 
National Park and Sequoia-Rings Canyon Na- 
tional Park, cowbirds concentrate at stock areas, 
as well as at campgrounds (Beedy and Gran- 
holm 1985). Cowbirds are common in riparian 
zones in these parks, but these numbers may be 
influenced by the presence of park-provided, 
concentrated food sources. Thus, the parks need 
to determine the extent to which they are con- 
tributing to the problem and decide on remedies 
to the situation. 

We examined what impact, if any, Brown- 
headed Cowbirds were having on passerines in 
eight western National Parks, and how current 
management practices might be affecting cow- 
bird activity. The objectives of the project were 
to: (1) survey neotropical migratory bird popu- 
lations; (2) monitor neotropical migratory bird 

nesting success and cowbird parasitism; (3) sur- 
vey cowbird populations; and (4) determine if 
cowbirds were having enough of an impact on 
host populations to initiate a removal program. 
Because many NTMB species are riparian ob- 
ligates, we focused on riparian habitats for this 
study. We spent two seasons studying the level 
of parasitism in these eight parks. 

This study was intended to give an overview 
to determine problem areas within the parks 
studied. It was intended to develop a method- 
ology to allow managers to determine problems 
in their area and at what parasitism level they 
will need to respond to cowbird presence to pro- 
tect adequately the species in their parks. We 
wished to develop readily measurable parame- 
ters to detect a certain level of cowbird parasit- 
ism that may require intervention on the part of 
managers. It should be considered a preliminary 
study, intended to gather data necessary for 
management decisions, and identify those host 
species which should be the subject for future 
studies. 

METHODS 

The parks selected for this study were chosen 
because they have extensive riparian habitat, the 
presence of Brown-headed Cowbirds has been 
documented, and they represent a range of hab- 
itats and elevations. The project was conducted 
for two years (1995 and 1996) and focused on 
all potential cowbird hosts, with particular focus 
on neotropical migrant land birds. The following 
parks were selected for the study: Golden Gate 
National Recreation Area, Great Basin National 
Park, Lake Mead National Recreation Area, 
Montezuma Castle National Monument, Organ 
Pipe Cactus National Monument, Point Reyes 
National Seashore, Sequoia-Rings Canyon Na- 
tional Parks, and Yosemite National Park (Table 
1). 

Point counts were conducted to assess the size 
of both host and cowbird populations. Point 
counts were timed to coincide with host breed- 
ing season in each park, rather than Brown- 
headed Cowbird presence. Each point was sur- 
veyed 6-8 times each year at 2-week intervals 
in each park. Each point count lasted 10 min, 
and detections were categorized as flyovers, <50 
m of the point, or >50m from the point. We also 
noted if species detected were within the riparian 
habitat. Surveys were conducted between 10 
min before sunrise to 5 hr after sunrise. One 
technician worked in each park, and this person 
conducted all of the point counts and most or all 
of the nest searches in a given park. In the low 
desert and coastal parks we began surveying in 
early March, and in the mountain parks we be- 
gan surveys in late April or early May. 
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A qualitative survey of the vegetation of each 
site was conducted during 1995. From this in- 
formation we determined average width and 
length of the riparian habitat in each survey area. 

A total of 584 separate point count sites were 
surveyed during both 1995 and 1996. Sites were 
located at 200-m intervals in riparian habitat. 
Each park had 65-90 points, with the exception 
of MOCA, which had only 22 sites. In GRBA, 
for example, we had 90 points in 5 drainages, 
and we had 16-19 points in each drainage. Each 
year we surveyed a combined total for all eight 
parks of 126 km of streams and meadows. All 
sites were located within 3 km of a road. We 
used point count data to determine mean detec- 
tions/point and frequency of detection for each 
park. 

From the point count data we calculated over- 
all Brown-headed Cowbird frequency. This is 
the percentage of points at which cowbirds are 
encountered at least once during the point count 
surveys. Cowbird frequency through time is the 
percentage of points at which cowbirds are en- 
countered during a given survey period. 

Nest searching and monitoring were conduct- 
ed to determine the level of parasitism and what, 
if any, impacts cowbirds were having on host 
species reproductive success. We also assessed 
the relationship between the number of cowbirds 
detected and the level of parasitism observed. 
Nest searches were conducted for potential cow- 
bird host nests (any open-cup nesting passerine) 
within the riparian corridor at a subset of the 
point count areas. Because of the distances be- 
tween survey areas it was not possible to effec- 
tively search for and monitor nests in all areas. 
Due to time and personnel constraints, only ap- 
proximately 80% of the survey areas within each 
park were included in this part of the project, 
rather than all sites. We therefore selected sites 
with the best habitat and with good access (less 
than 1 hr driving time). When possible, some 
sites within a park were near potential cowbird 
foraging areas while other sites were more iso- 
lated from cowbird foraging areas. 

Nest searching was conducted during the 
same time period as the point counts, and con- 
tinued for l-2 months after completion of the 
point counts. We used standard practices to 
search for and mark the nests (Ralph et al 1993). 
Between 25 and 40 hrlweek were spent con- 
ducting nest searches. Emphasis was placed on 
finding nests of species that are known to be 
preferred hosts of cowbirds. Nests were checked 
every 3-7 days. 

A nest was considered successful if it fledged 
at least one host young. Determination of this 
was based on observation of fledglings in the 
area of the nest and the condition of the nest. 
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TABLE 2. RESULTS OF COWBIRD HOST NEST SEARCHING FOR EIGHT NATIONAL PARKS, 1995-1996 

Park Total # of "em Total # successful (%) Total # parasitized (%) 

Golden Gate 
Great Basin 
Lake Mead 
Montezuma Castle 
Organ Pipe Cactus 
Point Reyes 
Sequioa-Kings Canyon 
Yosemite 
Total 

209 118 (56.5%) 
180 108 (60.0%) 
113 62 (54.9%) 

52 26 (50.0%) 
195 115 (59.0%) 
282 129 (45.7%) 
134 85 (63.4%) 
131 96 (73.3%) 

1296 739 (57.0%) 

9 (4.3%) 
13 (7.2%) 
15 (13.3%) 
14 (26.9%) 

1 (0.5%) 
26 (9.2%) 

4 (2.9%) 
3 (2.2%) 

85 (6.6%) 

This is a simplified method of determining nest 
success, but the broad scope of the project and 
limited personnel (one researcher per park) 
forced us to use this method. We were unable to 
use the more detailed Mayfield method (May- 
field 1975) due to this lack of personnel, and 
also due to variation in nest-check interval be- 
tween the parks. We included only potential host 
nests for which both nest success and parasitism 
were known in all analyses. 

We used two different methods to determine 
if Brown-headed Cowbird parasitism was having 
a significant impact on host populations. First, 
we evaluated whether the level of parasitism at 
each park was severe enough to threaten host 
species. For the first test we set an overall 30% 
level of parasitism to indicate a significant im- 
pact, because Mayfield’s (1977) and Laymon’s 
(1987) results indicate that a parasitism rate of 
30% may lead to an unstable host population. 
Secondly, we did a Chi-square analysis to de- 
termine if parasitized nests were significantly 
less successful than unparasitized nests. Success 
was defined as a nest fledging at least one host 
young. 

We conducted surveys of surrounding areas 
that had potential cowbird foraging habitat. This 
information was used to determine the direct- 
flight distance between the riparian survey areas 
and known cowbird foraging sites. These sites 
included cattle feedlots, dairies, active livestock 
pastures, and horse stables. We determined 
width and length of the riparian habitat at the 
survey points from visual examination of the 
sites and topographic maps. 

RESULTS 

We combined the data from both years to ex- 
amine host success and cowbird parasitism level 
(Table 2). Overall nest success in the parks was 
57%. A total of 15 different species were para- 
sitized. Parasitism frequencies ranged from 0.5% 
to 26.9%, with an overall park average of 6.6%. 

The four most commonly parasitized hosts 
were Song Sparrow, Wilson’s Warbler, Bell’s 

Vireo, and Warbling Vireo (Table 3). The para- 
sitization of Bell’s Vireos are of particular inter- 
est. We found a total of 91 nests, 12 of which 
were parasitized, although none of the 53 nests 
found in Organ Pipe were parasitized. 

In our first evaluation of the significance of 
parasitism, no parks met the criterion of an over- 
all 30% parasitism rate to indicate a significant 
negative impact of cowbird parasitism. In our 
second evaluation, comparing fledging success 
of parasitized versus non-parasitized nests, we 
found that in four of the parks Brown-headed 
Cowbirds were having a significant impact on 
overall host reproductive success (Table 4). Ad- 
ditionally, we found that, when compared by in- 
dividual drainages, a higher average success rate 
at a park was significantly correlated to a lower 
parasitism rate (Pearson r = -0.44, N = 79, P 
< 0.05). 

We next combined the data from all the parks 
to do regression analysis on parasitism rates for 
each site within the parks for the following vari- 
ables: overall Brown-headed Cowbird frequen- 
cy, nest success, distance to cowbird foraging 
habitat, and width and length of riparian habitat 
(Table 5). The following variables were identi- 
fied as significant correlates of parasitism by the 
regression analysis: (1) frequency of occurrence 
of Brown-headed Cowbirds within each area 
(Pearson r = 0.32, N = 79, P < 0.05); (2) nest 
success (Pearson r = -0.44, N = 79, P < 0.05); 
(3) distance to cowbird foraging sites (Pearson r 
= -0.30, N = 76, P < 0.05); (4) length of the 
habitat (Pearson r = 0.23, N = 76, P < 0.05); 
and (5) width of the riparian corridor (Pearson r 
= 0.42, N = 76, P < 0.05). Average host oc- 
currence was not significant (Pearson r = 0.05, 
N = 79, P > 0.05). This last finding is somewhat 
surprising, since other studies have found that 
cowbird frequency does increase in response to 
host abundance (Barber and Martin 1997). 

We next looked at the number of nests found 
during each survey period as an indication of 
nesting activity. This was not significant (Pear- 
son r = 0.13, N = 111, P > 0.05), indicating 
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TABLE 3. COMPARISON OF SPECIES OCCURANCE AND COWBIRD PARASITISM IN EIGHT NATIONAL PARKS, 1995-1996 

Number of parks Number of nr~f~ 

Host species Occurred Parasitized T-X‘4 Parasitized 

Dusky Flycatcher 
Empidonax oberholseri 

Blue-gray Gnatcatcher 
Polioptila caerulea 

Black-tailed Gnatcatcher 
Polioptila melanura 

Warbling Vireo 
Vireo gilvus 

Solitary Vireo 
Vireo solitarius 

Bell’s Vireo 
Vireo bellii 

Lucy’s Warbler 
Vermivora luciae 

Yellow-rumped Warbler 
Dendroica coronata 

Common Yellowthroat 
Geothlypis trichas 

Yellow-breasted Chat 
Icteria virens 

Wilson’s Warbler 
Wilsonia pusilla 

Brewer’s Blackbird 
Euphagus cyanocephalus 

Northern Cardinal 
Cardinalis cardinalis 

Blue Grosbeak 
Guiraca caerulea 

American Goldfinch 
Spinus tristis 

Canyon Towhee 
Pipilo fuscus 

Chipping Sparrow 
Spizella passerina 

Song Sparrow 
Melospiza melodia 

1 

1 

3 

3 

1 

1 

1 

1 

1 

5 

24 3 

11 3 

40 5 

76 8 

10 1 

91 14 

19 1 

11 1 

28 2 

13 1 

76 8 

85 4 

12 1 

6 2 

22 1 

9 1 

20 1 

182 22 

that we were locating nests at a similar rate 
throughout the time period examined. We also 
compared the number of nests found vs. host 
abundance. Not surprisingly, the number of 

TABLE 4. RESULTS OF CHI-SQUARE ANALYSIS ON NEST 

SUCCESS IN PARASITIZED VS. UNPARASITIZED NESTS IN 
EIGHT NATIONAL PARKS, 1995-1996 

Park 
Chi-square 

(df = I) P-V&Je N 

Golden Gate 4.09 0.043 209 
Great Basin 9.85 0.002 180 
Lake Mead 15.96 <O.OOl 113 
Montezuma Castle 8.38 0.004 52 
Organ Pipe Cactus 1.43 0.232 195 
Point Reyes 1.19 0.275 282 
Sequoia-Kings Canyon 0.3 0.583 134 
Yosemite 2.34 0.126 131 

nests detected increased as host abundance in- 
creased (Pearson r = 0.21, N = 85, P < 0.05). 
The percentage parasitism was not significantly 
correlated with the number of nests found (Pear- 
son r = 0.03, N = 95, P > 0.05). This indicates 
that an increase in parasitism is not simply a 
result of finding more nests. In each park a small 
peak in nest detections occurred before the peak 
in cowbird frequency. 

We compared survey period to percentage 
parasitism and percent success through time. 
The percentage did increase through time (Pear- 
son r = 0.38, N = 99, P < 0.05), no doubt a 
reflection of the increase in cowbird abundance 
through time. Nest success did not change sig- 
nificantly with the passage of time (Pearson r = 
0.13, N = 99, P > 0.05). 

We found that the following variables were 
significantly correlated with cowbird frequency 
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TABLE5. COWRIRDPARASITISMRATE,FREQUENCYOFOCCURRENCE,ANDLANDSCAPEVARIABLESINEIGHTNATIONAL 
PARKS, 1995-1996 

Park 

Cowbird 
frequency 

(5) 

Distance to 
foraging sites 

(ml 

Habitat width 

(ml 

Golden Gate 4 26 733 39.5 
Great Basin 6 31 1000 60.7 
Lake Mead 12 95 512 240 
Montezuma Castle 22 90 200 300 
Organ Pipe Cactus 1 22 575 137 
Point Reyes 9 87 330 81.7 
Sequoia-Kings Canyon 3 50 500 23.7 
Yosemite 2 24 1083 34 

Habitat length 

(km) 

Livestock 
nearby 

2.6 yes 
10.9 yes 
3.7 yes 
1.8 yes 
5.3 no 
3 Yes 
2.5 no 
1.6 no 

through time: survey period (Pearson r = 0.44, 
N = 99, P < 0.05), percentage parasitism 
through time (Pearson r = 0.40, N = 99, P < 
0.05), and percent nest success through time 
(Pearson r = -0.23, N = 99, P < 0.05). These 
indicate that as time progressed, cowbird fre- 
quency and parasitism increased while nest suc- 
cess decreased. 

DISCUSSION 

We scheduled the survey periods to coincide 
with the host breeding season in each park, rang- 
ing from early March to May, and we observed 
that cowbirds began to arrive in late April in 
most of the parks. The overall low parasitism 
rates found on this study may be partially attrib- 
utable to timing of nesting rather than overall 
parasitism. 

The parasitism rates found during this study 
were relatively low compared to those in other 
riparian systems reported by researchers at the 
Sacramento, California, Partners in Flight sym- 
posium (October 1997: G. R. Geupel, unpubl. 
data; C. I? Ortega, unpubl. data; M. J. Whitfield, 
unpubl. data; E. Greene this volume). In the four 
parks with a significant impact of parasitism on 
host nest success (Golden Gate, Great Basin, 
Lake Mead, and Montezuma Castle) there is ei- 
ther livestock grazing within the park or agri- 
culture contiguous with the park boundary. 
Thompson (1994) found that cowbirds in the 
Midwest were foraging primarily in short grass 
or agricultural areas and breeding in forested ar- 
eas, which should account for our findings. 
Three of the other four parks (Organ Pipe, Se- 
quoia-Rings Canyon, and Yosemite) are all 
somewhat isolated from agricultural impacts. 

One anomaly in our findings is that Point 
Reyes, with grazing both in and adjacent to the 
park, did not show a significant impact on re- 
production from parasitism. It is possible the 
data may have been heavily affected because 
two nest search sites at this park were over one 
km from grazing land, and both of these sites 

experienced lower parasitism than other sites in 
the park. 

Our survey did not find did that certain man- 
agement practices, such as horse packing sta- 
tions, camping, and picnic areas, encourage 
Brown-headed Cowbirds enough to be a signif- 
icant factor in the level of cowbird parasitism. 
We also did not find a widespread impact of par- 
asitism on host populations in the parks studied. 
We did find, however, that for some species par- 
asitism rates were very high, and could be hav- 
ing a negative impact on those host populations. 
A more in-depth study focusing on those species 
used as hosts in this study, and attempting to 
find nests at earlier stages and following them 
more closely, may clarify the severity of the 
threat to these hosts. 

There were a number of biases in our data set. 
For example, most of our nests were found dur- 
ing incubation or nestling stages. We therefore 
very probably missed parasitism events that oc- 
curred before incubation began if the nest was 
abandoned or depredated. We did not check 
nests with enough frequency to employ the more 
complex methods of determining the impact of 
parasitism on nest success, such as those sug- 
gested by Pease and Grybowski (1995). Our es- 
timate of success does not take into account the 
differences between abandonment, depredation, 
and loss specifically due to parasitism. Also, it 
does not account for the fact that an individual 
female may re-nest several times during the 
breeding season after loss of a nest. Few nests 
were found during nest-building. This may well 
result in an underestimate of the effects of par- 
asitism on nests, since they are usually parasit- 
ized during the egg-laying stage. It was unlikely 
that we would detect those nests which were 
abandoned early as a direct result of parasitism. 
Additionally, we had fewer than 10 nests for 
most species, so sample size was also a factor 
in our ability to determine the impacts in a given 
park on a given species. 

This study presents an overview of parasitism 
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in several western National Parks. Cowbirds do 
appear to be negatively impacting several host 
species in Golden Gate, Great Basin, Lake 
Mead, and Montezuma Castle. None of the spe- 
cies with high parasitism rates in this study are 
either state or federally listed as endangered. 
The Park Service may decide that they do not 
need to alter their current management practices. 
Also, few of the factors affecting cowbird den- 
sities are under the control of the National Park 
Service. They may, however, wish to reconsider 
the policy of allowing livestock grazing within 
parks, since this seems to be an important factor 
contributing to cowbird parasitism which is 
within the parks control. The factors affecting 
parasitism in the parks could be clarified with a 
study which focused on the hosts identified by 
this project, particularly one which attempted to 

find nests in very early stages, and monitored 
cowbird abundance throughout the entire study. 
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IMPACTS OF BROWN-HEADED COWBIRD PARASITISM ON 
PRODUCTIVITY OF THE ENDANGERED LEAST BELL’S VIREO 

BARBARA E. Kus 

Abstract. The Least Bell’s Vireo (Vireo bellii pusillus) is an obligate riparian breeder brought to the 
brink of extinction in the last 50 years by habitat loss and Brown-headed Cowbird (Molothrus ater) 
parasitism. Although cowbird removal programs have effectively reversed the species’ decline and 
promoted a rangewide population rebound, limitations on the timing, duration, location, and scope of 
trapping efforts permit parasitism to continue in some vireo populations. We quantified the impact of 
cowbirds on vireo productivity during a 9-yr study of one such population at the San Luis Rey River, 
California, where trapping of adults and removal of cowbird eggs from vireo nests were conducted 
annually to control parasitism. Cowbird parasitism occurred in every year of the study, and extended 
throughout the entire breeding season (April-August). Nineteen to 43% of nests (N = 667), and 19- 
56% of pairs (25566), were parasitized at least once during a given year. On average, 29% of para- 
sitized nests (N = 207) were abandoned before cowbird eggs could be removed, and parasitism was 
responsible for up to 29% of all nest failures. Of 139 nests from which cowbird eggs were removed, 
99% remained active, and half eventually fledged vireo young. However, reduced clutch size and hatch 
rate in these “rescued” nests resulted in the production of up to four times fewer young per nest, and 
half as many young per egg, than non-parasitized nests. Nevertheless, nest monitoring and cowbird 
egg removal enhanced annual productivity by 1 l-44% over that expected in the absence of monitoring 
and removal. While monitoring and egg removal are effective tools in reducing impacts of parasitized 
nests, it is essential that appropriate trapping protocol be implemented to prevent access of cowbirds 
to nests and thus eliminate the impacts that monitoring cannot control. Long-term plans for manage- 
ment of cowbirds and their hosts should emphasize controlling landscape level factors influencing 
cowbird abundance as opposed to reliance solely on localized trapping programs. 

Key Words: brood parasitism, Brown-headed Cowbird, endangered species, Least Bell’s Vireo, Mol. 
othrus ater, reproductive success, species management, Vireo b&ii pusillus. 

Brood parasitism by Brown-headed Cowbirds 
(Molothrus ater) has been implicated in the de- 
clines of many sensitive species of the western 
United States (Hanna 1928, Gaines 1974, Gold- 
wasser et al. 1980, Laymon 1987, Unitt 1987, 
Harris 1991; U.S. Fish and Wildlife Service 
1991, 1992; Brown 1994) . Among these is the 
Least Bell’s Vireo (Vireo bellii pusillus), an ob- 
ligate riparian breeder once abundant throughout 
the coastal and interior lowlands of California 
and Baja California, but currently restricted in 
the U.S. to a few drainages in southern Califor- 
nia (Cooper 1861; Anthony 1893, 1895; Fisher 
1893a, Grinnell and Swarth 1913, Grinnell and 
Storer 1924, Grinnell and Miller 1944) . The vir- 
eo, a state and federally listed endangered spe- 
cies, was extirpated from most of its historic 
range by widespread habitat loss and, second- 
arily, cowbird parasitism, the impact of which 
was evidently greater than the resultant small, 
fragmented populations could withstand (Franz- 
reb 1989a). Like other vireos (Graber 1961, 
Friedmann 1963), the Least Bell’s Vireo is par- 
ticularly susceptible to parasitism, which is cur- 
rently the most immediate threat to the vireo’s 
persistence. In light of this, recovery efforts 
have focused on implementing cowbird removal 
programs in vireo breeding areas to control par- 
asitism. Cowbird trapping, coupled with nest 

monitoring to detect and remove cowbird eggs 
from vireo nests, has virtually eliminated para- 
sitism from many populations (Griffith and Grif- 
fith in press; B. Kus unpubl. data), and in the 
dozen years since listing has reversed the vireo’s 
decline and brought about a 6-fold increase in 
population size (L. Hays, pers. comm.). 

Although cowbird trapping has been success- 
ful in promoting a rangewide population in- 
crease, programs in some areas have been un- 
successful, allowing parasitism of vireos to con- 
tinue. While undesirable within the context of 
short-term management goals, such circum- 
stances afford a rare and important opportunity 
to quantify the impacts of cowbirds on vireos 
with the aim of evaluating long-term manage- 
ment options through an understanding of cow- 
bird-host dynamics. One site where such an in- 
vestigation has been feasible is the San Luis Rey 
River in northern San Diego County, California. 
This 80-km drainage, bordered by agricultural, 
residential, commercial, recreational (golf 
course, equestrian centers), and other types of 
lands attractive to cowbirds, has traditionally 
been difficult to manage with regard to cowbird 
control. Limited access to properties, vandalism 
of traps, and other obstacles have prevented de- 
ployment of an adequate number of cowbird 
traps in suitable locations within the appropriate 

160 
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San Diego County 

FIGURE 1. Location of studv area (shaded region) along the San Luis Rey River in San Diego County, 
California. 

time frame (1 April-15 July) to effectively re- 
move cowbirds from vireo breeding habitat and 
thereby eliminate parasitism (G. Collier, pers. 
comm.). Consequently, the San Luis Rey River 
supports one of the most heavily parasitized 
populations of Least Bell’s Vireos in the state 
(B. Kus, unpubl. data). 

In this paper, I document the effect of cowbird 
parasitism on Least Bell’s Vireos by drawing 
from the results of a 9-yr nest monitoring study 
of vireos at the San Luis Rey River, which at 
the outset of the project supported the third larg- 
est vireo population in California. I quantify the 
impact of parasitism on vireo productivity by 
comparing several reproductive parameters of 
parasitized and non-parasitized pairs, and con- 
clude with an assessment of management alter- 
natives for controlling parasitism in vireos and 
other species. 

STUDY SITE AND METHODS 

We studied vireos from 1988-1996 along a 
16-km reach of the San Luis Rey River between 
College Avenue in Oceanside and Gird Road in 
Bon&l, California (Fig. 1). Cowbird trapping 
and vireo nest monitoring have been conducted 
within this portion of the drainage since 1988 as 
mitigation for the impacts of highway construc- 
tion on vireo habitat along the river, and have 
been summarized in annual technical reports 
prepared for the California Department of Trans- 
portation, District 11, by B. Kus, G. Collier, and 
J. T. and J. C. Griffith. Cowbirds were captured 
using modified Australian crow traps baited with 
seed and live decoys and positioned near ripar- 
ian habitat and cowbird feeding areas. Traps 
were serviced daily to remove cowbirds, release 
non-target birds, and replenish food and water. 

On average, 12 traps were deployed each year 
(range 8-15) for various lengths of time between 
23 March and 1 August, with an average of 
1,230 + 444 trap-days of coverage per yr. 

We studied the vireos at our site between 
March 15 and August 31 each year. Surveys 
were conducted to locate vireo territories and 
determine the breeding status (paired or un- 
paired) of all males in the study area. Pairs were 
visited weekly to monitor nesting activity and 
locate nests, which typically are placed <lm 
high in dense shrubby vegetation. Nests were 
visited according to a schedule designed to fa- 
cilitate detection and removal of cowbird eggs 
from nests, as well as allow determination of 
clutch size, date of initiation, hatch rate, and 
fledge rate. Investigators used small automotive 
mirrors extendable to 1 m to examine nest con- 
tents from a distance and thereby avoid creating 
trails to nests. Nests were not approached if 
cowbirds or potential predators (e.g., Western 
Scrub-Jays [Aphelocoma californica], American 
Crows [Cowus bruchyrhynchos], or Common 
Ravens [C. corax]) were in the vicinity. All 
cowbird eggs found in vireo nests were removed 
with adhesive tape to minimize disturbance to 
the rest of the clutch. Vireo eggs that did not 
hatch were examined for damage and deposited 
with the U.S. Fish and Wildlife Service. An at- 
tempt was made to document the fate of all nests 
produced by pairs in the study area. 

One-tailed t-tests assuming equal variances 
were used to test the prediction that parasitized 
nests were less productive than non-parasitized 
nests. Correlations involving proportions were 
calculated using arcsine-transformed values. 
Variance associated with means is reported as 
standard deviations. 
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FIGURE 4. Percent of Least Bell’s Vireo nests par- 
asitized and abandoned at the San Luis Rey River, 
1988-1986. 

of two or fewer vireo eggs. The probability of 
abandonment (prior to egg removal) was unre- 
lated to the rate of parasitism (r = 0.14, 7 df, P 
> OSO), with pairs differing by as much as 4- 
fold in the likelihood of abandonment between 
years with similar parasitism frequencies (e.g., 
1995 and 1996, 1988 and 1991; Fig. 4). Rather, 
abandonment appeared to be determined by 
clutch size (number of vireo eggs) and degree 
of clutch reduction by cowbirds. Clutch size re- 
duction, presumably the result of cowbirds eject- 
ing vireo eggs from nests at the time of laying, 
was particularly severe in abandoned nests. Of 
31 nests for which clutch size was known prior 
to parasitism, clutch size reduction was docu- 
mented in 90%, reducing the number of vireo 
eggs per nest from an average of 2.5 2 1.1 in 
initial clutches to 0.5 + 0.9 in reduced clutches 
(t = 7.6, 54 df, P < 0.001). Consequently, clutch 
size at the time of discovery of cowbird eggs 
was significantly smaller in abandoned nests (X 
= 0.8 2 1.0, N = 60) than in non-abandoned 
nests (X = 2.8 kO.9, N = 137; t = -14.6, 195 
df, P < 0.001; see below). 

Eight parasitized nests still active by the time 
nest monitors discovered the parasitism con- 
tained only broken, dead, or no vireo eggs where 
eggs had been previously documented. These 
nests, while not abandoned, were consequently 
considered failures in that they had no potential 
to fledge vireo young. Adding these to failures 
resulting from abandonment, parasitism ac- 
counted for 2-17% of all nest failures in a given 
year (Fig. 5), adding to nest losses attributable 
to predation and other sources such as human 
disturbance and infertile clutches. The contri- 
bution of parasitism to overall nest failure was 
highest in years when the frequency of parasit- 

FIGURE 5. Sources of failure of Least Bell’s Vireo 
nests at the San Luis Rey River, 1988-1996. 

ism and the probability of abandonment of par- 
asitized nests were simultaneously high. 

RESCUED NESTS 

Although up to half of the parasitized nests in 
a given year were abandoned and failed outright, 
the majority (137/207) of parasitized nests were 
“rescued” through the removal of cowbird eggs 
by nest monitors (Table 1). A fraction of these 
rescued nests subsequently failed as a result of 
predation, but with the exception of one year 
(1996), there was no evidence that predation 
rates of rescued nests were any higher than those 
of non-parasitized nests (Table 2). Between 36- 
70% (X = 48%, N = 9) of rescued nests suc- 
cessfully fledged vireo young, increasing annual 
population productivity by as much as 44% over 
that predicted in the absence of cowbird egg re- 
moval, where parasitized nests would either be 
abandoned or yield only cowbird fledglings. 

Although cowbird egg removal was effective 
in rescuing parasitized nests, the productivity of 
rescued nests was significantly lower than that 
of non-parasitized nests as a result of the behav- 
ior of female cowbirds when depositing eggs. 
Vireo clutch size, calculated for nests observed 

TABLE 1. LEAST BELL’S VIREO NESTS REMAINING AC- 

TIVE FOLLOWING COWBIRD EGG REMOVAL 

% # Increase in 
% rescurda successful Redeline~ moductivitv 

1988 
1989 
1990 
1991 
1992 
1993 

1995 
1996 

48 (21) 70 13 24% 
55 (11) 50 5 18% 
63 (19) 50 15 37% 
82 (17) 36 8 11% 
63 (43) 55 31 44% 
71 (31) 41 21 38% 
76 (33) 44 25 27% 
53 (17) 44 11 12% 
87 (15) 39 14 10% 

a Parasitized nests remainmg active: N (total numb of pararitired nests) 
in parenthesrs. 
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TABLE 2. PREDATION RATES OF RESCUED PARASITIZED 
NESTS AND NON-PARASITIZED NESTS 

Parasitized nr~t~ Non-parasitized nests 

Year N % depredated N % depredated Pa 

1988 10 30 43 51 0.23 
1989 6 50 16 44 0.84 
1990 11 45 20 35 0.34 
1991 13 62 40 40 0.20 
1992 27 41 56 61 0.09 
1993 21 57 48 60 0.88 
1994 24 54 65 49 0.70 
1995 9 56 56 48 0.70 
1996 13 62 57 33 0.06 

a Chi-squared tests, I df. 

with complete clutches, was significantly lower 
in rescued parasitized nests than in non-parasit- 
ized nests in six of the study years (Fig. 6). This 
was presumed to be the result of clutch size re- 
duction by cowbirds, which was documented in 
80% @/lo) of instances where it would have 
been possible to detect (initial clutch size: X = 
3.6 ? 0.52, reduced clutch size: X = 2.3 -C 0.52; 
t = 4.83, 14 df, P < 0.001). In addition to, or 
possibly instead of, removing host eggs from 
nests, cowbirds frequently punctured or other- 
wise damaged vireo eggs, destroying egg via- 
bility and reducing hatch rates within parasitized 
as compared to non-parasitized clutches (Fig. 7). 
The difference in hatch rate between parasitized 
and non-parasitized nests was greatest in years 
when clutch size did not differ significantly be- 
tween the two nest types (1988, 1989, 1991; 
Figs. 6 and 7). 

IMPACT OF PARASITISM ON VIREO PRODUCTIVITY 

The cumulative impact of cowbird parasitism 
on vireo productivity, produced by nest aban- 

FIGURE 6. Clutch size (X, SD; based on completed 
clutches) of parasitized and non-parasitized Least 
Bell’s Vireo nests at the San Luis Rey River, 1988- 
1996. * P < 0.05; ** P < 0.01; *** P < 0.001. 

n Rescued 

ONon-parasitized 

FIGURE 7. Proportion of eggs (X, SD) in parasitized 
and non-parasitized nests that hatched at the San Luis 
Rey River, 1988-1996. * P < 0.06; ** P < 0.01. 

donment, and reduced clutch size and egg via- 
bility in non-abandoned nests, was that parasit- 
ized pairs fledged on average a half to a third as 
many young per nesting attempt as did non-par- 
asitized birds (Fig. 8). Moreover, parasitized 
birds fledged only half as many young per egg 
(Fig. 9), an index of productivity reflecting re- 
productive effort and thus a more appropriate 
measure of relative fitness. This latter impact is 
likely underestimated in that it does not take into 
account undetected eggs ejected from vireo nests 
by cowbirds. 

The predicted differences in productivity be- 
tween parasitized and non-parasitized nests were 
observed in all years of the study, although not 
all differences were statistically significant 
(Figs. 6-9). It is likely that failure to identify 
significant differences in some years is due to 
small sample sizes, high variability, and, in 

* 
** *T 

FIGURE 8. Number of fledglings per nest (X. SD) in 
parasitized and non-parasitized Least Bell’s Vireo nests 
at the San Luis Rey River, 1988-1996. * P < 0.06; ** 
P < 0.01. 
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FIGURE 9. Number of fledglings per egg (X. SD) in 
parasitized and non-parasitized Least Bell’s Vireo nests 
at the San Luis Rey River, 1988-1996. * P < 0.05; ** 
P < 0.01. 

some cases (e.g., clutch size in 1991, hatch rate 
in 1995), the lack of a true difference. 

DISCUSSION 

The rate of parasitism of Least Bell’s Vireos 
in this managed population was only marginally 
lower than that of vireos in areas without cow- 
bird removal programs (Gray and Greaves 1984; 
S. Goldwasser, unpubl. data; L. Salata unpubl. 
data), and varied considerably from year to year. 
It is likely that part of this variability stemmed 
from differences between years in the scope and 
duration of the trapping effort, with declines in 
recent years the result of broadening the trap- 
ping area and increasing the number of traps op- 
erated. However, environmental variables prob- 
ably also contributed to annual fluctuations in 
parasitism, and identification of those variables 
is important to our understanding of cowbird- 
host dynamics. Clearly, a site-specific approach 
is necessary for properly evaluating and man- 
aging cowbird impacts on hosts, particularly in 
regions such as southern California that are 
characterized by high spatial and temporal vari- 
ability. 

Least Bell’s Vireos in this study exhibited a 
strong propensity for deserting parasitized nests, 
at least in part a response to clutch size reduc- 
tion by cowbirds. Although clutch reduction oc- 
curred in both abandoned and non-abandoned 
nests, the degree of reduction was significantly 
greater in the former, leaving vireos with clutch- 
es of fewer than one vireo egg on average as 
opposed to over two in non-abandoned nests. 
These data suggest that vireos are more likely to 
persist in nesting attempts where the “per- 
ceived” clutch size (vireo and cowbird eggs 
combined) at the time of parasitism is three or 
greater. Factors associated with clutch size re- 

duction below this threshold, such as timing of 
parasitism and competition leading to multiple 
parasitism of nests, warrant further investigation 
to minimize abandonment of parasitized nests. 
Although vireos readily re-nest following nest 
failures, the effect of abandonment is to delay 
the fledging of young to the latter part of the 
season when post-fledging survival may be re- 
duced by inadequate time to prepare physiolog- 
ically for migration or by other factors. Parasit- 
ism during May and June, although generally 
less common than in April, may in fact exert a 
greater impact on the population in that it further 
delays the potential for as-yet unsuccessful pairs 
to fledge young within the narrowing window of 
time available to them. Late season parasitism 
may be particularly harmful; although propor- 
tionately few vireo nests are initiated after mid- 
June, nearly all are parasitized, preventing re- 
nesting pairs and late first-time breeders from 
producing any young at all and thus reducing 
effective population size, an important determ- 
nant of the survival of rare species. 

Even if nest abandonment is averted by cow- 
bird egg removal, parasitism reduces the poten- 
tial for population growth through its effects on 
clutch size and hatch rate, which, combined, re- 
sult in lower productivity of parasitized nests. 
Although pairs may ultimately succeed in fledg- 
ing young, the reproductive effort required to do 
so exceeds that of pairs rearing young in non- 
parasitized nests. This is particularly so for fe- 
males, which bear the cost of egg production, 
but also applies to males which assist with every 
aspect of nest-building, incubation, and rearing 
of young. Although spared the consequences of 
desertion, pairs fledging young from rescued 
parasitized nests realize a lower fitness return 
relative to investment than do non-parasitized 
pairs, both during the immediate season, and 
perhaps over their lifetimes. 

An unanswered question bearing on whether 
rescued pairs actually experience reduced fitness 
is whether young fledged from rescued nests 
survive less well than those from non-parasit- 
ized nests. If clutch size reduction leads to re- 
duced competition among nestlings, post-fledg- 
ing survival may actually be higher in parasit- 
ized nests, offsetting part or all of the energetic 
costs associated with production of young. Re- 
search addressing this question will further our 
understanding of the costs of parasitism and the 
efficacy of current management techniques. 

One can extrapolate from the results of this 
investigation and speculate on the impacts that 
cowbird parasitism has had on unmanaged vireo 
populations during the last two decades. Reports 
prior to the implementation of cowbird manage- 
ment programs indicate that cowbirds parasit- 
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ized 33-100% of vireo nests (Goldwasser et al. 
1980, Gray and Greaves 1984; L. Salata, unpubl. 
data; B. Jones, unpubl. data; L. Hays, unpubl. 
data), and regardless of the role that cowbirds 
played in the initial decline of the vireo, we 
know from history that parasitism interacted 
with habitat loss to produce a precipitous and 
rapid decline in what was once one of Califor- 
nia’s most abundant species (Franzreb 1989a 
and references therein). Now well into the spe- 
cies’ recovery, we also know that eliminating 
parasitism has produced an impressive popula- 
tion rebound. Cowbird trapping is likely to con- 
tinue in the foreseeable future as a tool for pro- 
moting vireo range expansion and establishment 
of viable populations throughout California, and 
it is appropriate as we move beyond crisis man- 
agement of the vireo that we consider the most 
biologically and economically effective options 
available. One option is to divorce cowbird trap- 
ping from vireo nest monitoring and apply the 
monetary savings to increasing the scope of the 
cowbird removal effort. This proposal has ad- 
vantages and disadvantages; done properly, trap- 
ping is less expensive than nest monitoring, does 
not require specialized personnel and the same 
degree of state and federal permitting, and ben- 
efits all potential hosts in the area rather than 
just a single species. However, it results in the 
capture and holding of many non-target species 
(on average 1,285 ? 1,238 capture-events per 
year in this study), contributing to non-target 
mortality and potentially reducing reproductive 
success by keeping breeding birds from their 
nests. If not done adequately with regard to 
dates of operation and number and placement of 
traps, trapping permits parasitism to occur, 
which, if the trapping is performed as mitiga- 
tion, is unsatisfactory, and which under any cir- 
cumstances is not fully accomplishing its objec- 
tive. Although trapping alone can reduce the in- 
cidence of parasitism, it cannot prevent any of 
the subsequent impacts on nests that are para- 
sitized. In contrast, nest monitoring and cowbird 
egg removal can rescue parasitized nests by pre- 
venting total loss of vireo productivity, and do 
not affect non-target species. But, although it 
can enhance population productivity, nest mon- 
itoring cannot prevent the impacts created by 
egg ejection and damage done by cowbird fe- 
males. Monitoring is probably the most efficient 
means for controlling parasitism in very small 
(<lo pairs) or remote populations where daily 
visits to check traps are prohibitively costly and 
time-consuming. 

Presently, the most valuable use of nest mon- 
itoring within the context of cowbird control is 
to gauge the effectiveness of trapping programs, 
particularly large scale ones, and guide improve- 
ment as necessary. Once successful trapping 
protocols have been established, follow-up mon- 
itoring can be effectively accomplished on a 2- 
3 yr cycle as opposed to the annual schedule 
followed up to this point. Trapping by itself 
should suffice to eliminate parasitism in the in- 
tervening years. 

Ultimately we need to develop ways to pro- 
tect native birds from parasitism that do not rely 
on continued and invasive “topical” (localized) 
treatments. From a biological perspective, spe- 
cies like the Least Bell’s Vireo will never be 
recovered as long as they are reliant on human 
intervention for their survival. Long-term fund- 
ing for wildlife management is unpredictable, 
and it is imperative that we make progress in 
identifying more permanent means for control- 
ling cowbirds and their impacts. Considerable 
progress has been made recently in identifying 
habitat and landscape features influencing cow- 
bird densities and parasitism rates (e.g., Howe 
and Knopf in press, Uyehara and Whitfield in 
press, Petit and Petit in press, Thompson et al. 
in press, Robinson et al. in press, Yamasaki et 
al. in press, several papers in this volume). Hab- 
itat restoration to achieve conditions less con- 
ducive to cowbirds, such as enlarging or recon- 
necting remnants of habitat, should be pursued. 
Biologists should also promote changes in land 
use policy that discourage or restrict siting feed- 
lots, dairies, and other operations attractive to 
cowbirds adjacent to host breeding habitats. Re- 
search on cowbird-host dynamics and determi- 
nation of species-specific tolerable levels of par- 
asitism should be initiated with an eye towards 
“weaning” sensitive species from intensive 
cowbird management. Only through such a 
long-term view can we hope to restore the native 
avifauna in regions where the future survival of 
many species is uncertain. 
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COSTS OF BROWN-HEADED COWBIRD PARASITISM TO 
WILLOW FLYCATCHERS 

JAMES A. SEDGWICK AND WILLIAM M. IKO 

Abstract. The costs of Brown-headed Cowbird (Molothrns ater) brood parasitism to Willow Fly- 
catcher (Empidonax rraillii adastus) seasonal fecundity and lifetime reproductive success were assessed 
in a long-term study conducted from 1988-1997 at Malheur National Wildlife Refuge, Oregon. Par- 
asitism rates of Willow Flycatcher pairs (N = 882) among three study areas averaged 23.4%, ranging 
from 10.9-40.7% over 10 years (all study areas combined) and from 15.4-41.5% across the three 
study areas (all years combined). The lowest (O.O%, Dredger South, 1997) and highest (87.1%, Bridge 
Creek, 1991) parasitism rates underline the high variability of cowbird parasitism across time and 
space. Nest success (pairs fledging 2 1 young) of parasitized pairs was 50.3% less than that of 
unparasitized pairs; parasitized pairs had fewer eggs survive to fledging (17.3 vs. 51.4%) lost more 
eggs (3.08 vs. 1.28) and nestlings (1.18 vs. 0.79), and reared fewer offspring (0.80 vs. 2.1 1) in a season 
compared to unparasitized pairs. Parasitized females also incurred higher costs by spending more time 
attending nests (2-4.5 days), building more nests (1.83 vs. 1.38), laying more eggs (4.72 vs. 4.12) 
and fledging young later (4 days) within a season compared to unparasitized females. Return rates 
and survival varied by age and sex; although there was no difference in the overall return rates or 
survival of parasitized vs. unparasitized females or of their young, males of parasitized pairs tended 
to survive longer than unparasitized males (1.29 vs. 1.01 years). Among successful pairs, the return 
rate of females parasitized in their initial year of capture was greater than that of unparasitized females, 
but survival did not differ between these groups. There were no differences in return rates and survival 
between parasitized and unparasitized successful males. Lifetime reproductive success of females 
depended on their parasitism and first-year success status; parasitized females reared significantly fewer 
young over their lifespans than unparasitized females (2.25 vs. 4.09 young), but there was no difference 
in lifetime output between these groups in years subsequent to their first breeding season (2.84 vs. 
3.49 young). Whether females were successful or not, or parasitized or not, did not significantly affect 
reproductive success in subsequent years. Seasonal fecundity losses due to predation (0.74 young/pair) 
were greater than losses to parasitism (0.30 young/pair); lifetime reproductive losses displayed similar 
trends (predation vs. parasitism losses: 0.70 young/pair vs. 0.37 young/pair). Our results suggest that: 
(1) robustness of Willow Flycatcher reproductive strategies in response to cowbird parasitism is evi- 
dent; (2) cowbird parasitism appears to exact the greatest toll on first-year birds; (3) similarities across 
parasitism and success classes for lifetime reproductive success in years subsequent to their first 
breeding year suggest that older Willow Flycatchers may learn improved anti-parasite strategies over 
time; and (4) similar return rates, survival, and lifetime reproductive success (subsequent to first-year) 
of parasitized vs. unparasitized pairs suggest that female cowbirds may be selecting for superior host 
parents. 

Key Words: brood parasitism, Brown-headed Cowbird, Empidonux frail/ii adastus, lifetime repro- 
ductive success, Molothr~s uter, seasonal fecundity, spatial and temporal variability, Willow Flycatch- 
er. 

Brown-headed Cowbirds (Molothrus ater) are 
known to parasitize over 200 species of birds 
(Friedmann et al. 1977) and have dramatically 
increased in distribution and abundance over the 
last 100 years (Rothstein 1994). Historically 
thought to occupy primarily the short-grass prai- 
rie regions of central North America, cowbird 
populations have spread both eastward and west- 
ward at a rapid rate (DeSante and George 1994). 
Most host species and populations are believed 
to be able to withstand some level of brood par- 
asitism, but if parasitism rates are high and de- 

In the western United States, the Willow Fly- 
catcher is composed of a mosaic of healthy and 
threatened populations. Many appear to be re- 
productively stable, but in some parts of the 
West, Willow Flycatchers have shown signifi- 
cant declines, including Washington, Oregon, 
California, and Arizona (DeSante and George 
1994, Sauer et al. 1997). The high levels of re- 
ported cowbird parasitism of Willow Flycatchers 
(Trautman 1940, Sedgwick and Knopf 1988), es- 
pecially of the endangered subspecies, E. t. ex- 
timus (Brown 1988, 1994, Rothstein 1994), have 

fense mechanisms poorly developed, parasitism made parasitism a topic of concern regarding the 
could threaten population viability. Recent con- conservation of both the endangered subspecies 
tact with this brood parasite poses a serious and other subspecies of Willow Flycatchers in 
problem for a number of species, including the North America (Robinson et al. 1995a). 
Willow Flycatcher (Empidonax truillii) (Roth- Small passerine hosts such as the Willow Fly- 
stein 1994). catcher often incur a variety of costs as a result 
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of brood parasitism. These costs are usually ex- 
pressed in terms of information collected on in- 
dividual nests, such as reduced nest success, the 
number of host eggs removed by cowbirds, low- 
er hatching success, and fewer fledglings pro- 
duced. Primarily because of nest abandonment 
and renesting following some instances of par- 
asitism, and variation in the length of the breed- 
ing season, brood reduction per nest and lower 
nest success are only indirect measures of the 
costs of parasitism (Pease and Grzybowski 
1995, Payne 1997). The decrease in seasonal fe- 
cundity per pair (or female) is a more direct 
measure of the consequences of brood parasit- 
ism and a better measure of fitness of host pop- 
ulations. Because information on seasonal fe- 
cundity requires following individual females 
throughout an entire breeding season, most stud- 
ies report data from individual nesting attempts. 
Only a few studies (e.g., Nolan 1978, Smith 
1981, Payne 1989) have measured the costs of 
parasitism in terms of seasonal fecundity. 

Even fewer studies have examined the costs 
of parasitism over the lifespan of a group of 
marked individuals (Newton 1989). This re- 
quires long-term, or longitudinal, studies that 
track the breeding success of animals throughout 
their lifespans. Such studies combine survival 
and the seasonal fecundities of an individual into 
one measure of performance-lifetime reproduc- 
tive success. Thus, a comparison of lifetime re- 
productive success of parasitized and unparasi- 
tized animals is a comparison of approximations 
of biological fitness, and may be a better indi- 
cator of the effects of parasitism on the popu- 
lation as a whole (May and Robinson 1985, 
Newton 1989). Longitudinal studies have the ad- 
ditional advantages of reducing variability due 
to short-term environmental variation and ac- 
counting for annual variation in the distribution 
of animal samples. 

In addition to the costs of parasitism directly 
associated with reproductive output, hosts may 
incur a number of other, less obvious costs af- 
fecting their long-term survival. Energetic costs 
may be higher for parasitized females because 
they may ultimately build more nests, spend a 
greater portion of the breeding season attending 
nests, and lay a greater number of eggs than un- 
parasitized females. In turn, adult survival, par- 
ticularly that of females, may be lower for par- 
asitized birds because of these higher energy de- 
mands imposed on them as a consequence of 
abandoning previously parasitized nests and re- 
nesting (Drent and Daan 1980, Gowaty 1996). 
The potentially high energy costs of feeding a 
brood parasite that is often three to four times 
larger than host nestlings may reduce adult sur- 
vival and return rates as well (Rosa and Murphy 

1994). Finally, direct costs to fitness may arise 
due to phenology shifts. Because of multiple 
nest abandonment of parasitized nests and sub- 
sequent renesting, fledging of host young may 
be set back, resulting in lower return rates and 
increased mortality of late-born young (Perrins 
1965, Morton 1992). 

Whereas most field biologists would agree 
that parasitism can have negative consequences 
for a host population, the way in which such 
information is presented often overstates the 
costs of parasitism. Most studies report compar- 
isons between parasitized and unparasitized 
classes, and the differences between these two 
classes are often quite dramatic, with unparasi- 
tized nests, for example, often fledging many 
more young than parasitized nests. This com- 
parison can be somewhat misleading, however, 
if only a small portion of the population is par- 
asitized (Payne 1997). In such cases, the overall 
costs of parasitism to the population will be 
smaller than the parasitized-unparasitized com- 
parison suggests, and may even be relatively mi- 
nor, especially in comparison to other factors, 
such as predation (Davies and Brooke 1988). 
Comparisons of the entire population to an un- 
parasitized subgroup provide a more realistic 
view of the consequences of parasitism to a pop- 
ulation (Nolan 1978:390). This latter compari- 
son asks the question: How well did the entire 
population actually do compared to how well the 
population would have done if unparasitized? 

To assess the consequences of cowbird para- 
sitism on Willow Flycatcher populations, we es- 
tablished a long-term study at Malheur National 
Wildlife Refuge in southeastern Oregon. Our ob- 
jectives were to examine the effects of cowbird 
parasitism on a large and stable host population 
to provide insights for evaluating ecological lim- 
iting factors at locations where the species is de- 
clining. In this paper, we focus on the costs of 
parasitism in terms of seasonal fecundity, life- 
time reproductive success, energetic demands, 
and survival. In addition, we evaluate the pop- 
ulation-level effects of parasitism by comparing 
the entire population to an unparasitized sub- 
group. 

STUDY AREA AND METHODS 

STUDY AREA 

Our study was conducted at Malheur NWR, 
which lies at the northern extremity of the Great 
Basin in Hamey County, southeastern Oregon 
(42”52’N, 118”53’W). It is one of the largest 
wildlife refuges in the lower 48 states (73,250 
ha) and comprises one of the largest wetland 
complexes in North America. Dominant features 
of the refuge include rimrocks, freshwater 
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marshes, lakes, meadows, alkali flats, shrub up- 
lands, and shrub-willow riparian areas. We se- 
lected three riparian reaches (spanning 5 km) of 
the Blitzen River at the southern end of the ref- 
uge based on habitat suitability and presence of 
Willow Flycatchers. The three study areas, 
Bridge Creek (BC), Dredger South (DS), and 
Dredger North (DN) were 1.5 km, 1.5 km, and 
2.0 km in length and were interrupted by gaps 
of 1.5 km and 2.0 km between study sites. 

Stringer shrub willow (S&X encigua and S. Zu- 
tea) occurs along a channelized portion of the 
Blitzen River in approximately linear arrange- 
ments. Willow stringers along the Blitzen River 
in these areas range from 5-10 m in width, but 
often extend laterally for short distances (5-100 
m) into adjacent management units (i.e., fields, 
meadows, and wetlands). Other common ripari- 
an shrubs include currant (Ribes sp.), wild rose 
(Rosa sp.), and chokecherry (Prunus sp.). 

FIELD METHODS 

Productivity of Willow Flycatchers was eval- 
uated by locating and monitoring nests to deter- 
mine clutch size, hatching success, fledging suc- 
cess, incidence of cowbird parasitism, and mor- 
tality patterns occurring during the breeding sea- 
son. Nearly all nests and renests of approximately 
100 pairs per year breeding on the three study 
sites were located and monitored from 1988 to 
1997 (N = 1,168 total nests). The majority of 
nests were found before the first egg was laid and 
were checked every other day, which enabled 
more precise estimates of laying patterns and egg 
removal by cowbirds. 

Willow Flycatcher adults, and nestlings near 
fledging (8-10 d of age), were banded to eval- 
uate survival, differential productivity, and fe- 
cundity per pair. Adults were captured using 
mist nets placed near nests and young were cap- 
tured on the nest prior to fledging (8-10 d after 
hatching). Adult flycatchers were banded with 
both a US Fish and Wildlife Service (USFWS) 
band and either one or two color bands; thus 
each adult carried up to three bands (two on one 
leg and one on the other). Nestlings were banded 
with a USFWS band, and in the first 2 years of 
the study (1988 and 1989) were also color-band- 
ed. Birds returning to the study areas as adults 
but originally banded as nestlings or hatching- 
year birds (USFWS band only), were then band- 
ed with color bands as well. Adults were sexed 
by cloaca1 protuberance (males) and brood patch 
(females), and in a few instances by a combi- 
nation of wing length, tail length (longer in 
males), and the above characters (Pyle et al. 
1987). Locals and hatching-year birds could not 
be sexed. There is no known method of aging 

adults; all adults were categorized as after-hatch- 
ing-year birds. 

Each year, identities of adults were deter- 
mined by initial capture (and banding, if neces- 
sary) of territorial occupants. We subsequently 
verified the identity of territory holders by visual 
determination of color band combinations 
through binoculars or spotting scopes. Not all 
birds could be captured, nor could the identities 
of all adults associated with particular territories 
be determined with certainty (i.e., of 882 pairs, 
we positively identified 76.8% of the males and 
85.6% of the females). But because most of the 
population was marked and positively associated 
with a territory, we were able to assess seasonal 
fecundity for most pairs. 

DATA ANALYSIS 

Because one of our primary objectives was an 
examination of the impacts of parasitism on sea- 
sonal fecundity and lifetime reproductive suc- 
cess, we restricted our analysis of return rates 
and survival to birds returning to the study areas 
and occupying a territory. Thus, individuals that 
may have been captured in one or more years 
subsequent to the year of initial capture, but that 
were not positively associated with a nest, were 
not considered to have returned or to have sur- 
vived for the purposes of the analyses in this 
paper. Only a small proportion of adults recap- 
tured in subsequent years were not associated 
with nests, and thus our somewhat restrictive 
analysis reflects a reasonable estimate of actual 
return rates and survival for adults. Restricting 
our analysis to birds returning and nesting for 
birds originally banded in their first year of life 
(as nestlings or hatching-year birds) reduced our 
sample by about one half. About 15% of nest- 
lings ultimately returned, but only about half 
that many returned and nested on our study ar- 
eas. We define a return as a bird returning to one 
of the study areas and nesting at least once after 
its initial year of capture. Survival data consider 
the age of individuals and take into account how 
many times a bird returned to the study areas 
and how many years it survived. 

To assess the effects of parasitism, we com- 
pared reproductive output and effort between 
pairs that had and had not been parasitized. This 
comparison generated estimates of difference in 
reproductive effort between these two groups. 
Another way to characterize the impact of cow- 
birds on a population would be to compare re- 
productive effort of females from unparasitized 
nests to that of all females in the population 
(Nolan 1978). The average reproductive effort 
of the unparasitized subgroup gives a baseline 
estimate of how the population would do (under 
the environmental conditions within that given 
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breeding season) if no parasitism were occur- 
ring. However, statistical analyses of these com- 
parisons are limited due to the non-indepen- 
dence of the data sets being compared. We re- 
port comparisons between unparasitized pairs 
vs. all (unparasitized and parasitized combined) 
pairs in an effort to demonstrate a more direct 
and simple measure of the effects of parasitism 
on Willow Flycatchers, and to contrast with the 
more conventional comparison. 

We estimated reproductive success in a num- 
ber of ways. Basic measures of the conse- 
quences of parasitism are comparisons between 
parasitized and unparasitized pairs of the num- 
ber of eggs surviving to the nestling stage and 
the number of eggs and nestlings surviving to 
fledging. Another measure of the cost of para- 
sitism is clutch and brood reduction. We include 
seasonal egg and nestling losses as well as any 
reductions in seasonal fecundity or reproductive 
output in this category. We further incorporated 
into our analysis fecundity losses that occurred 
within the following six success and parasitism 
classes to determine the effects of parasitism on 
each of these sub-groups: (1) successful, unpar- 
asitized pairs; (2) successful, parasitized pairs 
that reared one cowbird and at least one fly- 
catcher young; (3) successful, parasitized pairs 
that reared only flycatcher young; (4) unsuc- 
cessful, parasitized pairs that reared only cow- 
bird young; (5) unsuccessful, unparasitized pairs 
with no young; and (6) unsuccessful, parasitized 
pairs with no young. 

Parasitism may have less obvious costs to the 
reproductive success of the host female in the 
additional time and energetic costs spent build- 
ing more nests, laying additional numbers of 
eggs, increased nest attentiveness, and phenol- 
ogy shifts caused by these delays in the breeding 
cycle. In turn, adult survival (particularly that of 
females) and survival of their young may be 
lower. We estimated these increased time and 
energetic costs by estimating parental invest- 
ment in days occupied attending active nests 
(from egg 1 of the first nest to fledging or failure 
of last nests of the season), total number of nests 
built per season, and total number of eggs laid 
per season. We also compared the return rates 
and survival of young by three fledging classes: 
early fledges (1-15 July), mid-season fledges 
(16-3 1 July), and late fledges (after 1 August). 
Finally, we compared return rates and survival 
across the parasitism classes for adults by cate- 
gorizing adults as either parasitized or unpara- 
sitized in their initial year of capture. 

We analyzed lifetime reproductive success of 
Willow Flycatcher females (the number of fly- 
catcher young fledged in their lifetime) in sev- 
eral different ways. First, we compared lifetime 

output based on parasitism class (parasitized vs. 
unparasitized) in the initial year of capture. That 
is, we compared lifetime reproductive success of 
females that were, or were not, parasitized in 
their first year. We subdivided these groups fur- 
ther by comparing the number of offspring pro- 
duced in the six success and parasitism classes 
simultaneously. We then calculated the repro- 
ductive success of parasitized and unparasitized 
females for the years following their first breed- 
ing season to test whether or not parasitism in a 
bird’s first year had an effect on subsequent life- 
time output. 

To evaluate the relative costs of parasitism 
versus predation, we compare the seasonal fe- 
cundity and lifetime reproductive success of 
three different success classes: (1) unparasitized, 
successful pairs; (2) all unparasitized pairs; and 
(3) all pairs. When comparing between all pairs 
and all unparasitized pairs, differences in fecun- 
dity, for example, are due to the effects of par- 
asitism. The comparison is of fecundity of the 
entire population to a subgroup not under the 
constraints of parasitism and so is a population- 
level estimate of the consequences of parasitism. 
Comparisons between all unparasitized pairs and 
successful, unparasitized pairs account for the 
effects of predation. The difference in fecundity, 
for example, between these two classes is large- 
ly a measure of predation on fecundity (but may 
also include losses due to infertile eggs and 
weather), as all instances of parasitism are ex- 
cluded from each class. 

Statistical procedures were conducted using 
the Statistical Analysis System (SAS Institute 
1985). We used the Chi-square test of homoge- 
neity to test simple measures of nest success, 
egg success, and return rates between classes of 
flycatchers. We used the General Linear Models 
Procedure (SAS Institute 1985) to test means of 
continuous variables (e.g., egg and nestling 
losses/pair, brood reduction, survival) across 
classes. Statistical tests were not possible for 
some comparisons (e.g., all pairs vs. unparasi- 
tized pairs) because of a lack of independence 
between classes (i.e., the class “all pairs” in- 
cludes the class “unparasitized pairs”). Null hy- 
potheses were rejected at (Y 5 0.05. 

RESULTS 

PARASITISM RATES 

Parasitism of Willow Flycatcher pairs (N = 
876) averaged 23.4% and ranged from 10.9- 
40.7% over 10 years (all study areas combined) 
and from 15.4-41.5% across three study areas 
(all years combined; Table 1). A prescribed fire 
in the early spring of 1991 resulted in the acci- 
dental burning of approximately 50% of the ri- 
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TABLE I. SPATIALANITEMPORALVARIABILITYOFCOWBIRDPARASITISM OFWILLOWFLYCATCHERPAIRS,MALHEUR 
NATIONAL WILDLIFE REFUC~E,~REGON(~~~~-~~~~) 

Study area 

Year 

1988 

1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 

Total 

a No data 

Bridge Creek Dredger South Dredger North Total 

% (N) % (N) % (N) % (N) 

11.1 (9) 25.0 (16) 8.8 (34) 13.6 (59) 

55.0 (20) 53.1 (32) 13.5 (37) 37.1 (89) 

51.6 (31) 17.7 (34) 19.6 (56) 27.3 (121) 

87.1 (31) 15.4 (26) 25.5 (51) 40.7 (108) 

34.6 (26) 15.6 (32) 6.4 (47) 16.2 (105) 

34.6 (26) 20.0 (30) 22.2 (36) 25.0 (92) 

40.0 (30) 14.7 (34) 14.6 (41) 21.7 (105) 

12.0 (25) 13.5 (37) 9.5 (42) 11.5 (104) 

13.3 (15) 15.6 (32) _a 14.9 (47) 

31.3 (16) 0.0 (30) _a 10.9 (46) 

41.5 (229) 18.8 (303) 15.4 (344) 23.4 (876) 

parian stringers in the BC study area and may 
have been the apparent cause of an explosive 
increase in parasitism there in 1991 (51.6% in 
1990 vs. 87.1% in 1991 and 34.6% in 1992). 
The lowest (O.O%, DS, 1997) and highest 
(87.1%, BC, 1991) rates of parasitism underline 
the high variability in parasitism rates across 
both time and space. 

EGG SUCCESS AND PAIR SUCCESS 

The percentage of eggs surviving to the nest- 
ling stage for parasitized pairs (34.6%) was sig- 
nificantly less than that for eggs of unparasitized 
pairs (69.1%; x*,~~ = 334.5, P < 0.001; Table 
2). The number of eggs surviving to fledging 
was also lower for parasitized pairs (17.3%) than 
for unparasitized pairs (51.4%; xZldf = 321.2, P 
< 0.001) as was the number of nestlings surviv- 
ing to fledging (parasitized: 50.0%; unparasiti- 
zed: 74.4%; x2,df = 77.6, P < 0.001). 

Flycatcher success (pairs fledging 2 1 young) 
of unparasitized pairs (74.1%) was more than 
twice that of parasitized pairs (36.8%; x*,~~ = 

96.2, P < 0.001) yielding a 50.3% reduction in 
pair success. However, when comparing pair 
success of unparasitized pairs (74.1%) to all 
(parasitized and unparasitized) pairs (65.4%) in 
the population, the cost of parasitism was a re- 
duction of 11.7% in pair success (x*,~~ = 13.5, 
P < 0.001). This is a more direct estimate of the 
consequences of parasitism to the population as 
it compares the nest success of a subgroup not 
under the constraints of parasitism to that of the 
entire population. This comparison effectively 
accounts for the fact that only 23.4% of all pairs 
were parasitized (Table 1). 

Of the 204 parasitized pairs, 81 (39.7%) failed 
to produce any fledglings. The remaining 123 
parasitized pairs produced either a cowbird (48 
pairs, 23.5%) Willow Flycatcher(s) (57 pairs, 
27.9%), or both (18 pairs, 8.8%). Thus, although 
only 36.8% of parasitized pairs produced fly- 
catchers, more parasitized pairs fledged flycatch- 
ers (N = 75) than cowbirds (N = 66), with Wil- 
low Flycatchers raising 0.32 cowbirdsfparasit- 
ized pair. 

TABLE 2. EGGS LAID, EGGS SURVIVING TO THE NESTLING STAGE, EGGS SURVIVING TO FLEDGING, AND NESTLINGS 
SURVIVINGTO FLEDGINGIN PARASITIZED AND UNPARASITIZED WILLOWFLYCATCHERPAIRS,MALHEURNWR,OREGON 
(1988-1997) 

Nestlings 
No. eggs Eggs surviving 

A related to 
Eggs surviving 

laid to nestling stage A related to 
surwwng 

A related to 
parasitism 

to fledging 
parasitism 

to Redgmg 
parasitism 

N % N (%)a % N (%I* % N (%)a 

Parasitized 907 34.6 314 17.3 157 50.0 157 
-5O.Ob -66.3b -32.8b 

Unparasitized 2630 69.1 1817 5 1.4 1353 74.4 1353 
-8.9c - 16.9c -4.7c 

All 3537 60.2 2131 42.7 1510 70.9 1510 

a Comparison of parasitized and unparasltlzed pairs, and unparasitired and all (parasitized + unparasitized) pairs. 
D Significant difference at P < 0.001. 
c No statistical tests possible (see Methods). 
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males was also about 4 d longer than that of 
unparasitized females. The later mean fledging 
date can be attributed to the greater number of 
nests built by successful, parasitized females 
(1.81 2 0.09) compared to successful, unpara- 
sitized females (1.30 + 0.02; P < 0.001) and 
more eggs laid (5.01 ? 0.23 parasitized vs. 4.17 
+ 0.06 unparasitized; P < O.OOl), because of 
renesting and further egg laying following aban- 
donment of some parasitized nests. 

RETURN RATES, SURVIVAL, AND PARASITISM 

Return rates of parasitized adult females 
(48.9%) and unparasitized adult females 
(55.3%) were similar (xZldr = 1.11, P = 0.29); 
there was no significant difference in female sur- 
vival rates (parasitized: 0.967 ? 0.07 yr; unpar- 
asitized: 0.969 ? 0.14 yr; P = 0.99; Table 7). 
Return rates of parasitized males (55.6%) and 
unparasitized males (5 1.2%) were also similar 

(X*,dr = 0.36, P = 0.55). Parasitized males tend- 
ed to survive longer (1.29 ? 0.23 yr) than un- 
parasitized males (1.01 2 0.09 yr), but the dif- 
ference was not significant (P = 0.18). 

Successful, parasitized adult females were 
more likely to return to the study area in sub- 
sequent years than successful, unparasitized fe- 
males (Table 7). The return rate of successful, 
parasitized (in their initial year of capture) fe- 
males (72%) was greater than that of successful, 
unparasitized females (56.5%; x2,df = 3.92, P = 
0.048) but survival did not differ (successful, 
parasitized: 1.20 + 0.16 yr; successful, unpar- 
asitized: 0.99 ? 0.09 yr; P = 0.271). Return 
rates for successful, parasitized males (60.0%) 
were similar to those of successful, unparasitized 
males (50.7%; xZldf = 0.75, P = 0.385) as was 

5 
survival (successful, parasitized: 1.08 t 0.24 yr; 

d successful, unparasitized: 1.08 + 0.12 yr; P = 
A 0.99). 
& There was no difference in the return rates of 
5 
0 young produced by parasitized (5.4%) vs. un- 
$ parasitized (7.7%) pairs (x*,~~ = 0.81, P = 0.367) 
:” 
2 

nor was there a difference in survival of young 

E produced by parasitized (0.116 t 0.05 yr) vs. 

2 unparasitized (0.169 + 0.02 yr) pairs (P = 0.42; 

2 
Table 7). The return rate of early fledges 

2 
(29.1%) was much greater than that of mid-sea- 

b son fledges (4.8%) and late fledges (5.4%; x22dr 
; = 97.46, P < 0.001; Table 8). Survival also dif- 

fered across these three classes (early: 0.70 2 
0.13 yr; mid-season: 0.10 2 0.02 yr; late: 0.10 
+ 0.10 yr; P < 0.001). However, survival of 
birds returning to the study area at least one time 
was not significantly different (early: 2.41 ? 
0.29 yr; mid-season: 2.15 2 0.23 yr; late: 1.94 
+ 0.33 yr; P = 0.55). 
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LIFETIME REPRODUCTIVE SUCCESS 

Females parasitized in their first year reared 
significantly fewer flycatcher young (2.25 ? 
0.28) over their lifespans compared to unpara- 
sitized females (4.09 ? 0.20 young, P < 0.001; 
Table 9). Unparasitized, successful females had 
the highest lifetime output (4.79 2 0.21 young), 
followed by parasitized females that raised both 
flycatchers and a cowbird in their first year (3.89 
? 0.84 young), and parasitized females that suc- 
cessfully reared only flycatchers (3.76 k 0.48 
young; Table 9). The other three classes (those 
raising [l] only a cowbird, [2] unsuccessful, un- 
parasitized females, and [3] unsuccessful, para- 
sitized females) reared significantly fewer fly- 
catchers over their lifespans (P < 0.001). Thus, 
the three classes rearing flycatchers in their first 
year also had the highest lifetime output, where- 
as the three classes raising only a cowbird, or 
neither flycatchers nor cowbirds, had the lowest 
lifetime reproductive success. Females unpara- 
sitized in their first year did not rear significantly 
more young over the remainder of their lifespans 
(3.49 ? 0.26) compared to females parasitized 
in their first year (2.84 k 0.43) (P = 0.214; Ta- 
ble 10). A comparison of overall and after-first- 
year lifetime reproductive success (compare Ta- 
bles 9 and 10) suggests that females that were 
parasitized in their first year and returned closed 
the gap with females that were unparasitized in 
their first year by increasing lifetime output. 
Combining parasitism and success classes as 
above, reproductive outputs were similar across 
all six success-by-parasitism classes (F = 0.64, 
P = 0.67; Table 10). Previously unparasitized 
females tended to rear more young in subse- 
quent years than parasitized females, but those 
females rearing a cowbird in their first year sub- 
sequently reared about as many flycatchers (3.56 
+ 1.14) as unsuccessful (4.04 t 0.74) and suc- 
cessful (3.38 k 0.27) unparasitized females. But 
whether birds were successful or not, or parasit- 
ized or not, did not significantly affect repro- 
ductive success in years subsequent to their first 
breeding effort (Table 10). 

RELATIVE COSTS OF PARASITISM AND PREDATION 

For Willow Flycatchers, the costs of parasit- 
ism were relatively minor compared to the costs 
of predation. Losses in seasonal fecundity due 
to predation were 0.74 young/pair when com- 
paring fecundity of unparasitized, successful 
pairs (2.85 k 0.04 young) to all unparasitized 
pairs (2.11 + 0.06 young). Fecundity losses due 
to parasitism were only 0.30 young/pair, or less 
than half the cost of predation, when comparing 
reproductive output of unparasitized (2.11 ? 
0.06) vs. all (1.81 + 0.05) pairs. Comparisons 
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TABLE 6. PHENOLGY SHIFT IN FLEDGING DATE AND ASSOCIATED VARIABLES FOR SUCCESSFUL PARASITIZED AND 

UNPARASITIZED WILLOW FLYCATCHER PAIRS, MALHEUR NWR, OREGON (19881997) 

Successful parasitized Successful unparasitized 

Fledging Date (Julian Date) 76 211.43 1.01 496 207.47 0.42 0.001 
Nest Initiation Date (Julian Date) 76 174.28 0.67 489 174.33 0.30 0.943 
Investment (days) 76 37.16 1 .oo 489 32.97 0.35 0.001 
No. of Nests 75 1.81 0.09 457 1.30 0.02 0.001 
Eggs laid 72 5.01 0.23 471 4.17 0.06 0.001 

a One-way analysis of variance (ANOVA). 

of the lifetime reproductive success of females 
yielded similar results. The estimate of the cost 
of parasitism to lifetime output was 0.37 young/ 
female (lifetime reproductive output of all un- 
parasitized pairs: 3.96 2 0.20 young/female vs. 
lifetime reproductive output of all pairs: 3.59 + 
0.17 young/female). The cost of predation to 
lifetime reproductive output (0.70 young/fe- 
male) was nearly twice that of parasitism (life- 
time reproductive output of successful unpara- 
sitized pairs: 4.66 +- 0.20 young/female vs. life- 
time reproductive output of all unparasitized 
pairs: 3.96 2 0.20 young/female). 

DISCUSSION 

PARASITISM RATES 

The overall parasitism rate (23.4%) on the 

three study areas during the 10 years of this 

study was somewhat lower than that reported for 

most other populations of Willow Flycatchers. 

Prior to cowbird trapping in California, parasit- 

ism of E. t. extimus averaged 66% (Whitfield 
and Sogge this volume). Brown (1994) reported 
a 50% rate in the Grand Canyon of Arizona for 
E. t. extimus, and Sedgwick and Knopf (1988) 
reported a rate of 40.7% for E. t. adustus in Col- 
orado. Lower rates (<25%) are reported for 
most sites in Arizona (E. t. extimus) but range 
from 3% to 48%; parasitism rates in New Mex- 
ico ranged from 18% to 40% (Whitfield and 

Sogge this volume). For the eastern subspecies 
(E. t. trail& 6 studies) rates were <17% (Fried- 
mann 1963), although one eastern study reported 
a higher rate of parasitism (56.3%; Trautman 
1940). Variability at the local scale was high 
(15.4-41.5%) in this study, and this pattern re- 
peats itself at broader geographical scales in oth- 
er regions of the country. 

Temporal variability of parasitism rates was 
equally dramatic at Malheur NWR (10.9-40.7% 
from 1988 to 1997, all study areas combined) 
and is typical of patterns at broader geographic 
scales throughout the West. Whitfield and Sogge 
(this volume) summarized annual variability in 
parasitism rates of E. t. extimus in three states: 
Arizona, 8-40%; California, 50-80%; and New 
Mexico, 14.7-27%. Variability in parasitism 
rates across time is not difficult to understand, 
and is almost to be expected, because of large 
annual fluctuations in densities of both parasites 
and hosts (Trail and Baptista 1993). Long-term, 
longitudinal studies address this problem by in- 
cluding both average years and extreme years of 
environmental variation and the distribution of 
animal samples. 

Variability in parasitism rates across space, 
especially at the local scale, is more difficult to 
explain. At Malheur NWR, our three study areas 
were all in the same drainage, vegetation types 
were similar, and the three areas were each sep- 

TABLE 7. RETURN RATES (%) AND SURVIVAL (YR) OF PARASITIZED AND UNPARASITIZED WILLOW FLYCATCHERS, 
MALHEUR NWR, OREGON (1988-1997) 

Parasitized Unparasitized 

No. birds No. birds 
returned SWViVal returned SWVlVal 

N % Yr SE N % Yr SL 

Juveniles 129 5.4 0.116 0.05 1142 7.7a 0.169 0.02a 
All females 92 48.9 0.967 0.14 255 55.3a 0.969 0.07a 
All males 63 55.6 1.29 0.23 201 51.2a 1.01 0.09b 
Successful females 50 72.0 1.20 0.16 184 56.Y 0.99 0.09a 
Successful males 25 60.0 1.08 0.24 154 50.7a 1.08 0.12= 

a No stgnificant difference (P > 0.05). 
b Sigmficance between survival of parasitized and unparasitned males: P = 0.18. 
c Significance between return rates of parasitized and unparasitired successful females: P = 0.048. 
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TABLE 8. 
HEUR NWR, 

RETURN RATES AND SURVIVAL OF WILLOW FLYCATCHER YOUNG BY FLEDGING DATE CATEGORIES, MAL- 
OREGON (1988-1997) 

Returning OVCKill Survival of 
y0”“ga survival (yr)b returning birds (yr)’ 

N 96 N x SF N x w 

Early (1-15 July) 127 29.1 127 0.70 0.13 37 2.41 0.29 

Middle (16-3 1 July) 828 4.8 828 0.10 0.02 40 2.15 0.23 

Late (l-26 Aug) 316 5.4 316 0.10 0.03 7 1.94 0.33 

a Difference among retwn rates: P < 0.001. 
b Difference among overall survival: P < 0.001. 
’ Difference among survival of returning birds: P = 0.55. 

arated from one another by 12 km. Other re- 
searchers have also reported a patchy distribu- 
tion of parasitism rates, even at the local level. 
These differences in rates are sometimes ex- 
plained by habitat variability, such as the avail- 
ability of tall perches, which may enhance the 
ability of cowbirds to locate and parasitize nests 
(Anderson and Storer 1976, Freeman et al. 
1990). The availability of nearby foraging areas 
for cowbirds has also been linked to differences 
in parasitism rates, but at geographic scales 
broader than those considered at Malheur NWR 
(Vemer and Ritter 1983). Because of the prox- 
imity of our three study areas and their similar 
vegetation structures, we believe that any differ- 
ences in parasite densities, flycatcher densities, 
or densities of alternate hosts (sensu Barber and 
Martin 1997) are insignificant and are not causal 
factors in differences in parasitism rates among 
areas at Malheur NWR. Thus, the large differ- 
ences in rates of parasitism across the three 
study areas at Malheur NWR remain an enigma, 
but may not be unusual as others have also re- 
ported pockets of parasitism in areas of uniform 
vegetation (Marvil and Cruz 1989). Variability 
in rates of parasitism, both locally and region- 
ally, demonstrates that a direct estimate of the 

number of nests parasitized may not be adequate 
in assessing the true impact of parasitism. More 
intensive studies from a number of locations 
may be required to get an averaging for regional, 
and local, parasitism rates. Variability in cow- 
bird parasitism at the broad, and especially at 
the local, geographic scale suggests the need for 
carefully designed, long-term studies to fully as- 
sess parasitism rates across time and space. 

EGG AND PAIR SUCCESS AND 

SEASONAL FECUNDITY 

Fewer eggs and nestlings survived to fledging, 

and nest success of parasitized pairs was far less 

than that of unparasitized pairs at Malheur 

NWR. Generalized costs such as these have 
been reported for a number of host species 
throughout North America (May and Robinson 
1985). Parasitized Willow Flycatcher pairs also 
lost significantly more eggs and nestlings over 
the course of a season and fledged an average 
of 1.3 1 fewer young (61.6% fewer) than unpar- 
asitized pairs. Seasonal fecundity of successful, 
unparasitized pairs was greater, and seasonal egg 
losses fewer than for pairs of either of two par- 
asitized classes: those raising both flycatchers 
and cowbirds, or those rearing only flycatchers. 

TABLE 9. LIFETIME REPRODUCTIVE SUCCESS OF FEMALE WILLOW FLYCATCHERS (N), BY PARASITISM AND SUCCESS- 
BY-PARASITISM CLASSES, MALHEUR NWR, OREGON (1988-1997) 

Overall 

Flycatcher young 
fledged DUflCLUl’S 

multiple 
N x SE range testa 

Parasitized 
Unparasitized 

92 2.25 0.28 A 
257 = 4.09 0.20 B F 23.63, P < 0.001 

Success-By-Parasitism Class 
Successful, Unparasitized, Flycatcher Only 
Successful, Parasitized, Rearing Bothb 
Successful, Parasitized, Flycatcher Only 
Unsuccessful, Parasitized, Cowbird Only 
Unsuccessful, Unparasitized, No Young 
Unsuccessful, Parasitized, No Young 

200 4.79 0.21 A 
9 3.89 0.84 A 

29 3.76 0.48 A 
18 1.78 0.70 B 
57 1.63 0.40 B 
36 0.86 0.32 B 

’ F = 20.76, P < 0.001 

a Values sharing the same letter are not significantly different (P > 0.05). 
b Females that successfully reared one Cowbird and at least one Willow Flycatcher young. 
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TABLE 10. LIFETIME REPRODUCTIVE SUCCESS OF FEMALE WILLOW FLYCATCHERS (N), BY PARASITISM AND SUCCESS- 
BY-PARASITISM CLASSES, SUBSEQUENT TO THEIR RRST YEAR, MALHELJR NWR, OREGON (1988-1997) 

Flycatcher young 
fledged DUllCall’S 

multiple 

N x Sk range test” 

Overall 

Parasitized 44 2.84 0.43 A 
Unparasitized 141 3.49 0.26 A 

I 
F = 1.55, P = 0.214 

Success-By-Parasitism Class 
Successful, Unparasitized, Flycatcher Only 118 3.38 0.27 A 
Successful, Parasitized, Rearing Bothb 7 3.00 0.72 A 

Successful, Parasitized, Flycatcher Only 16 2.56 0.82 A = = Unsuccessful, Parasitized, Cowbird Only 9 3.56 1.14 A F 0.64, P 0.67 

Unsuccessful, Unparasitized, No Young 23 4.04 0.74 A 
Unsuccessful, Parasitized, No Young 12 2.58 0.74 A 

I 

a Values sharing the same letter are not significantly different (P > 0.05). 
h Femalrs that successfully reared one cowbird and at least one Willow Flycatcher young 

Seasonal nestling losses were similar for the 
above three successful groups indicating that 
most of the consequences of parasitism to sea- 
sonal fecundity were due to egg, and not nest- 
ling, losses. 

Only a few studies have examined seasonal 
reductions in fecundity: Nolan (1978) reported 
only a 13.3% reduction in seasonal fecundity for 
Prairie Warblers (Dendroica discolor); Trail and 
Baptista (1993) presented data from Petrinovich 
and Patterson (1978, 1983) from which we cal- 
culated a reduction of 44.3% in seasonal fecun- 
dity for Nuttall’s White-crowned Sparrows (Zo- 
notrichia Zeucophrys nuttalli); and Smith (198 1) 
found that parasitized female Song Sparrows 
(Melospiza melodiaj raised as many young to 
independence as unparasitized female Song 
Sparrows. 

There are numerous studies that report reduc- 
tions in the average number of young produced 
on a per nest basis, with reductions typically 
most pronounced for hosts that have longer in- 
cubation periods and are smaller than cowbirds 
(Friedmann 1963, Rothstein 1975a). For exam- 
ple, Marvil and Cruz (1989) reported a signifi- 
cant reduction in per nest fledgling production 
between unparasitized (2.35) and parasitized 
(0.50) nests for Plumbeous Vireos (Vireo plum- 
beus); 1.2-1.9 fewer Dickcissels (Spiza ameri- 
cana) fledged in parasitized than unparasitized 
nests in a Kansas study (Zimmerman 1983); Yel- 
low Warblers (Dendroica petechia) with unpar- 
asitized nests fledged significantly more young 
(2.28) than those with parasitized (1.64-1.90) 
nests (Weatherhead 1989); and parasitism by 
Shiny Cowbirds (Molothrus bonariensisj re- 
duced by 84% the number of young fledged per 
active Puerto Rican Vireo (Vireo latimeri) nest 
(Woodworth 1997). Brood reductions on a per 
nest basis, however, are only indirect measures 

of the consequences of brood parasitism on sea- 
sonal fecundity because of multiple nesting (due 
to abandonment of parasitized nests and subse- 
quent renesting) and some nesting of hosts be- 
fore or after the egg-laying period of cowbirds 
(Pease and Grzybowski 1995, Robinson et al. 
1995a). 

From the above examples, it seems clear that 
at least on a per nest basis, parasitism can dra- 
matically reduce the fecundity of small hosts. 
And seasonal fecundity reductions (parasitized 
pairs vs. unparasitized pairs) for Willow Fly- 
catchers (1.31 young/pair, our study) also sug- 
gest significant costs as a consequence of para- 
sitism. The population-level cost of seasonal fe- 
cundity (comparing seasonal fecundity of un- 
parasitized pairs [2.1 l] to that of all pairs [ 1.811) 
is not as severe (0.30 young/pair) because only 
23.4% of all flycatcher pairs were parasitized. 
But no matter how the cost of parasitism is ex- 
pressed, it still begs the question: Can Willow 
Flycatcher populations persist in the face of this 
level of reduction in seasonal fecundity? 

ENERGETIC COSTS 

Parasitism may increase adult mortality if par- 
asitized females expend more energy during the 
breeding season than unparasitized females 
(Robinson et al. 1995a). We found that parasit- 
ized females spent more time attending nests, 
built more nests, and laid more eggs than un- 
parasitized females. Return and survival rates of 
parasitized and unparasitized females were sim- 
ilar, however, suggesting that increased energetic 
costs as a consequence of parasitism do not in- 
crease female mortality in Willow Flycatchers. 
Smith (1981) also found no differences in sur- 
vival of parasitized and unparasitized female 
Song Sparrows. However, energetic costs, or 
other factors associated with parasitism, may be 
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linked to return rates for some species. Return 
rates of Black-capped Vireos (Vireo atricapil- 
Zusj, for example, were low following years of 
high rates of parasitism and were higher follow- 
ing years of low rates of parasitism (Gryzbowski 
1991). 

PHENOLOCY SHIFTS 

Phenology shifts in fledging date may dimin- 
ish reproductive output and be an additional, 
hidden cost of parasitism. Lowered reproductive 
output as a result of phenology shifts has been 
shown for a number of species, and is often cor- 
roborated by lower return rates and increased 
mortality in late-born young (Perrins 1965, Mor- 
ton 1992). In our study, young produced by par- 
asitized pairs fledged only 4 d later than young 
produced by unparasitized pairs. It seems clear 
that there is a direct link between this phenology 
shift and cowbird parasitism: fledging is delayed 
because of the greater number of eggs laid and 
nests built by parasitized female Willow Fly- 
catchers. The delay in fledging is less than one 
might expect and, indeed, is less than the phe- 
nology shift (11 dj due to parasitism found by 
Whitfield and Sogge (this volume) for E. t. ex- 
timus in California. Neither shift (4 d or 11 dj 
would seem great enough to diminish seasonal 
fecundity; it is unlikely that females feeding 
nestlings only 4-l 1 d later in the season would 
be far enough out of phase with the foraging 
resource to affect reproductive success (Immel- 
mann 1971). Because Willow Flycatchers rarely 
attempt to raise two broods in a season (J. Sedg- 
wick, unpubl. data), phenology shifts cannot re- 
sult in lost opportunities for fecundity enhance- 
ments from second broods. Greater phenology 
shifts, such as those for Common Flickers (Co- 
Zaptes auratusj (21 d; Ingold 1996; D. Ingold, 
pers. comm.) and for Great Tits (Parus major) 
(49 d; Perrins 1965), have been shown to lower 
reproductive success, however. 

The phenology shift at Malheur NWR was ap- 
parently not enough to affect return rates or sur- 
vival. Larger differences in fledging dates do af- 
fect return rates in Willow Flycatchers, however, 
as the earliest fledging young (1-15 July) had 
return rates (29.1%) more than 5 times greater 
than for later fledging young (4.8-5.4%). Simi- 
larly, Whitfield and Sogge (this volume) reported 
significantly higher return rates for early-fledged 
compared to late-fledged E. t. extimus, and Mor- 
ton (1992) and Drilling and Thompson (1988) 
documented higher return rates for early-fledged 
White-crowned Sparrows and House Wrens 
(Troglodytes aedonj, respectively. Under certain 
circumstances, phenology shifts as a result of 
parasitism could conceivably be large enough to 
diminish return rates. 

RETURN RATES, SURVIVAL, AND PARASITISM 

Return rates and survival were low for juve- 
nile Willow Flycatchers, due presumably to high 
juvenile mortality and/or dispersal, common in 
passerines (Horn and Rubenstein 1984, Plissner 
and Gowaty 1996). There were no significant 
differences in return rates or survival between 
juveniles from parasitized and unparasitized 
pairs in our study, even though juveniles from 
parasitized nests fledged on average four days 
later than offspring from unparasitized nests. 
Because later fledging potentially reduces the 
ability of young produced by parasitized pairs to 
survive to the following breeding season (Sul- 
livan 1988), we expected a lower return rate 
among flycatcher young from parasitized nests. 
The greatest costs of parasitism incurred by ju- 
veniles probably occur during the post-fledging 
period. Several studies have found that late- 
fledging birds have increased mortality rates, es- 
pecially in species where foraging skills and at- 
tainment of pre-migratory condition are essential 
for over-winter survival (Heinsohn 1987, 1991). 
However, our data indicated that once juveniles 
from parasitized nests pass through the bottle- 
neck of post-fledging, their chances of overwin- 
ter survival and return to their natal areas were 
as good as offspring from unparasitized nests. 

The return rates and survival of all parasitized 
and all unparasitized females did not differ. 
Among successful females, parasitized birds re- 
turned to the study area at a significantly higher 
rate than unparasitized females, but survival did 
not differ. Parasitized females incur a number of 
costs, including lower pair success, increased 
time investment, construction of more nests and 
laying more eggs, as well as feeding large par- 
asite young (Payne 1977). Despite these costs, 
parasitized females still returned and survived at 
roughly the same rates as females from unpar- 
asitized nests. We offer these possible interpre- 
tations: (1) increased time and energy costs, 
while statistically significant, are simply of no 
biological consequence; or (2) parasitized Wil- 
low Flycatcher females may be superior in some 
way compared to average flycatchers and may 
return at the same (or better) rate as unparasiti- 
zed females because they are better host parents 
and are able to bear the added energetic costs 
incurred as a result of parasitism (sensu Smith 
198 1). If cowbirds are selecting superior females 
to parasitize, then we might reasonably expect 
them to have higher return rates. 

Neither return rates nor survival of parasitized 
and unparasitized male Willow Flycatchers dif- 
fered; in fact, survival of parasitized males tend- 
ed to be higher (Table 7). This was counter to 
what we anticipated, given that parasitized males 
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probably invest more time defending territories 
(because their females attend nests longer) than 
unparasitized males, and are ultimately less suc- 
cessful because of parasitism. As with female 
flycatchers, cowbirds may be parasitizing those 
males that are deemed better host parents. Both 
the slightly higher survival of parasitized males 
and similar survival and return rates for females 
intimate that parasitized pairs may be superior 
individuals (Smith 1981, Smith and Arcese 
1994). Hahn et al. (this volume) found that fe- 
male cowbirds have home range fidelity over 
successive breeding seasons and concluded that 
cowbirds know their hosts and the quality of 
care their hosts provide. This seems to lend sup- 
port to the argument that female cowbirds may 
select flycatcher pairs that are outstanding can- 
didates to raise young under the burden of par- 
asitism. 

The differences we observed in the effects of 
parasitism on return and survival rates of female 
vs. male Willow Flycatchers may be related to 
the differences in energetic costs of breeding for 
females and males (Nur 1988). Despite the en- 
ergetic expense of territorial defense and para- 
site-predator detection, males do not incur the 
same level of energetic costs as females, because 
they are only occasional participants in feeding 
offspring (J. Sedgwick, pers. obs.). This may ex- 
plain their slightly higher survival rates. Para- 
sitized females may have likewise returned more 
frequently than unparasitized females (as the 
parasitized males do), but do not do so because 
of their higher energetic costs (relative to males) 
imposed by parasitism. 

LIFETIME REPRODUCTIVE SUCCESS 

The consequences of parasitism to lifetime re- 
productive success of females supported our pre- 
diction: parasitized females fledged fewer young 
than unparasitized females, with an expected 
gradient of reproductive success from high (suc- 
cessful, unparasitized females) to low (unsuc- 
cessful, parasitized females). Notably, females 
that were parasitized and successfully reared a 
cowbird and at least one flycatcher had a life- 
time output similar to those females that were 
parasitized and successfully raised only flycatch- 
ers. Given the increased energetic burden of 
rearing a large cowbird young (Payne 1977) and 
the associated loss a parasitic offspring repre- 
sents to Willow Flycatcher fecundity, this is con- 
trary to expectation. But if these females tend to 
be better host parents because cowbirds are se- 
lecting superior pairs, then the increased ener- 
getic costs of rearing a cowbird may be incon- 
sequential. If parasitized females rearing both a 
cowbird and flycatcher(s) do not recognize that 
they have been parasitized, they may return in 

subsequent years based on past reproductive 
success, regardless of whether the offspring 
were their own or cowbirds. So the combination 
of (1) being superior parents and (2) past repro- 
ductive success based on number of offspring 
fledged, not species, may explain the high life- 
time reproductive success of parasitized Willow 
Flycatcher females raising both cowbirds and 
flycatchers. Similarly, Smith (1981) presented 
evidence that female Song Sparrows, despite be- 
ing parasitized, were able to rear as many young 
to fledging as unparasitized females and sug- 
gested that female cowbirds may be actively se- 
lecting host individuals with the greatest chance 
of successfully rearing cowbird young. 

If host selection is occurring, what criteria do 
female cowbirds use to select superior parents? 
For the parasitic female, these criteria may be 
relatively simple, e.g., the intensity of anti-par- 
asite behavior displayed by the host territorial 
male (Robertson and Norman 1977, Uyehara 
and Nat-ins 1995); the foraging behavior of host 
males within their territories, especially during 
courtship (Payne 1977); host density (Vemer 
and Ritter 1983, Rothstein et al. 1986a); or the 
characteristics of the individual host birds nest- 
ing in the cowbird’s home range (D. C. Hahn, 
pers. comm.). 

Given the similar return rates and survival of 
parasitized pairs, we asked if the overall lifetime 
reproductive success that we observed for fe- 
males may be affected by parasitism incurred 
during their first breeding attempt. The greatest 
impact to the lifetime reproductive success of 
female Willow Flycatchers may occur during 
their first year of reproduction, when inexperi- 
enced breeders may be most susceptible to cow- 
bird parasitism (Payne 1997). If Willow Fly- 
catcher adults are more naive to cowbird para- 
sitism in their first breeding season but able to 
learn better evasion techniques in subsequent 
breeding attempts, we would expect that lifetime 
reproductive success may increase in the years 
subsequent to parasitism (Payne 1997). To eval- 
uate this first-year effect, we examined the life- 
time reproductive success of female Willow Fly- 
catchers in years subsequent to their first year of 
reproduction. 

Two trends emerge from these data. First, 
Willow Flycatcher females that are successful in 
their first year fledged no more young over the 
remainder of their lifespans than females that 
were unsuccessful in their first year. Thus, suc- 
cessful females do not appear to improve in sub- 
sequent performance as a result of their success. 
This suggests that successful females may be 
taking advantage of their unparasitized state in 
their first year and maximizing chick production 
when they can, but may pay a cost in diminished 
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lifetime output after this first year. Unparasitized 
Willow Flycatcher females may be peaking in 
their reproductive success within their first year 
in this short-lived species. 

Second, subsequent lifetime reproductive suc- 
cess was similar for all classes whether birds 
were parasitized or not, or successful or not, in 
their first year. This suggests that unsuccessful 
females may learn from experience how to be- 
come successful, and that parasitized females 
may learn how to avoid parasitism. Females that 
were parasitized were certainly not inferior, be- 
cause they were just as successful in subsequent 
years as unparasitized females. They may have 
been more naive to cowbirds in their first year 
and more easily duped into raising a cowbird, 
however. Thus, cowbirds may be selecting the 
most naive host individuals, but not individuals 
that are reproductively inferior. Similarly, fe- 
males that were successful and unparasitized in 
their first year, and had high lifetime reproduc- 
tive success, may have been more experienced 
and less naive to cowbirds. Thus, they may have 
not been parasitized because they did not fit the 
criteria for cowbird selection of good host par- 
ents. 

Our data suggest that although parasitism in 
the first year of breeding is detrimental to the 
reproductive success of Willow Flycatcher fe- 
males over their lifespans, other factors, such as 
learning anti-parasite behaviors (Hobson and 
Sealy 1989, Payne 1997) or how to become bet- 
ter parents (Drent and Daan 1980), need to be 
considered in addressing lifetime reproductive 
success. It may not be just a matter of being 
parasitized, but also when parasitism occurs and 
learning from the experience to increase lifetime 
reproductive success. 

RELATIVE COSTS OF PARASITISM AND PREDATION 

Predation is thought to be one of the most 
important selective pressures shaping reproduc- 
tive and survival strategies of prey species (Wit- 
tenberger 1981). The greatest threat from pred- 
ators occurs during nesting and shortly after 
fledging when progeny are most vulnerable. At 
Malheur NWR, predation accounted for a great- 
er proportion of the loss of potential progeny 
(0.74 young/season; 0.70 young/lifetime) than 
parasitism (0.30 young/season; 0.37 youngllife- 
time); therefore, we conclude that local preda- 
tors must exert greater selective pressure on Wil- 
low Flycatchers at Malheur NWR than do cow- 
birds. The greater influence of predation has 
been reported for numerous species, such as Cal- 
ifornia Gnatcatcher (Polioptila caZz~ornica; Bra- 
den et al. 1997b), Prairie Warbler (Nolan 1978), 
Indigo Bunting (Passerina cyanea; Best and 
Stauffer 1980), K&land’s Warbler (Dendroica 

kirtlandii; Mayfield 1960), and Yellow-breasted 
Chat (Zcteria virens; Thompson and Nolan 
1973). Fewer studies have found that parasitism 
accounted for higher proportions of nest losses, 
for example, Plumbeous Vireo (Marvil and Cruz 
1989), Red-eyed Vireo (Vireo olivaceus; 
Southern 1958), Black-capped Vireo (Graber 
1961), and Yellow Warbler (Burgham and Pic- 
man 1989). If parasitism proves to be relatively 
less important than predation for a given species, 
then the selective pressures to evolve anti-para- 
site strategies may be lower than those to reduce 
predation. But regardless of the level of parasit- 
ism, if a heretofore unparasitized species is in 
equilibrium with historic levels of predation, 
then the additional reproductive costs of para- 
sitism may lower productivity below that needed 
to replace adult mortality. 

IMPLICATIONS FOR PERSISTENCE OF THE 
WILLOW FLYCATCHER 

Of the small hosts with incubation periods 
longer than that of the cowbird, Willow Fly- 
catchers appear to be fairly typical in terms of 
the costs of parasitism. Parasitized pairs hatch 
fewer eggs, fledge fewer young, have far fewer 
successful nests, and suffer reductions in sea- 
sonal fecundity and lifetime reproductive suc- 
cess. In addition, parasitized females expend 
more energy, and nestlings of parasitized fe- 
males fledge slightly later than those of unpar- 
asitized females. Thus, in spite of nest abandon- 
ment, cowbird egg burial, and aggressive at- 
tempts to thwart cowbirds at the nest (Sedgwick 
and Knopf 1988), parasitized pairs have sub- 
stantially lower fecundity than unparasitized 
pairs. However, a relatively small percentage of 
the population we studied was parasitized, and 
the population level consequences of parasitism 
do not appear to be severe. Furthermore, return 
rates of both sexes of parasitized adults and 
young of parasitized pairs are at least as high as 
those of unparasitized birds. Similar return rates 
for females suggest that the energetic costs they 
incur are not pivotal and similar return rates for 
young suggest that the slight delay in fledging 
is of no consequence. Compared to parasitism, 
predation would appear to be a much more sig- 
nificant selective force. In situations where there 
are pockets of parasitism, and especially where 
populations are small and fragmented, as is the 
case for most populations of E. t. extimus, par- 
asitism may have more of a negative impact and 
reproductive success may not be sufficient to 
balance mortality. We believe we have reason- 
able estimates for most of the demographic pa- 
rameters (seasonal fecundity, parasitism rates, 
and female mortality) for Willow Flycatchers at 
Malheur, all of which are necessary to assess 
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effects of parasites on host populations (May 
and Robinson 1985). However, we lack a cred- 
ible estimate of annual juvenile mortality. We 
again ask the question: Can Willow Flycatcher 
populations persist in the face of the levels of 
reduction in seasonal fecundity due to cowbird 
parasitism at Malheur? Using the equation for 
the critical probability of parasitism (p,) in May 
and Robinson (1985), 

PC = ]A - [2/N - POLO)1 10 - A’) 

and using values from our study for the Malheur 
population (the probability of parasitism [PC = 
0.2341, female mortality [p = 0.464; J. Sedg- 
wick, unpubl. data], and seasonal fecundity of 
unparasitized [X = 2.1 l] and parasitized [A’ = 
0.801 females), and solving for the annual mor- 
tality of juveniles (pO, the only unknown), we 
calculate that Z.L~ = 0.49. This means that juve- 
nile survival from fledging to breeding in the 
next year must be 0.51. Because of presumed 
low site fidelity and dispersal of juveniles, our 
return rates (5.4-7.7%; Table 7) are far below 
the calculated z+,, but the latter is what they must 
be if the population is to persist. Therefore, the 
implication may be that the Malheur Willow 

Flycatcher population is in decline or is a sink 
population maintained only by immigration 
from other areas. However, given unknown rates 
of overwinter juvenile mortality and unknown 
rates of juvenile dispersal to and from respective 
natal areas, no reliable conclusions can be 
drawn. Information is lacking, as it is for virtu- 
ally all other passerines, on juvenile survival 
rates, and until we have a better grasp of juve- 
nile survival to first year of breeding, our esti- 
mates of the demographic consequences of par- 
asitism are severely limited. 
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RANGE-WIDE IMPACT OF BROWN-HEADED COWBIRD 
PARASITISM ON THE SOUTHWESTERN WILLOW FLYCATCHER 
(EMPZDONAX TRAZLLZZEXTZMUS) 

MARY J. WHITFIELD AND MARK K. SOGGE 

Abstract. We present datasets from long-term studies of brood parasitism of Southwestern Willow 
Flycatcher (Empidonax traillii extimus) populations at the South Fork Kern River (SFKR), California, 
the Grand Canyon, Arizona, and from other intensive flycatcher studies in Arizona. In the two main 
study areas, we recorded high parasitism rates for the flycatcher. We found that 75 % of Willow 
Flycatcher nests failed completely when parasitized and that an extremely low percentage of Willow 
Flycatcher eggs survived to fledging in parasitized nests (11% vs. 47% in unparasitized nests). Our 
data show that cowbird parasitism also delayed the fledging of young flycatchers. However, contrary 
to our expectations, we did not find a significant difference between the return rates of “early” versus 
“late” fledged birds. To evaluate how important cowbird parasitism is to the population decline of 
the endangered Southwestern Willow Flycatcher, we reviewed the current level of parasitism on this 
species throughout its range in six states using a large number of datasets from different sites. We 
also reviewed the historic pattern of increase in Brown-headed Cowbird (Molothrus ato-) populations 
in the southwest between 1872-1997 using both nest record and egg collections and documentary 
evidence. Given the level of impacts to flycatcher productivity inflicted by cowbird parasitism that we 
observed at SFKR and Grand Canyon, it is likely that cowbirds played a role historically in reducing 
many local Southwestern Willow Flycatcher populations. Also, cowbirds continue to play a role in 
slowing or preventing the recovery of this subspecies. 

Key Words: brood parasitism, Brown-headed Cowbird, Empidonax rraillii, Molothrus ater, repro- 
ductive success, Willow Flycatcher. 

The Southwestern Willow Flycatcher (Empidon- 
ax traillii extimus) once commonly bred in ri- 
parian thickets throughout the Southwest (Fig. 
1; Unitt 1987). Although the flycatcher is still 
found in most of its former range, its numbers 
have been severely reduced in the last 60 years, 
prompting the US Fish and Wildlife Service to 
list this Willow Flycatcher subspecies as endan- 
gered (Unitt 1987, USFWS 1995). 

Johnson and Haight (1984) estimated that 
only 5% of the original lowland riparian habitat 
in the Southwest remains, and destruction of this 
habitat is regarded as the main cause of the de- 
cline of this subspecies (Gaines 1974, Harris et 
al. 1987, Unitt 1987, Garrett and Dunn 1981, 
USFWS 1995). In addition, Brown-headed 
Cowbird (Molothrus ater) parasitism is consid- 
ered a major factor in the subspecies’ decline 
(Gaines 1974, Unitt 1987, Harris 1991,USFWS 
1995). 

Southwestern Willow Flycatchers suffer from 
high parasitism rates in at least two areas for 
which long-term data are available: the South 
Fork of the Kern River, California (SFKR), and 
in the Grand Canyon, Arizona (Brown 1988, 
1994; Sogge et al. 1997, Whitfield in press). 
However, is cowbird parasitism a problem 
throughout the flycatcher’s range? In this paper, 
we use long-term datasets to examine the im- 
pacts of cowbird parasitism on the flycatcher’s 
reproductive success. We also review both the 
current and historical parasitism rates of South- 

western Willow Flycatchers in different parts of 
its range, as well as the pattern of increase in 
cowbird populations, to evaluate the contribu- 
tion of cowbird parasitism to the population de- 
cline of this subspecies. 

METHODS 

LONG-TERM STUDY AREAS 

Grand Canyon, AZ. 

Data were collected from 1992 to 1996 in ri- 
parian habitat patches along the Colorado River 
in the Grand Canyon from just below Glen Can- 
yon Dam, downstream to the boundary between 
Grand Canyon National Park and Lake Mead 
National Recreation Area. Some data were also 
collected by B. Brown from 1982 to 1986 (see 
Brown 1988 and Sogge et. al 1997 for more de- 
tails). 

South Fork Kern River, CA. 

The study area is located on The Nature Con- 
servancy’s Kern River Preserve (now managed 
by Audubon California) and the adjoining South 
Fork Wildlife Area in Kern Co., California. It 
encompasses 500 ha of cottonwood-willow ri- 
parian forest dominated by three tree species: 
red willow (Salix laeviagata), Gooding’s black 
willow (Sulix gooddingii) and Fremont cotton- 
wood (Populus fremontii). Data were collected 
in 1987 by J. Harris and from 1989 to 1997 by 

182 



PARASITISM OF FLYCATCHERS-Whi@eld and Sogge 183 

FIGURE 1. Approximate breeding range distribution 
(thick black line) of Empidonax traillii extimus, adapt- 
ed from Unitt (1987) and Browning (1993). Shaded 
circles are approximate locations of breeding sites for 
which cowbird parasitism data are presented in the 
text. l= San Luis Rey River, 2 = South Fork Kern 
River, 3 = Mesquite, Virgin River Delta, and Mormon 
Mesa, 4 = Grand Canyon, 5 = Verde River, 6 = Roo- 
sevelt Lake, 7 = San Pedro River, 8 = White Mtns., 
9 = Gila River, 10 = Rio Grande. 

M. Whitfield (see Harris 1991 and Whitfield et. 
al. this volume for more details). 

OVERVIEW OF CURRENT PARASITISM RATES 

We obtained data on current parasitism rate 
and cowbird presence at Willow Flycatcher 
breeding locations across the subspecies range 
from various sources (Fig. 1, Table 1). 

LONG-TERM DATASETS: IMPACT OF PARASITISM 
ON FLYCATCHER REPRODUCTIVE SUCCESS 

We used data from our own long-term studies 
and four other sources (Table 1) to analyze nest 
outcome of parasitized nests. We used only ac- 
tive nests (defined as nests with at least one egg 
or young, cowbird or flycatcher), with known 
outcome, in our analyses. A successful nest was 
one that fledged at least one Willow Flycatcher. 

Egg success data were collected at SFKR 
from 1989 to 1997. We used a t-test and a Mann- 
Whitney U test for comparing hatching success 
and fledging success of parasitized and unpar- 
asitized nests. 

We used six sources (Table 1) for the nest 
success analysis. Nest success was defined as the 
total number of successful nests divided by the 
total number of active nests. We used the Chi- 
square test of homogeneity for comparing nest 
success in parasitized and unparasitized nests in 
California, Arizona, and New Mexico. 

Return rates of early versus late nesters. 

Data were collected using banded birds on the 
SFKR from 1989 to 1997. All nestlings used in 

XXX 
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the analysis were handed with a USFWS band. 
Due to heavy cowbird parasitism and the resul- 
tant low productivity, and low return rates, we 
did not have a large enough sample size to test 
directly whether breeding delays caused by cow- 
birds resulted in lower fledgling survival. How- 
ever, we could indirectly test whether cowbirds 
decreased the survivorship of fledged young by 
investigating differences in return rates of young 
fledged from early vs. late nests. The first step 
was to determine whether cowbird parasitism 
caused significant delays in Willow Flycatcher 
fledging dates. To do this, we standardized lay- 
ing dates in relation to arrival dates by desig- 
nating the date when the first Willow Flycatcher 
egg was laid for the breeding season as day one 
for that year. This method helps reduce bias due 
to yearly variation in arrival dates (Perrins and 
McCleery 1989). For nests that were found after 
its first egg was laid, we estimated the first egg 
laid date by counting backwards the appropriate 
number of days (15 to 17 days depending on 
clutch size) from the hatching date. 

The comparison of return rates of early versus 
late nesters was made by comparing the first egg 
dates of successful parasitized females with suc- 
cessful unparasitized females. A successful fe- 
male was defined as a female that fledged at 
least one flycatcher young. Females that had 
nests in which we addled cowbird eggs or re- 
moved cowbird chicks were not used in the anal- 
ysis. Because the data were not normally dis- 
tributed, we tested for the difference in first egg 
dates between parasitized and unparasitized fe- 
males using the Mann-Whitney U test. 

To determine if there was a difference in sur- 
vivorship of young that fledged early in the 
breeding season versus young that fledged late, 
we recorded the first egg dates of recaptured 
Willow Flycatchers that had been banded in ear- 
lier years as nestlings. Because the return rates 
of hatching years birds were unusually high (av- 
eraged 32% for eight years), we assumed that 
recapture rates would be a good index for sur- 
vivorship (Uyehara et al. in press). To mimic the 
delay that parasitism has on successful parasit- 
ized females, a bird was categorized as “early 
fledged” when the first egg date of its natal nest 
was before the average first egg date of suc- 
cessful parasitized females. A bird was catego- 
rized as “late fledged” when the first egg date 
of its natal nest was on or later than the average 
first egg date of successful parasitized females. 

HISTORICAL DATA ON INCREASE IN COWBIRD 
ABUNDANCE AND PARASITISM RATES 

To estimate historical parasitism rates of the 
Southwestern Willow Flycatcher, we looked 
through records of nest collections sent to us 

from 50 North American natural history muse- 
ums. We classified records as E. t. extimus if 
they came from a site that was within the known 
E.t. extimus range as reported by Unitt (1987) 
and Browning (1993). The following museums 
had E.t. extimus nest records: Cornell University 
(1 record); California State University, Long 
Beach (1 record); Delaware Museum of Natural 
History (5 records); Denver Museum of Natural 
History (1 record); New York State Museum, 
Albany (1 record); Peabody Museum of Natural 
History (5 records); Provincial Museum of Al- 
berta (1 record); Royal Ontario Museum (3 rec- 
ords); San Bernardino County Museum (16 rec- 
ords); Santa Barbara Museum of Natural History 
(12 records); Slater Museum of Natural History 
at the University of Puget Sound, Washington (2 
records); Smithsonian National Museum of Nat- 
ural History (20 records); University of Arizona 
Museum Collection (35 records); University of 
California, Berkeley (3 records); University of 
Nevada, Las Vegas (1 record); Western Foun- 
dation of Vertebrate Zoology (147 records). 

Information on historical presence and distri- 
bution of cowbirds in California was found in 
Unitt (1987), Laymon (1987), and Rothstein 
(1994). Estimates of historical abundance else- 
where in the Southwest were derived from 
sources listed in Table 9. 

RESULTS 
OVERVIEW OF CURRENT PARASITISM RATES 

During the past five years, cowbirds have 
been detected at all known Southwestern Willow 
Flycatcher breeding locations in California, Ar- 
izona, New Mexico, southwestern Colorado, 
Utah, and Nevada. As is typical of all host spe- 
cies, cowbird parasitism rates of Southwestern 
Willow Flycatchers varied both geographically 
and temporally (Tables 2 and 3). In California, 
pre-trapping parasitism rates are known only for 
SFKR (1987, 1989-1992), where the rates av- 
eraged 66%. Post-trapping parasitism rates on 
SFKR (1993-1997) range from 11% to 38%. In 
Arizona, cowbird parasitism at most sites is be- 
low 25%, with a few of the smaller sites (< 5 
pairs) experiencing parasitism of 100% in a giv- 
en year and as much as 50% over 5-10 year 
periods. New Mexico parasitism data are limited 
to a few sites, where rates range from 18-40%. 
Although parasitism data are very limited or ab- 
sent for Willow Flycatchers in Nevada, southern 
Utah, and southwest Colorado, cowbird parasit- 
ism has been documented at sites in each of 
these states. 

LONG-TERM DATASETS: IMPACT OF PARASITISM 
ON FLYCATCHER REPRODUCTIVE SUCCESS 

The data from our long-term studies of Wil- 
low Flycatcher populations at the SFKR and the 
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TABLE 2. GEOGRAPHIC VARIATION IN PARASITISM RATES OF THE SOUTHWESTERN WILLOW FLYCATCHER AT SE- 
LECTED LOCATIONS IN CALIFORNIA, NEVADA, ARIZONA, AND NEW MEXICO 

Region Years covered No. nests 
Mean annual 

parasitism ratra SD 

South Fork Kern River, CA 
Mesquite, NV 
Virgin River Delta, NV 
Mormon Mesa, NV 
Grand Canyon, AZ 

White Mountains, AZ 
San Pedro River, AZ 
Roosevelt Lake, AZ 
Verde River, AZ 
Gila River Valley, NM 
other sites, NM 

1987, 198991992 
1997 
1997 
1997 

1982-1986, 
1992-1996 
1993-1996 
1995-1996 
1995-1996 

1996 
1995, 1997 

1995 

163 66% 
5 40% 

14 21% 
3 0% 

25 48% 
36 19% 
61 3% 
17 18% 
13 46% 
49 18% 
10 40% 

0.11 
n/a 
n/a 
n/a 
n/a 

0.50 
0.19 
0.03 
0.04 
n/a 

0.09 
n/a 

a No cowbird trapping was done at these sites for these dates. 

Grand Canyon, and from other extensive studies 
in Arizona, reflect the severe impacts that para- 
sitism has on three parameters of reproductive 
success: nest failure rate, hatching success, and 
fledging success. Nest data from Arizona and 
SFKR show that the majority of parasitized Wil- 
low Flycatcher nests failed (Table 4). Nests 
fledged cowbird young two to three times more 
often than flycatcher young, and fewer than 2% 
of the nests fledged both a cowbird and a fly- 
catcher. In addition, SFKR egg success data 
show that for all years (though it is only signif- 
icant in 5 of the 7 years tested), the percentage 
of eggs hatched per nest is lower in parasitized 
than unparasitized nests (Table 5). When the 
data are pooled, the average hatching rate for 
parasitized nests (20%) is significantly lower 
than the hatching rate for unparasitized nests 
(61%) (t,,, = 8.21, p < 0.001). The number of 
flycatcher eggs that hatched and subsequently 
produced fledglings followed the same pattern 
as hatching success, with all years showing low- 
er fledging rates in parasitized nests than unpar- 
asitized nests (Table 6). When the data are 
pooled, the fledging rate is significantly lower 
most years in parasitized nests (11%) than un- 
parasitized nests (47%) (t,,9= 7.51, p < 0.001). 
Nest success data showed a similar pattern as 

the egg success data in which the success of par- 
asitized nests was lower than unparasitized nests 
in every year. An ANOVA showed that the year- 
ly (MS error) variation was insignificant when 
compared to the difference between parasitized 
and unparasitized nests (MS effect) (AZ: ANO- 
VA, MS effect =0.236, MS error = 0.037; CA: 
MS effect = 0.845, MS error = 0.018). There- 
fore, we pooled the data and found that nest suc- 
cess is significantly lower in parasitized nests 
than in unparasitized nests in California (x2, = 
54.01, p < O.OOl), Arizona (x2, = 22.46, p < 
O.OOl), and New Mexico (x2, = 8.13, p = 0.004) 
(Table 7). 

Return rates of early versus late nesters 

First egg dates of successful parasitized fe- 
males were significantly later (day 27) than first 
egg dates of successful unparasitized females 
(day 16) (Z = -3.60, P = 0.003, Mann-Whitney 
U test). However, we did not find any significant 
differences in return rates of the “early fledged” 
(first egg date < day 27) birds when compared 
to the “late fledged” (first egg date 2 27) 
young) in any single year (Table 8). We did not 
pool the data and analyze the results, because of 
the substantial annual differences in the relative 

TABLE 3. ANNUAL VARIATION IN COWBIRD PARASITISM RATES OF SOUTHWESTERN WILLOW FLYCATCHERS IN ARI- 
ZONA, CALIFORNIA, AND NEW MEXICO 

Region Years 

Range of annual parasiticm rates 

No trappmg Trapping 

Various sites, AZa 1994-1996 76 8%-21% 
South Fork Kern River, CA 1989-1997 35 50%-80% l l%-38% 
San Diego Co., CA 1994-1997 24 Unknown O%-10% 
Gila River Valley, NM 1995, 1997 24.5 14.7%-27% 

a Parasitism rafes of Arizona were calculated from data pooled from all sites. 
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TABLE 4. NEST OUTCOME OF SOUTHWESTERN WILLOW FLYCATCHER NESTS PARASITIZED BY BROWN-HEADED Cow- 
BIRDS IN CALIFORNIA AND ARIZONA 

Region Years 
Number 
of nests 

Fledged 
cowbird 

Fledged 
flycatcher 

Fledged 
both Failed 

South Fork Kern River, CA 
Various sites, AZ 

1989-1997 72 14% 9.7% 1.4% 75% 
1992-1996 40 30% 7.5% 0% 62.5% 

return rate patterns for “early fledged” vs. “late 
fledged” birds. 

HISTORICAL DATA ON INCREASE IN COWBIRD 
ABUNDANCE AND PARASITISM RATES 

We found 254 E. t. extimus nest records from 
16 of the 50 collections of nest records exam- 
ined. None of the 36 Southwestern Willow Fly- 
catcher nests collected between 1872 and 1899 
were parasitized (Fig. 2). The first recorded par- 
asitized Southwestern Willow Flycatcher nest 
was found by Herbert Brown near Yuma, Ari- 
zona, in 1900 (nest record collection of Univer- 
sity of Arizona). The nest records show that the 
number of parasitized nests collected, and hence 
the inferred rate of parasitism increased gradu- 
ally from zero before 1900 to 40% by 1997. 

Our search of the literature indicated that al- 
though cowbirds were in the southwest much 
earlier than 1860, they apparently did not start 
to increase until after the 1860s or 1870s (Table 
9). 

DISCUSSION 

THE CURRENT EXTENT AND ROLE OF PARASITISM 

Observations from recent flycatcher surveys 
(sources listed in Table 1) indicated that cow- 
birds are present at all known Southwestern Wil- 
low Flycatcher breeding sites. Thus, the poten- 
tial for parasitism of flycatcher nests is wide- 
spread and pervasive. Although cowbirds must 
obviously be at a site for parasitism to occur, 
mere cowbird presence does not mean that fly- 
catchers are being parasitized at that site nor that 
parasitism rates are high. Indeed, we found 
enough geographic, temporal, and habitat-based 
variation in flycatcher parasitism rates to make 
it impossible to predict parasitism rates based 
simply on the presence of cowbirds. 

However, Southwestern Willow Flycatchers 
are being parasitized throughout their range (Ta- 
ble 2). In southern California, pre-cowbird trap- 
ping parasitism rates are known only for the 
SFKR, which suffered from heavy parasitism 
(>50%) (Harris 1991, Whitfield 1990, in press). 

TABLE 5. PERCENT EGGS HATCHED IN PARASITIZED AND UNPARASITIZED SOUTHWESTERN WILLOW FLYCATCHER 
NESTS ON THE SOUTH FORK KERN RIVER, CA, 1989-1997 

Unparasltized ne~f~ Parasitized nestsa 

Meall Meall 
percent percent 

eggs et%? Difference 
Number hatched Number hatched 
of nrsts per nest SE of nests per nest SE t-value P-value 

1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
Unmanipulated 

nest totals 
Manipulated 

nest totals 
Total 

15 68% 0.12 14 
14 52% 0.13 17 
9 70% 0.12 26 

11 54% 0.12 19 
19 71% 0.09 11 
25 64% 0.09 5 
21 51% 0.10 3 
24 82% 0.08 2 
36 45% 0.07 10 

n/a 

n/a 
174 61% 

57 18% 

50 23% 
0.03 107 20% 

20% 0.10 3.06 
27% 0.08 1.7 1 
11% 0.05 5.60 
32% 0.10 1.34 
32% 0.12 2.61 

0% 0.00 2.62b 
17% 0.17 nlac 
0% 0.00 n/at 

12% 0.10 2.17 

0.04 

0.05 
0.04 8.21 

0.005 
0.09 

<O.OOl 
0.19 
0.014 
0.009 

0.04 

<O.OOl 

a 1989%1991.no test manipulation (i.e. no addling of cowbird eggs or removal of cowbird chicks from nests). 1992-1997: nests mampolated 
h Z-value; Mann-Whitney U test used mstead of t-test due to unequal variances and small sample sze. 
c Sample size too small fo test. 
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TABLE 6. PERCENT EGGS THAT HATCHED AND FLEDGED IN PARASITIZED AND UNPARASITIZED SOUTHWESTERN WIL- 
LOW FLYCATCHER NESTS ON THE SOUTH FORK KERN RIVER, CA, 1989-1997 

Unparasitized nests Parasitized nestsa 

Meall MtXl 
percent percent 
eggs t0 eggs f0 Difference 

Number fledglings Number fledglings 
of nests per nest SE of nests per nest SE t-value P-VdW 

1989 15 
1990 14 
1991 9 
1992 11 
1993 19 
1994 25 
1995 21 
1996 24 
1997 36 
Unmanipulated 

nest totals n/a 
Manipulated 

nest totals n/a 
Totals 174 

53% 0.13 14 2% 0.02 3.81 
36% 0.14 17 13% 0.07 1.61 
58% 0.16 26 10% 0.05 4.05 
54% 0.12 19 20% 0.09 2.27 
49% 0.11 11 16% 0.08 2.14 
51% 0.10 5 0% 0.00 2.08b 
46% 0.10 3 17% 0.17 n/at 
73% 0.09 2 0% 0.00 n/at 
26% 0.06 10 2% 0.03 1.88 

47% 

57 

50 
0.04 107 

<O.OOl 
0.117 

<O.OOl 
0.031 
0.041 
0.037 

0.067 

9% 0.03 

13% 0.04 
11% 0.02 

a 1989%1991.no nest manipulation (i.e. no addling of cowbird eggs or removal of cowblrd chicks from nests), 1992-1997: nests manipulated 
b Z-value; Mann-Whitney U test used instead of t-test due to unequal variances and small sample size. 
c Sample size t00 small 10 test 

The Santa Margarita River Willow Flycatcher 
population in San Diego County has increased 
from 5 birds to 24 birds after cowbird trapping 
started (Griffith and Griffith in press). Currently, 
all known southern California Willow Flycatch- 
er populations of more than 10 pairs occur in 
areas where cowbirds are trapped (Unitt 1987, 
USFWS 1995), and mean parasitism rates of 
these Willow Flycatcher populations are 22% or 
lower. In Arizona and New Mexico, the state- 
wide parasitism rates average 20% and 22% re- 
spectively. The overall picture that emerges in 
every state with intensive flycatcher monitoring 
is that parasitism is occurring throughout the 
range, often at rates exceeding those considered 
acceptable to most host species (Mayfield 1977, 
Brittingham and Temple 1983, Trail 1992). 

When parasitism does occur, data from the 
SFKR and Arizona show that it negatively im- 
pacts the flycatcher at many different levels. 
Most parasitized Willow Flycatcher nests fail, 
and few fledge flycatchers. Cowbird parasitism 
significantly reduces hatching success and fledg- 

ling success leading to significantly lower repro- 
ductive success. Harris (1991) noted that some 
parasitized Willow flycatcher pairs on the SFKR 
renested several times, one as many as five 
times, before successfully fledging flycatcher 
young. He hypothesized that these cowbird- 
caused delays in fledging could negatively affect 
survival of the young. Our data show that cow- 
bird parasitism does indeed cause delays in 
fledging, on average an 1 l-day delay in first egg 
dates of successful parasitized pairs when com- 
pared to successful unparasitized pairs. Howev- 
er, unlike other studies (e.g., Perrins and Mc- 
Cleery 1989, Hochachka 1990, Verhulst et al. 
1995), we did not find any significant differ- 
ences in the return rates of nestlings from early 
nests when compared to nestlings from late 
nests. 

Although these negative impacts are wide- 
spread, it is difficult to quantify the population- 
level effects of this loss of productivity, and the 
long-term effects of parasitism will vary be- 
tween sites. Parasitism rates averaging 50% in 

TABLE 7. NEST SUCCESS OF PARASITIZED AND UNPARASITUED SOUTHWESTERN WILLOW FLYCATCHER NESTS IN 
DIFFERENT PARTS OF ITS RANGE 

Region Years 

Parasitized Unparasitixd 

N Nest SUCCBSS N Nest success 

South Fork Kern River, CA 1989-1997 133 14% 190 54% 
Various sites, AZ 1994-1996 31 13% 133 60% 
Gila River Valley, NM 1997 6 0% 61 61% 
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TABLE 8. RETURNRATES OFBANDED NESTLING SOUTHWESTERN WILLOWFLYCATCHERS FROMEARLYVERSUSLATE 
NESTS ONTHE SOUTH FORK KERN RIVER,KERNCO.,CA 

YCX No. banded 

Early 

No. returned No banded 

Late 

No. returned 
PerCent 
returned 

Fisher's 
exact P 

1989 16 5 31.0% 
1990 8 0 0.0% 
1991 0 0 nla 
1992 14 4 28.6% 
1993 17 5 29.4% 
1994 24 7 29.2% 
1995 23 10 43.5% 
1996 38 12 31.6% 
Total 140 43 30.7% 

0 0 n/a 
10 1 10.0% 
9 0 0.0% 

16 1 6.0% 
11 4 36.4% 
11 3 27.3% 
6 1 16.7% 
0 0 n/a 

63 10 15.8% 

n/a 
0.56 
n/a 

0.13 
0.50 
0.62 
0.24 
n/a 
n/a 

the Grand Canyon have created a “population” 
that is not stable, but is maintained only by an 
influx of individuals from other areas (Sogge et 
al. 1997). A demographic analysis conducted on 
the SFKR Willow Flycatcher population by 
Uyehara et al. (in press) suggests that parasitism 
levels over 10% reduce population growth. On 
the other hand, the Gila River Valley population 
in New Mexico appears to be stable or increas- 
ing over the last few years while experiencing 
on average an 18% parasitism level (Skaggs 
1996, S. Stoleson, pers comm.). However, this 
population of flycatchers appears to be well over 
100 pairs and thus may be able to tolerate higher 
levels of parasitism than the smaller SFKR pop- 
ulation (Hall and Rothstein this volume). Al- 
though population-level effects vary and are not 
widely studied, high rates of parasitism threaten 
the stability of at least some Willow Flycatcher 
populations and probably limit potential rates of 
increase for others. 
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FIGURE 2. Historical cowbird parasitism rates of 
Southwestern Willow Flycatchers in Arizona and Cal- 
ifornia, 1872-1997 (no data available 1953-1981). 

THE ROLE OF PARASITISM IN THE 

FLYCATCHER'S DECLINE 

Cowbird parasitism may have contributed to 
the Southwestern Willow Flycatcher’s popula- 
tion decline, but because cowbird parasitism is 
strongly influenced by habitat destruction and 
degradation, as well as nearby human land-use 
patterns, it is not possible to show how much of 
the decline was due to cowbird parasitism as op- 
posed to habitat destruction (Rothstein 1994). 
However, we believe that cowbird parasitism 
may have played a role in at least some local 
flycatcher declines and probably reduced the ca- 
pability of flycatcher populations to recover after 
habitat was lost. 

Several lines of evidence support this conclu- 
sion. First, flycatcher population declines oc- 
curred concurrently with increasing parasitism. 
Unitt (1987) summarizes the historical status of 
the Southwestern Willow Flycatcher, and found 
it to be widespread and abundant until the early 
1900s. Historical data sources (Table 9) and 
Rothstein (1994) show that Brown-headed Cow- 
birds were uncommon in the Southwest prior to 
the 186Os, but had become fairly common by 
1925. 

Historical flycatcher nest data reflect an as- 
sociation between increasing size of regional 
cowbird populations and increasing rates of fly- 
catcher parasitism; cowbird parasitism was very 
rare prior to the turn of the century, but in- 
creased thereafter. It is possible that nest collec- 
tors were biased towards or against parasitized 
nests; however, most modem (i.e., twentieth 
century) egg collectors and collections were not 
biased, and data from these sources probably 
present an accurate overview of the frequency 
of host parasitism at the time they were collected 
(L. Kiff, pers. comm.). 

Thus, regional cowbird abundance increased 
as sympatric Southwestern Willow Flycatcher 
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TABLE 9. HISTORICAL ACCOUNTS OF COWBIRD PRESENCE IN THE SOUTHWEST( 1858 TO 1945) 

Author(s) 

Baird 1858 NV, UT, CA, CO, 
NM, and AZ 

Linsdale 1936 NV 

Henshaw 1875 NV, UT, CA, CO, 
NM. and AZ 

Ridgeway 1880 UT 

Fisher 

Bailey 

Swarth 

Woodbury and 
Russell 

1893 UT and CA 

923 AZ 

914 AZ 

945 AZ, NM, CO and 
UT (four corners 
area) 

Compilation of zoological collection records from over a doz- 
en survey parties exploring the West. Fewer than a dozen 
cowbird specimens were collected in the Southwest through 
the mid- 1850’s. 

Information about Ridgeway collecting a male and female 
cowbird in 1867 in the Humboldt Valley at Oreana, Per- 
shing Co., NV. The only other individual seen by him was 
an adult male collected by him in 1868 at Truckee Reserva- 
tion, Wahoe, Co., NV. 

Report on the ornithological collections for Nevada, Utah, 
California, Colorado, New Mexico, and Arizona. He found 
that in Utah and Colorado, the cowbird was in “about the 
same abundance as in the eastern states” (meaning com- 
mon, given data presented by Mayfield 1965). He also 
found that the cowbird did not appear to occur in great 
numbers in portions of Arizona. 

Found only two adult and one juvenile cowbirds during an ex- 
pedition that covered major portions of three years and in- 
cluded a wide geographic region including the Great Basin/ 
central Utah. 

Report on the biological survey for The Death Valley Expedi- 
tion. The author only mentions finding several cowbirds in 
the Lower Santa Clara Valley, Utah, a few in Pahranagat 
Valley, Utah, and shooting one male at Furnace Creek, 
Death Valley, California. 

Author notes that in 1903, Swarth found cowbirds to be fairly 
abundant in the Santa Rita Mountains in southern Arizona 
but not as common as in the lowlands. 

Author found that cowbirds were common and widespread 
along the Colorado and Gila Rivers and associated tributar- 
ies. 

The authors state: “This cowbird nowhere appears to be com- 
mon, but seems to be well distributed in small numbers in 
the lower altitudes.” 

populations decreased. This correlation, howev- 
er, does not address how heavy the impact of 
parasitism has been on the flycatcher. As noted 
above, cowbird parasitism negatively impacts 
flycatcher reproductive success at many current 
breeding sites. It is reasonable to assume that, 
historically, parasitism had the same negative in- 
fluence on the flycatcher’s reproductive success 
as it does today. By the late 192Os, Willow Fly- 
catchers in some areas in southern California 
suffered from heavy parasitism. Hanna (1928: 
162) referring to an area in San Bernardino Co., 
writes, “The Trail1 Flycatcher, California Least 
Vireo and California Yellow Warbler suffer even 
more than this report would indicate. They not 
only have the most parasitized nests and the 
most Cowbird eggs per nest, but a large number 
of nests of these species were absolutely de- 
stroyed by the Cowbirds (at least I blame the 
destruction to them), and such nests were not 
considered in making the survey.” In 1937, 
M.C. Badger commented on an identification 
card for an egg set collected at the Santa Clara 

River mouth (Ventura Co., CA), that cowbird 
eggs were “nearly always found in the nests of 
this species” (Unitt 1987). Cowbird parasitism 
almost certainly reduced flycatcher populations 
such as those described above. 

Unfortunately, quantitative data do not exist 
to document the degree to which cowbird para- 
sitism contributed to and/or prolonged the his- 
torical decline of the Southwestern Willow Fly- 
catcher. However, increased cowbird parasitism 
coincided with decreasing flycatcher popula- 
tions, some local populations were heavily par- 
asitized, and parasitism probably affected fly- 
catcher productivity then as it does now. Given 
this, we believe that cowbird parasitism, at the 
very least, played a role in the reduction of some 
local flycatcher populations and reduced the ca- 
pacity for some flycatcher populations to recover 
once they were reduced due to habitat destruc- 
tion or degradation. 

MANAGEMENT OF PARASITISM 

Cowbird control programs have reduced par- 
asitism rates and stabilized or increased popu- 
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lations of several endangered species and can be 
an important tool in Willow Flycatcher manage- 
ment and recovery (Kepler et al. 1996, Rothstein 
and Cook in press, Whitfield et al. this volume). 
However, it is important to keep in mind that 
habitat destruction and modification are the pri- 
mary causes of the decline of the Willow Fly- 
catcher, and that high cowbird parasitism is a 
symptom of this problem (Unitt 1987; Robinson 
et al. 1993; Rothstein 1994; USFWS 1993b, 1995; 
Whitfield in press). Therefore, habitat acquisi- 
tion, improvement and restoration must be given 
high priority and, wherever possible, be imple- 
mented along with cowbird control measures. 
Also, given the high variability of parasitism 
rates, it is important to evaluate each site sepa- 
rately before initiating a cowbird control pro- 
gram. Furthermore, because parasitism rates 
vary geographically and temporally, the degree 
of cowbird parasitism at one site cannot be pre- 

dicted based on only a single year’s data, or by 
extrapolating from other sites. 
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IMPORTANCE OF PREDATION AND BROOD PARASITISM ON 
NEST SUCCESS IN FOUR SPARROW SPECIES IN SOUTHERN 
CALIFORNIAN COASTAL SAGE SCRUB 

KEVIN ELLISON 

Abstract. Current knowledge of Brown-headed Cowbird (Molothrus ater) parasitism rates in nests 
of resident southern Californian Coastal Sage Scrub (CSS) birds has been limited to studies of the 
California Gnatcatcher (Polioptila californica), a frequent cowbird host. Therefore, I located nests of 
the four most abundant potential host species to determine the occurrence and impact of parasitism 
on CSS species other than the gnatcatcher. I then explored the potential impact of parasitism on CSS 
hosts using a seasonal-fecundity model that accounts for both predation and parasitism. The effects 
of parasitism were minimal; only 3 of 217 nests were parasitized. However, host breeding phenology 
was shown to differ significantly from cowbird breeding activity, suggesting that the potential for 
parasitism in CSS birds is often low. In addition, high nest predation rates appear to minimize the 
effects of what parasitism does occur. Thus management activities for CSS species may be better 
focused at processes other than cowbird control. 

Key Words: Aimophila rz@xps, Amphispiza bell& California Towhee, coastal sage scrub, Molothrus 
ater, nest predation, phenology, Pipilo crissalis, Pipilo maculatus, Rufous-crowned Sparrow, Sage 
Sparrow, Spotted Towhee. -_ _ 

Nest predation and brood parasitism are two 
principal determinants of reproductive success 
in many passerine birds (Ricklefs 1969, Martin 
1987). Both processes have been shown to affect 
host reproductive success and population dy- 
namics (Martin 1987, Trail and Baptista 1993), 
and population declines in many North Ameri- 
can songbirds have been attributed to these pro- 
cesses (Terborgh 1989). However, rates of nest 
predation and parasitism are frequently intercor- 
related, and the identification of their relative ef- 
fects on nesting success is important both in an 
evolutionary context, to identify principal selec- 
tion pressures, and in practical application, to 
appropriately direct management activities 
aimed at conserving avian populations that may 
be adversely impacted by these processes. 

Coastal Sage Scrub (CSS) is a vegetation type 
dominated by drought deciduous shrubs that oc- 
curs along the California coast from the San 
Francisco Bay area, south to Baja California, 
Mexico (Westman 1983). CSS in southern Cal- 
ifornia is bordered inland by the Coast and Pen- 
insular ranges. Historically CSS occurred in 
large contiguous patches. Today, however, CSS 
is highly fragmented by agriculture and urban- 
ization, with few intact patches greater than 500 
ha remaining (Westman 1981, 1983; O’Leary 
1990). Such fragmentation may alter predator 
population dynamics (SoulC et al. 1992) as well 
as facilitate access by the brood parasitic Brown- 
headed Cowbird (Molothrus ater) (Rothstein et 
al. 1980). 

Fragmentation is thought to result in height- 
ened nest predation rates by increasing edge-to- 
area ratios. A majority of studies (14 of 21 re- 

viewed) have shown positive associations be- 
tween edge and higher nest predation rates (Pa- 
ton 1994). Because fragmentation may provide 
less area of adequate habitat for large-bodied 
predators (SoulC et al. 1992), a reduction in the 
abundance of large predators may result in the 
proliferation of medium-sized nest predators, 
thereby resulting in elevated nest predation (Wil- 
cove 1985, Soul& et al. 1988). 

Brown-headed Cowbirds first began breeding 
in southern California sometime in the 1900s 
(Laymon 1987), and cowbird populations have 
since steadily increased within portions of this 
region as indicated by 1966-1996 Breeding Bird 
Survey data (Sauer et al. 1997). In addition, 
cowbird parasitism has been shown to have re- 
duced some host populations within the region 
(Laymon 1987). Brood parasitism, therefore, 
represents a novel source of reproductive loss 
for the host species in this region. 

I conducted a two-year study on the relative 
effects of brood parasitism and nest predation in 
four resident sparrow species in southern Cali- 
fornia CSS. Moderate cowbird parasitism has 
been documented in nests of the California 
Gnatcatcher (Polioptila californica), a resident 
of CSS. Therefore, to determine the impact of 
cowbird parasitism on other resident CSS spe- 
cies, I studied nests of the four most abundant 
potential host species in southern Californian 
CSS. A study of cowbird host-use in CSS was 
desirable as cowbirds are known to acquire and 
frequently parasitize new host species, and be- 
cause parasitism levels on common species are 
known to vary geographically (Friedmann and 
Kiff 1985). Recent records of parasitism in sage- 
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brush vegetation have been attributed to frag- 
mentation and thus, increased cowbird acces- to 
an environment previously rarely used (FI :d- 
mann and Kiff 1985). Specifically, I wisheb to 
determine whether Brown-headed Cowbirds im- 
iact host nest success in this vegetation type be- 
,,ond the effects of nest predation on hosts. In 
addition to comparing the relative impact of 
each process to nest success, I also explore the 
potential effect of each process on population 
dynamics, under measured and hypothetical con- 
ditions, using a model of seasonal fecundity 
(Pease and Grzybowski 1995). 

METHODS 

My study was conducted during the breeding 
seasons of 1996-1997 at the University of Cal- 
ifornia Motte Rimrock Reserve, a typical rem- 
nant 250-ha CSS patch located near Penis, Riv- 
erside County, California. The areas surrounding 
the reserve consisted largely of small ranchette 
homesteads, lightly grazed grassland, and agri- 
cultural fields. To assess nest predation and par- 
asitism I followed nest fates of the four most 
abundant species on the site known to be para- 
sitized by cowbirds. 

I conducted 7-min, 50-m fixed-radius point 
counts during both years to determine the rela- 
tive abundance of cowbirds and potential host 
species. Counts were conducted at 15 points lo- 
cated along two transects at 140-m intervals. In 
addition, I recorded observations of any cow- 
birds detected outside of point count periods. Fe- 
male cowbird detections in CSS were assumed 
to be correlated with breeding activity as all de- 
tections occurred prior to noon, females were 
observed to be actively searching for nests, and 
because of the absence of cowbird feeding areas 
within the CSS at my site. 

The site had a known history of cowbird par- 
asi m on the California Gnatcatcher, and trap- 
piid, .:fforts in 1994 resulted in the capture and 
rei. r 8 Jai of 42 cowbirds (19 of which were fe- 
ma:-) (Braden et al. 1997b; R. L. McKeman, 
pers. comm.). No trapping was conducted in any 
other year at the Motte Reserve (Braden et al. 
1997b). 

I studied the California Towhee (Pip& cris- 
salis), Spotted Towhee (Pipilo maculatus), Sage 
Sparrow (Amphispiza bellii), and Rufous- 
crowned Sparrow (Aimophila rujiceps). The four 
host species were found to be the four most 
abundant species detected during 34 point 
counts at my site. These species are also among 
the most common potential hosts in CSS region- 
ally; California Towhee, Spotted Towhee, Ru- 
fous-crowned Sparrow, and Sage Sparrow were 
detected at 94%, 90%, 57%, and 24% of 155 
CSS point counts throughout Southern Califor- 

nia (M. K. Chase et al., unpubl. data). All four 
species are known cowbird hosts (Friedmann 
and Kiff 1985). However, there are few recent 
nest records for these species in southern Cali- 
fornian CSS, where current studies have docu- 
mented fairly frequent parasitism in nests of oth- 
er species (Braden et al. 1997b). 

I located nests of the four potential host spe- 
cies through repeated visits to territories, follow- 
ing individuals, and opportunistic discovery. 
Emphasis was placed on locating nests while un- 
der construction to ensure the detection of any 
cowbird eggs before host abandonment oc- 
curred. Nest contents were checked every 1 to 
5 days. To minimize observer-impact on nest 
predation, nest contents were checked using a 
1.5-m pole with a mirror attached. The condition 
of each depredated nest was recorded in an at- 
tempt to identify broad categories of nest pred- 
ators. Depredated nest categories included tilted 
or disturbed nest, undisturbed and empty nest 
and nestcup, and damaged eggs, which may rep- 
resent predation by medium-sized mammals, 
snakes, and birds or small mammals, respective- 
ly (Bergin et al. 1997). 

Each species’ seasonal onset and duration of 
breeding was compared between years using a 
Wilcoxon rank sum test. Similarly, I compared 
the dates of female cowbird detection and host 
breeding dates. 

SEASONAL FECUNDITY MODEL 

The Pease and Grzybowski (1995) model es- 
timates seasonal fecundity based on rates of nest 
predation, parasitism, host response to parasit- 
ism, period of susceptibility to both predation 
and parasitism, and number of young fledged. 
Nest fate probabilities are fit into time windows 
of the nesting cycle during which they may oc- 
cur. The cumulative probability is then further 
modified by renesting parameters, which are 
limited by the time remaining for nesting prior 
to the end of the breeding season. Renesting is 
accounted for by mathematically tracking the 
number of females at different stages of the 
breeding season and nesting cycle. This is ac- 
complished through continuous-time equations, 
which are used to compute a daily fraction of 
females that are at a given day of the nesting 
cycle, and the daily probabilistic fat s of each 
nest. The rate at which females flee ge young 
from nests of I,Jth fates (parasitized and unpar- 
asitized) is combined with fate-dependent pro- 
ductivity parameters for all nests. This infor- 
mation is then incorporated with the onset and 
length of the breeding season to produce an es- 
timate of seasonal fecundity. To assess their rel- 
ative effects on host productivity, I entered ob- 
served brood parasitism and predation rates, and 
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the observed duration of each nest stage for each 
species into the model. 

To measure the impact of parasitism on sea- 
sonal fecundity, I generated seasonal fecundity 
estimates for both species I found to be parasit- 
ized at my site (California Towhee and Sage 
Sparrow) under observed conditions and com- 
pared them to estimates generated without par- 
asitism. To determine the hypothetical effects of 
significantly higher parasitism levels than ob- 
served, I estimated seasonal fecundity assuming 
a 50% rate of nests parasitized. 

PARAMETER ESTIMATION 

Predation 

Active nests are continuously exposed to nest 
predation throughout a nest cycle; therefore, the 
susceptible period to predation is equivalent to 
the length of each species nest cycle. Since in- 
tervals between nest checks were often as much 
as 4 and 5 days, I obtained daily nest predation 
rates using the maximum-likelihood estimation 
program developed by Pease and Grzybowski 
(1995). The maximum-likelihood method avoids 
potential biases associated with the assumption 
that nest fate changes occur at the midpoint of 
nest-check intervals. Daily predation rates ob- 
tained were then used to calculate overall prob- 
ability of nest survival. 

Parasitism 

Since many resident birds typically breed ear- 
lier than Brown-headed Cowbirds in southern 
California (Bent 1968, Finch 1983, Lowther 
1993, Braden et al. 1997b), it was necessary to 
calculate parasitism rates based on host nest 
availability coincident with cowbird presence. 
Thus, brood parasitism rates were obtained by 
dividing the number of parasitized nests by the 
total number of observed nest-days available to 
laying cowbirds. To define this period, I used the 
criteria that cowbirds in CSS do not lay until 
mid-April (Braden et al. 1997b), and that nor- 
mally parasitism occurs within the first 6 days 
of the host nesting cycle (Pease and Grzybowski 
1995). The six-day window of opportunity for 
brood parasitism was thus set to encompass the 
day before a first egg was laid and the following 
five days. Therefore, nest-days available to cow- 
birds represent the sum of days during the six- 
day window of susceptibility to parasitism for 
each nest initiated after 15 April. 

Time windows 

Each species’ breeding season length was 
measured as the difference between the earliest 
and latest first egg dates. Nest stage durations 
were estimated from nest check observations, 

back-dating based on clutch size (assuming one 
egg was laid per day), and age estimation of 
young (based on multiple observations of young 
of different known ages). Limited data on re- 
nesting after successfully fledging young sug- 
gested a refractory period of 7-21 days; there- 
fore I used the IO-day period suggested by Pease 
and Grzybowski (1995). 

The model also requires an estimate of num- 
ber of young fledged per nest; this was problem- 
atic for 1996 data due to the small number of 
successful nests. Therefore, to estimate the 1996 
productivity per nest values, 1996 clutch sizes 
were compared with 1997 clutches and any sig- 
nificant differences were adjusted by reducing 
1997 productivity estimates by the ratio of eggs 
laid. Productivity of parasitized nests was set at 
one young, based on the value used in Pease and 
Grzybowski (1995), as I have no information on 
the number of host young fledged in parasitized 
nests of these species. 

RESULTS 

EMPIRICAL RESULTS 

Breeding phenology 

Annual rainfall in inland CSS is highly sea- 
sonal, with virtually all precipitation occurring 
from September through April. Although total 
precipitation was essentially the same in both 
seasons of the study, the cumulative precipita- 
tion curve for 19961997 was shifted about one 
month earlier compared to that for 1995-1996 
(Fig. 1). Onset and duration of host breeding 
season were likewise shifted and differed sig- 
nificantly between years (Table 1). The 1996 
season was shortened by intense heat and 
drought, resulting in season lengths ranging 
from 30 to 61 days across the species studied. 
In contrast, 1997 temperatures were milder and 
periods of rainfall were more evenly dispersed 
(E. Konno, unpubl. data), and thus individual 
species season lengths were prolonged to 46-81 
days (Figs. 1, 2). The 1997 breeding season was 
initiated an average of 36 days earlier than in 
1996; 1996 nesting began in late March, where- 
as 1997 nesting started in mid-February (Table 
1). 1997 breeding duration was an average of 26 
days longer per species than the 1996 season. 

Nest predation 

Nest predation rates were relatively high in 
CSS. Nest predation accounted for 91% of 140 
failed nests across all species. In 1996 (the 
shorter season), nest success rates ranged from 
17% to 36% across the four species studied; in 
1997 (the longer season), nest success was be- 
tween 28% and 44% (Table 2). 

Depredated nest conditions ranged from 
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FIGURE 1. Proportional monthly cumulative rainfall at the University of California Motte Rimrock Reserve 
(1995-1997). 

clutch reduction of one egg to complete nest de- nests after fledging young. Multiple nest at- 
struction. A total of 84 nests was empty with tempts by Spotted Towhees were detected in re- 
cup intact, 33 were empty and disturbed, four sponse to predation; however, no nest attempts 
had damaged eggs, three were directly observed were observed after a successful nest (although 
to be depredated by snakes, and three exhibited they are known to raise multiple broods; Green- 
a loss of one egg. law 1996). 

Nests were initiated throughout the duration 
of each breeding season (Fig. 2). Multiple nests 
(associated with banded birds or birds whose 
territory was known) were found each season. 
Two California Towhees were observed con- 
structing subsequent nests while still feeding 
young at prior nests. Several Rufous-crowned 
Sparrows were observed to attempt three nests 
and some pairs successfully fledged two broods. 
In two cases, Sage Sparrows attempted second 

Cowbird detection 

Female cowbird detection rates varied from 
0.24 females/day in 1996 to 0.88 females/day in 
1997. Female cowbirds were detected early to 
mid-mornings throughout each breeding season. 
Cowbird breeding activity dates were similar be- 
tween years, although median activity dates dif- 
fered significantly (Wilcoxon’s Z = 2.23, P = 
0.026). However, the cumulative cowbird detec- 

TABLE 1. 1996 AND 1997 BREEDING SEASON INITIATION DATES (AND DURATION IN DAYS) BASED ON FIRST EGG 
DATES OF NESTS LOCATED FOR FOUR SPECIES OF COASTAL SAGE SCRUB SPARROWS IN WESTERN RIVERSIDE COUNTY, 
CALIFORNIA 

California 
Towhee 

Rufous-crowned 
Sparrow 

Sage 
Sparrow 

Spotted 
Towhee 

Average duration 

First egg dates Season length Initiation date Wilcoxon 2. 
difference difference sample Z 

1996 I997 (1997-1996) (1997-1996) p ’ IZI 

16 April to 17 May 19 Feb to 27 Apr 36 57 <O.OOl 
(32) (68) 

25 Mar to 25 May 24 Feb to 4 May 20 30 0.018 
(61) (81) 

14 Apr to 18 May 10 Mar to 18 May 34 34 <O.OOl 
(34) (68) 

17 Apr to 16 May 24 Mar to 10 May 16 21 <O.OOl 
(30) (46) 
39 66 27 36 
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FIGURE 2. 1996 (top) and 1997 (bottom) sparrow species breeding phenology by first egg dates and female 
cowbird detections in coastal sage scrub in western Riverside County, California. The mid-point in cumulative 
frequency represents the peak in sparrow breeding/female cowbird detections. 

tion frequency differed from host laying seasons 
in duration and onset (Fig. 2) and median female 
cowbird detection dates differed significantly 
from the median first egg date of all hosts com- 
bined in each year (1996: Wilcoxon’s Z = 2.71, 
P = 0.007; 1997: Wilcoxon’s Z = 7.99, P < 
0.001). 

Parasitism 

Of nests located in 1996, 374 nest-days dis- 
tributed among 62 nests were susceptible to 
cowbird parasitization (i.e., their vulnerable 
stage overlapped the presence of cowbirds at the 

site). Since two parasite eggs were found in two 
host nests, the parasitism rate for nests of that 
period was 3.2%. In 1997, host nest availability 
after 15 April was 188 nest-days (31 nests); with 
one nest parasitized, the 1997 parasitism rate 
was also 3.2% of available nests. 

Three of the total of 217 nests discovered 
were parasitized; one of 14 California Towhee 
nests and one of 30 Sage Sparrow nests were 
parasitized in 1996, and one of 50 California 
Towhee nests was parasitized in 1997. Of the 
three nests parasitized, the two California To- 
whee nests were subsequently depredated, and 
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the Sage Sparrow nest was abandoned (0.7% of 
all nest failure). No clutch reduction by cow- 
birds was detected. Additionally, no cowbird 
fledglings were detected in either year. 

SEASONAL FECUNDITY ESTIMATES 

I used the season length, productivity per nest, 
and clutch size data obtained on each species 
(Table 2) to estimate seasonal fecundity. The 
time window for susceptibility to predation 
ranged from 24 to 27 days. Abandonment was 
detected in 13 nests, and accounted for 9.3% of 
nest failure. Abandoned unparasitized nests were 
treated as depredated, as nests abandoned rep- 
resent a similar detriment to productivity and re- 
sult in renesting. Only the one aforementioned 
parasitized Sage Sparrow nest appeared to have 
been abandoned in response to cowbird activity. 
Spotted Towhee 1996 clutch sizes were signifi- 
cantly smaller than those in 1997 (one-tailed t- 
test, P < 0.02). As a result, the 1996 productiv- 
ity estimate was calculated by reducing 1997 
productivity per nest by the ratio of clutch sizes 
(Table 2). 

All 1997 seasonal fecundity estimates were 
greater than those based on 1996 rates (Table 2). 
In 1996, California Towhee and Sage Sparrow 
estimates were below the productivity levels re- 
quired to maintain replacement level reproduc- 
tion (2 2.0 young/pair/season). In contrast, all 
species seasonal fecundity estimates were above 
2.0 young/pair/season in 1997. 

Varying only the parasitism rate, with all oth- 
er 1996 California Towhee parameters held con- 
stant, seasonal fecundities were 1.46 young/pair/ 
season with no parasitism, 1.35 youngfpairfsea- 
son at the observed parasitism rate, and 1.02 
young/pair/season with a 50% parasitism rate. 
Therefore, observed reproductive loss to para- 
sitism was a 7.5% decrease in seasonal fecun- 
dity. If 50% of nests had been parasitized, a 
24.4% decrease in seasonal fecundity would 
have resulted. Repeating the process with 1997 
California Towhee parameter values resulted in 
estimates of 4.22 young/pair/season with no par- 
asitism, a 4.0% decrease at observed parasitism 
rates, and a 27.4% reduction at 50% parasitism. 

Sage Sparrow fecundity modeled at the pre- 
dation levels measured in 1996 resulted in sea- 
sonal fecundity estimates of 1.85 young/pair/ 
season with no parasitism, 1.60 youngfpairlsea- 
son at observed level of parasitism (-13.5%), 
and 1.29 young/pair/season at 50% parasitism 
(- 19.4%). At 1997 predation levels, seasonal fe- 
cundity in the absence of parasitism was 3.22 
young/pair/season, and if 50% of nests were par- 
asitized, 2.25 young/pair/season (-30.1%). For 
both towhees and sparrows, observed levels of 
parasitism did not result in fecundity estimate 
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FIGURE 3. Sensitivity of seasonal fecundity estimates to variation in parasitism and predation rates. A 50% 
parasitism rate is comparable to a daily rate of 0.11. 

differences in excess of -0.25 younglpairlsea- 
son. 

The sensitivity analysis revealed daily preda- 
tion rate is the dominant and more sensitive pa- 
rameter in the calculation of seasonal fecundity 
values (Fig. 3). The predation axis slope is great- 
est and the effect is across the resultant surface 
generated by the matrix of parameters. 

DISCUSSION 

SEASONAL FECUNDITY ESTIMATION 

Comparison of estimates of seasonal fecun- 
dity based on observed parasitization rates for 
California Towhee and Sage Sparrow to esti- 
mates generated with parasitism set to zero dem- 
onstrated a minimal loss of seasonal fecundity 
due to parasitism. It appears that parasitism did 
not occur at levels of biological significance. 
The potential impact of parasitism on seasonal 
fecundity was minimized by high nest predation 
and extended season length. Seasonal fecundity 
was more sensitive to predation over the range 
of parasitism levels I observed (Table 2, Fig. 3), 
yet this relationship was most likely a factor of 
the amount of breeding season overlap with 
cowbirds, season length, and, to a lesser degree, 
the level of brood reduction associated with 
rearing parasite young. 

Increased season length raises average sea- 

sonal fecundity by improving an individual’s 
likelihood of successfully nesting. As season 
length increases, the interaction between para- 
sitism and predation weakens (Grzybowski and 
Pease, in press). This occurs due to the increased 
number of nesting attempts, which reduce the 
chance nests will be both parasitized and dep- 
redated. Therefore, season length directly affects 
seasonal fecundity as it effects the number of 
renesting attempts possible. 

Between-year fecundity varied greatest in the 
California Towhee, ranging from 1.49 to 4.05 
young/pair. This variation was associated with 
varied season length and quite different levels of 
predation. Clearly, seasonal fecundity is lowest 
when season length is short, yet factors of food 
abundance and quality of vegetation for cover 
must also play a role in this system. Such vari- 
ation in avian productivity appears to be com- 
mon in arid environments as suggested by sev- 
eral studies (Grant and Boag 1980, Rotenberry 
and Wiens 1980, Carter 1986, Newton and New- 
ton 1997). 

CLIMATE AND PHENOLOGY 

CSS plants are drought-adapted and sensitive 
to climatic variation (Minnich 1985), with a cor- 
responding variation in avian breeding season 
initiation and length. During my study, both 
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peak rainfall and sparrow breeding exhibited a 
corresponding five-week shift between 1996 and 
1997 (Figs. 1, 2). A similar relationship has been 
found in the California Gnatcatcher (which also 
nests on the site), in which males began pre- 
nuptial molt six to seven weeks after the first 
significant winter rain (K. Preston, pers. comm.). 
In addition to variation in the time available for 
nesting, the variation in nest initiation dates 
most likely induces variation in both nest pre- 
dation and parasitism levels. For instance, 
snakes, a major nest predator, were not as active 
in February 1997 when many birds were initi- 
ating nests (K. Ellison, pers. obs.). Whatever the 
mechanism, nest predation was 22% higher on 
nests initiated during the first month of the 1996 
breeding period than on nests of the first month 
of 1997 (the early season). 

Although the consequences of a 21-57 day 
shift in breeding season initiation date may in- 
clude subtle differences in predation, one can 
easily envision changes in predator impact dur- 
ing more dramatic changes. Five weeks follow- 
ing Hurricane Nora, which passed through 
northern Baja California, Mexico, in September 
1997, several CSS passerine bird species nest 
were observed in breeding condition (with brood 
patches and enlarged testes) and an active Cal- 
ifornia Towhee was discovered outside of nor- 
mal reported nest season dates (P Unitt, pers. 
comm.). Although such events are likely infre- 
quent, these observations support the hypothesis 
that CSS birds will breed opportunistically. Such 
variation presumably results in exposure to quite 
different predator abundances and/or predation 
levels. 

Predation rates measured in CSS (Braden et 
al. 1997a,b; K. Preston and S. Morrison, pers. 
comm.; this study) are relatively high compared 
to those commonly reported for passerine birds 
in other habitat types (Ricklefs 1969, Martin 
1992). The levels of predation and variation in 
depredated nest appearance likely reflect the 
high diversity of potential nest predators present 
in CSS. 

PARASITE-HOST ASYNCHRONY 

The parasitism rates I recorded ranged be- 
tween 1.8% and 6.9% of susceptible nests dur- 
ing the six-day window to parasitism among 
nests of the four most abundant potential host 
species at the site. There are several reasons for 
the apparent low levels of parasitism detected at 
the Motte Reserve. Foremost is the seasonal 
variation in dates of host breeding initiation and 
duration. As cowbirds do not appear in CSS un- 
til mid-March, and as the first cowbird eggs do 
not appear until mid-April, host species often are 
free from exposure to parasitism for at least one 

complete nesting cycle. It is apparent that cow- 
birds lag behind the peak in host nest availability 
on my site (Fig. 2). This lag was especially ap- 
parent in 1997, presumably due to the earlier 
season initiation by sparrows and towhees in 
that year (Fig. 2). The midpoint of female cow- 
bird detection lagged 3 to 4 weeks after the peak 
in host nesting, and nest availability after 15 
April was 188 nest-days. In 1996, cowbird de- 
tections more closely tracked host nest avail- 
ability and of the nests located in 1996, 374 
nest-days were available during cowbird laying. 
Despite greater nest availability in 1996, at the 
midpoint of cowbird breeding, as measured by 
cumulative number of detections, cowbirds were 
left with around two weeks to deposit their eggs 
(Fig. 2). 

My data suggest that cowbirds are not able to 
track the initiation of host nesting in CSS. The 
lack of synchrony in host and cowbird breeding 
seasons appears to be due to the variation in host 
breeding dates (presumably in response to vari- 
ation in rainfall), combined with apparently less 
flexible cowbird breeding dates. In this case, 
cowbirds may simply not be able to synchronize 
their breeding season with a majority of hosts in 
css. 

In southern California resident cowbird flocks 
spend the non-breeding season in agricultural ar- 
eas largely associated with dairy cattle and feed- 
lots, which may lie at considerable distance from 
breeding areas. Presumably cowbirds utilize a 
mixture of cues, such as day length, host song, 
and/or migration of hosts or congeners to initiate 
breeding season movements. Several such cues 
may be advantageous throughout historic cow- 
bird breeding range, yet not as adaptive in south- 
em California, where cowbirds may be relative- 
ly isolated from hosts, which, in turn, respond 
to different cues that may vary in timing be- 
tween years. However, resident bird breeding 
seasons tend to be extended in this region, thus 
reducing selection on cowbirds to initiate breed- 
ing coincident with the onset of host nesting. 

Nest success in the resident sparrows studied 
was largely determined by nest predation levels; 
parasitism rates were relatively low, around 
3.2%. However, a higher incidence of parasitism 
(48.1% of 27 nests) has been observed for Cal- 
ifornia Gnatcatchers breeding at this site (Bra- 
den et al. 1997b). This is likely due to several 
factors: (1) gnatcatchers are small-bodied hosts, 
as preferred by Brown-headed Cowbirds (King 
1979, Peck and James 1987); (2) their nests are 
easily located; and (3) they have a prolonged 
breeding season (February-July) (Braden et al. 
1997b). 
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CONCLUSIONS 

Whether the observed predation levels reflect 
impacts of fragmentation is unknown due to the 
lack of nest predation data from larger, more 
contiguous areas of CSS. Further questions have 
been raised as fragmentation studies in the West 
have found parasitism and predation rates to be 
higher in unfragmented habitat (Langen et al. 
1991, Tewksbury et al. 1998), whereas many 
studies primarily in the Mid-West have demon- 
strated both processes to increase in habitat frag- 
ments (Robinson 1992; reviewed by Paton 
1994). Nonetheless, several studies have found 
that fragmentation of southern Californian chap- 
arral is associated with a rapid disappearance of 
bird and rodent species (Soul6 et al. 1988), sug- 
gesting that processes associated with the neg- 
ative effect of fragmentation cannot be gener- 
alized across broad geographic areas. 

Cowbird trapping is not nearly as complex as 
attempting to restore predator populations to 
more natural levels. However, I think it is ap- 
parent that cowbird control at my site would 
have had a minimal impact on host seasonal fe- 
cundity. Before initiating a cowbird trapping 
program, my recommendation to CSS land man- 
agers would be to monitor host nesting initiation 

dates and cowbird numbers. This could be 
achieved simply through point counts, for a frac- 
tion of cowbird trap maintenance costs. If spar- 
row nesting seasons were retarded due to weath- 
er conditions, cowbird trapping might then be 
deemed necessary. Thus, knowledge of winter 
rainfall patterns (a predictor of avian breeding 
initiation dates) and its associated potential for 
a temporal refuge from reproductive loss to par- 
asitism could enable managers to appropriately 
focus trapping funds and efforts to better con- 
serve avian populations on a year-to-year basis. 
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from 1,800 m to 2,400 m in elevation and had 
a park-like appearance of open canopy ponder- 
osa pine. Sites contained scattered Douglas fir 
(Psuedotsuga menziesii) and an understory dom- 
inated by chokecherry (Prunus virginiana), wax 
currant (Ribes cereum), skunkbrush (Rhus aro- 
matica), small ninebark (Physocarpus monogyn- 
us), Oregon grape (Mahoniu repens), kinnikin- 
nick (Arctostaphylos uva-ursi), and various 
grasses (Bromus, Achillia, and Stipa). 

Plumbeous Vireos were chosen for this study 
because their low nests were relatively easy to 
locate and monitor. Additionally, Plumbeous 
Vireos are relatively abundant on the study sites, 
and in various parts of their range are known 
acceptors of cowbird eggs (Friedmann et al. 
1977, Curson 1996, this study) 

Vireo nests were found during all stages of 
the nesting cycle and subsequently visited once 
every 2-4 days. Care was taken to minimize dis- 
turbance and attraction of nest predators to the 
nest site (Major 1990, Ralph et al. 1993). Out- 
come of each clutch (i.e., parasitism, predation, 
abandonment, or fledging) was determined. Nest 
appearance and mode of disturbance were used 
to determine whether nests were disturbed by 
predators. Nests that were found empty before 
young could potentially fledge, i.e., oldest vireo 
nestling was < 12 days or cowbird < 9 days 
old, were determined to have been preyed upon. 
Nests found empty on or after that point were 
determined to have been preyed upon if adults 
gave no alarm calls and no juveniles could be 
found in the nest area after a careful search. 
Only nests in which the final outcomes were 
known were used in the analysis. Nesting suc- 
cess was calculated using the Mayfield (1975) 
method to reduce the error introduced when 
nests observed for different lengths of time are 
treated equally. 

Following the termination of nest site activity 
in 1993-1994, eleven landscape measurements 
were taken around each nest site. Distances to 
the nearest road (ROAD), trail (TRAIL), natural 
forest canopy opening (OPEN: an opening was 
> 400 m2, with at least 10 m on one side and 
had < 15% canopy cover from the points of 
measurement), riparian vegetation (RIPAR), 
town (TOWN: Boulder or Lyons, Colorado), 
and year-round occupied residence (RESID) 
were measured from each nest. Using a 5-m and 
50-m measuring tape, we measured these dis- 
tances to the nearest 0.1 m within 50 m, 1 m 
between 51 m and 200 m, and to the nearest 50 
m when distances were > 200 m. Canopy cover 
(CANOPY) of the site was estimated from 20 
forest densiometer (concave) readings taken at 
uniform points within a 11.3 m radius circular 
plot centered on the nest. Ground cover 

(GROUND) was estimated from 20 ocular tube 
readings taken within the circular plot from the 
same points as canopy cover (James and Shugart 
1970, Noon 1981). The number of trees (woody 
plants with a dbh 2 8 cm) were counted per 11.3 
m radius circle around the nest and extrapolated 
to density per ha (TREES). Slope (SLOPE) of 
the nest site was measured with a clinometer. All 
variables were continuous. 

Data were pooled across years for analysis af- 
ter testing for significant differences in site char- 
acteristics revealed no differences between 
years. Since variables were not normally distrib- 
uted all nest site variables were log-transformed. 
Comparisons of unparasitized and parasitized 
nest sites were made with equal sample size Stu- 
dent’s t-tests. Because data were not normally 
distributed, median tests (Wilcoxon two-sample 
test) were employed to compare shapes of fre- 
quency distributions of mean clutch size and 
mean number of fledglings per nest. Goodness- 
of-fit tests (G-tests with William’s correction; 
Sokal and Rohlf 1981) were used to compare 
hatching and fledging success between unpar- 
asitized and parasitized nests. Means ? SE are 
reported for descriptive statistics. Results are re- 
ported as significant when P < 0.05. 

A stepwise logistic regression was used to test 
for landscape differences between parasitized 
and unparasitized nests. Variables were log- 
transformed. Because of the high amount of 
variability in analyses of many factors, and to 
reduce the possibility of type II statistical errors, 
the values with P < 0.2 were allowed to enter 
the regression model, but allowed to remain only 
when P < 0.1. 

RESULTS 

Brown-headed Cowbirds parasitized 5 1.9% of 
185 Plumbeous Vireo nests (Table 1). Parasit- 
ized nests (N = 81) had significantly smaller 
mean clutch sizes (3.3 t 0.10) than unparasit- 
ized nests (N = 80, mean = 3.8 + 0.06, z = 
3.4284, P < 0.001). Parasitized nests also had 
significantly lower hatching success (P < 
O.OOl), fledging success (P < O.OOl), and mean 
number of young to fledge (P < 0.001) than un- 
parasitized nests (Table 2). Nest predation was 
monitored in 1993-1994, and 49.4% of Plum- 
beous Vireo nests (N = 81) were preyed upon 
with predation independent of parasitism (G = 
0.1056, df = 1, P > 0.75). Of forty nests that 
were preyed upon, three were only partially dep- 
redated, and two of those fledged at least one 
vireo. 

Nest success was not significantly different 
between 1993 and 1994, and therefore the data 
were combined (G = 0.1128, df = 1, P > 0.05). 
The probability of a Plumbeous Vireo clutch 
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TABLE 1. FREQUENCYOF PARASITISM OF PLUMBEOUS VIREO NESTS IN BOULDER COUNTY,COLORADO~ 

1984 1985 1986 1992 1993 1994 1997 TOW 

Unparasitized 11 12 17 5 25 12 7 89 
Parasitized 9 12 17 3 21 23 11 96 
% Parasitism 45.0% 50.0% 50.0% 37.5% 45.6% 65.7% 61.1% 51.9% 

a Frequency of parasitism IS independent of year (GAD, = 3.5658, df = 6, P > 0.05). 

surviving 30 days to fledge at least one young 
was 0.27, with egg success greater than nestling 
success. Furthermore, parasitized nests had a 
significantly lower probability of success than 
unparasitized nests (Table 3). 

The majority of vireo nests were in ponderosa 
pine. In 1993-1994, 92.6% (N = 81) of vireo 
nests were built in ponderosa pine trees, while 
5 nests in 1993 (10.9%) and 1 nest in 1994 
(2.8%) were built in shrubs. Parasitized nests 
were significantly closer to openings in the for- 
est canopy (OPEN) and nests with lower canopy 
cover (CANOPY) (Table 4). Distance to opening 
was the best predictor of whether a Plumbeous 
Vireo nest was parasitized in 1993-1994, and a 
stepwise logistic regression correctly classified 
61.9% of 68 nests based on that criteria alone 
(criteria for model fit, x2 = 5.483, df = 1, P = 
0.019). 

DISCUSSION 

Brown-headed Cowbirds typically parasitized 
50% of Plumbeous Vireo nests we observed in 
each of the seven years of the study (Marvil and 
Cruz 1989, Chace et al. in press, Table 1). Cow- 
birds had a significant, negative impact on the 
Plumbeous Vireo nests they parasitized (Table 
2). In the Colorado Front Range, Plumbeous 
Vireos nested in mature park-like stands of pon- 
derosa pine, with low canopy cover and well 
spaced trees lacking any significant shrub or 

sapling layer. Cowbirds used canopy openings 
as small as 0.04 ha, and reduced canopy cover 
to search for nests to parasitize. Plumbeous Vir- 
eos nesting near such openings were signifi- 
cantly more likely to be parasitized (Table 4). 
Roads, trails, and residential areas also created 
openings in the canopy, but only natural open- 
ings showed any trend towards increased para- 
sitism. 

In an exploratory analysis based on the 1992 
and 1993 data we lumped 55 vireo nests into 
one discrete landscape group (e.g., near road, 
near residence, in lower foothills, etc.), and 
found that parasitized vireo nests were strongly 
associated with roads and residential areas (Cha- 
ce et al. in press). In that initial analysis we doc- 
umented that anthropogenic factors of the land- 
scape have an influence on Plumbeous Vireos 
reproductive success. However, here we illus- 
trate the importance of finer scale canopy open- 
ings and the impacts they may have on the par- 
asitism probability of vireo nests. The earlier 
analysis did not separate openings created by 
natural processes from anthropogenic openings, 
and while the few vireos that nest near roads and 
residential areas are very likely to fail due to 
both parasitism and predation, the majority of 
vireos nesting in more natural conditions are 
greatly affected by small changes in canopy den- 
sity and distances to openings. This analysis is 
also more robust with larger, equal, sample sizes 

TABLE 2. REPRODUCTIVE SUCCESS IN UNPARASITIZED AND PARASITIZED NESTS OF PLUMBEOUS VIREOS, BOULDER 
COUNTY, COLORADO, 1984-1986, 1992-1994, AND 1997 

Unparaslflred Parasltired All Cowbird 

No. active nests 
Total eggs 
Total hatched 
Total fledged 
Hatching success (%) 
Fledgling success (%) 
Pledge/egg hatch (%) 
Mean fledge/active nest 

80 81 162 
309 246 555 111 
227 108 355 67 
168 36 204 41 
73.5b 43.9 60.4 60.4 
54.4b 14.6 36.8 36.9 
74.0b 33.3 61.0 61.2 

2.1c 0.5 1.3 0.5 

a Includes only nests found during incubatvx and followed to fledging or failure. 
h Differences in fledgling success between unparasttlred and parasitized nests are significant for hatching success (GI\DI = 12.8689, df = I, P < 
O.OOl), fledgling success (GAD, = 49.0334, df = I, P < 0.001). and fledgling/egg hatched (GA~l = 14.2999, df = 1, P < 0.001). 
f Differences between unparasitized and parasitized nests arc significant (Wilcoxon two-sample test, Z = 6.24, P i 0.001). 
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TABLE 3. MAYFIELD'S NESTING SUCCESZ? CALCULAT- 
ED FOR PARASITIZED AND UNPARASITIZED PLUMBEOUS 
VIREO NESTS, 1993-1994 

Probability of survival 

Nestling 
Egg stage stage OVWAll 

Parasitized 0.48 0.21 0.17 
Unparasitized 0.66 0.59 0.40 
Overall 0.55 0.43 0.27 

a Probabilities based on survival of at least one offspnng for duration of 
16 day incubation period and I4 day nestling period. 

and univariate parametric and multivariate sta- 
tistics. 

Cowbird abundance and parasitism have been 
shown to decrease with distance from the edge 
to the forest interior (Gates and Gysel 1978, 
Brittingham and Temple 1983, Temple and Cary 
1988, Yahner and DeLong 1991, O’Conner and 
Faaborg 1992). Furthermore, cowbird abun- 
dance and parasitism increase when openings 
are created in an otherwise contiguous forest 
canopy (Brittingham and Temple 1983, Evans 
and Gates 1997). In the ponderosa pine forests 
of Boulder County, Plumbeous Vireos nested in 
a naturally discontinuous forest landscape with 
large openings and consequent edge effects. 
When observed in the ponderosa pine, female 
cowbirds have been found perched on the tops 
of trees. Plumbeous Vireo nests that are closer 
to openings and under lower canopy cover 
would be easier for cowbirds to locate, and par- 
asitism reduces the reproductive success of vir- 
eos placing their nest in such locations. 

Many of the bird species that breed in the 
ponderosa pine forests of the Colorado Front 
Range are sensitive across their southwestern 
range. In Arizona, Colorado, and New Mexico, 
the Plumbeous Vireo is designated as a high pri- 
ority species, and it is of special concern in Ar- 
izona and Colorado (Wintemitz and Crumpacker 
1985, Hall et al. 1997). However, Breeding Bird 
Survey results (1966-1994) show that Plum- 
beous Vireo populations are increasing or are 
stable across their range. Plumbeous Vireos are 
an ideal species to study the impacts of cowbird 
parasitism, compare the frequency of parasitism 
across the Southwest, and determine habitat fea- 
tures that influence cowbird parasitism because 
they have low nests that are relatively easy to 
find, and they are a principal host of cowbirds 
in ponderosa pine and pinyon-juniper forests 
(Curson 1996). Land managers interested in 
evaluating the effects of landscape or habitat 
changes on a sensitive local migratory songbird 
in ponderosa pine or pinyon-juniper forests 
could get a reasonable estimation from exam- 
ining Plumbeous Vireo reproductive success. 
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TABLE4. MEANVALUES(? SE) OFLANDSCAPEVARIABLES ATUNPARASITIZEDANDPARASITIZEDPLUMBEOUSVIREO 
NEST SITES, 1993-1994 

Variables Unparasitized Parasitized n Pa 

SLOPE (“) 
TREES (#/ha) 
GROUND (%) 
CANOPY (%) 
ROAD (m) 
TRAIL (m) 
OPEN (m) 
RIPAR (m) 
RESID (m) 
TOWN (m) 
NRHUMAN (m) 

15.5 (1.25) 
321.3 (33.84) 

37.0 (3.40) 
69.0 (2.47) 

904 (90.59) 
251 (81.03) 

60.6 (14.21) 
363 (66.42) 

1119 (116.62) 
2094 (23 1.37) 

169 (38.70) 

16.7 (1.51) 74 0.949 
296.3 (47.62) 78 0.387 

41.3 (34.10) 78 0.339 
61.1 (3.18) 78 0.045 

752 (91.11) 78 0.269 
282 (100.04) 72 0.562 

25.8 (4.67) 62 0.007 
247 (59.23) 78 0.123 

1108 (148.67) 78 0.506 
1706 (245.79) 78 0.136 

166 (40.77) 72 0.591 

a Result of Student t-test conducted on log-transformed variables 
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A SPATIAL AND GENETIC ANALYSIS OF COWBIRD 
HOST SELECTION 

D. CALDWELL HAHN, JAMES A. SEDGWICK, IAN S. PAINTER, AND NANCY J. CASNA 

Abstract. Molecular genetics makes it possible to measure basic but long elusive parameters of the 
breeding biology of the Brown-headed Cowbird (Molothrus ater). We examined cowbird fecundity 
and host selection behavior using a combination of molecular genetic techniques to link female cow- 
birds to the eggs they lay, radio-telemetry techniques to track female cowbirds’ daily movements, and 
geographic information systems (GIS) to integrate these genetic and spatial data. Our study site lay 
within a forested 1300.ha landscape in New York composed primarily of mature forest with adjacent 
old fields. We found that female cowbirds used their home ranges as principal egg-laying areas. 
Individual females used characteristic individual home ranges throughout the breeding season, and 
they returned to the same home range every breeding season. Over one-half (54%) of females laid all 
their eggs in host nests inside or close to their home range. Proximity to a female’s home range was 
the only significant ecological or biological feature affecting a cowbird’s host selection. Neither host 
species identity, nest height, adult mass, egg size, incubation period, nor host taxonomic classification 
predicted which nests would be parasitized. Eggs laid outside the home range were frequently found 
in multiply-parasitized nests located along common flyways or in conspicuous sites that a cowbird 
could discover opportunistically. We also found that female cowbirds avoided laying more than one 
egg in a particular host nest, even though multiple parasitism characterized over one-third of parasitized 
nests in the study. Finally, we estimated that effective cowbird fecundity lies between a minimum of 
1.72 eggs per female and an upper bound of 8.16 eggs per female. Effective cowbird fecundity is 
defined as the actual number of cowbird eggs laid in appropriate host nests and not ejected; it is lower 
than raw fecundity or the physiological egg production capacity of cowbirds. We suggest that the 
female cowbird’s use of home range is a critical element in its breeding behavior, enabling cowbirds 
to use a known-host selection strategy. Experienced female cowbirds selectively parasitize the host 
pairs that nested in their home ranges in previous breeding seasons and were most successful. The 
three elements of cowbird breeding behavior reported here challenge the stereotype of the Brown- 
headed Cowbird as an r-selected species that produces a large number of young and invests no parental 
care. Instead, these results suggest that cowbirds lay fewer eggs in host nests than has been speculated 
and that they do invest parental care. Two examples of parental care we discuss are observing a host’s 
parental behavior and nest success before parasitizing it, and laying each egg in a different host nest, 
even though that requires females to search longer and to find a larger number of host nests. Current 
cowbird trapping programs should be evaluated for their effect on age structure of cowbird populations 
and resulting parasitism patterns. Yearling females may be associated with higher rates of multiple 
parasitism and higher rates of parasitism on more conspicuous hosts. Conspicuous hosts such as the 
Black-capped (Vireo atricapillus) and Least Bell’s (Vireo bellii pusillus) vireos are probably most at 
risk from cowbird populations with disproportionately high numbers of immigrant yearling female 
cowbirds such as those created by trapping programs. 

Key Words; Brown-headed Cowbird, DNA fingerprinting, fecundity, GIS, home range, management, 
Molothrus ater, telemetry. 

To evaluate whether Brown-headed Cowbirds ism patterns at the population level rather than 
(Molothrus ater) pose a threat to particular spe- at the individual level, focusing on features that 
ties or communities, conservation biologists generally make host nests more conspicuous to 
need to measure basic parameters that have long cowbirds, such as proximity to forest edge (e.g., 
been invisible. Fundamental reproductive traits Brittingham and Temple 1983); nest height 
such as the average laying rate per female, per- above the ground, with low nests being more 
centage of breeding females in a population, use exposed in some sites (Hahn and Hatfield in 
of a breeding territory, and the number of eggs press) and more camouflaged in other sites 
laid per nest are readily determined in non-par- (Martin 1993); differences in host density (e.g., 
asitic birds, but are still not well established for Clark and Robertson 1979); and breeding be- 
the Brown-headed Cowbird. These reproductive havior that makes a host’s nest more susceptible 
traits require measurement at the individual lev- to parasitism, such as the nest singing of the 
el, and in brood parasites this is a feat that was endangered Least Bell’s Vireo (Vireo bellii pus- 
not possible until the recent advent of molecular illus; Kus this volume) and Black-capped Vireo 
genetic techniques. (Vireo atricupillus; e.g. Graber 1961). 

Without genetic information, previous inves- Examining habitat features or host behavior 
tigators have been limited to analyzing parasit- has been of limited value in deciphering cow- 
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birds’ host selection patterns. Determining cow- 
bird fecundity has become increasingly urgent 
to conservation biologists, since physiological 
and laboratory data suggested that cowbirds 
were unusually fecund, potentially laying 20-40 
eggs per female each season (Payne 1976, Scott 
and Ankney 1980, Holford and Roby 1993). 
However, fecundity under field conditions, the 
critical parameter, required genetic techniques to 
be measured. 

Our goal in this study was to obtain accurate 
estimates of cowbird reproductive rate and host 
selection patterns that could be used to speed 
recognition of host populations in trouble. We 
designed this study to estimate the proportion of 
female cowbirds actively breeding in a local 
population, the fecundity of individual cowbirds, 
and the biological or ecological features that 
guide an individual female’s host selection. Pre- 
vious studies had established that cowbirds use 
territories or home ranges (Dufty 1982a, Darley 
1983, Rothstein et al. 1984, Teather and Rob- 
ertson, 1985, Smith and Arcese 1994), but no 
one had looked quantitatively at the relationship 
between female home range and the locations of 
parasite eggs throughout an entire host com- 
munity. This approach required documentation 
both of the individual female cowbird’s move- 
ments and of the specific nests where she laid 
her eggs. We designed a study to locate as many 
parasitized nests as possible in the study area, 
then to use molecular genetic techniques to 
match the cowbird eggs to the individual cow- 
bird females that had laid them. Our strategy 
was to combine parentage information from 
cowbird young with radiotelemetry data from 
females’ movements in order to explain their 
breeding behavior. 

METHODS 

STUDV AREA 

We conducted a study of cowbird parasitism 
duri : 1991-1993 near Millbrook, Dutchess 
cou 1 ” NY (51” 50 N, 73” 45 W), in a 1300- 
ha ( #i maple-hemlock forest and in old fields 
adjac*:ut to the forest and within cowbird com- 
muting distance (Fig. 1; Hahn and Hatfield 
1995). The study occurred on lands belonging to 
Rockefeller University and for the portion of the 
study reported here, we searched for nests within 
a 226-ha block. The study area is located within 
the township of Washington, a 38,000-ha area of 
which 55% is forested and the remaining area is 
a mosaic of equal parts pasture, livestock, and 
suburban development (Glitzenstein et al. 1990). 
The forest contains stands ranging in age from 
70-150 years, experiences little disturbance, and 
is bisected by a seldom-used one-lane dirt road. 

‘;y Study Boundaries N 
n Old Field 

Forest 
q  Livestock, Agriculture 
n Lake , Pond, or Marsh 
q  Suburban Housing T 
@Village 

FIGURE 1. The study area in Millbrook, NY, 1991- 
1993, and surrounding landscape. The study area is 
numbered “1” and enclosed in dashed lines. A = ag- 
ricultural fields; C = cattle and dairy farms; G = golf 
course; H = horse farms; M = village of Millbrook; 
R = Rockefeller University Field Research Center. 

The stands are dominated by chestnut oak 
(Quercus prinus) and northern red oak (Q. ru- 
bra) on rocky slopes, and by white oak (Q. 
albu), black oak (Q. velutinu), and pignut hick- 
ory (Curyu glubru) on valley bottoms and mesic 
uplands. Hemlock (Tsugu cunudensis), beech 
(Fugus grundifoliu), and sugar maple (Acer suc- 
churum) are confined to moist habitats such as 
ravines and streamsides. Understory tree species 
are flowering dogwood (Cornus florida), iron- 
wood (Ostryu virginiana), shadbush (Amelun- 
chier spp.), and striped maple (Acer pensylvun- 
icum). Maple-leaved viburnum (Viburnum uc- 
erzfolium) and blackberry (Rubus spp.) are the 
dominant shrubs. The swamps are vegetated 
with cinnamon fern (Osmundu cinnumomeu), 
skunk cabbage (Symplocurpus foetidus), spice- 
bush (Linderu bezoin), and tussock sedge (Curex 
strictu). 

The old fields are dominated by blackberry 
(Rubus spp.), rose (Rosa spp.), alder (Alnus 
spp.), and haw (Viburnum spp.). The old field 
study areas include a l-ha lawn with ornamental 
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trees and shrubs on the north side of Tyrrell 
Lake. 

TRAPPING ADULT COWBIRDS 

Brown-headed Cowbirds were caught at the 
Rockefeller University Field Research Center 
(RUFRC) in Millbrook, Dutchess County, New 
York. A local population of cowbirds has been 
observed and studied there intermittently during 
two decades (Dufty 1983; P. Marler, pers. 
comm., J. Wingfield, pers. comm). There is a 
large local cowbird population, readily seen at 
the dairy, beef, and horse farms in the local 
countryside, as well as at numerous residential 
bird feeders. Cowbirds are attracted in feeding 
flocks to the field station lawns and to the nearby 
trash disposal area, where discarded seed asso- 
ciated with maintenance of captive canaries and 
finches is available year round. 

We trapped cowbirds in funnel (or confusion) 
traps, which were constructed of 14-gauge wire 
(2.54 X 5.1 cm mesh) and measured 76.2 X 50.8 
X 25.4 cm. Cowbirds walk into the traps 
through one of two openings in the trap wall and 
are led via wire tunnels (10.2 cm in length) into 
the center of the trap. Birds are reluctant to exit 
because the tunnel (funnel) narrows at the exit 
end. We set eight traps daily on a 0.25 ha lawn 
at RUFRC; the field station and trapping area 
were adjacent to the study site where we 
searched for parasitized nests and followed ra- 
diotagged females. We ran a trapping and band- 
ing program here throughout the field season (15 
May-25 July) on weekdays from 1600 to 1900 
hours, checking traps every 30 minutes. Cow- 
birds were banded with USFWS aluminum 
bands and individually unique color bands. An- 
imals were handled and treated in accord with 
the guidelines and principles of the American 
Ornithologists’ Union animal use practices 
guidelines (Oring et al. 1988). 

NEST SEARCHING FOR COWBIRD YOUNG 

A team of six searched for nests over approx- 
imately 1500 hours between 15 May-15 July. In 
the forest, the principal cowbird host species (N 
2 20 nests) were Wood Thrush, American Red- 
start, Veery, and Ovenbird (scientific names in 
Table 3). Eastern Phoebes were a frequent spe- 
cies in the forest, on the ubiquitous rock faces, 
and also on sheds in old fields. In the old field 
community, Song Sparrow and Chipping Spar- 
row were common species. 

POINT-COUNT SURVEY 

To obtain an estimate of host density indepen- 
dent of the estimate obtained from nest search- 
ing, we conducted six point-count surveys 
across the breeding season, three in the forest 

and three in the old fields. Two observers con- 
ducted early morning surveys in late May and 
early June at points spaced 100 m apart on two 
different transects. We used the program DIS- 
TANCE (Bumham et al. 1980, Laake et al. 
1993, Buckland et al. 1996) to analyze the sur- 
vey data. 

RADIOTELEMETRY, HOME RANGE MAPPING, AND 
TERRITORIAL BEHAVIOR 

Each year we attached radio transmitters to 
female cowbirds that we trapped that weighed 
over 35 g (1991: N = 7; 1992: N = 26; 1993: 
N = 22). Transmitters, manufactured by Holohil, 
Inc., Ontario, Canada, weighed 1 g and were 
equipped with 30-day batteries. We attached the 
transmitters to the birds’ backs between the 
scapulae using Superglue@. We prepared the 
transmitters by gluing silk or cotton fabric to one 
side of the transmitter and allowing it to dry at 
least one day before putting them on the birds. 
We selected birds > 35g and prepared the bird 
for the transmitter by pushing aside feather co- 
verts, then clipping underfeathers to a stubble on 
the back. We applied glue to the fabric side of 
the transmitter, then pressed the radio against the 
feather stubble. We held each bird quietly in our 
hands for 5 min after affixing the transmitter, 
gently pressing the radio against the bird’s back 
and allowing the bond to set. We next placed the 
birds in a large 4 m X 4 m holding cage to let 
the bond cure for an additional 30 min before 
releasing them. 

We tracked all radiotagged birds daily 0500 
to 1200 Monday through Saturday throughout 
the breeding season. One full-time biologist, as- 
sisted by two others part-time, searched for each 
female daily, tracking both on foot with a hand- 
held antenna and also with a vehicle carrying a 
mounted antenna. Our objective was to obtain a 
daily morning location for each female while 
she was engaged in non-feeding activities, for 
the life of the battery. 

In addition to mapping daily points on indi- 
vidual topographic maps for each female, we en- 
tered the daily telemetry points for all females 
on an enlarged (2.25 m X 1 m) master map 
where we also noted all nest locations, so that 
the study team had an integrated picture of the 
data being collected and an overview of para- 
sitism on the study site. Subsequently all radio- 
telemetry points were translated into UTM lo- 
cations and entered into home range coverages 
in ARC/INFO. 

We designated as the principal group those 
females that we had followed 10 days and for 
which we had collected at least 10 location 
points, although we also analyzed the home 
range size and location of other radio tagged fe- 
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males for which we had fewer points. We gath- 
ered limited baseline data on cowbird territorial 
behavior during Year 1 of the study to use in 
the design of the larger radio tracking program 
in Year 2. We counted boundary disputes be- 
tween females with adjacent home ranges while 
following radio tagged individuals. We also 
studied the responsiveness of female cowbird 
home range holders to intruder female cowbirds 
by audiotape playback experiments, using the 
calls of cowbird females. To conduct the play- 
back experiment, we first established by radio- 
telemetry that a radiotagged female was in the 
vicinity of her home range, although not in sight. 
Along what we identified as the home range 
boundary, we placed two portable speakers in a 
canvas field case under shielding shrubs. We 
then stood nearby, also shielded by shrubs, hold- 
ing a small portable tape recorder. We played the 
audiotaped female cowbird vocalizations for 10 
s, then waited 30 s, then played another 10 s of 
tape; 30 s later, we played another 10 s. We then 
waited 3 min and noted if a marked home range 
holder female appeared during that period, either 
checking visually and/or calling. We conducted 
6 separate tests with 6 different female cowbirds 
on their home ranges. 

GENETIC ANALYSES 

We conducted genetic analyses using multi- 
locus DNA probes on 104 cowbirds trapped or 
collected from the study site in Year 2 of the 
study (43 females and 61 eggs or nestlings). The 
43 adult females were selected on the basis of 
weight (> 35 g), the best indicator available to 
distinguish older, reproductive females; the 61 
young cowbirds or eggs represented those we 
found that yielded viable genetic material. 

GIS: INTEGRATING SPATIAL AND 
GENETIC INFORMATION 

To obtain an overview of cowbird parasitism 
on the study area, we integrated the three data- 
sets using ARC/INFO, namely: (1) spatial infor- 
mation (nest locations and daily location points 
of radio tagged females); (2) ecological and bi- 
ological information (for all nests: nest height, 
host species, parasitized or not, number of cow- 
bird eggs or nestlings); and (3) genetic data 
(band sharing coefficients showing genetic re- 
lationships between pairs of individual cow- 
birds). To provide accurate land cover informa- 
tion, we scanned aerial photographs of the study 
area into ARC/INFO; to provide information on 
elevation and slope, we imported the appropriate 
U.S. Geological Survey topographic maps. 

We collected lo-40 microliters of blood by 
venipuncture of the brachial vein, added lysis 
buffer, and stored it in a freezer until analysis. 
DNA profiles were performed at Therion Cor- 
poration, Troy, NY. DNA was isolated, digested 
with restriction endonuclease HueIII, electro- 
phoresed, and transferred to a nylon membrane 
following standard methods (Haig et al. 1994, 
1995). Molecular weight sizing standards 
(MWSS) were loaded in up to three lanes so that 
they bracketed samples and facilitated objective 
identification of bands. Ten samples were run on 
each gel. The set of standard DNA fragments of 
known molecular size was composed of 48 
bands ranging from 0.504 to 34.679 kilobase 
pairs. The transferred DNA was probed sequen- 
tially with two 32P-labeled proprietary probes, 
Opt-03 TM and Opt-OSN, washed, and exposed 
to x-ray film following the protocols of Haig et 
al. (1994, 1995). The two probes had been se- 
lected on the basis of a pilot study that showed 
that they gave highly variable DNA profile pat- 
terns among unrelated cowbirds collected from 
widely separated sites. To estimate relatedness 
we calculated band sharing coefficients (BSCs) 
for all pairs of individuals in the study. Similar- 
ity (5) was calculated as the ratio of number of 
bands shared divided by the total number of 
bands scored for a pair of individuals (Lynch 
1988), and it yielded just over N = 5,000 pair- 
wise comparisons. Because we consider that 
each probe detected a different set of minisatel- 
lites (Georges et al. 1988), we treated these BSC 
data as independent assessments of relatedness. 

DNA fragment scoring and data analyses 

Individual home ranges were depicted and 
calculated using the minimum convex polygon 

We scored fragments within and among gels 
as described in Haig et al. (1994, 1995). Each 

function of ARC/INFO, joining the outermost DNA fragment (band) was independently scored 
points of each individual’s cluster. Maps dis- by two investigators. We eliminated any band 
played each female’s home range and the loca- that was lighter than the lightest bands in the 
tion of parasitized nests of cowbird young with molecular weight sizing standards. To calculate 
known degrees of genetic relatedness. We used band-sharing among individuals on all gels, 
three classifications for the spatial relationship band sizes were hand-digitized and resulting 
between a female’s home range boundary and data entered into computer programs designed 
her parasitized nests: “inside,” “close to” by Therion Corporation. Prior to making com- 
(within a 50-m buffer zone of the boundary), parisons among cowbirds, MWSS lanes were 
and “distant from” (beyond a 50-m boundary). compared within gels and then among gels to 
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determine the accuracy and precision of our 
band matching methodology. The program 
matched identical MWSS bands within and 
among gels. 

Band sizes for each individual were then de- 
termined by comparison to the MWSS within 
the range of 13.823-2.532 kb. Using this method 
the sizing error within and between gels was es- 
timated to be + 0.6% of band size (i.e., the total 
range was equal to 2 SD or 1.2% of band size; 
Balazs et al. 1989, 1990; Risch and Devlin 
1992). Therefore, when determining band-shar- 
ing between individuals, bands were considered 
to be a match when their respective sizes over- 
lapped within a range of + 0.9% of each band 
size (i.e., the total range is equal to 3 SD or 1.8% 
of band size). These values were consistent with 
those reported by Galbraith et al. (1991) who 
suggested that the distance between bands be at 
least 2.8 SD before they are declared different 
at the 0.05 level. 

DATA ANALYSES: INVESTIGATING HOST 
SELECTION PA~ERNS USING GENETIC DATA 

Comparing band-sharing coefficients 
among groups 

We examined several factors that might influ- 
ence cowbird laying behavior: (1) location of fe- 
male’s home range; (2) host nest height (low, 
medium, high); (3) host adult mass; (4) host egg 
volume; (5) host body length; (6) host clutch 
size; and (7) host taxonomic identity (by sub- 
family). We tested the influence of each factor 
by comparing average relatedness (BSCs) be- 
tween groups of cowbirds. Comparison of 
groups of BSCs maximizes the information that 
can be gleaned from a large sample of BSCs 
without assigning maternity. Each factor was 
tested by comparing the average relatedness of 
pairs of individuals with a similar value (for that 
factor) with the average relatedness of individ- 
uals with dissimilar values. Standard errors were 
calculated separately for each group following 
Lynch (1988, 1990) by taking a random sample 
of pairs, where no pair shared an individual with 
any other pair, and treating each pair as uncor- 
related. Standard errors for the mean pairwise 
bandsharing coefficients were then calculated 
using a conservative estimate of the correlation 
between pairs with one individual in common. 
A correlation of 0.5 was used, which was ap- 
proximately the upper 95% point of a bootstrap 
distribution of the correlation calculated from 
uncorrelated pairs of pairs with one individual 
in common (Lynch 1988). The standard error 
calculated for the difference was used in the 
power calculations. 

Estimating most likely mother-offspring pairs 

We assigned probable maternity of cowbird 
young on the basis of BSCs using as a cut-off 
value the upper 95% confidence interval. BSCs 
have been repeatedly shown to be a robust es- 
timate of relatedness (Lynch 1988, 1990; Web- 
ster and Westneat 1998). For most typical out- 
bred avian taxa using the Jeffreys’ probe, the 
band-sharing or similarity index (S of Lynch 
1988, 1990) varies between about 0.1 and 0.4 
among unrelated individuals and between 0.5 
and 0.8 for first-order relatives (Burke et al. 
1989, Meng et al. 1989, Morton et al. 1990, 
Westneat 1990, Oring et al. 1992, Stutchbury et 
al. 1994). Thus, pairs of individuals in popula- 
tions with S-values greater than 0.5 are very 
likely to be siblings or parents and offspring 
(Lynch 1988). We confirmed this finding in Year 
1 of the study when we did multilocus analyses 
of cowbird DNA using Jeffreys’ probe (Hahn 
and Fleischer 1995); we found a significant dif- 
ference between the mean BSCs for unrelated 
individuals (mean = 0.31 2 0.08) vs. mothers 
and offspring (mean = 0.45 + 0.13). We had 
confirmed this finding by also calculating a cut- 
off value to define first-order I latives using the 
upper 95% confidence limit. 

For Year 2, we generated cut-off values to de- 
fine first-order relatives using the upper 95% 
confidence limit (probe Opt-03: 0.30 2 2(0.10) 
= 0.50; Opt-05: 0.24 ? 2(0.12) = 0.48) as in 
Haig et al. (1994, 1995) and Hahn and Fleischer 
(1995). We assigned putative mothers to young 
when a mother-young pair had a BSC 2 cut-off 
value on at least one probe. 

RESULTS 

CHARACTERISTICS OF FEMALE COWBIRD 
HOME RANGES 

Cowbird females followed at least 10 days 
and which had at least 10 point locations (N = 
12), consistently used an identifiable home range 
throughout the breeding season. Their point lo- 
cations created a characteristic cluster of points 
within a defined spatial area (Fig. 2). The aver- 
age home range size for these principal females 
was 9.38 ha + 7.9 SD, range = 2.6-32.2 ha, 
median = 7.6 ha. 

Cowbirds were commonly seen in feeding 
flocks in the afternoon and early evening. Flocks 
congregated at a variety of sites in the Millbrook 
township including the lawn of the field station 
at RUFRC as well as at barns and fields asso- 
ciated with local dairies, horse, and cattle farms, 
and at residential bird feeders (Fig. 1). We did 
not find a communal evening roost of the cow- 
birds in this study area. We conducted several 
searches for individual radio tagged females at 
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FIGURE 2. The home ranges, showing zones of 
overlap, of the 12 principal female cowbirds followed 
by radiotelemetry in Millbrook, NY, 1992. 

dusk and after nightfall, but on each occasion 
located only a single female on her home range. 

HOME RANGE FIDELITY ACROSS SUCCESSIVE 
BREEDING SEASONS 

The characteristic home ranges of females 
within the host community were re-established 
from one breeding season to the next. For ex- 
ample, one female (F91337) used a Year 2 home 
range that overlapped with 53% of her Year 1 
home range; in Year 3, she used a home range 
that consisted of 89% of the area she used as 
home ranges in Years 1 and 2 (Fig. 3). 

We have multi-year data on six females radi- 
oed in Year 2 of the study, and each returned to 
nearly the same spatial area as its previous home 
range. The mean size of the 13 home ranges 
established over three years by the six females 
was 8.0 ha + 5.3. The mean home range size in 
Year 2 was 9.38 + 7.9 when looking at the 12 
principal females, and it was 7.0 ha + 3.2 (Year 
2) when looking only at the subset of six fe- 
males with multi-year data. Home range size did 
not differ among years (one-way ANOVA: F,,,, 
= 2.31, P > 0.14). 

A multi-year map of home ranges of six of 
the seven females for which we have telemetry 
data in more than one year displays how consis- 
tently each individual returned to the same dis- 
tinct home range (Fig. 4). While there was some 

Year3 

FIGURE 3. The home range fidelity of a female 
cowbird (F9 1337) followed by radiotelemetry over 
three successive breeding seasons in Millbrook, NY, 
1991-1993. 

y’ 
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FIGURE 4. The home range fidelity of six female 
cowbirds that were followed for more than one year 
via radiotelemetry at Millbrook, NY, 1991-1993. The 
home range outlined in a dotted line was observed in 
1991. Six home ranges outlined in black solid lines 
were observed in 1992. The five home ranges outlined 
in dashed lines were observed in 1993. 
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TABLE 1. SIZE OFTHE STUDY POPULATION OFCOWBIRDS ATMILLBROOK,NY, 1991-1993, BASED ON INDIVIDUALS 
TRAPPED ON THE FEEDING GROUND, 15 MAY-25 JULY 

Hatch Year Birds (HY) 

Females Males Eggs and 
nestlingsa Fledglings TOtal HYI 

N % N % N N N females 

1991 53 92 16 109 125 2.36 
1992 111 127 72 36 108 0.97 

1991 adult returns 23 21% 20 15.7% 
1991 HY returns 7 11 

1993 43 64 61 90 151 3.5 
a Found in host nests on the study we. 

year to year variability, each female returned to 
a characteristic area within the landscape. Trap- 
ping records showed that 21% of the females 
were returnees and thus were familiar with the 
study area and the avian host community (Table 
1). 

Home range overlap zone between neighbors 

Neighboring home ranges overlapped in their 
use of space (Fig. 2). Because it was extremely 
rare to actually sight the female being radi- 
otracked, disputes between neighbors were ob- 
served infrequently. We noted only eight bound- 
ary disputes in the form of physical chases or 
aggressive calling during 3 weeks (approximate- 
ly 120 hours) of following six radio tagged fe- 
males during Year 1. However, resident females 
were highly responsive to unknown “intruders,” 
as indicated by our playback experiments; dur- 
ing Year 1, resident females responded every 
time to experimental playbacks of cowbird au- 
diotapes, approaching, and making visual or au- 
ditory contact in the vicinity of the playback 
speaker (binomial exact interval 0.607, 1.000; N 
= 6, P < 0.05). This suggested that female cow- 
birds responded to intruders and defended a 
home range. 

We explored the possibility that overlapping 
home ranges were characteristic of neighboring 
females that were close relatives; however, we 
found that the average BSCs of female cowbirds 
who shared overlapping home ranges was not 
different from the average BSCs of female cow- 
birds who did not share overlapping home rang- 
es (Table 2, last hypothesis; P > 0.1). 

HOME RANGE-BASED HOST SELECTION 

Female cowbirds laid their eggs within their 
home range (Table 2, first hypothesis; P < 
0.001). We found that female cowbirds were 
more closely related to the young cowbirds in 
nests inside their home ranges than to young in 
nests outside their home ranges, based on the 
difference between average bandsharing coeffi- 
cients of the two groups. No other relationship 

was found between groups of young cowbirds 
based on other ecological and biological param- 
eters that could have affected females’ host se- 
lection patterns (e.g., nest height or host species; 
Table 2). The same pairwise comparisons of the 
average bandsharing coefficients between two 
groups were conducted for each hypothesis, but 
no significant differences were found between 
any groups. 

ESTIMATING MOST LIKELY 

MOTHER-OFFSPRING PAIRS 

Effective cowbird fecundity 

We found 298 nests in the study area, belong- 
ing to 26 species that are known cowbird hosts, 
and 31% were parasitized (Table 3). We collect- 
ed samples from 72 cowbird eggs and nestlings, 
and 61 yielded successful genetic analyses. Over 
three-quarters of these 61 young cowbirds (N = 
50, including one egg laid in the lab by a female 
held overnight) were assigned to probable moth- 
ers (N = 29) on the basis that all pairs had BSCs 
on one or both probes that fell outside the 95% 
confidence interval. Eleven young cowbirds (11 
/ 61 = 18%) could not be assigned to a probable 
mother, because they did not share a high 
enough BSC with any adult female in our sam- 
ple. We estimated cowbird fecundity by calcu- 
lating the ratio of cowbird eggs detected to the 
number of females to which they were assigned, 
and at this study site we found it to be 1.7 2 
1.2 eggs per female (i.e., 50 eggs/29 assigned 
females). The 14 females to whom no young 
were assigned may have been inactive breeders, 
or they may have laid eggs that did not yield 
genetic material (N = 11) or that we did not 
find. Seventeen of the 29 actively breeding fe- 
males (58.6%) were assigned one egg, and over 
three-quarters of the known breeding cowbird 
females (23129 = 79.3%) were assigned only 
one or two eggs (Fig. 5). Only one female in our 
sample (l/29 = 3.4%) was assigned more than 
three eggs. 

This estimate of fecundity (1.7 eggs per fe- 
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TABLE 3. THECOWBIRDHOST COMMUNITYATMILLBROOK,NY, 1992 

Host species 
TOtal Parasitized 

N N ?z 

Eastern Wood-Pewee 
(Contopus vii-ens) 

Eastern Phoebe 
(Sayornis phoebe) 

Least Flycatcher 
(Empidonax minimus) 

Blue-headed Vireo 
(Vireo solitarius) 

Red-eyed Vireo 
(Vireo olivaceus) 

Carolina Wren 
(Thryothorus ludovicianus) 

Blue-gray Gnatcatcher 
(Poliptila caerulea) 

Wood Thrush 
(Hylocichla mustelina) 

Veery 
(Catharus fuscescens) 

Hermit Thrush 
(&that-us guttatus) 

Blue-winged Warbler 
(Vermivora pinus) 

Black-and-white Warbler 
(Mniotilta varia) 

Yellow-rumped Warbler 
(Dendroica coronata) 

Worm-eating Warbler 
(Helmitheros vermivorus) 

Ovenbird 
(Seiurus aurocapillus) 

Louisiana Waterthrush 
(Seiurus motacilla) 

Common Yellowthroat 
(Geothlypis trichas) 

American Redstart 
(Setophaga ruticilla) 

Northern Cardinal 
(Cardinalis cardinalis) 

Eastern Towhee 
(Pipilo erythrophthalmus) 

Song Sparrow 
(Melospiza melodia) 

Field Sparrow 
(Spizella pusilla) 

Chipping Sparrow 
(Spizella passerina) 

Rose-breasted Grosbeak 
(Pheucticus ludovicianus) 

Scarlet Tanager 
(Pirunga olivacea) 

Red-winged Blackbird 
(Agelaius phoeniceus) 
Total 

4 

21 

4 

2 

11 

3 

2 

60 

31 

13 

5 

2 

1 

5 

20 

8 

4 

37 

6 

6 

14 

4 

18 

10 

4 

3 

298 

0 

6 

1 

0 

6 

1 

0 

5 

7 

7 

0 

0 

10 

2 

1 

13 

2 

0 

0 

1 

2 

0 

68 

0 

28.6 

25.0 

0 

54.5 

33.3 

0 

8.3 

22.6 

53.8 

20.0 

50.0 

0 

0 

50.0 

25.0 

25.0 

35.1 

16.5 

33.3 

7.1 

0 

0 

10.0 

50.0 

0 

30.56 
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FIGURE 5. Estimate of effective cowbird fecundity 
at Millbrook, NY, 1992, based on the number of eggs 
detected in the study area and assigned to probable 
mothers on the basis of DNA analyses. 

male) constitutes a minimum estimate of cow- 
bird fecundity that reflects only the parasitized 
nests that we found. In effect, the number of 
nests found gives us an estimate of host density, 
which in conjunction with genetic analyses de- 
fines cowbird fecundity. However, we also cal- 
culated an upper estimate of cowbird fecundity 
to take into account any parasitized nests in the 
study area that we did not find. We calculated 
this upper estimate of host fecundity using data 
on host density from point-count surveys (Table 
4). Point-count survey data suggested an upward 

correction of host density estimates for 10 of 13 
parasitized species with correction factors rang- 
ing from 1.13 (Wood Thrush) to 13.33 (Red- 
eyed Vireo). The resulting estimate of effective 
cowbird fecundity was 8.16 eggs per female. 

Home range-based host selection 

We used ARC/INFO to display each female’s 
home range and the parasitized nest(s) holding 
her assigned young. An overview of the study 
area (Fig. 6) shows the home ranges of nine of 
the females for which we had radiotelemetry 
data, genetic data, and assigned young. Seven of 
the 13 (54%) females in our sample laid their 
assigned eggs either inside or close (< 50 m) to 
their home range boundary (Table 5); six laid 
eggs in nests more distant than 50 m beyond 
their home range boundaries (mean = 401 2 
331, range = 105-1070 m). Three females had 
assigned young only in distant nests, but eggs 
that did not yield genetic material were also 
found in nests inside their home ranges (Table 
5). All but one of the parasitized nests > 50 m 
from the home range boundary were multiply 
parasitized and were typically found in conspic- 
uous locations. 

MULTIPLY PARASITIZED NESTS 

Female cowbirds avoided laying more than 
one of their own eggs in a single host nest. 

TABLE 4. ESTIMATES OF EFFECTIVE COWBIRD FECUNDITY AT MILLBROOK, NY, 1992, BASED ON Two DIFFERENT 

MEASURES OF HOST DENSITY 

Fecundity estimates 

Nest density-based Point-count density-based 

No. Pointr count Point’ 
HOSta cowbird HOStC Pointd count adJusted Co”“t 

density eggs Female” density correction number adjusted 
Species per 100 ha found laying rate per 100 ha factor of eggs laying rate 

Wood Thrush 27 2 0.07 30.6 1.13 2.3 0.08 
Eastern Phoebe 10.2 8 0.28 5.8 1 8 0.28 
Ovenbird 8.8 7 0.24 38.7 4.4 30.8 1.06 
American Redstart 16.4 8 0.28 147.2 8.98 71.8 2.48 
Veery 13.7 5 0.17 96.7 7.06 35.3 1.22 
Red-eyed Vireo 4.9 4 0.14 65.3 13.33 53.3 1.84 
Blue-winged Warbler 3.1 1 0.03 15.7 5.06 5.1 0.18 
Hermit Thrush 5.8 6 0.21 4.5 1 6 0.21 
Song Sparrow 10.2 2 0.07 4.8 1 2 0.07 
Scarlet Tanager 1.8 1 0.03 12.1 6.72 6.7 0.23 
Eastern Towhee 2.7 4 0.14 4.2 1.56 6.2 0.22 
Louisiana Waterthrush 3.5 1 0.03 22.7 6.48 6.5 0.22 
Rose-breasted Grosbeak 4.9 1 0.03 10.1 2.06 2.1 0.07 

Total eggs 50 236.1 
Fecundity estimates 1.72g 8.16 

a Host density based on actual number of nests found. 
b Laying rate per 29 females with assigned young. 
c Host density based on point count surveys. 
d Ratio of point count to nest density. 
r Number of eggs found X correction factor. 
f Nest density laying rate X correction factor. 
8 Based on actual number of nests found and cowbird eggs assigned using genetic analyses. 
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FIGURE 6. Results of integrated radiotelemetry and 
genetics studies of cowbirds in Millbrook, NY, 1992. 
The map depicts the spatial relationship between nine 
female’s home ranges and the 16 parasitized nests con- 
taining eggs assigned to these females. Nests (small 
circles) are lettered to match the letter of the home 
range of the female that parasitized them. 

While multiple parasitism characterized nearly 
one-third of the nests in the study area, we noted 
multiple parasitism of one nest by the same fe- 
male in only one case. Nearly three-quarters of 
the multiply parasitized nests for which we had 
genetic results (1 l/15 = 73%) lay in locations 
within overlap zones covered by more than one 
known home range. 

DISCUSSION 

The results presented here, combining genetic 
and telemetry data, suggest the importance of 
the home range in cowbird breeding behavior. 
The three principal results we report are female 
cowbirds’ use of a characteristic home range 
year after year, lower cowbird fecundity than ex- 
pected, and avoidance of multiple laying in a 
single nest by female cowbirds. These three el- 
ements of cowbird breeding behavior challenge 
the stereotype of cowbirds as a species that pro- 

TABLE 5. SUMMARY OF THE LAYING PATTERNS OF 

COWBIRDS IN RELATION TO THEIR HOME RANGES 

Location of parasitized nests No. females 

At least one egg laid inside mother’s 6 
home range 
1. All eggs inside 3 
2. Some eggs inside and some close 2 
3. Some eggs inside, some close, and 1 

some distant 
All eggs laid close” to mother’s home 1 

range 
All eggs laid distantb from mother’s 3 

home range 
Some eggs laid distant from mother’s 3 

home range and some laid inside but 
with no genetic results 

Total 13 

a Close eggs were laid outslde of the home range but wthin a 50-m buffer 
zone of the boundary. 
b Eggs laid > 50 m from the home range boundary. 

duces a large number of young and invests no 
parental care. They substitute the picture of a 
brood parasite that produces limited numbers of 
young and does invest parental care, both by se- 
lection of known-host parents and by placing 
each parasitic egg in a separate host nest without 
a competitive cowbird sibling. The home range 
is the foundation of the known-host selection 
strategy, making it possible for female cowbirds 
to preferentially parasitize successful host pairs 
observed in previous breeding seasons. 

The first result, home range fidelity of female 
cowbirds, enables breeding cowbirds to learn the 
physical territory and thus detect more nests as 
well as observe the relative success of resident 
songbirds. This information can be used in host 
selection. The well known site fidelity of song- 
birds (e.g., Brown 1975, Krebs and Davies 
1993) makes it likely that experienced cowbird 
females return to their previous home range and 
encounter many of the same host pairs that nest- 
ed there during the preceding breeding season. 
Long-term studies of parasitism are rare, but two 
notable studies of host species reported seem- 
ingly strategic parasitism patterns that are ex- 
plained by home range-based host selection and 
preferential selection of known hosts by cow- 
birds. In Song Sparrows, cowbirds preferentially 
parasitized older females (Smith 1981, Smith 
and Arcese 1994), and in Willow Flycatchers 
(Empidonax traillii) cowbirds appeared to para- 
sitize superior host parents (Sedgwick and Iko 
this volume). Fidelity to home range has further 
benefit for cowbirds, allowing females to mon- 
itor the progress of their young in host nests. 
Such monitoring has already been reported for 
the parasitic Great Spotted Cuckoo (Clamator 
glandarius; Soler et al. 1995), and it would ex- 
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plain how female cowbirds were found associ- 
ating with their own offspring after fledging 
(Hahn and Fleischer 1995). 

Several previous investigators have shown 
that cowbirds use a home range (Dufty 1982a, 
Darley 1983, Teather and Robertson 1985, Yokel 
1989, Smith and Arcese 1994, Raim in press), 
but this is the first report of genetic evidence 
linking a female cowbird’s use of a home range 
to her egg-laying pattern. In this diverse avian 
community spanning forest, edge, and old field 
habitats, female home range was the only pre- 
dictor of which nests would be parasitized. No 
other biological or ecological factor predicted 
where an individual cowbird would lay an egg, 
including host species identity, body size, clutch 
size, egg size, incubation period, or nest height. 
Rather than targeting a particular host species, 
as some investigators have suggested (e.g., 
Walkinshaw 1983), each individual female cow- 
bird used a mixture of host species. Such lack 
of host specialization is, of course, the expected 
pattern if female cowbirds use their home range 
as an egg-laying range. Host territorial behavior 
creates species-specific spacing patterns that ef- 
fectively limit the number of nests of any one 
host that occur within a single cowbird’s home 
range. 

We observed few instances of aggressive be- 
havior at territorial boundaries, which is consis- 
tent with other observations that female cow- 
birds have non-exclusive home ranges (e.g. 
Payne 1977, Fleischer 1985). Krebs and Davies 
(1993) review the concept of territories with re- 
newing resources, using those with flowers for 
nectar-feeding birds as the classic example of a 
system in which the owner’s knowledge of the 
pattern of resource renewal and location of re- 
cently depleted patches may be so superior to an 
intruder’s that the need for defensive behavior is 
reduced. Brood parasites similarly depend on re- 
newing resources, a series of host nests that are 
available for receiving a parasitic egg only at 
brief, precise time intervals. Since it was not our 
objective in this study to obtain a thorough de- 
scription of home range acquisition and main- 
tenance, we did not follow individuals for long 
periods each day and thus we cannot evaluate 
how territorial defense may be used. However, 
future studies of cowbirds may examine whether 
female cowbirds display more aggressive behav- 
ior early in the breeding season when home 
ranges are being established, as is characteristic 
in many species (Stamps 1994). 

The second principal result of this study is 
that effective cowbird fecundity is lower than 
previous studies of fecundity have suggested. 
We use the term “effective cowbird fecundity” 
(S.I. Rothstein, pers. comm.) to describe only 

those eggs that cowbirds succeed in laying in 
appropriate host nests and that are not subse- 
quently ejected by hosts. Based on ovarian dis- 
sections of wild breeding birds, several investi- 
gators have independently estimated a high cow- 
bird laying rate of 0.7-0.8 eggs per day with an 
extrapolation to 20-40 eggs per season (Payne 
1976, Scott and Ankney 1983, Rothstein et al. 
1986b). However, the physiological egg-laying 
capacity, or raw fecundity, of cowbirds is likely 
to be higher than their effective fecundity, be- 
cause when a cowbird does not find a host nest 
in which to lay, she may dump the egg in an 
inappropriate nest (e.g., Mourning Dove, Zena- 
idu macroura; D.C. Hahn, pers. obs.) or other 
site, she may reabsorb the egg in the oviduct 
(Payne 1998) or she may eat it after laying to 
regain nutrients (R.C. Fleischer, pers. comm.; 
D.C. Hahn, pers. obs.). In addition, a number of 
cowbird eggs are successfully ejected by some 
hosts (Rothstein 1975a). Effective fecundity is 
the measurement of interest to conservation bi- 
ologists and resource managers, since it reflects 
the true impact cowbirds potentially have on 
host species’ reproductive success. 

The average number of eggs that we detected 
and assigned to individual cowbird females us- 
ing genetics techniques was 1.7 ? 1.2 eggs per 
female (range = l-4). This estimate is a lower 
bound on effective fecundity, because it does not 
include cowbird eggs in nests we did not find or 
eggs that did not yield genetic results. We cal- 
culated 8.16 eggs per female as the upper bound 
of effective cowbird fecundity using host density 
estimates from point count surveys in the study 
area (Table 4). Our subjective assessment of the 
study area based on field experience did not sug- 
gest that there were nearly five times more nests 
present than we found, but many factors hamper 
a field study in locating all parasitized nests and 
cowbird eggs in a large study area. Nests located 
in the forest canopy are particularly difficult to 
locate, and predation of parasitized nests or re- 
moval of a cowbird egg by rival cowbirds can 
occur before an observer finds the nest. Once a 
host abandons a parasitized nest, observers are 
less likely to find it without the cues associated 
with active nests. 

Trapping data offer a third perspective on ef- 
fective cowbird fecundity. We ran traps until late 
in the breeding season on lawns adjacent to the 
study area, and we captured a number of re- 
cently fledged cowbirds (with short tails) that 
appeared to have emerged from nests that we 
had not found (Hahn and Fleischer 1995). We 
calculated the ratio of total cowbird young found 
(including eggs and nestlings found in host nests 
plus cowbird fledglings trapped) to total adult 
females trapped during the breeding season (Ta- 
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ble 1). For 1992 this yielded a fecundity esti- 
mate of 0.97 young per female, a lower estimate 
than the one we first calculated using only the 
young found in host nests that could be assigned 
to adult females using genetic analyses (Table 
4). We used our radiotelemetry data to evaluate 
this ratio of 0.97 and to determine whether it 
was skewed by females that came to the feeding 
site but were not breeding in the local area. Spe- 
cifically, since we had attached radio transmit- 
ters to 26 females and subsequently located only 
19 (73%) of these females within the study area, 
we reduced the estimate of trapped females by 
27%. This increased the ratio of effective fecun- 
dity from 0.97 to 1.33 young per female, still 
lower than the 1.72 eggs per female estimated 
from nest searching data alone. It is important 
to note that this estimate of cowbird fecundity 
using fledglings and trapping data is both more 
robust and more limited than the estimate using 
only nest data, since the number of fledgling 
cowbirds trapped reflects the number of cowbird 
eggs laid minus any egg and nestling mortality; 
at the same time it may include additional cow- 
bird eggs that hatched and fledged from nests 
that were not detected. 

The range of estimates of cowbird fecundity 
considered here and the proposed difference be- 
tween effective fecundity and raw fecundity em- 
phasize the difficulty of measuring accurately 
the pressure of parasitism on a host community. 
Given this difficulty, the most reliable approach 
of measuring cowbird impact on host species ap- 
pears to be the long-term studies that track the 
cost that parasitism imposes on lifetime repro- 
ductive success of individual birds. Such studies 
have shown that parasitism exerts severe pres- 
sure in some communities (e.g., Wood Thrush 
in southern Illinois; Robinson 1992, Trine in 
press) and limited pressure in others (Song Spar- 
row in British Columbia, Smith and Arcese 
1994; Indigo Bunting in Michigan, Payne 1998; 
Willow Flycatcher in eastern Oregon, Sedgwick 
and Iko this volume). 

We suggest that the third finding of this study, 
that individual female cowbirds avoided laying 
more than one of their own eggs in a host nest, 
is an indicator of cowbird parental investment. 
Laying more than one egg in a nest makes 
breeding easier for the cowbird female because 
it reduces the number of nests she must find. 
However, multiple parasitism of single nests 
probably reduces her reproductive success be- 
cause it puts her aggressive offspring in com- 
petition with one another (Nice 1937, Klaas 
1975, Nolan 1978, Walkinshaw 1983). Trine (in 
press) found that each additional cowbird egg in 
a Wood Thrush nest reduced cowbird hatching 
success by 8-10%. Home range-based breeding 

behavior increases the home range holder’s 
chances of being the first to parasitize a given 
host nest and to parasitize it at the optimum time 
because the owner knows her territory and its 
resources better than any intruder female. 

The explanation for the multiply-parasitized 
nests in our study area may be other pressures 
that conflict with the strategy of single parasit- 
ism to optimize an individual cowbird chick’s 
survival. For example, a cowbird might lay her 
second egg in a previously parasitized nest if the 
host nest that she had targeted were unexpect- 
edly lost to predation, weather damage, or other 
accidents (e.g., Morse 1988, Wiens 1992). As 
the breeding season progresses, the costs of lay- 
ing twice in a host nest decline relative to the 
risk of not finding a better, future laying oppor- 
tunity. 

Finally, multiple parasitism is probably often 
the result of opportunistic laying by a yearling 
female cowbird. While experienced female cow- 
birds may lay most eggs inside their home 
range, younger females probably lay more eggs 
outside a home range. Our data do not permit 
testing this hypothesis, because we lack infor- 
mation on cowbird females’ ages. However, two 
of Darley’s (1983) findings suggest that yearling 
cowbird females may not be mature enough to 
hold a home range. Darley observed that youn- 
ger cowbirds were less consistent in their use of 
home range and that for both male and female 
cowbirds dominance hierarchies dictate behavior 
among birds of the same gender. Unable to hold 
a home range, yearling cowbird females may 
employ a callow host selection strategy, search- 
ing widely throughout the host community and 
parasitizing any conspicuous nest. The challeng- 
es of the brood parasitic breeding strategy prob- 
ably force yearling females to lay many eggs 
that have a low probability of success, either in 
previously parasitized nests or in nests that are 
not at the optimal stage in the host’s breeding 
cycle. As a female cowbird acquires experience 
over successive seasons, we suggest that she 
would master the known host selection strategy: 
establish a home range, study the host birds 
within the range, and synchronize her parasitic 
laying schedule with that of the best pairs. 

The frequency of multiple parasitism among 
communities varies widely according to pub- 
lished reports (e.g., Wiens 1963, Brittingham 
and Temple 1983, Collins et al. 1988, Robinson 
1992, Hahn and Hatfield 1995, Payne 1998, 
Trine in press). Cowbird density or host density 
are the factors typically assumed to determine 
frequency of multiple parasitism. However, our 
conclusions support Holford and Roby’s (1993) 
suggestion that age structure of the cowbird pop- 
ulation may also be a factor, with higher rates 
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of multiple parasitism occurring in cowbird pop- 
ulations that have a larger proportion of yearling 
and young females. If experienced cowbird fe- 
males rely on home range-based breeding be- 
havior and on a known-host selection strategy, 
then a host community parasitized by a stable 
cowbird population with a diverse age mix 
would experience lower levels of multiple par- 
asitism and less negative impact from brood par- 
asitism. In contrast, a host community parasit- 
ized by a disproportionately high number of 
yearling cowbirds or new immigrants would ex- 
perience more multiple parasitism and more 
negative impact. 

MANAGEMENT IMPLICATIONS 

The patterns reported here characterize the 
cowbirds we studied in the northeastern U.S. 
where cowbird populations are not expanding 
(Robbins et al. 1989, Peterjohn et al. in press). 
Comparative studies are required in the West 
and Southwest to see if the home range-based 
breeding behavior that we observed also char- 
acterizes cowbirds in regions where parasitism 
exerts severe pressure on host communities and 
cowbird management programs are underway. 

The known-host selection strategy proposed 
here suggests that knowledge of cowbird popu- 
lation demographics can assist wildlife managers 
in managing cowbird parasitism and determin- 
ing whether to initiate cowbird trapping pro- 
grams. For example, in a stable cowbird popu- 
lation composed of mixed-age birds, a large pro- 
portion of females would be experienced breed- 
ers that will primarily parasitize a mix of host 
species within their individual home ranges. 
However, in communities where cowbird trap- 
ping programs are in place, a high proportion of 
the cowbird population each year will be im- 
migrant, yearling females, which may dispro- 
portionately parasitize conspicuous hosts. En- 
dangered species such as the Least Bell’s and 
Black-capped vireos that advertise the nest site 
by song would be more at risk from a population 
of younger cowbirds that lay a large proportion 
of their eggs opportunistically in the nests of 
conspicuous hosts. Continuous trapping proba- 
bly prevents the cowbird population from sta- 
bilizing and developing a predominance of older, 
experienced females that would exert a lower 
parasitism rate on vireos. Managers of endan- 
gered species populations should beware of in- 
termittent or inconsistent trapping programs. 
These may expose conspicuous host species to 
unexpectedly high parasitism rates by the high 
numbers of yearling females that characterize a 

local cowbird population in off years when trap- 
ping is not underway. 

Host-parasite population dynamics also sug- 
gest that host communities that experience 
steady levels of cowbird parasitism across long 
time periods may evolve better defenses against 
parasitism than host communities that experi- 
ence intermittent parasitism. For example, secre- 
tive behavior and camouflaged nest building 
may be effective against younger, inexperienced 
cowbirds that search opportunistically, but not 
against the majority of experienced females that 
maintain a home range and search it thoroughly 
for all nests. More aggressive host defense, such 
as physically preventing a cowbird’s access to 
lay her egg or physically ejecting the parasite 
egg, may evolve sooner in host communities 
where cowbird populations are stable and where 
experienced home range-based females exert 
steady selection pressure on all hosts. This sug- 
gests that resource managers be alert to the neg- 
ative effect of cowbirds on host communities 
that are experiencing intermittent parasitism, 
whether due to natural population cycles or to 
trapping programs that are inconsistent or short 
term. In these communities, population stability 
should be monitored most carefully in species 
that lack secretive behavior and camouflaged 
nest building and thus may serve as indicator 
species. 
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COMMON YELLOWTHROAT BROOD PARASITISM AND NEST 
SUCCESS VARY WITH HOST DENSITY AND SITE 
CHARACTERISTICS 

HILDIE SPAUTZ 

Ahstmct. I found significant differences in the level of Brown-headed Cowbird (Molothrus ater) 
brood parasitism and nest success of Common Yellowthroats (Geothlypis trichas) nesting at different 
densities and in different habitats on the South Fork Kern River, CA. Of 149 active nests, 16% were 
parasitized in 1995 and 36% in 1996. Yellowthroats responded to parasitism with an increased rate of 
nest desertion. Parasitized clutches were significantly smaller and produced significantly fewer fledg- 
lings, but the decrease in Mayfield nest success rate was not statistically significant. There were 
significant differences among sites in terms of parasitism rates, predation and Mayfield nest success. 
Nests in an extensive cattail marsh were rarely parasitized (4-5% of nests), experienced the lowest 
predation rates, and had the highest nest success. Common Yellowthroat density was significantly 
negatively correlated with parasitism. A forward step-wise logistic regression model developed without 
the marsh nests included four habitat variables. A higher level of parasitism was associated with nests 
built near smaller trees, and with three habitat measures in a 0.008 ha circle centered on the nest: 
fewer vegetation hits between 2 and 2.5 m and higher percent cover of cattails and willows. 

Key Words; brood parasitism, Brown-headed Cowbird, Common Yellowthroat, Ceothlypis trichas, 
Moluthrus uter. riparian habitat, riparian restoration. 

The Common Yellowthroat (Geothlypis trichas) 
is one of the most widely distributed and locally 
abundant neotropical migrant passerines (Dunn 
and Garrett 1997). It is also a common host of 
the Brown-Headed Cowbird (Molothrus ater) 
across its range (Hofslund 1957, Brown 1994). 
Many other small-bodied open-cup nesters are 
experiencing population reductions that may be 
due in part to a significant reduction in nesting 
success associated with increases in brood par- 
asitism by the cowbird (Laymon 1987, Marvil 
and Cruz 1989, Bohning-Gaese et al. 1993). 
Some species are particularly vulnerable and 
rarely fledge their own young from parasitized 
nests (Marvil and Cruz 1989, Harris 1991). The 
effects of parasitism on the Common Yellow- 
throat are largely unknown. One subspecies, G. 
t. sinuosa, of northern California, is experienc- 
ing a decline in population size in large part due 
to habitat destruction, but possibly also due to 
brood parasitism (Hobson et al. 1985). 

One objective of this study was to describe 
the impact of brood parasitism on the nesting 
success of the Common Yellowthroat. Parasitism 
may trigger several responses in a host, includ- 
ing nest desertion, burial of eggs in nest mate- 
rial, egg ejection, or acceptance (Clark and Rob- 
ertson 1981). If an egg is accepted, there may 
be a reduction in the number of host young 
fledging due to a reduction in clutch size (Sealy 
1992), further partial predation of host eggs or 
of young (Arcese et al. 1996), or loss of nest- 
lings due to starvation (Marvil and Cruz 1989). 
I compared the occurrence of these effects in 
parasitized nests with that in unparasitized nests. 

A second objective concerns the examination 
of patterns of parasitism in yellowthroats at the 
landscape level. Yellowthroats breed in a wide 
range of marsh, riparian, and adjacent upland 
habitats. In this study, I compared parasitism 
rates and nesting success of a population found 
in a natural riparian area, two nearby riparian 
restoration sites, and a marsh. 

Several hypotheses have been proposed to ex- 
plain the differences in brood parasitism among 
habitat types or sites. I will test whether para- 
sitism rates vary among sites due to (1) differ- 
ences in cowbird density, (2) differences in host 
density, and (3) differences in habitat structural 
characteristics at the scale of the nest or of the 
site (Clark and Robertson 1979, Larison 1996; 
Barber and Martin 1997; Larison et al. 1998; G. 
Guepel and N. Nur, unpubl. data; S. Rothstein, 
unpubl. data). 

STUDY SITE 

The study site is located within the South 
Fork Kern River Preserve, in Kern Co., Califor- 
nia, at an elevation of approximately 800 m. The 
preserve was purchased and restored by The Na- 
ture Conservancy and is now being managed by 
the Audubon Society. 

Five adjacent but distinct natural forest and 
restoration sites were studied (Fig. 1). Riverbot- 
tom site was a mature, natural cottonwood-wil- 
low riparian forest (dominants Populus fremontii 
and Salix Zaevigatu), with many trees over 100 
years old. Grazing occurred here historically, but 
is no longer permitted. Understory dominants 
included mulefat (Baccharis saliczfoliu), sting- 
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FIGURE 1. South Fork Kern River Preserve study sites, 1995-1996. 

ing nettle (Urtica dioica holosericea), goldenrod 
(Solidago spectabilis), and patches of cattails 
(Typha angustifolia) and tules (Scirpus acutus). 
Approximately 4 ha of the site were surveyed in 
1995 and 20 ha in 1996. Yellowthroats were 
found in cattail marsh, near the forest edge, in 
open areas, and in mulefat patches, but were un- 
common overall in the mature forest. Other po- 
tential cowbird hosts on Riverbottom included 
Song Sparrow (Melospiza melodiaj, Red-winged 
Blackbird (Agelaius phoeniceus), Yellow War- 
bler (Dendroica petechiu), Willow Flycatcher 
(Empidonax traillii), Lazuli Bunting (Passerina 
amoena), Blue Grosbeak (Guiraca caerulea), 
and Yellow-breasted Chat (Zcteria virens). The 
most abundant host species on Riverbottom was 
Song Sparrow. During the study the average 
density of all potential cowbird hosts was 9.3 
pairs per ha. 

In 1996, approximately 7 ha of Tanager nat- 
ural forest site were surveyed. The habitat con- 
sisted of mature cottonwood-willow forest inter- 
spersed with small patches of cattail and tule 
marsh. The vegetation was similar to Riverbot- 
tom, but with a wider strip of young trees on the 
forest edge and a more open understory due to 
winter cattle grazing. Yellowthroats nested in 
cattail marsh, near the forest edge, in open areas, 
and in mulefat patches, but were uncommon 
overall in the mature forest, as on Riverbottom. 

Other potential cowbird hosts included Song 
Sparrow, Red-winged Blackbird, Yellow War- 
bler, Willow Flycatcher, Lazuli Bunting, Blue 
Grosbeak, and Yellow-breasted Chat. The most 
abundant host species on Tanager was Song 
Sparrow. During the study the average density 
of all potential cowbird hosts was 11.5 pairs per 
ha. 

Palmer restoration site, previously an irrigated 
pasture, was planted with Fremont cottonwoods 
and red willows in 1990. Fourteen hectares were 
surveyed in both years of the study. Habitat con- 
sisted of young trees with an understory of alkali 
rye (Zkymus triticoides) and various non-native 
forbs. A narrow, mature riparian strip remained 
along a seasonal irrigation channel. Other poten- 
tial cowbird hosts included Song Sparrow, Red- 
winged Blackbird, Yellow Warbler, Lazuli Bun- 
ting, Blue Grosbeak and Yellow-breasted Chat. 
Common Yellowthroat, Red-winged Blackbird, 
and Song Sparrow were all common on Palmer. 
During the study, the average density of all po- 
tential cowbird hosts was 5.2 pairs per ha. 

Palmer marsh is surrounded on two sides by 
the Palmer restoration site and is fed by an ad- 
jacent irrigated pasture drainage. The entire 2 ha 
area was surveyed both years, with the excep- 
tion of the center of the marsh, which was in- 
accessible due to high cattail density. The veg- 
etation consisted primarily of cattails inter- 
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spersed with rush (Juncus spp), sedge (Carex 
spp., Eleocharis spp.), and alkali rye in the drier 
patches. This marsh had the highest density of 
yellowthroats in both years of the study. The 
Red-winged Blackbird was the most common 
species in the marsh, while the yellowthroat was 
the next most abundant. The Song Sparrow was 
the only other potential cowbird host in the 
marsh, but was uncommon. During the study, 
the average density of all potential cowbird 
hosts (including red-wings) was 40 pairs per ha. 

Cottonwood restoration site consisted of an 
overstory of cottonwood and willow planted in 
1991. Prior to restoration it was irrigated pas- 
ture, and a thick understory of non-native forbs 
(e.g., Lactuca and Cirsium spp.) and grass (e.g., 
Hordeum spp.) remained in areas where canopy 
closure was not yet complete. There was no 
open water or marsh on the site. Approximately 
12 hectares were surveyed both years. Here the 
Common Yellowthroat was the second most 
common species following the Song Sparrow. 
Other potential cowbird hosts included Red- 
winged Blackbird, Yellow Warbler, Lazuli Bun- 
ting, Blue Grosbeak and Yellow-breasted Chat. 
During the study the average density of all po- 
tential cowbird hosts was 5.9 pairs per ha. 

METHODS 

Common Yellowthroats were mist-netted and 
banded with USFWS numbered bands and a 
unique combination of three color-bands. Stan- 
dard morphological measurements were taken 
(Ralph et al. 1993, Pyle et al. 1987). Locations 
of all yellowthroats seen or heard within the 
study sites were recorded in order to locate and 
track territories. Densities were based on inde- 
pendent spot-mapping efforts in May and June 
(IBCC 1970, Laymon et al. 1996, 1997). Loca- 
tions were estimated with the aid of a permanent 
grid of 3-m tall white posts spaced 50 m apart. 

An index of cowbird abundance was made us- 
ing spot-mapping data (Laymon et al. 1997). 
Any data on cowbird population size taken over 
an extended time period would be imprecise be- 
cause the population was always in flux due to 
trapping. However, here the spot-mapping data 
were treated as an index of habitat suitability 
and habitat use, although only for singing males. 

Nests were located by observing pair behav- 
ior. Once a nest was located, its contents were 
monitored every l-3 days. Nestlings were given 
USFWS numbered bands and a single color- 
band, and measured at approximately day 6. Af- 
ter the seventh day, we avoided approaching 
nests to minimize premature fledging (Hofslund 
1959, Martin and Geupel 1993). We assumed a 
nest was successful if it contained at least one 
yellowthroat nestling at the last visit on or after 

day 7. If we visited the nest again between day 
10 and day 14, and it was empty and damaged 
and we could not detect adults or young within 
20 m of the nest, we assumed the nest had failed. 

We manipulated some parasitized broods and 
did not include them in most analyses. Cowbird 
eggs in approximately half of the parasitized 
broods found during incubation were shaken or 
pierced to prevent hatching. These nests were 
included in prehatch calculations but were not 
included in any post-hatch calculations of nest 
success, fledglings per nest, brood size reduc- 
tion, or predation. Cowbird eggs were allowed 
to hatch only in nests selected for a study of 
nestling growth rates (H. Spautz, unpubl. data). 
If a brood was parasitized, we usually removed 
the cowbird chick on the day the yellowthroat 
young were banded (approximately day 7). Be- 
cause we did not observe parasitized broods for 
the entire nestling period, my success estimates 
of parasitized broods may be biased upward. 

HABITAT MEASUREMENTS 

Fifty-one habitat measurements were made at 
each nest. Each vegetation plot encompassed a 
0.008 ha circle (radius 5 m) centered on the nest. 
Two 10-m long ropes were laid perpendicularly 
across the circle. To avoid bias on restoration 
plots, which were planted systematically in 
north-south rows, the direction in which the 
ropes were laid was varied by +5” for each sub- 
sequent plot measured. Most plots were mea- 
sured in July or August, after yellowthroats had 
left their territories, to avoid disturbing a second 
nesting attempt. Nests were often built within 10 
m of a previous attempt. 

Nest measurements 

The following measurements were made at 
each nest: (1) NESTHT: nest height; (2) PLSP: 
nest substrate species; (3) COVSP: nest cover 
species; (4) PLHT: height of nest plant; (5) per- 
cent concealment of a white disk placed in the 
nest, (a) CONAB: as viewed from directly 
above, at standing height, (b) CONST: as viewed 
1 m away from a standing position, from each 
of the four directions (these figures were aver- 
aged), (c) CONLO: as viewed 0.5 m away from 
the ground, and from each of the four directions 
(these figures were averaged); (6) EDMIC: dis- 
tance of the nest from the edge of the micro- 
patch (the micropatch is the smallest area in the 
understory where a discontinuity between the 
nest plant and surrounding vegetation could be 
detected. If the nest was in a patch with structure 
distinctly different from the surrounding vege- 
tation, the dimensions of that clump were used. 
If the nest plant was indistinguishable from the 
surrounding vegetation, as with most cattail 
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marsh nests, the dimensions of the micropatch 
and macropatch were identical); (7) HTMIC: av- 
erage height of the micropatch; (8) AREAMIC: 
area of the micropatch; (9) EDMAC: distance of 
the nest from the edge of the macropatch (the 
macropatch is the next larger area of structural 
discontinuity in which the micropatch was 
found); (10) HTMAC: average height of the ma- 
cropatch; (11) AREAMAC: area of the macro- 
patch. 

Vegetation measurements 

The following measurements were made 
within each nest-centered plot: (12) CANCLOS: 
percent canopy cover above the nest and 5 m 
from the center in each cardinal direction, using 
a monocular viewer engraved with a lo-square 
grid (Laymon 1988; these five values were av- 
eraged); (13) lateral foliage volume: the per- 
centage of 50 squares at least one-half concealed 
on a 3 m high vertical cloth held 5 m from the 
nest, in each of the four cardinal directions, as 
viewed from the nest, (a) FOLl: between 0 and 
1 m from the ground, (b) FOL2: between l-2 m 
from ground, (c) FOL3: between 2-3 m from 
the ground (Noon 1981); (14) DNWV: distance 
from nest to the nearest tree or shrub; (15) 
SPNWV: species of nearest tree/shrub; (16) 
FOLNWV: foliage radius of nearest tree/shrub; 
(17) HTNWV: height of nearest tree/shrub; (18) 
DBHNWV: diameter at breast height of nearest 
tree/shrub estimated with a measure stick; (19) 
the percent cover of each of the following plant 
species or growth forms was estimated visually 
to the nearest lo%, and later categorized to one 
of 4 levels (O%, 0 5 lo%, 10 < 50%, 2 50%); 
the species and percent cover of the two most 
common species of grass, annual forb and brush 
was also recorded: (a) TREE, (b) WILL: willow, 
(c) COTT cottonwood, (d) GRASS, (e) FORB, 
(f) BRUSH: shrub (e.g., mulefat), (g) BARE: 
bare ground, (h) DEAD: dead forb, (i) CAT: cat- 
tail, (i) TULE; (20) HP0 to HP7: height profile, 
measured as the number of hits of vegetation (0 
or 1) within 5 cm of a marked vertical pole, in 
each 0.5 m height category up to 3 m from the 
ground, each 1 m from 3 to 7 m, and 7 m and 
up; measured at the nest, and at 1 m intervals 
out from the nest in each of the four directions 
for a maximum number of hits of 21 per plot 
per unit height above the ground. 

Other habitat measurements recorded for each 
plot included: (21) FORED: distance to closest 
forest edge (restoration or natural) or ecotone; 
(22) DISTWAT distance to closest water when 
nest was active; (23) DISPAST: distance to clos- 
est pasture. When distances could not be mea- 
sured in the field, estimates were made later us- 
ing maps. 

In addition, nests were classified as being in 
marsh habitat if they were built in marsh vege- 
tation (e.g., cattails or tules) or above water. All 
others were considered upland nests. 

DATA ANALYSIS 

Nest success was calculated using a number 
of estimates including proportion of successful 
nests, number of fledglings per nest, and the 
Mayfield daily success rate (Mayfield 1961, 
1975; Hensler and Nichols 1981). Mayfield val- 
ues were compared with the Z test in Hensler 
(1985) on Excel 3.0. 

Other tests included Pearson’s x’, Fisher’s ex- 
act P test, Spearman’s rank correlation and Krus- 
kal-Wallis one-way analysis of variance x2 (us- 
ing H as an estimate of x2). Percentage data were 
arcsine transformed to approximate normality 
(Zar 1984). Distance data (e.g., distance to pas- 
ture) were log-transformed. Except where noted 
otherwise, analyses included data from only one 
randomly chosen nesting attempt per pair per 
year. 

Univariate logistic regressions were per- 
formed using each habitat variable as the inde- 
pendent variable and presence or absence of par- 
asitism as the dependent variable. No interaction 
variables were tested. A multivariate logistic re- 
gression model was then developed using a for- 
ward stepwise method. All variables with sig- 
nificant Wald’s Z statistics (at the level of P < 
0.20) in the univariate models were added se- 
quentially beginning with the variable with the 
highest significance. A variable was then re- 
moved if its addition decreased the fit of the 
model (i.e., log-likelihood ratio and Pearson’s x2 
goodness of fit statistics), and if its Wald’s Z 
statistic was not significant at P < 0.05 (Hosmer 
and Lemshow 1989). To verify the validity of 
the model, the process was repeated using a 
backward stepwise method, beginning with a 
model containing all variables with significant 
Wald’s Z statistics (at P < 0.20) in the univariate 
models. Variables with the largest P-values were 
sequentially removed until those that remained 
were significant at P < 0.05 and the fit of the 
model was significant. 

Analyses were performed with STATA re- 
lease 5 (Stata Corporation 1997) or MINITAB 
release 8 (Minitab, Inc. 1991) for Macintosh. 

RESULTS 

EFFECTS OF PARASITISM 

In 1995, 16% of all yellowthroat nests were 
parasitized. In 1996, in spite of increasing cow- 
bird trapping efforts, the parasitism rate in- 
creased significantly to 36% (x2 = 7.42, df = 1; 
P = 0.006). Although the parasitism rate was 
higher in 1996, the effects of parasitism were 
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TABLE 1. EFFECTS OF PARASITISM ON THE COMMON YELLOWTHROAT AT THE SOUTH FORK KERN RIVER STUDY 
SITE, 1995-1996 

Proportion Proportion 
unparasitired parasitized X2 

“eStS N “‘LSB N (df = 1) P 

Behavioral response 

Nest deserted 
Eggs buried in bottom of nest 

Reduction in clutch/brood size 

Eggs removed/partial predation clutchb 
Host egg(s) remain unhatched 
Nestlings lost/partial predationC 
Loss of entire brood to predation 

0.03 102 0.12 42 0.041= 
0 102 0 42 0 1.000 

0.08 37 0.47 23 12.51 0.000 
0.20 50 0.50 20 6.30 0.012 
0.30 50 0.19 15 0.773 0.379 
0.32 94 0.50 42 3.37 0.066 

a Fisher’s exact test. 
b Nests found on or before 6th day of incubatron. 
E Nests found before day hatched: parasltxcd broods consndered are only those in which a cowblrd hatched 

generally not significantly different between 
years, so the years were pooled for all analyses, 
except where noted. 

Yellowthroats deserted 12% of parasitized 
nests but only 3% of unparasitized nests, a sig- 
nificantly lower rate (Table 1). However, there 
was no evidence that this population of the spe- 
cies reacts to parasitism by burying cowbird 
eggs in the bottom of the nest as Yellow War- 
blers do (Clark and Robertson 1981). 

Parasitism had a variety of other significant 
effects that contributed to an overall decrease in 
brood size (Table 1). Yellowthroat eggs vanished 
due to partial predation or removal by parents 
significantly more often from parasitized than 
unparasitized nests. The rate for parasitized nests 
is probably an underestimate, since it includes 
nests that were found up to the sixth day of in- 
cubation and some earlier removals may have 
been missed. Other studies indicate that cow- 
birds often remove a host egg for each egg laid 
(Sealy 1992). Significantly more yellowthroat 
eggs did not hatch in parasitized nests than in 
unparasitized nests (Table 1). Unhatched eggs 
were rarely removed during the nestling stage. 

In only four nests (11% of parasitized nests) 
were cowbird eggs laid after incubation of the 
yellowthroat eggs had begun. None of these 
cowbird eggs hatched. Multiple parasitism was 
uncommon; only four nests were found with 
more than one cowbird egg or nestling. 

The average size of unparasitized clutches 
was significantly larger in 1995 (4.0 eggs) than 
in 1996 (3.47; Wilcoxon rank-sum Z = 2.19. df 
= 33, P = 0.03). The average size of parasitized 
clutches was smaller in 1995 (2.8 eggs) than in 
1996 (3.08), but the difference was not statisti- 
cally significant (Z = 0.00, df = 18, P = 1.0). 
There was a large clutch reduction due to para- 
sitism when years were considered separately, 
but the reduction was not statistically significant 

(1995: Z = 1.75, df = 20, P = 0.08; 1996: Z = 
1.11, df = 30, P = 0.27). However, when years 
were pooled to increase the sample size, the re- 
duction in clutch size from an average of 3.71 
to 3.00 eggs per nest was significant (Z = 2.17, 
df = 57, P = 0.03). 

After hatching, parasitized broods were no 
more likely to experience a reduction in size due 
to partial predation or nestling starvation than 
were unparasitized broods; in fact, fewer young 
disappeared from parasitized nests than from un- 
parasitized nests (Table 1). This was unexpected. 
However, 50% of parasitized broods were en- 
tirely lost to predators, whereas only 32% of un- 
parasitized broods were depredated, although the 
difference was marginally significant (Table 1). 

All of these factors had the effect of reducing 
the average number of host young fledging from 
nests of parasitized broods. There were signifi- 
cantly fewer fledglings on average from suc- 
cessful unparasitized nests in 1996 (3.06 young) 
than in 1995 (3.59 young; Z = 2.285, df = 56, 
P = 0.022). However, there was no statistically 
significant difference between years for success- 
ful parasitized nests (1995: 1.67; 1996: 1.91; Z 
= 0.326, df = 12, P = 0.744). In 1995 an av- 
erage of two fewer young fledged from parasit- 
ized broods than unparasitized broods, while in 
1996 the average was only one fewer host 
young. In both years the reduction in the number 
of young fledging per successful nest due to par- 
asitism was significant (1995: Z = 2.45, df = 
20; P = 0.014; 1996: Z = 2.50, df = 40, P = 
0.009). 

In 1995, parasitized nests had a lower May- 
field nest success rate than unparasitized nests, 
but the difference was not statistically significant 
(Z = 1.764, df = 60, P = 0.083; Table 2). The 
difference in 1996 was less pronounced (Z = 
1.090, df = 77, P = 0.278). The difference in 
success between years was low enough for un- 
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TABLE 2. SUCCESS OF PARASITIZED AND UNPARASITIZED COMMON YELLOWTHROAT NESTS AT THE SOUTH FORK 
KERN RIVER STUDY SITE, 1995-1996 

Pre-hatch Post-hatch Full nesting Proportion 
daily nest daily nest period success of nests 

survival rate” N survival ratrd N rate (SD) N succrssful~ N 

Unparasitized 1995 0.974 34 0.944 45 0.435 (0.087) 51 
1996 0.963 36 0.960 39 0.422 (0.087) 49 
pooled 0.968 70 0.949 84 0.423 (0.060) 100 

Parasitizedb 1995 0.939 9 0.875 5 0.143 (0.141) 11 
1996 0.952 24 0.931 17 0.283 (0.094) 30 
pooled 0.949 33 0.922 22 0.253 (0.079) 41 

aMayfield (1961, 1975); pre-hatch period: I4 days = layxng (2 days) + incubation (I2 days); post-hatch period: 8 days. 
h Post-hatch includes only nests in which thr cowbird hatched. 
c Number of successful nests per all nests 

0.62 
0.69 
0.65 106 
0.40 
0.42 
0.43 42 

parasitized and for parasitized nests to warrant 
pooling across years (parasitized: Z = 0.015, df 
= 38, P = 0.988; unparasitized: Z = 0.103, df 
= 98, P = 0.917). However, when years were 
pooled, the difference was large but still not 
quite statistically significant (Z = 1.710, df = 
139, P = 0.089). 

Overall, failures of unparasitized nests were 
attributable to predation (81% of losses), aban- 
donment (5%), and unknown factors (14%). 
Failures of parasitized nests were due to preda- 
tion (65% of losses), loss of all host young 
(21%), and abandonment (13%). 

HABITAT EFFECTS 

In every measure of nest success, and in terms 
of predation and parasitism, Palmer marsh nests 
were always the most successful, while Cotton- 
wood or natural forest nests were the least suc- 
cessful. The sites could be grouped and habitat 
compared in several different ways. For most 
analyses, sites were not grouped. 

Palmer marsh had the highest Mayfield nest 
success rate for 1995 and 1996 pooled (Table 3). 
This was significantly higher than the success of 
restoration upland nests, including those on ad- 
jacent Palmer field (Z = 3.708, df = 110, P < 

0.00). Palmer upland nests were more successful 
than Cottonwood nests although the difference 
was not statistically significant (Z = 1.022, df = 
64, P = 0.311). Palmer marsh nests were also 
significantly more successful than those in the 
natural forest marsh areas (Z = 3.197, df = 41, 
P= 0.003). Although natural forest upland nests 
were slightly more successful than restoration 
upland nests, the difference was not significant 
(Z = 0.572, df = 81, P = 0.569). In the natural 
forest sites, upland nests were slightly more suc- 
cessful than marsh nests, although sample sizes 
were small and the difference was not significant 
(Z = 0.523, df = 26, P = 0.605). The difference 
in success between the two natural forest sites, 
Tanager and Riverbottom, was not statistically 
significant (Z = 0.752, df = 28, P = 0.458). 

The differences in nest success measures be- 
tween sites were due primarily to variations in 
parasitism and predation rates (Table 4). Para- 
sitism rates in 1995 did not differ significantly 
between sites although there was a large differ- 
ence between Palmer marsh and Riverbottom. In 
1996, the contrast between sites was statistically 
significant, with Riverbottom’s parasitism rate 
increasing to 69%. The difference in the para- 

TABLE 3. COMMON YELLOWTHROAT NEST SUCCESS AT THE SOUTH FORK KERN RIVER STUDY SITE, 1995-1996 

Pre-hatch Post-hatch 
daily nest dally nest Mayfield Proponion 
survival SUWlWl full nesting period of nests 

ratea N rate= N S”CCt3SS rate (SD) N succrssfulh N 

Palmer Marsh 0.980 33 0.982 40 0.652 (0.095) 42 0.82 45 
Restoration Upland-pooled 0.953 46 0.909 47 0.240 (0.059) 63 0.45 69 
Palmer 0.961 19 0.929 22 0.317 (0.108) 28 0.55 19 
Cottonwood 0.949 29 0.891 27 0.189 (0.064) 38 0.38 20 
Natural Forest Marsh 0.952 10 0.906 8 0.229 (0.135) 12 0.50 14 
Natural Forest Upland 0.950 11 0.956 13 0.339 (0.161) 16 0.60 20 
Riverbottom 0.962 14 0.899 17 0.249 (0.114) 20 0.50 20 
Tanager 0.938 8 1 .oo 6 0.411 (0.183) 10 0.60 13 

aMayfield (1961, 1975); pre-hatch period: I4 days = laying (2 days) + incubation (I2 days); post-hatch penod: 8 days 
h Number of successful nests per all nests. 
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TABLE 4. PARASITISM AND PREDATION OF COMMON YELLOWTHROAT NESTS ON THE SOUTH FORK KERN RIVER 
SITE, 1995-1996 

Parasitism Predation Predation rate of 
ratea (N) rat? (N) parasitized nest+’ (N) 

1995 1996 1995 I996 Unparas,tzed Parasitized 

Palmer Marsh 
Restoration Upland- 

Palmer 
Restoration Upland- 

Cottonwood 
Natural Forest- 

Riverbottom 
Natural Forest- 

Tanager 

Site Comparison 

All sites pooled 

0.05 (21) 

0.29 (14) 

0.15 (20) 

0.25 (7) 

x2 = 2.52 
df = 3 
P = 0.47 
0.16 (63) 

0.04 (24) 

0.53 (15) 

0.40 (20) 

0.69 (13) 

0.38 (13) 

x2 = 19.46 
df = 4 
P = 0.001 

0.36 (85) 

0.14 (21) 

0.36 (14) 

0.47 (15) 

0.43 (7) 

x2 = 3.51 
df = 3 
P = 0.32 
0.29 (63) 

0.08 (24) 

0.35 (15) 

0.60 (20) 

0.46 (13) 

0.15 (13) 

x2 = 16.98 
df = 4 
P = 0.002 

0.33 (85) 

0.12 (42) 

0.35 (17) 

0.48 (29) 

0.33 (9) 

0.25 (8) 

x2 = 9.2 
df = 4 
P = 0.055 

0.32 (94) 

0 (3) 

0.50 (12) 

0.45 (11) 

0.54 (11) 

0 (5) 

x2 = 5.43 
df = 3 

P = 0.143 
0.50 (42) 

a Based on proportion of all nests depredated or parasitized 

sitism rates between years was significant only 
for Riverbottom. 

In 1995, the difference between sites in pre- 
dation rates was not statistically significant (Ta- 
ble 4). In 1996, however, predation rates were 
lower in Palmer marsh and higher in Cotton- 
wood and the difference between sites was sta- 
tistically significant. Predation rates did not dif- 
fer significantly between years for any site 
(Pearson’s x2, df = 1, P > 0.05). 

The predation rate of parasitized and unpar- 
asitized nests was compared on a site-by-site ba- 
sis. For no site was there a consistent trend in 
the relationship between predation and parasit- 
ism (Table 4). When years were pooled there 
was no statistically significant difference be- 
tween sites in terms of predation rate of parasit- 
ized nests (x2 = 5.43, df = 3, P = 0.143). For 
unparasitized nests, the difference in predation 
rates across sites was almost statistically signif- 
icant (x2 = 9.2, df = 4, P = 0.055). 

There was no statistically significant differ- 
ence among sites in terms of fledglings per suc- 
cessful nest, either for parasitized or unparasiti- 

zed nests (unparasitized: Kruskal-Wallis one- 
way ANOVA x2 = 2.03, df = 4, P = 0.73; par- 
asitized: Kruskal-Wallis one-way ANOVA x2 = 
3.07, df = 3, P = 0.38; there were no indepen- 
dent parasitized Palmer marsh nests in the sam- 
ple). 

TESTS OF HYPOTHESES EXPLAINING DIFFERENCES 

IN PARASITISM RATES 

Brown-headed Cowbird density 

This hypothesis predicts that there should be 
a higher rate of brood parasitism in areas where 
cowbirds are most abundant. In 1996 there were 
5 datapoints while in 1995 there were only 4. 
Only 1996 data were used in a correlation of 
parasitism with cowbird density (and for the host 
density analysis below). 

Cowbirds were most common on Tanager, 
which was approximately 1 km from the nearest 
trap (Table 5). The second highest cowbird den- 
sity was in Palmer marsh, which is less than 1 
km from a trap, but is adjacent to pasture. This 
is also the site with the lowest incidence of par- 

TABLE 5. COMMON YELLOWTHROAT AND BROWN-HEADED COWBIRD DENSITY AT THE SOUTH FORK KERN RIVER 
SITE, 1995-1996 

Brown-headed 
Common Yellowthroat 

Area 
Cowbird density Ratio 

1996 (1995) 
density (pairs/ha) (pairs/ha) Yellowthroat: Cowbird 

(ha) 1995 I996 199.5 I996 1995 1996 

Palmer Marsh 2 (2) 10 10 0 0.25 very large 40.0 

Restoration Upland-Palmer 14 (14) 1.7 1.7 0.14 0.21 12.1 8.1 

Restoration Upland-Cottonwood 12 (12) 2.1 1.7 0.16 0.17 13.1 10.0 
Natural Forest-Riverbottom 20 (4) 1.25 1 0.25 0.15 5.0 4.0 
Natural Forest-Tanager 7 - 3 0.43 - 7.0 
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TABLE 6. LOGISTIC REGRESSION OF PROBABILITY OF PARASITISM ON NEST-SITE SCALE VEGETATION CHARACTERISTICS, 
COMMON YELLOWTHROAT, SOUTH FORK KERN RIVER, 1995-1996a 

Habitat variable 
Regression 
coefficient Odds ratio Wald’s Z P 

Constant 0.743 1.153 0.249 
Height of nearest tree or shrub -0.232 0.792 -2.183 0.029 

Measurements in 0.008 ha nest-centered plot 

number of vegetation hits 2 to 2.5 m. from ground -0.230 0.794 -2.635 0.008 
percent cover category-willows 0.75 1 2.120 2.750 0.006 
percent cover category-cattails 1.085 2.96 2.604 0.009 

Nores: Lee-likelihood rat10 y2 = 24.84. df = 4. P < 0.001 (difference between model with and without vegetation variables). Fit: Pearsons x2 = 
96.44, df : 77, P = 0.066. ‘~ 
a Palmer marsh nests omitted 

asitism. The correlation was negative, but not 
statistically significant (Spearman’s rank corre- 
lation rho = -0.08, P = 0.10). G. Geupel and 
N. Nur (unpubl. data) also observed a significant 
negative relationship between the mean number 
of cowbirds detected from point counts and the 
incidence of parasitism in the Common Yellow- 
throat. 

Host density 

Host density was significantly negatively as- 
sociated with parasitism rate (Spearman’s rank 
correlation rho = - 0.97, P = 0.005; Table 5). 
Palmer marsh, which had the highest yellow- 
throat density, had the lowest parasitism rate. 
Riverbottom, which had the lowest yellowthroat 
density, had the highest parasitism rate. 

Habitat characteristics 

Habitat characteristics of parasitized nests 
were compared with those of unparasitized nests 
using univariate logistic regression. Because 
there were so few parasitized nests in Palmer 
marsh, the site “Palmer marsh” predicted the 
absence of parasitism perfectly. Variables with 
significant Wald’s Z statistics (P < 0.05) in mod- 
els including Palmer marsh nests included plant 
height (PLHT), species of nearest woody vege- 
tation (SPNWV), distance to nearest woody veg- 
etation (DNWV), height of nearest woody veg- 
etation (HTNWV), foliage radius on nearest 
woody vegetation (FOLNWV), foliage density 
between l-2 m (FOL2), height profile between 
l-l.5 m (HPlO), 1.5-2 m (HP15), and 2-2.5 m 
(HP20), percent cover of willows (WILL), per- 
cent cover Juncus (JUNC), percent cover annual 
forb (FORB), percent cover Melilotus spp. 
(MELO), percent cover mulefat (MULE), per- 
cent cover Hordeum (HOR), percent cover gold- 
enrod (GOLD) and percent cover cattails (CAT). 
The analyses were then performed without 
Palmer marsh nest data. Significant univariate 
models then included the variables HTNWV, 
HP20, and MULE. 

A final multivariate logistic model to predict 
parasitism based on habitat variables was devel- 
oped without Palmer marsh nests (Table 6). The 
best fitting model contained four significant hab- 
itat variables. Coefficients associated with the 
height of the nearest tree or shrub (HTNWV) 
and the number of hits of vegetation from 2 to 
2.5 m from the ground (HP20) were negative. 
Coefficients associated with the percent cover of 
willow (WILL) and cattails (CAT) were posi- 
tive. This means that outside Palmer marsh, a 
higher rate of parasitism is associated with short- 
er trees close to the nest, sparser vegetation in 
the area around the nest between 2 and 2.5 m 
above the ground and a higher percent cover of 
cattails and willows. 

DISCUSSION 

It is important to note that Brown-headed 
Cowbirds are being trapped along the South 
Fork Kern River in an effort to encourage the 
recovery of a small population of the endan- 
gered Southwestern Willow Flycatcher (Empi- 
donax traillii extimus; Whitfield and Enos 1996, 
Whitfield et al. this volume). Thus the brood par- 
asitism patterns in this study may differ from 
patterns found in regions without artificial cow- 
bird population regulation. 

Hofslund (1957) found that 8% of parasitized 
Common Yellowthroat nests were deserted, but 
the rate for unparasitized nests was not given. 
Stewart’s (1953) desertion rate was 18% overall. 
My data indicate that parasitism is associated 
with increased nest desertion rates, a common 
reaction to parasitism across species (e.g., Gra- 
ham 1988). Sample sizes are small, however, 
and I have no data to indicate whether the trig- 
ger for desertion was the removal of a yellow- 
throat egg, the appearance of a foreign egg, a 
clutch size change, or disturbance by a cowbird 
at the nest (Hill and Sealy 1994). Most deser- 
tions were either early in the season, or involved 
experienced females (which I knew had bred the 
previous year). I found no evidence of cowbird 
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egg burial in the 149 nests examined. Accep- 
tance of cowbird eggs seems to be the most 
common reaction for the South Fork Kern River 
population 

Clutch sizes were smaller in parasitized nests. 
In 1995, the reduction was approximately 1.2 
eggs per nest. In 1996 however, the loss was less 
than 0.5 egg per nest when clutch sizes were 
smaller overall. This confirms that cowbirds do 
not always remove a host egg when they para- 
sitize a brood (Hofslund 1957, Marvil and Cruz 
1989, Sealy 1992). 

In about half the parasitized nests studied, a 
yellowthroat egg disappeared during incubation, 
in addition to the egg often initially removed by 
a cowbird during laying. It is unknown whether 
these losses were due to further removal by cow- 
birds, by some other predator, or by the parent 
because they were damaged. Arcese et al. (1996) 
found a positive correlation between parasitism 
rates and rates of nest failures due to partial pre- 
dation, but the success of parasitized broods was 
higher due to defense of laying areas by female 
cowbirds. On the Kern River, cowbirds are re- 
moved beginning in May (Whitfield et al. this 

volume), and this may cause a disruption in cow- 
bird territorial defense. Thus rates of partial pre- 
dation by cowbirds should theoretically be high 
in prime cowbird laying habitat as new females 
move into the area to replace those removed by 
trapping. 

The significant reduction in the number of 
host young fledging from parasitized nests was 
expected. In both 1995 and 1996, there were ap- 
proximately 1.5 fewer fledglings from successful 
parasitized broods than from unparasitized 
broods. In all cases in which a cowbird hatched, 
it hatched one day before the host young. In 
12% of parasitized nests only a cowbird egg (3 
nests) or young (2 nests) remained, due to re- 
moval of host eggs or young. The sample size 
is small, in part because I addled approximately 
half of the cowbird eggs I found, and these nests 
were not included in any post-hatch measures. 

In terms of reduction in host productivity, 
brood parasitism appears to have a lower impact 
on Common Yellowthroats than it does on some 
other small hosts, e.g., vireos and flycatchers 
(Marvil and Cruz 1989, Briskie et al. 1990), but 
similar to the impact on some other warblers 
(Weatherhead 1989, Petit 1991). However, the 
average reduction in the number of fledglings by 
1.5 probably has a significant impact on the pop- 
ulation growth rate in areas with high parasitism 
rates (Trail and Baptista 1993). More informa- 
tion is needed on yellowthroat adult and juvenile 
mortality before the impact of parasitism on the 
population dynamics of the species can be fully 
understood. 

The effect of parasitism on host fledging rates 
is not entirely conclusive due to the removal of 
cowbird nestlings by the seventh day. It is pos- 
sible that a cowbird’s impact on a yellowthroat 
nestmate is highest during the final days of the 
nestling period and that fewer host young fledge 
from parasitized nests than I have estimated. 
Cowbirds were allowed to fledge from only 2 
nests studied, and all host young were assumed 
to have also fledged successfully from both. 

Another factor that may contribute to the yel- 
lowthroat’s ability to fledge its own young along 
with a cowbird is that the cowbird nestling pe- 
riod is longer than that of the yellowthroat. 
Cowbirds fledge at lo-11 days (Scott 1979) 
whereas yellowthroats fledge between 8-10 days 
(H. Spautz, pers. obs.). Assuming the cowbird 
hatches one day before the yellowthroats, the 
yellowthroat young may commonly fledge one 
day before the cowbird. In one nest that con- 
tained one cowbird and one yellowthroat, the 
yellowthroat did in fact fledge first. No other 
nests were observed often enough to witness this 
phenomenon. If yellowthroats are commonly 
able to fledge first, this opportunity to receive 
exclusive parental care from one parent may 
make a significant difference in their survivor- 
ship, and may lessen the impact of parasitism. 

The effects of parasitism did not vary signif- 
icantly across sites. The number of young fledg- 
ing from parasitized nests was not significantly 
different among sites. Palmer marsh, which had 
the lowest rates of parasitism and predation, had 
no successful parasitized nests, and so was not 
included in the analysis. 

I have offered several possible explanations 
for the large differences in parasitism rates be- 
tween sites, in particular for the very low rate 
in Palmer marsh. In the marsh, the density of 
yellowthroats was highest, and nest-site charac- 
teristics were significantly different from other 
sites. I have shown that there was a strong neg- 
ative correlation between yellowthroat density 
and parasitism. Two habitat factors associated 
with marsh nests (i.e., taller trees and more veg- 
etation hits between 2 and 2.5 m) were associ- 
ated with low rates of parasitism outside Palmer 
marsh. A high percent cover of cattails was also 
characteristic of Palmer marsh nests but was as- 
sociated with higher parasitism rates outside the 
marsh. This latter point may indicate that cow- 
birds actually use this habitat characteristic as a 
cue, but that in a large contiguous marsh like 
Palmer, other factors may prevent or discourage 
parasitism. 

If cowbirds parasitize yellowthroats less often 
in the marsh due to the higher population den- 
sity, several explanations are possible. At high 
host densities, there may be a swamping effect 
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(S. Rothstein, unpubl. data; Freeman et al. 
1990). In some other systems, parasitism rates 
are highest where densities of all potential hosts 
are highest (Barber and Martin 1997). Most first 
nesting attempts in Palmer marsh occurred with- 
in a two-week time span in 1996 (April 23 to 
May 5), and during a later three-week span on 
Cottonwood and Riverbottom (May 1 and May 
21; H. Spautz, unpubl. data). The earliest first 
egg dates were in Palmer marsh because most 
of the first territories to be occupied when the 
first birds arrive in spring are there. The early 
nesting in Palmer marsh coincided with the start 
of Red-winged Blackbird nesting in 1995 and 
1996. However, marsh pairs usually had two 
successful broods, and the second usually began 
after the red-wings had finished breeding. Sec- 
ond nests were not parasitized any more often 
than first attempts. 

At higher densities, yellowthroats may be 
more likely to hear neighbors’ warning calls 
when cowbirds are present, and they may be less 
likely to reveal nest locations. Notoriously well- 
concealed yellowthroat nests are difficult for hu- 
mans to find in dense homogeneous cattail 
stands, although there is no evidence that cow- 
birds are deterred. This may also be an expla- 
nation for the reduced predation rate in the 
marsh. Red-winged Blackbirds densities are also 
higher in Palmer marsh than in any of the other 
sites. Clark and Robertson (1979) showed that 
Yellow Warbler parasitism rates are lowest in 
high density red-wing habitat. It is likely that the 
red-wings in the South Fork Kern River area of- 
fer the same benefits to yellowthroats. Although 
elsewhere red-wings are common cowbird hosts, 
no parasitized red-wing nests have been discov- 
ered in the study area either in marsh or sparsely 
populated upland habitat (S. Laymon, pers. 
comm.). Red-wing nests have not yet been sys- 
tematically studied in the area but others in the 
Southwest have found that they are often not 
preferred hosts (S. Rothstein, pers. comm.). 
Thus cowbirds may be deterred from entering 
the marsh by blackbirds more than in other 
regions where blackbirds are preferred hosts. 

The Song Sparrow is the most abundant spe- 
cies in most parts of the riparian forest along the 
river, and in restoration sites, and it is probably 
the most common and preferred cowbird host. 
Sparrow densities are lowest in Palmer marsh 
(Laymon et al. 1996, 1997). In 1996, 16% of 
Song Sparrow nests in Cottonwood and 15% in 
Riverbottom were parasitized (sparrows were 
not studied in Tanager or in Palmer marsh or 
upland areas; C. Strong, unpubl. data). These 
rates were lower than the rates I report here for 
yellowthroats during 1996. The highest parasit- 
ism rates I found were in Riverbottom and Cot- 

tonwood. The highest density of all potential 
cowbird host species combined (primarily the 
Song Sparrow) was 11.5 pairs per ha on Tanager 
and 9.3 pairs per ha on Riverbottom in 1996 
(Laymon et al. 1996). Cottonwood’s density was 
5.9 pairs per ha. The densities were similar both 
years. A positive relationship between Song 
Sparrow density and parasitism rates for all 
hosts would be expected. Further study is need- 
ed to determine the relationship between para- 
sitism and host density at the community level 
on the South Fork Kern River. 

Another alternative explanation for differ- 
ences in parasitism rates among sites is the hab- 
itat hypothesis. Some structural aspect(s) of 
dense cattail marshes may discourage parasit- 
ism. Nest height (Hahn and Hatfield 1995, Bris- 
kie et al. 1990), nest concealment, canopy cover, 
vegetation density (Larison 1996, 1997), and 
distance to forest edge (Gates and Gysel 1978) 
have been found (or predicted) to be related to 
high parasitism rates. Other studies have found 
no significant differences in habitat variables be- 
tween parasitized and unparasitized nests (Bar- 
ber and Martin 1997). 

In this study, Palmer marsh nests, which were 
almost exclusively built in cattails, were para- 
sitized so seldom that the dummy variable as- 
sociated with the site predicted the absence of 
parasitism perfectly in a univariate logistic re- 
gression analysis. The multivariate logistic re- 
gression model developed without these marsh 
nests contains several non-intuitive relation- 
ships. The negative relationship between para- 
sitism and vegetation hits in the 2 to 2.5 m 
height range is expected and echoes Larison’s 
(1996, 1997) results. Since yellowthroat nests 
are usually built no higher than 0.5 m above the 
ground and are usually well-concealed, the cow- 
bird search strategy probably works best in areas 
which are relatively open around the nest. 

There was also a negative relationship be- 
tween the height of the tree or shrub closest to 
the nest and the probability of parasitism. Small- 
er trees may provide more optimum perches for 
cowbirds. Nest plots with a higher percent cover 
of willows also had a higher predicted parasitism 
rate. The absence of willows or any other tree 
may make nest observation by cowbirds difficult 
(Freeman et al. 1990). The positive relationship 
between percent cover of cattails and the prob- 
ability of parasitism was unexpected. This calls 
into question the hypothesis that cowbirds are 
deterred from parasitizing yellowthroat nests in 
the cattail marsh due to the structure of cattails 
alone. There were few very dense cattails stands 
in the natural forest, however. Most of the stands 
are small, sparse, and surrounded by or com- 
pletely under the canopy of ancient trees. The 
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nests found in most of these stands were often 
poorly concealed. That factor, combined with 
the abundance of other potential hosts and the 
fact that red-wing densities are very low in the 
natural forest, may combine to make yellow- 
throats in the smaller, natural marsh areas prime 
hosts. 

The explanation for the low parasitism and 
predation rates on Palmer marsh nests is prob- 
ably a combination of several factors. Habitat 
structural characteristics and high densities of 
both yellowthroats and Red-winged Blackbirds 
may deter cowbirds (and predators) from search- 
ing for yellowthroat nests. An ideal extension of 
this study would include samples of nests from 
other extensive cattail marshes in the area. It is 
unknown if the low parasitism rate found in 
Palmer marsh is characteristic of other marsh 
sites along the South Fork Kern River or in other 
parts of the Common Yellowthroat’s range. If it 
is, my recommendations for cowbird manage- 
ment would include maintenance of larger tracts 
of marsh rather than small fragmented stands. 
The optimum habitat for Common Yellowthroats 
on the South Fork Kern River appears to be ex- 
tensive freshwater marsh, rather than the natural 
mosaic of marsh and upland that is found now 
in the narrow riparian zone. Of the sites studied, 
Palmer marsh probably contains a source sub- 
population. Free from brood parasites and pre- 
dation, recruitment in Palmer marsh is very 
high. Most of the birds banded as nestlings in 
1995 and 1996 and seen the following year were 
hatched in the Palmer marsh. 

One goal of this study was to compare the 
breeding success of Common Yellowthroats 
nesting in riparian restoration areas with those 
using natural habitat. Densities in the natural 
forest were generally very low, and sample sizes 
small. I cannot generalize that yellowthroats 
nesting in restoration sites have a different rate 

of nest success than those in natural sites. The 
Mayfield success rate of nests in natural upland 
sites was higher than in restoration upland sites, 
but not significantly so. Natural forest nests were 
significantly less successful than Palmer marsh, 
which is not a natural site. It is surrounded by 
pasture and the small restoration trees of Palmer 
upland on three sides, and a naturally regener- 
ating forest on the fourth. The highest parasitism 
rate for any of the sites I studied was in River- 
bottom, a natural site. Thus, I cannot make a 
definitive statement at this time as to the relative 
quality of restoration sites vs. natural forest as 
Common Yellowthroat habitat. 

A more complete understanding of any cow- 
bird-host relationship requires a community-lev- 
el perspective (Clark and Robertson 1979, Bar- 
ber and Martin 1997). Common Yellowthroats 
and Song Sparrows are the most abundant cow- 
bird hosts along the South Fork Kern River. Ef- 
forts to decrease parasitism pressure on the rarer 
and more vulnerable host, the Southwestern Wil- 
low Flycatcher (Whitfield et al. this volume), 
may become even more effective when the com- 
munity level dynamics are more completely un- 
derstood. 
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COWBIRD REMOVAL PROGRAMS AS ECOLOGICAL 
EXPERIMENTS: MEASURING COMMUNITY-WIDE IMPACTS OF 
NEST PARASITISM AND PREDATION 

KRISTA L. DE GROOT, JAMES N. M. SMITH, AND MARY J. TAITT 

Abstract. Removal of Brown-headed Cowbirds (Molothrus ater) has been increasingly employed as 
a management tool for the protection of songbirds. Removal programs are ecological experiments that 
can yield information on the population and community impacts of cowbird parasitism. We illustrate 
this point with two examples. First, we used an existing cowbird removal program in Michigan to 
test the hypothesis that cowbirds alter the composition of host communities through their parasitic 
activities. We compared songbird abundance and species composition in areas where cowbirds had 
been removed for 5-11 years to carefully matched habitats where there had been no recent cowbird 
removal. As expected, communities at cowbird removal sites had a higher percentage of suitable hosts 
in the community relative to control sites >.5 km from cowbird traps. Second, we used cowbird 
removal to test the hypothesis that cowbirds behave as nest predators. We removed cowbirds over 
two years from a site in British Columbia where Song Sparrows (Melospiza melodia) had experienced 
intense cowbird parasitism and frequent nest failure. Failure rates of sparrow nests declined sharply 
after cowbird removal, but remained high at nearby reference sites without removals. Both approaches 
suggest that cowbirds have more profound effects on songbirds at the community and population 
levels than is currently recognized. Removal programs are a relatively untapped source for improving 
our understanding of cowbird biology. 

Key Words: brood parasitism, cowbird removal, Melospiza melodia, Molothrus ater, nest predation, 
removal experiments, suitable hosts. 

There has been considerable recent concern that 
the brood-parasitic activities of Brown-headed 
Cowbirds (Molothrus ater) are contributing to 
declines of endangered or threatened songbird 
populations (e.g., Robinson et al 1995a,b) and 
to poor health of songbird populations and com- 
munities in general (Terborgh 1989). Because 
cowbirds are abundant host generalists (Lowther 
1993, 1995, Robinson et al. 1995a), they have 
the potential to generate strong impacts on pre- 
ferred hosts and to threaten particular popula- 
tions with extinction (Robinson et al. 1995a). 
Although the range expansion of the Brown- 
headed Cowbird has slowed (Lowther 1993, 
Rothstein 1994), and its numbers are actually 
declining in many areas (Peterjohn et al. in 
press, Wiedenfeld in press), Shiny (M. bonarien- 
sis) and Bronzed cowbirds (M. aeneus) are still 
extending their ranges and threatening new host 
populations and communities (Post et al. 1993, 
Lowther 1995). Finally, even constant or declin- 
ing numbers of cowbirds might have strong eco- 
logical effects when combined with increasing 
habitat loss and degradation. 

To make strong inferences about how cow- 
birds affect host populations and communities, 
it is desirable to do controlled experiments that 
are replicated across several geographical loca- 
tions. Constraints on budgets and personnel have 
so far precluded research of this type. The two 
largest costs involved in such research are: (1) 
the removal of cowbirds so that large areas with 
fewer cowbirds may be compared with similar, 

but unmanipulated areas; and (2) the costs of 
monitoring the numbers and breeding success of 
songbirds on experimental and control areas. 

There is, however, a potential solution to the 
high costs of experimental manipulation of cow- 
bird abundance. Cowbird removal on a land- 
scape scale is already in progress in the form of 
cowbird control programs. Cowbird control fig- 
ures prominently in the management of four en- 
dangered taxa: the K&land’s Warbler (Dendroi- 
ca kirtkmdii), the Least Bell’s Vireo (Vireo bellii 
pusilhs), the Southwestern Willow Flycatcher 
(Empidonax traillii extimus), and the Black-cap- 
ped Vireo (V. atricapillus) (Robinson et al. 
1995a). 

As a result of concerns about impacts of cow- 
birds on other songbird populations, extensive 
cowbird removal programs are becoming an in- 
creasingly common management practice in the 
U.S. (Robinson et al. 1995a, Kepler et al. 1996). 
There is general agreement that cowbird remov- 
al has been an appropriate tool for protecting 
populations of endangered species (but see Rob- 
inson et al. 1995a). However, Rothstein and 
Cook (in press), have noted that some recent 
cowbird control operations are founded on the 
tenuous idea that, if cowbird removal works in 
specific cases, it is generally an appropriate 
management tool. It is far from clear that cow- 
bird parasitism has been a major contributor to 
population declines in songbirds (Peterjohn et al. 
in press, Wiedenfeld in press), despite the pub- 
licity accorded such claims (Terborgh 1989, 
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Holmes 1993). It is therefore important to test 
the assumption that cowbirds are a significant 
general conservation concern, as well as a po- 
tentially serious local concern. 

Over one million dollars of federal and state 
funds is spent annually on cowbird control pro- 
grams in California alone (S. I. Rothstein pers. 
comm.). Therefore, it is likely that several mil- 
lion dollars are spent annually on cowbird con- 
trol across the U.S. With such a significant al- 
lotment of conservation dollars to cowbird con- 
trol, we believe that managers and researchers 
have a duty to collaborate to gain as much in- 
formation as possible from a management action 
that can absorb much of a regional conservation 
budget. 

Viewing cowbird removal programs as eco- 
logical experiments permits fruitful investigation 
into several areas of cowbird biology. Our aim 
in this paper is to illustrate the use of removal 
programs through two examples that explore (1) 
the effects of cowbirds on host communities, 
and (2) the mechanisms of parasite/host inter- 
actions. Although these two studies were con- 
ducted at different spatial and temporal scales, 
they both employed cowbird removal as an ex- 
perimental tool. Hereafter, we refer to cowbird 
trapping as “cowbird removal” and restrict use 
of the term “control” to the experimental sense, 
i.e., reference sites that do not receive the ex- 
perimental treatment (cowbird removal). 

I. EFFECTS OF LONG-TERM COWBIRD 
REMOVAL ON HOST COMMUNITY 
COMPOSITION 

Cowbird pressure on suitable host species 
may reduce abundance of suitable host popula- 
tions relative to the abundance of host species 
with which the cowbird does not interact strong- 
ly, e.g., species that have evolved egg ejection 
(Rothstein 1975a). As cowbirds are host gener- 
alists, they can have strong effects on a number 
of preferred hosts without negative feedback on 
their own numbers (Robinson et al. 1995a). If 
several host species are affected, cowbird pres- 
sure may eventually change the composition of 
entire songbird communities. One prediction of 
the hypothesis that cowbirds have significant ef- 
fects on host communities is that suitable hosts 
will make up a larger percentage of songbird 
individuals in areas where cowbirds have been 
removed on a long-term basis compared to areas 
in similar habitat where cowbird densities are 
unmanipulated. Few studies of cowbird biology 
to date have examined the host community as a 
whole (but see Peck and James 1987, Strausber- 
ger and Ashley 1997) and none, to our knowl- 
edge, have conducted a search for such patterns. 
We now use a cowbird removal program as a 

treatment in a community-wide experiment to 
test this prediction. 

EFFECTS OF COWBIRD REMOVAL ON SONGBIRD 
COMMUNITIES IN JACK-PINE HABITAT 

One of us (KD) conducted a study in the jack- 
pine (Pinus banksiana) ecosystem of northern 
lower Michigan, where cowbirds have been re- 
moved since 1972 in an effort to protect the 
Kirtland’s Warbler. Cowbird traps are patchily 
distributed across a 19,200 km* region near 
breeding sites used by the warblers. Since the 
distribution of the warblers is dynamic, the lo- 
cation of traps shifts over periods of a few years. 
However, many local areas have been trapped 
consistently for 5-11 years. Details of cowbird 
removal procedures on the breeding grounds of 
the Kirtland’s Warbler are given in DeCapita (in 
press) and Kelly and DeCapita (1982). 

Unlimited radius point counts of 8 min dura- 
tion were performed in 1996 at ten cowbird re- 
moval sites where cowbird trapping had been 
conducted for 5-l 1 years, and at ten control 
sites in similar-aged jack pine habitat that were 
>5 km from cowbird traps (total number of sites 
censused = 20). Control sites were in areas that 
had not experienced cowbird removal for at least 
five years. All control areas were chosen ac- 
cording to detailed survey maps followed by ex- 
tensive ground-truthing to match the early suc- 
cessional jack pine forests of removal sites. Fur- 
ther detailed habitat measurements confirmed 
that density and composition of vegetation were 
similar at removal and control sites (K. De 
Groot, unpubl. data). 

Point counts and habitat measurements were 
performed similarly in 1997 with the following 
changes. (1) Eight removal sites and eight con- 
trol sites between 5 and 10 km from cowbird 
traps were used. (2) An additional eight control 
sites > 10 km from cowbird traps were censused 
(total number of sites censused = 24). (3) Point 
counts were extended to ten min. (4) Five min 
of playback of cowbird female chatter call was 
added after each point count. Thus, counts of 
cowbirds and other songbirds are not directly 
comparable from 1996 to 1997. Cowbird play- 
back was implemented to improve the likelihood 
of detecting cowbirds, following very low cow- 
bird detection rates in 1996. Counts were per- 
formed twice in 1996 and three times in 1997 
between mid-May and early July. 

Songbirds (excluding cowbirds) detected dur- 
ing counts were placed into two categories: suit- 
able hosts, i.e., species that accept cowbird eggs 
and feed their young a largely animal diet, and 
unsuitable hosts, such as cavity nesters, species 
that feed a mainly plant diet to their young, 
corvids, and species that reject cowbird eggs 
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TABLE 1. THE NUMBER OF COWBIRDS DETECTED IN THE SONGBIRD COMMUNITIES OF REMOVAL SITES, CONTROL SITES 

S-10 KM FROM COWBIRD TRAPS AND >lo KM FROM COWBIRD TRAPS IN JACK-PINE FORESTS OF NORTHERN LOWER 

MICHIGAN 

Number of cowbirds detected per count station 

I996 I997 

8.min point counts IO-min point counts 

females males females males 

5.min playback 

females males 

Removal sites Mean 0 0.025 0 0.063 0.021 0.028 
SE 0 0.018 0 0.034 0.015 0.015 

Control sites Mean 0 0.167 0.069 0.326 0.056 0.257 
5-10 km SE 0 0.069 0.025 0.062 0.02 1 0.035 

Control sites Mean n/a n/a 0.174 0.583 0.222 0.576 
>lO km SE n/a n/a 0.062 0.081 0.047 0.103 

from their nests (Rothstein 1975a). The propor- 
tion of suitable cowbird hosts in the songbird 
communities was then analyzed using repeated 
measures analysis of variance (Kuehl 1994). 
Differences in cowbird numbers among removal 
sites, control sites 5-10 km from traps and con- 
trol sites >lO km from traps were tested using 
Mann-Whitney U (1996) or Kruskall-Wallis 
(1997) non-parametric analyses, followed by 
Dunnett T3 multiple comparison tests (1997). 

COWBIRD DENSITIES AS A FUNCTION OF DISTANCE 

FROM COWBIRD TRAPS 

Cowbird removals were highly effective at re- 
ducing cowbird abundance at removal sites. In 
1996, 0.025 male cowbirds were detected per 
count station at removal sites and no female 
cowbirds were counted on removal or control 
sites (Table 1). Male cowbird numbers increased 
over six-fold at control sites >5 km from cow- 
bird traps compared to cowbird removal sites 
(Table 1; Z = 2.171, P = 0.03). 

In 1997, the mean number of female cowbirds 
detected on removal sites ranged from zero dur- 
ing the IO-min point count to 0.021 per count 
station during the 5-rnin cowbird playback (Ta- 
ble 1). Mean numbers of male cowbirds ranged 
from 0.063-0.028 per count station on removal 
sites (Table 1). Both female and male cowbird 
abundances differed significantly among remov- 
al and all control sites (females x0,0s = 11.015, 
df = 2, P = 0.004; males xo,0s = 18.795, df = 
2, P < 0.001). Mean number of female cowbird 
detections more than doubled when distance 
from removal sites increased to 5-10 km. How- 
ever multiple comparison tests reveal that this 
difference is not statistically significant (P > 
0.05). Female cowbird numbers at control sites 
> 10 km from cowbird trap were more than three 
times higher than at sites 5-10 km from cowbird 
traps (P = 0.025) and more than ten-fold higher 
than at removal sites (P = 0.01). Male cowbirds 

were five times more abundant when distance 
from traps increased from removal sites (0 km) 
to control sites 5-10 km from cowbird traps (P 
= 0.001). Nine times more male cowbirds were 
counted at sites >lO km from traps compared to 
removal sites (P = 0.003). Male cowbird num- 
bers were @so significantly higher at sites >lO 
km from cowbird traps compared to sites 5-10 
km from traps (P = 0.046). 

IMPACTS ON SONGBIRD COMMUNITY COMPOSITION 

The percentage of suitable host individuals in 
cowbird removal areas was 4-9% higher than in 
control sites (Fig. 1). This difference was sig- 
nificant at the 5% level in 1996 (F,,,, = 11.762, 
P = 0.003) but not in 1997, where it was sig- 
nificant at the 10% level only (F,,,, = 2.859, P 
= 0.08). No individual species accounted for a 
large part of the difference in proportions of 
suitable hosts. Rather, the shift in community 
composition was a result of small positive shifts 
in the abundance of suitable host individuals in 
cowbird removal sites, compared to control 
sites. 

II. COWBIRDS ACT AS PREDATORS TO 
INDUCE NEST FAILURE IN SONG 
SPARROWS 

It is widely agreed that nest predation (total 
nest failure) is one of the principal limiting fac- 
tors in songbird populations (e.g., Martin 1993, 
Robinson et al. 1995b). Cowbirds can cause to- 
tal nest failure in several ways. (1) Hosts may 
desert clutches when harassed by laying cow- 
birds or when a parasitic egg appears in the nest 
(Burhans in press). (2) Egg removal may reduce 
host clutches below a desertion threshold (Roth- 
stein 1982). (3) Cowbirds may damage or punc- 
ture eggs and induce hatching failure (Post and 
Wiley 1977, Smith and Arcese 1994). (4) Cow- 
birds may prey on clutches or broods of host 
young (Arcese et al. 1992, 1996). 
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FIGURE 1. Mean percentages of suitable hosts de- 
tected during point counts in the songbird communities 
of jack-pine forests of northern lower Michigan at ten 
removal sites and ten control sites >5 km from cow- 
bird traps in 1996 and eight removal sites, eight control 
sites 5-10 km from traps and control sires >lO km 
from cowbird traps in 1997. Bars represent one SE. 

If cowbirds commonly exhibit such “preda- 
tory” activity, their effects on their hosts will be 
underestimated simply by monitoring their par- 
asitic effects on hosts. Experimental removal of 
cowbirds is one way to estimate the extent to 
which cowbirds act as nest predators. If cow- 
birds commonly cause host nest failure, there 
should be a reduction in failure rates when cow- 
birds are removed from an area where they were 
abundant. 

LOCAL COWBIRD REMOVALS TO TEST THE 
STRENGTH OF “PREDATORY” BEHAVIOR BY 

COWBIRDS 

Cowbirds were removed from a study site on 
Westham Island in southwestern British Colum- 
bia, Canada. Cowbirds are abundant on Wes- 
tham (5-10 % of the local songbird community), 
and parasitism of the Song Sparrow (Melospiza 
melodia) was frequent there during four years of 
previous work (Rogers et al. 1997). Two addi- 
tional study sites in similar riparian habitat were 
established as experimental controls (i.e., no 
cowbird removal) in 1995. These sites were 8 
km (Deas Island Regional Park) and 20 km 
(Delta Nature Reserve) from the removal site. 

40 + % Nests Failing 

20, , , , I I I , I I 
87 66 69 90 91 92 93 94 95 96 97 

FIGURE 2. Annual percentages of nests parasitized 
by Brown-headed Cowbirds and daily nest failure rates 
in Song Sparrow nests on Westham Island, British Co- 
lumbia, in relation to cowbird removals in 1996 and 
1997. Arrows indicate cowbird removal. 

Cowbirds were removed using modified por- 
table Swedish Crow Traps supplied with three 
female and two male decoys (Griffith and Grif- 
fith in press), and by trapping at a feeding station 
on the study site. Removals began in mid-May 
1996 and in mid-April 1997. Male cowbirds 
were released immediately, and females were 
held in captivity until the end of the cowbird 
breeding season (mid-July), when they too were 
released. Nests of Song Sparrows were moni- 
tored at the removal site from 1988 to 1991, and 
at removal and control sites from 1995 to 1997. 
Nests were found mainly by following incubat- 
ing females back to their nests after foraging 
trips. Percentages of nests parasitized and failing 
at the three sites were compared using Chi- 
square tests of homogeneity. 

We conducted longitudinal comparisons with- 
in one site (Westham) and horizontal compari- 
sons across sites within each year. In each case, 
we predicted lower nest failure where cowbirds 
were removed. In longitudinal comparisons at 
the removal site across seven years, cowbird re- 
movals were associated with a sharp decline in 
rates of Song Sparrow nest failure and lower 
parasitism levels (Fig. 2). This occurred despite 
incomplete cowbird removal in both 1996 and 
1997 (parasitism was never reduced below 
29%). Proportions of nests failing at the two 
control sites were 18-58 % higher than at the 
removal site in 1996 and 1997 (Table 2). Daily 
nest failure rates were also higher at control sites 
than at the removal site in both 1996 and 1997 
(Table 2). 

Failures at Westham varied significantly 
across years (x2 = 6.22, df = 2, P < 0.05), with 
lower values in the two removal years. Within 
years and across sites, failure rates were similar 
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TABLE 2. FREQUENCIES OF PARASITISM BY BROWN-HEADED COWBIRDS AND NEST FAILURE IN SONG SPARROWS AT 
THREE SITES IN SOUTHWESTERN BRITISH COLUMBIA, CANADA 

YOXlSite Number of nests % parasitized Proportion failing 
Daily failure ratea 

(SE) 

1995 Westham 
1995 Delta 
1995 Deas 

1996 Westhamb 
1996 Delta 
1996 Deas 

1997 Westhamb 
1997 Delta 
1997 Deas 

55 76.4 0.654 
10 70.0 0.750 
5 100.0 0.600 

85 40.7 0.528 
38 60.5 0.622 
19 70.6 0.684 

132 29.4 0.454 
67 44.4 0.716 
44 64.6 0.574 

0.037 (0.011) 
0.042 (0.036) 
0.036 (0.055) 

0.037 (0.005) 
0.061 (0.022) 
0.050 (0.029) 

0.030 (0.005) 
0.066 (0.012) 
0.041 (0.014) 

a Daily fadure rates (Hensler and Nichols 1981) were calculated from a slightly dlfferent sample of nests than those used to calculated the percentages 
of nests parasitned and the proportions of nests failing. 
h Female Brown-headed Cowblrds were removed at this year and SW. 

in 1995 before the onset of cowbird removals 
(x2 = 0.15, df = 2, P > 0.10). In 1996, when 
cowbird removals began in mid-May, there was 
again no significant difference in failure rates 
across sites (x2 = 2.55, df = 2, P > 0.10). In 
1997, when removals began a month earlier, 
there was a clear difference across sites (x2 = 
12.40, df = 2, P = 0.002), with much lower 
failure rates at Westham (Table 2). 

There were few data from the control sites in 
the pre-removal year (1995), precluding a strong 
test of the hypothesis that the three sites were 
not inherently different in their nest failure rates. 
Failure rates at the removal site in 1995, how- 
ever, did not differ significantly from those at 
the control sites in 1996 and 1997 (x2 tests, P > 
0.10). This result makes it unlikely that site ef- 
fects, rather than cowbird removal, caused ap- 
parent temporal differences in failure rates at the 
removal site. 

Parasitism levels did not differ significantly 
across sites in the pre-removal year (1995: x2 = 
1.790, df = 2, P > 0. lo), but were significantly 
lower at the removal site than at control sites in 
both 1996 (x2 =7.63, df = 2, P < 0.025) and 
1997 (x2 = 16.902, df = 2, P = < 0.001). Thus, 
cowbird removals were associated with lower 
nest failure rates and sharply reduced parasitism 
levels both among sites within years and within 
one site across years. 

DISCUSSION 

COMMUNITY PAITERNS OF HOSTS IN RELATION 

TO COWBIRD ABUNDANCE 

In the jack-pine forests of Michigan, cowbird 
removals greatly reduced the local density of 
cowbirds and were associated with a quantitative 
shift in the host community. Removal sites sup- 
ported a higher percentage of suitable cowbird 
hosts compared to control sites at least 5 km 

from cowbird traps. While the magnitudes of 
these shifts were small, this region is heavily 
forested, and supports few cowbirds compared 
to other regions of the continent (Peterjohn et al. 
in press, Robinson et al. in press, Wiedenfeld in 
press, Whitfield in press). A marked shift in 
community composition would be much more 
likely in areas that support higher cowbird den- 
sities, and where cowbird removal is continuous 
at the same location over a longer period. 

Similar comparisons at removal sites where 
cowbirds are much more abundant regionally 
would provide better tests of the idea that cow- 
birds have strong effects on host communities. 
Indeed, Griffith and Griffith (in press) have 
made precisely this claim for southern coastal 
California, but it has not yet been supported by 
survey data from a systematic study. 

COWBIRDS AS CAUSES OF NEST FAILURE IN 

HOSTS 

In the local cowbird removal study we con- 
ducted in British Columbia, cowbird removal re- 
duced rates of nest failure in a common host, the 
Song Sparrow. Nest failure rates at the removal 
site in 1996 and 1997 were lower than in all five 
previous years of study at this site, although fail- 
ure rates did vary somewhat from year to year, 
being lower for an unknown reason in 1995 
(Fig. 2). Nest failure rates at the control sites 
were higher in 1996, and significantly higher in 
1997, compared to failure rates at the removal 
site. Parasitism levels also varied among years, 
being high in 1995 and significantly lower after 
cowbird removal was initiated in 1996. Parasit- 
ism rates at control sites remained high in 1996 
and 1997. 

The two principal nest finders had 20 and 7 
years experience in locating Song Sparrow nests 
and attempted to find and monitor all nests of 



234 STUDIES IN AVIAN BIOLOGY NO. 18 

10 to 45 breeding pairs at each site. It is there- 
fore unlikely that differences in nest failure and 
parasitism rates among years were due to dif- 
ferential sampling of well-concealed and poorly- 
concealed nests across years. 

Cowbird abundance and local nest failure 
rates in Song Sparrows were also correlated on 
Mandarte Island, British Columbia, where cow- 
bird abundance is moderate to low (Smith and 
Arcese 1994, Arcese et al. 1996). These data 
suggest that cowbird parasitism and predation 
may influence the metapopulation dynamics of 
Song Sparrows in coastal British Columbia (Ar- 
cese et al. 1992, Smith et al. 1996, Arcese et al. 
1996, Rogers et al. 1997). 

Song Sparrows in coastal British Columbia 
reproduce poorly at sites with high cowbird 
abundance (Smith et al. 1996, Rogers et al. 
1997). These sites, however, are probably not 
representative of regions where cowbird abun- 
dance is declining (Peterjohn et al. in press, Wie- 
denfeld in press), and where most Song Spar- 
rows and other host species may live in healthy 
metapopulations. Neither Whitfield (in press) 
nor Stutchbury (1997) found strong effects of 
cowbird removal on nest failure rates of South- 
western Willow Flycatchers (Empidonax traillii 
extimus) and Hooded Warblers (Wilsonia citri- 
na), respectively. 

COWBIRD REMOVALS AS ECOLOGICAL 
EXPERIMENTS-RECOMMENDATIONS 

The removal studies discussed here suggest 
that cowbirds may have strong effects on host 
populations and communities. However, this 
conclusion is tentative and our results should not 
be used to justify cowbird removal programs in 
general. We advocate further investigation and 
present recommendations for ways managers 
and researchers can learn from cowbird control 
programs. 

Researchers and managers should obtain pre- 
trapping baseline data on cowbird and host 
abundance and host reproductive success and, 
after the onset of trapping, they should monitor 
changes in host demographics and cowbird 
abundance across time and space (i.e., compare 
songbird populations and communities in cow- 

bird removal areas to reference populations in 
similar habitat). It is important to note that tem- 
poral comparisons alone are not sufficient (see 
above), as year to year variation in host breeding 
success can mimic the effects of cowbird re- 
moval. 

Managers who follow these guidelines will 
learn whether cowbird removal will be useful, 
before the initiation of a costly removal pro- 
gram. Pre- and post-trapping demographic data 
on host numbers and nesting success will allow 
managers to evaluate the effectiveness of the re- 
moval program in achieving its goals, and 
whether cowbird removal is still necessary. 

When it is not feasible to design an experi- 
mental cowbird removal program from the out- 
set, the next best approach for researchers is to 
use an existing cowbird removal program, and 
to add a monitoring program at both removal 
sites and non-removal sites, as illustrated in our 
northern Michigan study. Following these guide- 
lines for data collection will allow powerful tests 
of the effects of cowbirds on host population and 
community dynamics. Finally, information from 
cowbird removal programs may illuminate other 
aspects of cowbird biology. For example, behav- 
ioral tests of the responses of hosts to cowbirds 
(e.g., Neudorf and Sealy 1992) in removal and 
control areas might reveal how quickly hosts al- 
ter anti-parasite behaviors. Removal programs 
represent an almost untapped resource for im- 
proving our understanding of the ecological im- 
pacts of parasitic cowbirds. 
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PARASITISM AND EGG PUNCTURE BEHAVIOR BY BRONZED 
AND BROWN-HEADED COWBIRDS IN SYMPATRY 

BRIAN D. PEER AND SPENCER G. SEALY 

Abstract. We monitored parasitism by the sympatric Bronzed (Molothrus aeneus) and Brown-headed 
(M. ater) cowbirds in south Texas to determine whether the two cowbird species avoid overlap in host 
use. We also investigated egg puncture behavior by Bronzed Cowbirds. Nests of 11 potential host 
species were found and 5.1% of 1256 nests were parasitized. Brown-headed Cowbirds parasitized 
seven host species, whereas Bronzed Cowbirds parasitized three species. The two cowbirds demon- 
strated overlap in host use. Punctured eggs were found in the nests of three host species. Nearly 81% 
of nests where egg puncture was observed were subsequently deserted. Egg puncture may force hosts 
that have escaped parasitism to renest, thereby creating additional opportunities for parasitism. 

Kev Words; Bronzed Cowbird, brood parasitism, Brown-headed Cowbird, egg puncture, Molothrus 
aeneus, Molothrus ater. 

The Brown-headed Cowbird (scientific names 
given in Appendix) is the only obligate brood 
parasite that occurs throughout most of North 
America. Its range overlaps that of the Bronzed 
Cowbird in the southwestern United States and 
northern Mexico (see Lowther 1993, 1995). 
Scant information exists on host use by Brown- 
headed and Bronzed cowbirds in areas of sym- 
patry (but see Carter 1986). Other species of 
brood parasites that are sympatric, particularly 
the cuckoos (Cuculus, Chrysococcyx, Clamator, 
Eudynamis, Oxylophus, Scythrops), reduce com- 
petition by partitioning their primary hosts 
(Friedmann 1928, 1967a; Payne and Payne 
1967; Brooker and Brooker 1989a, b, 1992). 

Little is known concerning the parasitic be- 
havior of Bronzed Cowbirds in general. Bronzed 
Cowbirds puncture host eggs (Friedmann 1929, 
Carter 1986), behavior that differs from egg re- 
moval by Brown-headed Cowbirds. Brown- 
headed Cowbirds often pierce eggs in their open 
beaks and remove them from nests (Blincoe 
1935, Sealy 1992), whereas Bronzed Cowbirds 
puncture holes in eggs but leave them in the 
nests (Friedmann 1929, Carter 1986, this study). 
Egg removal by Brown-headed Cowbirds ap- 
pears to enhance incubation of the parasite’s 
eggs (Sealy 1992, McMaster and Sealy 1997; 
Peer and Bollinger 1997, in press; see also Da- 
vies and Brooke 1988). The function of egg 
puncture by Bronzed Cowbirds, however, is un- 
clear. Carter (1986) hypothesized that Bronzed 
Cowbirds puncture eggs to decrease competition 
with host nestlings or other cowbird nestlings. 
Shiny Cowbirds also puncture eggs (Friedmann 
1929), and Mason (1986) suggested this behav- 
ior serves the same function in Shiny Cowbirds. 
Other researchers have suggested egg puncture 
by Shiny Cowbirds is spiteful behavior (Post and 
Wiley 1977), or that it is a general habit that is 
unrelated to brood parasitism (Hoy and Ottow 

1964). Recent evidence, however, indicates 
Shiny Cowbirds puncture eggs to force hosts to 
desert and renest, thus providing the cowbirds 
with future opportunities for parasitism (Naka- 
mura and Cruz in press). In the present study we 
tested two hypotheses. First, that sympatric 
Bronzed and Brown-headed cowbirds parasitize 
different host species to reduce competition, and 
second, that Bronzed Cowbirds puncture eggs to 
force hosts to desert and renest in order to obtain 
additional opportunities for parasitism. 

METHODS 

We conducted this study at the Welder Wild- 
life Refuge in San Patricia County, Texas 
(28”O’N, 97”5’W), from 1994-1996. The refuge 
is 3156 ha and is characterized by a mesquite- 
mixed grass community interspersed with chap- 
arral (Drawe et al. 1978). Cattle were present 
and grazed throughout most of the refuge. 
Brown-headed and Bronzed cowbirds occur at 
the refuge in approximately equal numbers dur- 
ing the breeding season (B. Peer, pers. obs.). To 
the south of this region of Texas, Bronzed Cow- 
birds predominate with very few Brown-headed 
Cowbirds present during the breeding season, 
and in areas of Texas to the north, the Brown- 
headed Cowbird predominates with very few 
Bronzed Cowbirds present (Oberholser 1974, 
Carter 1986, Price et al. 1995). 

One of us (B. Peer) searched for nests 
throughout most of the refuge almost daily in all 
three years, and one assistant also searched in 
1996. The only vegetation type not searched was 
grassland where Eastern Meadowlarks nested in 
all years and Dickcissels in 1994. This area was 
not searched due to the low densities of these 
hosts and time constraints. We did not census 
birds, but the number of nests found were gen- 
erally reflective of overall passerine densities. 
The exceptions, in addition to the two afore- 
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FIGURE 1. Northern Cardinal nest containing one punctured host egg and one Brown-headed Cowbird egg. 

mentioned grassland species, were the Painted 
Bunting and White-eyed Vireo, both of which 
were more common than the number of nests 
found. 

Only suitable hosts in terms of body mass, 
diet, and nest accessibility were included in the 
analyses. Unsuitable hosts (e.g., Killdeer, 
Mourning Dove, Common Ground-Dove, Yel- 
low-billed Cuckoo, Greater Roadrunner, and 
Ash-throated Flycatcher) were excluded because 
such species are typically avoided by cowbirds 
(Friedmann 1963, Friedmann and Kiff 1985; but 
see Rothstein 1976, Clotfelter and Brush 1995), 
and indeed we found no parasitism on these spe- 
cies. The Great-tailed Grackle is too large to be 
a suitable host for the Brown-headed Cowbird, 
but it is suitable for the Bronzed Cowbird (Peer 
1998), which is the largest of the molothrine 
cowbirds (males = 67 g, females = 57 g; Dun- 
ning 1993). We included species that reject cow- 
bird eggs (e.g., Scissor-tailed Flycatcher, North- 
em Mockingbird, Great-tailed Grackle, and Bul- 
lock’s Oriole [Rothstein 1977, Carter 1986, Re- 
gosin 1994; Peer 1998, unpubl. data]), because 
rejecters are sometimes parasitized (Scott 1977; 
see below). 

Nests were marked with flagging tape and 

subsequently inspected every one to three days 
for evidence of parasitism and egg puncture. Our 
estimates of egg puncture are conservative be- 
cause some punctured eggs may have been re- 
moved by hosts before nests were inspected. 
Only eggs that had holes poked through the egg- 
shells (see Fig. 1) were considered as punctured 
by Bronzed Cowbirds. We used this criterion to 
reduce the risk of including damage that was 
caused by other predators (see also Nakamura 
and Cruz in press and below). 

RESULTS 

BRONZED AND BROWN-HEADED COWBIRD 
PARASMISM 

There was no apparent partitioning of hosts 
by Bronzed and Brown-headed cowbirds. 
Bronzed Cowbirds parasitized three host spe- 
cies, and Brown-headed Cowbirds parasitized 
seven species, including all three parasitized by 
Bronzed Cowbirds (Table 1). The Northern Car- 
dinal was the most frequently parasitized host 
overall (59 of 115 nests parasitized vs. 7 of 1151 
for all other hosts; G = 272.7, P < O.OOl), and 
individually by both Bronzed (3 1 of 115 vs. 2 
of 1139; G = 141.9, P < 0.001) and Brown- 
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TABLE 1. FREQUENCY OF BRONZED AND BROWN-HEADED COWBIRD PARASI~SM ON HOSTS AT THE WELDER WILD- 
LIFE REFUGE,TEXAS FROM 1994-1996 

Host species 

‘Total nests 

N (%I 

Nests parasitized 

Bronzed Cowbird Brown-headed Cowbird 

N (%I N (%I 

Parasitized by both cowbirds 
Northern Cardinal 
Painted Bunting 
Olive Sparrow 
Subtotal 

Parasitized by Bronzed Cowbird 
only 

115 (9.2) 
2 (0.2) 
3 (0.2) 

120 (9.6) 

31 (27.0) 32 (27.8) 
1 (50.0) 1 (50.0) 
1 (33.3) 1 (33.3) 

33 (27.5) 34 (28.3) 

Parasitized by Brown-headed Cow- 
bird only 
Verdin 
White-eyed Vireo 
Red-winged Blackbird 
Bullock’s Oriole 
Subtotal 

4 (0.3) 
2 (0.2) 
8 (0.6) 
4 (0.3) 

18 (1.4) 

Not parasitized 
Scissor-tailed Flycatcher 
Northern Mockingbird 
Lark Sparrow 
Great-tailed Grackle 
Subtotal 

279a.b (22.2) 
40 (3.2) 

2 (0.2) 
797 (63.4) 

1118 (89.0) 

Total 1256 (100) 

- 1 (25.0) 
2 (100) 
1 (12.5) 

- 1 (25.0) 
5 (12.8) 

- 
- - 

- 
- - 

33 (2.6) 39 (3.1) 

a Includes unpublished data from E Guerrero. 
b One nest containing a Mourning Dove egg. 

headed (32 of 115 vs. 7 of 337; G = 62.5; P < 
0.001) cowbirds (Table 1). Four cardinal nests, 
one Painted Bunting nest, and one Olive Spar- 
row nest were parasitized simultaneously by 
both cowbird species. There was no evidence 
that Bronzed and Brown-headed cowbirds par- 
tition the nests of cardinals as four of 31 nests 
parasitized by Bronzed Cowbirds were also par- 
asitized by Brown-headed Cowbirds, and four of 
32 nests parasitized by Brown-headed Cowbirds 
were parasitized by Bronzed Cowbirds (Fisher’s 
exact test, P > 0.99). The 66 parasitized nests 
we found contained an average of 1.4 cowbird 

eggs per nest. Forty-five Bronzed Cowbird eggs 
were found in 33 nests, and 49 Brown-headed 
Cowbird eggs were found in 39 nests. 

EGG PUNCTURE BEHAVIOR 

Punctured eggs were found in nests or on the 
ground below nests of three species (Table 2), 
with cardinals having the most number of nests 
with punctured eggs (N = 24 nests). Nests that 
had eggs punctured were more likely to be de- 
serted (80.8% of 26 nests) than nests that did 
not have eggs punctured for these three species 
(10.7% of 103 nests; Fisher exact test, P < 

TABLE 2. FREQUENCY OF EGG PUNCTURE ON HOSTS NESTING AT THE WELDER WILDLIFE REFUGE, TEXAS FROM 
1994-1996 

Host species 

Northern Cardinal 
Olive Sparrow 
Yellow-billed Cuckoo 

Nests parasitized by Nests parasitized by 
Bronzed Cowbird Brown-headed Cowbird 

No. unparasitired 
nests with No. with No. with 

Total no. nests punctured eggs N (%I punctured eggs N (%) punctured eggs 

115 10 27 (27) 8a 32 (28) 6b 
3 0 1 (33) 1 1 (33) 1 

11 1 0 (0) 0 0 (0) 0 

a One Bronzed Cowbird egg was removed prior to puncture. 
b Two Brown-headed CowbIrd eggs were removed prior to puncture 
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0.001). The stage of the nesting cycle at which 
eggs were punctured was known for 10 nests: 
six nests that had eggs punctured during incu- 
bation were deserted, whereas only one of four 
nests that had eggs punctured during laying was 
deserted (Fisher’s exact test, P = 0.03). Four 
nests that had eggs punctured during the laying 
stage were also parasitized, and puncture oc- 
curred the same day as parasitism or later. 

Parasitized nests contained punctured eggs 
more frequently than unparasitized nests (15 of 
66 parasitized nests vs. 11 of 1190 unparasitized 
nests; G = 57.4, P < 0.001; Table 2). Single 
cowbird eggs were removed from four of these 
nests for other experiments, three of which were 
removed before puncture occurred (two brown- 
headed eggs and one bronzed egg) (Peer 1998). 
Taking these three nests into account, parasitized 
nests still had eggs punctured more frequently 
(12 of 63 vs. 11 of 1193; G = 43.2, P < 0.001). 
Nests parasitized by Bronzed Cowbirds were no 
more likely to have eggs punctured than were 
those parasitized by Brown-headed Cowbirds (9 
of 33 nests vs. 7 of 39, respectively; G = 0.90, 
P = 0.34). 

Host eggs were punctured more frequently 
(37 punctured vs. 14 not punctured) than cow- 
bird eggs (6 vs. 10; G = 6.3, P = 0.01) in all 
nests that had eggs punctured. However, host 
eggs were punctured at the same frequency as 
cowbird eggs of both species combined in par- 
asitized nests (9 of 13 vs. 6 of 14, respectively; 
Fisher exact test, P = 0.25). Bronzed Cowbird 
eggs were also punctured at the same frequncy 
as host eggs in parasitized nests (7 of 8 vs. 5 of 
8; Fisher’s exact test, P = 0.57). However, 
Brown-headed Cowbird eggs were punctured 
less often than host eggs (0 of 7 vs. 6 of 6, 
respectively; Fisher exact test, P < O.OOl), and 
Bronzed Cowbird eggs in parasitized nests (0 of 
7 vs. 7 of 8, respectively; Fisher’s exact test, P 
= 0.001). 

DISCUSSION 

BRONZED AND BROWN-HEADED COWBIRD 
PARASITISM 

Friedmann (1967b) coined the terms “hom- 
oxenia” to designate the situation where two or 
more brood parasitic species use the same hosts 
in areas of sympatry, and “alloxenia” where 
parasites use different hosts in areas of sympa- 
try. It should be to the advantage of sympatric 
parasites to avoid using the same hosts to reduce 
competition. Indeed African and Australian 
cuckoos avoid overlap of their primary hosts 
(Friedmann 1928, Brooker and Brooker 1989b). 
In southern Texas, however, Bronzed and 
Brown-headed cowbirds are seemingly homox- 

enic. All three species parasitized by Bronzed 
Cowbirds were also parasitized by Brown-head- 
ed Cowbirds. The fact that Brown-headed Cow- 
birds used a wider variety of host species reflects 
the host use by these two cowbirds in general. 
Brown-headed Cowbirds have parasitized about 
220 host species (Friedmann and Kiff 1985), 
whereas Bronzed Cowbirds are known to have 
parasitized only 87 species (Lowther 1995, Sea- 
ly et al. 1997). Possibly, some of the hosts we 
observed parasitized only by Brown-headed 
Cowbirds were also parasitized by Bronzed 
Cowbirds, but escaped our detection because our 
samples were small for those four species. How- 
ever, only two of these species, the Red-winged 
Blackbird and Bullock’s Oriole, are known hosts 
of the Bronzed Cowbird (Friedmann and Kiff 
1985). We also have no data on parasitism of 
Eastern Meadowlarks or Dickcissels. Both are 
hosts of the Brown-headed Cowbird, but neither 
has been observed to be parasitized by Bronzed 
Cowbirds (Friedmann and Kiff 1985, Lowther 
1995, Sealy et al. 1997). 

Our small samples for some hosts limit our 
conclusions somewhat. However, our findings 
are similar to those of Carter (1986) at the Santa 
Ana refuge, a semi-arid forest-brushland area of 
southernmost Texas. Carter found that all nests 
parasitized by Brown-headed Cowbirds (N = 6) 
were also parasitized by the more common 
Bronzed Cowbirds. Perhaps the best explanation 
for the overlap in host use is that the two cow- 
bird species have just recently come into contact 
in this area of Texas. The Bronzed Cowbird was 
not known to occur in Texas until the late 19th 
century (Merrill 1876), thus there may not have 
been sufficient time for competition between the 
two species to force differences in host utiliza- 
tion. 

EGG PUNCTURE BEHAVIOR 

Our data support the hypothesis that egg 
puncture forces hosts that have escaped parasit- 
ism to desert and renest, thereby creating addi- 
tional opportunities for parasitism (Nakamura 
and Cruz in press; see also Arcese et al. 1996). 
Female cowbirds may not be ready to lay, or 
they may find nests during the incubation stage 
or later. Such nests are too advanced to be suc- 
cessfully parasitized because the parasite’s eggs 
must often hatch before or at the same time as 
host nestlings if they are to fledge (Carter 1986, 
Peer and Bollinger 1997). Although we were of- 
ten unaware of what stage of the nesting cycle 
at which egg puncture occurred, 81% of nests 
that had eggs punctured were deserted. Nests 
that had eggs punctured during the laying stage 
were less likely to be deserted than those that 
had eggs punctured during incubation. Eggs that 
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were punctured during the laying stage may 
have been punctured by females who were not 
ready to lay, but were unsuccessful at forcing 
desertion. These results concur with studies of 
the Shiny Cowbird in which nests that had eggs 
punctured were also frequently deserted (Post 
and Wiley 1977, Fraga 1985, Nakamura and 
Cruz in press). Similarly, Arcese et al. (1996) 
found that nest failure in Song Sparrows in- 
creased when Brown-headed Cowbirds were 
present and they suggested Brown-headed Cow- 
birds depredate nests to create additional oppor- 
tunities for parasitism. 

Nakamura and Cruz (in press) further sug- 
gested that egg puncture by Shiny Cowbirds 
may reflect competitive interactions between 
cowbirds for parasitism opportunities because 
punctured eggs were more common in areas 
with higher cowbird densities. We have no data 
on cowbird densities at the Welder Wildlife Ref- 
uge. Parasitized nests were, however, more like- 
ly to have eggs punctured than nonparasitized 
nests, which may indicate that cowbirds punc- 
ture eggs in nests that have already been para- 
sitized. This would require that cowbirds rec- 
ognize cowbird eggs in the nests of their hosts. 
Presumably, Bronzed Cowbirds should be able 
to recognize the immaculate eggs of other 
Bronzed Cowbirds in the nests of the most fre- 
quently parasitized host, the cardinal, which has 
spotted eggs (Baicich and Harrison 1997). How- 
ever, it seems unlikely that they can recognize 
Brown-headed Cowbird eggs in cardinal nests 
because cowbird eggs closely resemble cardinal 
eggs (see Baicich and Harrison 1997). Inexpe- 
rienced researchers frequently mistake Brown- 
headed Cowbird eggs for cardinal eggs (B. Peer, 
pers. obs.); thus, it is possible that cowbirds can- 
not distinguish between the two egg types. If so, 
we would expect that nests parasitized by 
Bronzed Cowbirds would be more likely to have 
eggs punctured than those nests parasitized by 
Brown-headed Cowbirds, but there was no dif- 
ference. The fact that parasitized nests were 
more likely to contain punctured eggs may be a 
result of cowbirds keying in on the nests of these 
frequently parasitized hosts, particularly the car- 
dinal. 

Similar to Nakamura and Cruz (in press), we 
found no evidence that egg puncture helps cow- 
birds fledge from nests by reducing competition 
with host nestlings or other cowbird nestlings 
(e.g., Carter 1986, Mason 1986). Hosts clearly 
deserted their nests in association with puncture 
behavior in our study and this would make the 
elimination of host or other cowbird nestlings 
superfluous. Moreover, the contents of punc- 
tured eggs often leaked into nests and caused the 
remaining eggs to stick to the bottom of the nest, 

and this also attracted ants (B. Peer, pers. obs.; 
see also Nakamura and Cruz in press). This 
would prevent the remaining eggs including the 
cowbird eggs from being turned, which would 
result in the death of the embryos (Gill 1990). 
Thus, this behavior would actually decrease the 
likelihood of a cowbird fledging. 

Great Spotted Cuckoos damage host eggs in- 
directly as a result of their eggs hitting host eggs 
during laying (Soler 1990, Soler et al. 1997). 
Soler et al. (1997) suggested that damage to host 
eggs decreases competition from host nestlings 
and increases the chances of late-laid eggs 
hatching. Indeed, one of us witnessed an inci- 
dent where a Bronzed Cowbird laid her egg in 
a cardinal nest and, upon inspection, we found 
that one of the cardinal eggs had been cracked 
(see Peer and Sealy 1999). The egg was subse- 
quently removed, presumably by the adult, and 
the nest was later depredated. Soler et al. (1997) 
state that this sort of damage is beneficial be- 
cause it makes host eggs inviable and decreases 
the risk of attracting insects and bacteria. How- 
ever, if as they suggest this change in the egg is 
so subtle that the host does not notice it, the host 
may not remove the egg. Eggs that are cracked 
or dented often hatch; the inner membrane must 
be damaged for the egg to become inviable 
(Roskaft et al. 1993; S. Sealy, pers. obs.). There- 
fore, this would not reduce competition. Soler et 
al. (1997) also incorrectly state that when brood 
parasites damage eggs they do so without break- 
ing them. The references they list (Hoy and Ot- 
tow 1964, Post and Wiley 1977, Carter 1986) 
refer to Bronzed and Shiny cowbirds and these 
parasites puncture holes in the eggs making 
them inviable (see above and Nakamura and 
Cruz in press). 

Egg puncture also does not appear to be of a 
generalist nature in Bronzed Cowbirds, nor does 
it appear to be spiteful (e.g., Hoy and Ottow 
1964, Post and Wiley 1977). Egg puncture was 
clearly associated with Bronzed Cowbird para- 
sitism. Punctured eggs were found only in the 
nests of species that were parasitized by 
Bronzed Cowbirds, or are known hosts of this 
cowbird (Table 1; Clotfelter and Brush 1996). In 
addition to being the most frequently parasitized 
host, the cardinal also suffered the highest fre- 
quency of egg puncture, which indicates that this 
behavior is associated with parasitism (see also 
Nakamura and Cruz in press). Thus, despite the 
fact that we did not witness Bronzed Cowbirds 
puncture eggs, we are confident the eggs were 
indeed punctured by Bronzed Cowbirds rather 
than other predators. Furthermore, egg predators 
typically consume eggs, i.e., they do not punc- 
ture eggs and leave them in the nests. Eastern 
Meadowlarks puncture eggs (Picman 1992) and 
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they nested at the refuge; however, meadowlarks 
were not present in the habitats where egg punc- 
ture was observed. Red-winged Blackbirds 
puncture eggs (Sealy 1994) and they also nested 
at the refuge, but they were relatively rare and 
we did not observe punctured eggs at the lake 
where they nested. 

We are also confident that Brown-headed 
Cowbirds were not responsible for egg puncture 
in our study. Instead of puncturing eggs, Brown- 
headed Cowbirds may depredate host nests (Ar- 
cese et al. 1996), but it is unclear how wide- 
spread this behavior is in Brown-headed Cow- 
birds. It is possible that Brown-headed Cowbirds 
depredated some nests in our study. However, 
only hosts that were parasitized or are known 
hosts of the Bronzed Cowbird suffered egg 
puncture (see Clotfelter and Brush 1995 and be- 
low), and none of the hosts that were parasitized 
by only Brown-headed Cowbirds suffered egg 
puncture. 

Egg puncture also differs from the “mafia” 
behavior described in Great Spotted Cuckoos. 
Mafia cuckoos (Zahavi 1979, Soler et al. 1995) 
purportedly depredate some or all the eggs or 
nestlings of their Black-billed Magpie hosts to 
punish them for rejecting cuckoo eggs. The three 
hosts that experienced egg puncture in our study 
are not known to reject cowbird eggs, although 
the cardinal is the only one that has been tested 
experimentally (Rothstein 1975a; see also Carter 
1986). Furthermore, we found no evidence of 
egg puncture in the nests of the four rejecter 
species that nested at the refuge. Thus, it appears 
that egg puncture by Bronzed Cowbirds, similar 
to Shiny Cowbirds, functions to force hosts to 
renest to provide the cowbirds with future op- 
portunities for parasitism. 
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APPENDIX. SCIENTIFIC NAMES OF BIRDS MENTIONED 
IN TEXT OR TABLES. 

Killdeer 
Mourning Dove 
Common Ground-Dove 
Great-spotted Cuckoo 
Yellow-billed Cuckoo 
Greater Roadrunner 

Scissor-tailed Flycatcher 
Ash-throated Flycatcher 
Black-billed Magpie 
Verdin 
Northern Mockingbird 
White-eyed Vireo 
Northern Cardinal 
Painted Bunting 
Olive Sparrow 
Song Sparrow 
Lark Sparrow 
Dickcissel 
Eastern Meadowlark 
Red-winged Blackbird 
Brown-headed Cowbird 
Bronzed Cowbird 
Shiny Cowbird 
Great-tailed Grackle 
Bullock’s Oriole 

Charadrius vociferus 
Zenaida macroura 
Columbina passerina 
Clamator glandarius 
Coccyzus americanus 
Geococcyx californi- 

anus 
Tyrannus for-catus 
Myiarchus cinerascens 
Pica pica 
Auriparus jlaviceps 
Mimus polyglottos 
Vireo griseus 
Cardinalis cardinalis 
Passerina ciris 
Arremonops rufivirgatus 
Melospiza melodia 
Chondestes grammacus 
Spiza americana 
Sturnella magna 
Agelaius phoeniceus 
Molothrus ater 
Molothrus aeneus 
Molothrus bonariensis 
Quiscalus mexicanus 
Icterus bullockii 
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A META-ANALYSIS OF THE IMPACT OF PARASITISM BY THE 
BROWN-HEADED COWBIRD ON ITS HOSTS 

JANICE C. LORENZANA AND SPENCER G. SEALY 

Abstract. We used a meta-analytical technique to synthesize the results of studies that have quantified 
the effect of parasitism by Brown-headed Cowbirds (Molothrus ate-r) on host productivity. The cost 
of parasitism was defined as the difference in the number of young fledged in parasitized and unpar- 
asitized nests because 95% of the empirical studies used this method for calculating the cost of 
parasitism. We conducted two meta-analyses: one using productivity data based on nests that fledged 
at least one chick and the other using productivity data based on all nests. The meta-analysis based 
on successful nests included 40 studies and 19 species, and the meta- analysis based on all nests 
included 44 studies and 25 species. Across all studies, the number of young fledged per nest was 
significantly decreased by cowbird parasitism. Larger hosts incurred a smaller cost of parasitism that 
approached significance when all nests were used in the calculation of parasitism costs. Three graniv- 
orous species included in the analyses incurred a significant cost of parasitism. The inclusion of failed 
nests decreased the overall cost of parasitism, which indicates that predation dilutes the effect of 
parasitism on a population level. Our analysis is only as good as the studies on which it was based, 
and we point out several shot--comings of many empirical studies that have estimated the cost of 
parasitism. A better estimate of the cost of parasitism is the difference between the number of young 
produced by parasitized and unparasitized females during the entire breeding season. Researchers 
should be aware of the biases that exist when cost is calculated on a per-nest basis. 

Kev Words: Avian brood oarasitism. Brown-headed Cowbird, cost of parasitism, host species, meta- 
L 

analysis, Molothrus ater. 

Many studies have quantified the effect of par- 
asitism by the Brown-headed Cowbird (Molo- 
thrus ate-) on host productivity. The question of 
how cowbird parasitism affects host productivity 
is particularly interesting because the cowbird 
has been recorded parasitizing at least 220 spe- 
cies (Friedmann and Kiff 1985) and, therefore, 
likely affects the reproductive success of differ- 
ent hosts to varying degrees. In this paper, we 
compiled the results of many of these studies 
and performed a meta-analysis to confirm 
whether cowbirds decrease host productivity 
and, if so, to what extent. 

Although meta-analytical techniques were de- 
veloped in the mid-1970s, only since the early 
1990s have these techniques been used in ecol- 
ogy. Since then, several papers have promoted 
the use of these techniques (Mann 1990, Fer- 
nandez-Duque and Valeggia 1994, Amqvist and 
Wooster 1995). Meta-analysis is a scientific re- 
view in which data are quantitatively synthe- 
sized and, as such, provides a better alternative 
to traditional narrative reviews. Meta-analytical 
techniques are used to summarize the results of 
studies in terms of an effect size, calculate a 
mean effect size for groups of similar studies 
(referred to as classes), and calculate the overall 
effect size for all studies. The overall effect size 
is useful in determining the overall trend in the 
data, and whether it is significantly different 
from zero (Gurevitch and Hedges 1993, Amqv- 
ist and Wooster 1995). Often in the past, review- 
ers combined the results of studies conducted on 

a subject by comparing the number of studies 
that rejected the null hypothesis with those that 
did not reject the null hypothesis. The problem 
with the latter approach is that studies based on 
small sample sizes are more likely to result in a 
Type II error, which is failing to reject the null 
hypothesis when it is actually false. This is not 
a problem when meta-analytical techniques are 
used because the calculated effect size is weight- 
ed according to sample size (Gurevitch and 
Hedges 1993). 

Cowbird parasitism lowers the productivity of 
species that accept cowbird eggs in the follow- 
ing ways: host egg removal by the female cow- 
bird (Sealy 1992), egg breakage during or after 
parasitism (Marvil and Cruz 1989, Weatherhead 
1989, Smith and Arcese 1994), lowered hatching 
success of host eggs due to inefficient incubation 
and/or earlier hatching of parasite eggs (Petit 
1991, McMaster and Sealy 1997), and lower 
nestling survival due to crowding and competi- 
tion for parental care (Marvil and Cruz 1989). 
Undeniably, cowbirds greatly affect the produc- 
tivity of some of their hosts. Some small hosts 
seldom fledge any of their own young when they 
are parasitized (e.g., Goldwasser et al. 1980), 
and many reviews have recorded the production 
of fewer host offspring in parasitized nests ver- 
sus unparasitized nests (e.g., Payne 1977, May 
and Robinson 1985). Weatherhead (1989) and 
Trine (in press) provide data on the productivity 
of nests of Red-winged Blackbirds (Agelaius 
phoeniceus) and Wood Thrushes (Hylocichla 
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mustelina), respectively, that contain more than 
one cowbird egg. Herein, we test the hypothesis 
that multiply parasitized hosts incur a greater 
cost of parasitism than singly parasitized hosts. 

As a generalist brood parasite, Brown-headed 
Cowbirds parasitize many inappropriate hosts, 
such as large species, seed-eating species, spe- 
cies that reject parasitic eggs, and even non-pas- 
serines. For our study, we predict that inappro- 
priate hosts do not incur as great a cost of par- 
asitism. Large host young should be able to 
compete with or even outcompete a cowbird 
chick during the nestling stage (e.g., Common 
Grackle, Quiscalus quiscula; Peer and Bollinger 
1997). Hosts that feed seeds to their young 
should incur little cost associated with parasit- 
ism, except possibly for host egg removal and 
egg damage, because cowbird nestlings are in- 
sectivorous and die when fed only seeds (e.g., 
Middleton 1991, Kozlovic et al. 1996). Species 
that eject cowbird eggs and desert or bury the 
contents of parasitized nests should experience 
less cost than species that raise the cowbird 
young. 

Performing a meta-analysis allowed us to de- 
termine how the cost of raising a cowbird differs 
among host species. We sought answers to the 
following questions: (1) Do nests fledge fewer 
young when they are parasitized by the Brown- 
headed Cowbird? (2) Do small bodied hosts in- 
cur a greater cost of parasitism than large bodied 
hosts? (3) Is brood parasitism less costly for gra- 
nivorous species that do not usually raise cow- 
birds than for primarily insectivorous species? 
(4) Is the calculated cost of parasitism different 
when fledging success is calculated for all nests 
or only for successful nests? 

METHODS 

We reviewed the literature back to 1945 and 
included studies that presented data on host pro- 
ductivity in parasitized and unparasitized nests. 
To be included in the meta-analysis, the follow- 
ing data were required for both parasitized and 
unparasitized nests: (1) some measure of repro- 
ductive success for each, (2) an estimate of the 
variability of these measures (standard deviation 
or standard error), and (3) sample sizes. Most 
researchers quantified productivity in terms of 
the number of host young that fledged from 
nests, with four exceptions, namely studies by 
Klaas (1975), Smith (1981), Clark and Robert- 
son (1981), and Roth et al. (1996) (Tables 1, 2). 

Some studies that reported the productivity of 
parasitized and unparasitized nests could not be 
included in the meta-analysis because standard 
deviations were not provided. Several authors 
were contacted for additional information (e.g., 
standard deviations) not given in their papers. 

We urge authors to provide a measure of the 
variance for all estimated parameters reported 
because this not only allows others to re-analyze 
their data, but this is necessary for readers to 
have an idea of the extent of variation. 

Overall, 36 papers and unpublished sources 
presented information on 29 host species that 
could be used in our analyses (Tables 1, 2). 
Some of the papers included more than one host 
species or broke up the information for the same 
species by year, time of year, habitat, or number 
of cowbird eggs in nest. We conducted two 
meta-analyses, one using productivity data based 
on nests that fledged at least one host or cowbird 
chick, and the other using productivity data 
based on all nests. We conducted the analyses 
separately because some studies provided pro- 
ductivity data based on both methods and the 
data were not independent. Studies that present- 
ed data on the total number of young produced 
per female over the entire breeding season were 
analyzed in the meta-analysis based on all nests. 
G.T. Braden (pers. comm.) provided raw data for 
banded California Gnatcatchers (Polioptila cal- 
ifomica) that allowed us to calculate the cost of 
parasitism based on all nests, successful nests 
only, and on a per-female basis. This was the 
only data-set for which the cost of parasitism 
was calculated in all three ways. 

We only briefly summarize the methods here 
(see Gurevitch and Hedges [ 19931 for a detailed 
account of the equations and steps used to per- 
form the meta-analysis). First, we transformed 
the outcome of each study to an “effect size,” 
which is the difference in the mean number of 
young fledged in parasitized and unparasitized 
nests divided by the pooled standard deviation. 
The effect size for each study was then weighted 
by the number of parasitized and unparasitized 
nests. Similar studies were grouped into “class- 
es.” In our meta-analyses, studies conducted on 
the same species were analyzed as one class. 
Because each class must contain more than one 
study, species that were studied only once were 
grouped as insectivorous or granivorous (in the 
case of the meta-analysis involving successful 
nests only) or in terms of adult mass (in the case 
of the meta-analysis involving all nests). Effect 
sizes for studies that belong to the same class 
were then combined by taking a weighted av- 
erage to see whether the class effect size differed 
from zero. A one-tailed test was used to calcu- 
late the 95% confidence limits for class effect 
size. We used a mixed model that, unlike the 
fixed model, did not make the stringent assump- 
tion that a class of studies shared a common true 
effect size. In a mixed model, it is assumed that 
the studies within a class share a common mean 
effect, but that there is random variation among 
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studies in a class, in addition to sampling vari- 
ation. An overall effect size was then found by 
calculating a weighted average of the class ef- 
fect sizes (Gurevitch and Hedges 1993). The 
overall effect size was converted to a Z-score 
using a standard normal distribution table (as in 
Tonhasca and Byrne 1994). A test for hetero- 
geneity among the effect sizes of all classes was 
performed using the between-class heterogeneity 
statistic, Qa, which has approximately a chi- 
square distribution with degrees of freedom 
equal to the total number of classes minus one. 
The greater the value of Qs, the greater the het- 
erogeneity in effect sizes among the classes 
(Gurevitch and Hedges 1993). For significance, 
we used (Y = 0.05 in all statistical tests. 

The meta-analysis based on successful nests 
included 40 studies, 19 species and 10 classes. 
The following eight species were the subject of 
more than one study and were treated as separate 
classes: Willow Flycatcher (Empidonax traillii), 
Wood Thrush, Red-eyed Vireo (Vireo oliva- 
ceus), Prothonotary Warbler (Protonotaria ci- 
trea), Yellow Warbler (Dendroica petechia), 
Dickcissel (Spiza americana), Song Sparrow 
(Melospiza melodia), and Red-winged Black- 
bird. The remaining 11 species were separated 
into two classes: granivorous and other insectiv- 
orous hosts. The two granivorous hosts were 
American Goldfinch (Carduelis tristis) and 
House Finch (Carpodacus mexicanus). The nine 
insectivorous hosts included: California Gnat- 
catcher, Ovenbird (Seiurus aurocapillus), Loui- 
siana Waterthrush (S. motacilla), Indigo Bunting 
(Passerina cyanea), Lark Sparrow (Chondestes 
grammacus), Grasshopper Sparrow (Ammodra- 
mus savannarum), Dark-eyed Junco (Bunco hye- 
malis), Chestnut-collared Longspur (Calcarius 
ornatus), and Western Meadowlark (Sturnella 
neglecta) (Tables 1, 3). These nine insectivorous 
hosts were not divided into classes according to 
mass, as in the meta-analysis involving all nests 
(see below), because natural breaks in the mass 
data did not exist such that each class would 
have more than one study. Meta-analytical tech- 
niques require more than one study to be in- 
cluded in each class so that the error associated 
with the class effect size may be estimated. 

The meta-analysis based on all nests included 
44 studies, 25 species, and 13 classes. The fol- 
lowing species were studied more than once and 
treated as separate classes: Willow Flycatcher, 
California Gnatcatcher, Wood Thrush, Plum- 
beous Vireo (V. plumbeous), Red-eyed Vireo, 
Yellow Warbler, Indigo Bunting, Song Sparrow, 
and Red-winged Blackbird. The remaining 16 
species were grouped into four additional classes 
according to adult mass. The following four 
classes were formed using natural breaks in the 

mass data with the restriction that each class had 
to contain more than one study: (1) Blue-gray 
Gnatcatcher (Polioptila caerulea, 6.0 g), Clay- 
colored Sparrow (Spizella pallida, 12.0 g), West- 
em Wood-Pewee (Contopus sordidulus, 12.8 g), 
Warbling Vireo (Vireo gilvus, 14.8 g); (2) Grass- 
hopper Sparrow (17.0 g), Baird’s Sparrow (17.5 
g), Chestnut-collared Longspur (18.9 g), Eastern 
Phoebe (Sayornis phoebe, 19.8 g), Savannah 
Sparrow (20.0 g), Louisiana Waterthrush (20.3 
g); (3) Purple Finch (Carpodacus purpureus, 
24.9 g). Sprague’s Pipit (Anthus spragueii, 25.3 
g), Western Tanager (Piranga ludoviciana, 28.1 
g), Lark Sparrow (29.0 g); and (4) Bobolink 
(Dolichonyx oryzivorus, 42.0 g). Western Mead- 
owlark (100.7 g) (Tables 2,4). Mean adult mass- 
es were obtained from Dunning (1993). We used 
the average mass of both sexes combined for 
dimorphic species. Note that the Purple Finch 
was the only granivorous species included in 
this meta-analysis and, therefore, could not be 
analyzed in a separate class. 

Time (in press) provided data on fledging suc- 
cess for Wood Thrush nests containing up to six 
cowbird eggs. Simple linear regression was used 
to determine whether the number of cowbird 
eggs in Wood Thrush nests affected the effect 
size of parasitism. Linear regression was also 
used to determine whether host mass affected 
the effect size of parasitism. When more than 
one study was conducted on a species, a pooled 
effect size for the species was used as a single 
observation in the regression analysis to avoid 
pseudoreplication. 

Although our analysis included species that 
often desert or bury parasitized nests (e.g., Yel- 
low Warbler, Clark and Roberston 1981; Willow 
Flycatcher, Sedgwick and Knopf 1988; Red- 
eyed Vireo and Song Sparrow, Graham 1988), 
the effect of nest desertion or burial on the cost 
of parasitism could not be determined accurately 
because most studies provided productivity data 
on a per-nest basis rather than on a per-female 
basis. Our meta-analysis does not include ejector 
species because no one has compared the pro- 
ductivity of naturally parasitized and unparasi- 
tized nests of ejector species. It is difficult to 
study naturally parasitized nests of ejector spe- 
cies because a cowbird egg may be ejected be- 
fore the foreign egg can be detected (Scott 1977, 
Sealy and Bazin 1995). 

A criticism of meta-analytical studies is that 
the results may be affected by a publication bias 
because papers that demonstrate no effect are 
less likely to be published than those with sta- 
tistically significant effects. Referred to as the 
“file-drawer” problem, there is a possibility that 
the number of unpublished statistically insignif- 
icant results is high enough to invalidate the re- 
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sults of the meta-analysis by bringing the sig- 
nificance level up to P 2 0.05 (Femandez-Du- 
que and Valeggia 1994, Amqvist and Wooster 
1995). We used the formula provided in Feman- 
dez-Duque and Valeggia (1994) to calculate the 
number of unpublished studies with insignificant 
results that would be required to invalidate the 
results of our meta-analysis. We set the mini- 
mum meaningful value for the mean effect size 
at 0.2. To evaluate effect size, Cohen (1988:25) 
suggested that d = 0.2 is small, d = 0.5 is me- 
dium, and d = 0.8 is large. Presumably an effect 
size greater than 1.0 is “very large” (Gurevitch 
and Hedges 1993). 

RESULTS 

OVERALL EFFECT SIZE 

Regardless of whether the calculation of 
fledging success was based on all nests or on 
successful nests only, brood parasitism by the 
Brown-headed Cowbird significantly decreased 
host productivity across all studies. The overall 
effect size across all of the classes was - 1.09 
(? 0.01) when the meta-analysis was based on 
successful nests, and -0.81 (+ 0.01) when the 
analysis was based on all nests. Therefore, in our 
analyses, the mean effect size of parasitism on 
the productivity of its hosts was “large” when 
productivity was based on all nests and “very 
large” when productivity was based on success- 
ful nests only, according to Cohen’s (1988) and 
Gurevitch and Hedge’s (1993) guidelines. Cal- 
culating fledging success based on successful 
nests resulted in a greater cost of parasitism 
compared with calculating fledging success us- 
ing all nests. For example, 15 of the 17 studies 
for which productivity data were calculated us- 
ing both methods had a smaller effect size when 
fledging success was based on all nests (Table 
5). 

Another way of interpreting the value of ef- 
fect sizes is in terms of the difference in stan- 
dard deviation units between the experimental 
and control groups (Gurevitch and Hedges 
1993). Cowbird parasitism caused a mean de- 
crease of 0.79 standard deviations in the number 
of young that fledged from a nest, and a mean 
decrease of 1.09 standard deviations when based 
on successful nests only. Converting the effect 
size to a Z-score revealed that an average para- 
sitized nest fledged fewer young than 79% of the 
unparasitized nests, and an average parasitized 
successful nest fledged fewer young than 86% 
of the unparasitized successful nests. 

Using the formula provided in Femandez-Du- 
que and Valeggia (1994), 134 unpublished stud- 
ies that estimated productivity based on all nests 
with statistically insignificant results and 178 
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unpublished studies that estimated productivity 
based on successful nests with statistically insig- 
nificant results would be required to conclude 
that cowbird parasitism had no effect on the 
hosts. 

META-ANALYSIS BASED ON SUCCESSFUL NESTS 

There was a significant difference in the effect 
of cowbird parasitism among all classes in the 
meta-analysis based on successful nests (QB = 
63.7, df = 9, P < 0.001). Fledging success was 
reduced by cowbird parasitism in all species, as 
indicated by uniformly negative effect sizes (Ta- 
ble 3). Furthermore, the 95% confidence limits 
for effect sizes did not overlap zero in any of 
the classes in the meta-analysis based on suc- 
cessful nests, which indicated that the effect 
sizes for all species were significantly less than 
zero. Thus, cowbird parasitism significantly de- 
creased the productivity of successful nests in 
Willow Flycatchers, Wood Thrushes, Red-eyed 
Vireos, Prothonotary Warblers, Yellow War- 
blers, Dickcissels, and Red-winged Blackbirds 
(Table 3). Cowbird parasitism also significantly 
decreased the productivity of successful nests of 
the nine species in the “other insectivorous 
hosts” class and the two species in the “graniv- 
orous hosts” class. This finding was confirmed 
because all individual effect sizes for the studies 
in the two latter classes were negative. 

META-ANALYSIS BASED ON ALL NESTS 

There was a significant difference in the effect 
of cowbird parasitism among all of the species 
(Qa = 36.2, df = 12, P < 0.001; Table 4). The 
95% confidence interval for effect sizes over- 
lapped zero for Wood Thrushes and Red-winged 
Blackbirds, indicating that the effect sizes for 
these two species were not significantly different 
from zero, and that cowbird parasitism did not 
significantly affect the productivity of these spe- 
cies. The class effect sizes for all other species 
were significantly less than zero, indicating that 
cowbird parasitism significantly decreased the 
productivity of these species. 

COMPARISON OF THE COST OF PARASITISM WHEN 
CALCULATED USING DIFFERENT METHODS 

G.T. Braden’s (pers. comm.) data on California 
Gnatcatchers were the only data for which the 
cost of parasitism could be calculated in all three 
ways. The effect size of parasitism based on the 
productivity of females was -0.81 (Table 6). 
The use of successful nests only grossly over- 
estimated the cost of parasitism (effect size = 
-2.27), whereas the use of all nests underesti- 
mated the cost of parasitism (effect size = 
-0.54). 
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TABLE 3. THE MASS AND EFFECT SIZES FOR EIGHT SPECIES STUDIED MORE THAN ONCE, AND FOR THE NINE INSEC- 
TIVOROUS ANDTWO GRANIVOROUS SPECIES STUDIED 0NCE;PRODUCTIVITYIS BASED ON SUCCESSFULNESTS 

~2 studies per species: 

Willow Flycatcher 
Wood Thrush 
Red-eyed Vireo 
Prothonotary Warbler 
Yellow Warbler 
Dickcissel 
Song Sparrow 
Red-winged Blackbird 

1 study per insectivorous host: 

California Gnatcatcher 
Ovenbird 
Louisiana Waterthrush 
Indigo Bunting 
Lark Sparrow 
Grasshopper Sparrow 
Dark-eyed Junco 
Chestnut-collared Longspur 
Western Meadowlark 

1 study per granivorous host: 

American Goldfinch 
House Finch 

9.5% confidence limits 
Effect size 

Mean adult mass (g) (no. studies in class) LOWeI UPPer 

13.4 ~0.67 (3) -0.87 -0.47 
47.4 -1.32 (7) -1.42 -1.22 
16.7 - 1.44 (2) -1.69 -1.19 
14.3 -0.95 (2) -1.16 PO.74 
9.5 -0.95 (5) -1.03 -0.88 

27 - 1.24 (2) -1.41 -1.07 
20 -0.94 (2) -1.2 -0.68 
52.6 -0.79 (6) -0.85 -0.73 

6 -2.67 
19.4 -2.27 
20.3 -1.8 
14.1 -1.76 
29 - 1.07 
17 -3.75 
20 -1.04 
18.9 -0.4 

100.7 -1.71 
-1.81 (9) -1.88 -1.74 

12.9 -0.26 
21.4 -1.08 

-0.55 (2) -0.75 -0.35 

EFFECT OF MULTIPLE PARASITISM ON COST OF 

PARASITISM 

The effect size of parasitism tended to in- 
crease as the number of cowbird eggs laid in 
Wood Thrush nests increased; however, this 
trend was not significant (effect size = - 0.258 
[number of cowbird eggs] - 0.693; t = -1.88, 
P = 0.13, r? = 0.25). Successful multiply para- 
sitized Red-winged Blackbird nests had a greater 
effect size of parasitism than successful singly 
parasitized nests (-0.84 and -0.22, respectively). 

EFFECT OF HOST MASS ON COST OF PARASITISM 

When the meta-analysis was based on all 
nests, the cost of parasitism decreased as host 
mass increased for species that were studied 
more than once (effect size = - 1.21-0.022 
[mass]; F = 8.8, df = 1, 7; P = 0.02, r* = 0.49) 
(Fig. 1). The relationship only approached sig- 
nificance (F = 4.44, df = 1, 11; P = 0.06, r* = 
0.22) when the four classes grouped by mass 
were included in the regression analysis. When 
all 25 species were included in the regression 
analysis, the trend was still apparent but the re- 
lationship was no longer statistically significant 
(F = 1.16, df = 1, 23; P = 0.29, r* = 0.007). 
When the meta-analysis was based on successful 
nests only, no association was found between 

the cost of parasitism and host mass, regardless 
of whether all species were included or when 
only species studied more than once were in- 
cluded (F < 0.005, df = 1, 17; P = 0.95, r* = 
0; and F = 0.08, df = 1, 6; P = 0.78, r* = 0, 
respectively). 

DISCUSSION 

Overall, brood parasitism significantly affect- 
ed host productivity. The results of our meta- 
analyses were resistant to the file-drawer prob- 
lem (see Fernandez-Duque and Valeggia 1994, 
Amqvist and Wooster 1995) because a suffi- 
ciently high number of unpublished studies with 
statistically insignificant results would have been 
required for us to conclude that cowbird para- 
sitism had no effect on the hosts: 134 studies 
that estimated productivity based on all nests 
and 178 studies that estimated productivity only 
on successful nests. 

Calculation of the cost of parasitism based on 
all nests resulted in a more moderate estimate of 
the cost of parasitism than using successful nests 
only (Table 5). Whether to calculate the cost of 
parasitism using all nests or only successful 
nests is debatable. The difference in fledging 
success of successful parasitized and unparasi- 
tized nests reflects the combination of both 
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TABLE 4. MASS AND EFFECT SIZES FOR NINE SPECIES STUDIED MORE THAN ONCE, AND FOR THE 16 SPECIES STUDIED 
ONLY ONCE; PRODUCTIVITY IS BASED ON ALL NESTS 

95% confidence limits 
Effect size 

Mean adult mass (P) (no. studies ,n class) LOWW Usver . . 
22 studies per species: 

Willow Flycatcher 
California Gnatcatcher 
Wood Thrush 
Plumbeous Vireo 
Red-eyed Vireo 
Yellow Warbler 
Indigo bunting 
Song Sparrow 
Red-winged Blackbird 

1 study per species: 

Blue-grey Gnatcatcher 
Clay-colored Sparrow 
Western Wood-Pewee 
Warbling Vireo 

Grasshopper Sparrow 
Baird’s Sparrow 
Chestnut-collared Longspur 
Eastern Phoebe 
Savannah Sparrow 
Louisiana Waterthrush 

Purple Finch 
Sprague’s Pipit 
Western Tanager 
Lark Sparrow 

Bobolink 
Western Meadowlark 

13.4 -1.00 (2) -1.33 -0.68 
6 -0.99 (2) -1.31 -0.67 

47.4 -0.17 (2) -0.37 0.03 
16.6 -1.13 (2) -1.27 -0.99 
16.7 -1.50 (2) -1.76 -1.23 
9.5 -0.84 (3) -0.99 -0.69 

14.1 -0.55 (2) -0.95 -0.15 
20 -0.35 (6) -0.42 -0.28 
52.6 0.004 (5) -0.11 0.11 

6 -1.43 
12 -2.1 
12.8 - 1.02 
14.8 -0.98 

-1.47 (4) -1.56 
17 -3.02 
17.5 -1.13 
18.9 0.05 
19.8 -0.76 
20 -3.35 
20.3 -0.72 

-1.21 (6) -1.29 
24.9 -0.47 
25.3 -3.22 
28.1 -0.75 
29 -0.81 

-0.87 (4) -0.99 -0.76 
42 0 

100.7 -1.03 
-0.78 (2) -1.13 -0.42 

-1.38 

-1.13 

clutch and brood reduction caused by cowbirds, 
whereas the overall difference in fledging suc- 
cess of parasitized and unparasitized nests in- 
cludes differences in nest-survival frequencies in 
the two groups (Weatherhead 1989). If the in- 
tention is to isolate the effect of brood parasit- 
ism, then it is most appropriate to consider suc- 
cessful nests only. If one is interested in deter- 
mining the effect of parasitism on the entire pop- 
ulation, then it is necessary to consider all nests. 
Roth et al. (1996) remarked that only studies 
that consider both parasitism and predation truly 
evaluate the effect of parasitism on host produc- 
tivity. When predation frequencies are high, the 
effects of parasitism will be swamped (Stutch- 
bury 1997). A criticism, however, of using all 
nests is that failed nests are less likely to be 
found than successful ones (Mayfield 1961). Be- 
low, we suggest a method of calculating the cost 
of parasitism that is better than using nest pro- 
ductivity data. 

EFFECT OF HOST MASS ON COST OF PARASITISM 

We predicted that host mass would have a sig- 
nificant effect on the cost of parasitism when 
cost was based on successful nests because the 
cost of parasitism would not be confounded by 
predation. Interestingly, we found the opposite. 
Host mass significantly affected the cost of par- 
asitism when cost was based on all nests; larger 
species experienced a lower cost of parasitism 
(Fig. 1). Scott and Lemon (1996) suggested that 
a cowbird nestling is less able to compete with 
nestlings of large host species, therefore, hosts 
larger than a certain mass experience negligible 
costs due to nestling competition. Much of the 
cost of parasitism for species larger than 20 g 
(Song Sparrow, Dark-eyed Junco, Dickcissel, 
Wood Thrush, and Red-winged Blackbird) is 
manifested through egg removal by the female 
cowbird (Smith 1981, Zimmerman 1983, Wolf 
1987, Roskaft et al. 1990, Trine in press). The 
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TABLE 5. EFFECT SIZE OF PARASITISM FOR STUDIES THAT CALCULATED PRODUCTIVITY OF HOSTS IN PARASITIZED 
AND UNPARASITIZED NESTS BASED ON SUCCESSFUL NESTS AND ALL NEST 

Effect size 

species Successful nests All nests Reference 

Willow Flycatcher -0.86 -1.18 
Willow Flycatcher -0.63 -0.92 
California Gnatcatcher -2.67 -0.98 
Red-eyed Vireo -2.04 -1.84 
Yellow Warbler -0.62 -0.53 
Yellow Warbler -1.55 -0.82 
Louisiana Waterthrush -1.8 -0.72 
Indigo Bunting -1.76 -0.03 
Lark Sparrow -1.07 -0.81 
Grasshopper Sparrow -3.75 -3.02 
Chestnut-collared Longspur -0.40 0.05 
Red-winged Blackbird -1.14 -0.16 
Red-winged Blackbird -0.54 0.34 
Red-winged Blackbird -1.53 -0.27 
Red-winged Blackbird -0.22 0.05 
Red-winged Blackbird -0.84 -0.01 
Western Meadowlark -1.71 -1.03 

Harris 1991 
M.J. Whitfield, unpubl. data 
G.T. Braden, pers. comm.= 
Southern 1958 
Goossen and Sealy 1982b 
Weatherhead 1989 
Eaton 1958 
Twomey 1945 
Newman 1970 
Davis and Sealy, in press 
Davis and Sealy, in press 
Ortega and Cruz 1988 (1984 data) 
Ortega and Cruz 1988 (1985 data) 
Ortega and Cruz 1988 (1986 data) 
Weatherhead 1989 (singly parasitized) 
Weatherhead 1989 (multiply parasitized) 
Davis and Sealy, in press 

Now A negative sign indicates a cost of parasitism, and an effect size of 0.2 is small, 0.5 IS mednum, and 20.8 is large (see text for details). 
a Pooled effect size for 1992-1995. Productlwty is in terms of number of young fledged per female. 
b Goossen and Sraly’s (1982) data were r-analyzed to obtain standard deviations. 

next logical question is how does host mass af- 
fect the number of host eggs that are removed? 

Preliminary results based on 21 studies on 18 
species suggest that the size of the host does not 
affect the average number of host eggs that are 
removed from parasitized nests (y = 0.991- 
0.005 [host mass]; t = -0.46, P = 0.65, r2 = 
0). The mean number of host eggs removed at 
parasitized nests by female cowbirds was 0.88 
? 0.5 1 (N = 18 species; Lorenzana and Sealy, 
unpubl. data). Therefore, the significant relation- 
ship between host mass and cost of parasitism 
apparently exists because fewer host young are 
outcompeted by cowbird nestling(s) as hosts in- 
crease in size, rather than an increased number 
of host eggs removed by cowbirds. 

There was no significant relationship between 
host mass and the cost of parasitism when cost 
was based on successful nests only. This is puz- 
zling; we cannot adequately explain these re- 
sults. Other factors besides host mass probably 
affect the difference in the number of young that 
fledge from parasitized and unparasitized nests. 

For example, the relative availability of food in 
different habitats affects the cost of parasitism. 
Smith and Arcese (1994) found that the cost of 
parasitism was less in years when food supplies 
were artificially supplemented. Consideration of 
species characteristics may also help explain the 
lack of effect of host mass on cost of parasitism 
when cost was calculated on the basis of suc- 
cessful nests only. Yellow Warblers (9.5 g) prob- 
ably incurred a smaller cost of parasitism than 
expected for their size because they often bury 
cowbird eggs; Clark and Roberston (1991) dem- 
onstrated that buried and unparasitized Yellow 
Warbler nests fledged the same number of 
young. Wood Thrushes (47.4 g) probably in- 
curred a larger cost of parasitism than expected 
for their size because their nests received up to 
6 cowbird eggs (Trine in press). 

Parasitized nests of Red-winged Blackbirds 
and Wood Thrushes did not fledge significantly 
fewer young than their unparasitized counter- 
parts when cost was calculated using all nests. 
However, for successful nests only, Ortega and 

TABLE 6. THE EFFECT SIZE OF THE COST OF PARASITISM FOR CALIFORNIA GNATCATCHERS (G.T. BRADEN, PERS. 
COMM.) 

Method used to 
calculate effect size 

Unparasmzed Parasitized 

Mean no. Mean no. 
N fledged young SI> N fledged young SD Effect size 

All nests 346 0.67 1.34 58 0 0 -0.54 
Successful nests 80 2.9 1.13 9 0 0 -2.27 
Females only 87 2.43 2.56 35 0.6 1.14 -0.81 
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1 

FIGURE 1. The effect of host mass on the cost of 
raising a Brown-headed Cowbird chick when host pro- 
ductivity is calculated based on all nests, including 
only species on which more than one study was con- 
ducted. Each data point represents the mean effect size 
for one host species, and error bars are 95% confidence 
intervals. Negative scale on y-axis indicates a cost of 
parasitism. 

Cruz (1988) and Weatherhead (1989) demon- 
strated that parasitized individuals suffered re- 
productive loss due to cowbird parasitism, but 
that ejection behavior for the population as a 
whole was not selected because of the relatively 
low parasitism frequency. This may explain why 
Red-winged Blackbirds accept cowbird eggs de- 
spite being able to eject objects as large as cow- 
bird eggs (Ortega and Cruz 1988). 

GRANIVOROUS HOSTS 

We hypothesized that granivorous hosts 
should incur fewer costs associated with para- 
sitism because the insectivorous cowbird nest- 
lings are unable to survive on a diet of seeds 
(Middleton 1991, Kozlovic et al. 1996, Wootton 
1996). Our hypothesis was supported because 
the granivorous hosts class had the lowest effect 
size among all classes. Nonetheless, parasitized 
nests of American Goldfinches and House 
Finches fledged significantly fewer young than 
unparasitized nests because of host egg removal 
by the cowbird. Hatchability of the remaining 
host eggs was not affected by the cowbird eggs 
(Middleton 1977, Kozlovic in press). 

LIMITATIONS OF USING NEST PRODUCTIVITY TO 
CALCULATE THE COST OF PARASITISM 

A meta-analysis is only as good as the studies 
on which it is based. A limitation of our analysis 
is that 95% of the studies calculated the cost of 

parasitism on a per-nest basis. It is important to 
note that nest productivity does not accurately 
reflect seasonal fecundity because birds may re- 
nest after successfully fledging a brood or after 
nest failure due to parasitism, predation, severe 
weather or nest desertion (May and Robinson 
1985, Pease and Grzybowski 1995). Therefore, 
females that renest after nesting failure due to 
cowbird parasitism may still successfully fledge 
young in the same breeding season (e.g., Roth 
et al. 1996). For this reason, a better method of 
calculating the cost of parasitism is to determine 
the effect of parasitism on the productivity of 
parasitized individuals over the entire breeding 
season rather than on an individual’s nesting 
success (Pease and Grzybowski 1995). Calcu- 
lation of the costs based on seasonal fecundity 
more accurately reflects the selective pressure of 
cowbird parasitism on a host population. 

To our knowledge, only four studies have at- 
tempted to follow parasitized and unparasitized 
females over the course of the entire nesting sea- 
son. Considering only nesting attempts during 
the time that cowbirds actively lay may over- 
estimate the cost of parasitism. Smith (1981) 
found that parasitism depressed the breeding 
success of female Song Sparrows in a given 
breeding attempt, but females raised the same 
total number of young to independence in a 
breeding season, regardless of whether they 
were parasitized because they made more breed- 
ing attempts per year. Similarly, in a 16-year 
study Roth et al. (1996) found that parasitized 
and unparasitized Wood Thrush females fledged 
the same number of young per year because fe- 
males renested when the frequency of cowbird 
parasitism was lower. On the other hand, Klaas 
(1975) and G.T. Braden (pers. comm.) found that 
Eastern Phoebes and California Gnatcatchers, 
respectively, incurred a significant cost of para- 
sitism when breeding success was based on the 
entire nesting season. However, Klaas (1975) 
did not work with a marked population and he 
assumed that pairs renested in their original ter- 
ritories. 

The analysis of G.T. Braden’s (pers. comm.) 
data on the fledging success of California Gnat- 
catchers indicated that the use of successful 
nests only in the calculation of cost of parasitism 
grossly overestimated the cost. The use of all 
nests, however, underestimated the cost relative 
to cost calculated on the basis of female pro- 
ductivity over the entire breeding season (Table 
6). The difference in the calculated costs of par- 
asitism is likely due to the high frequency of 
nest failure of gnatcatcher nests. Indeed, 74% of 
unparasitized gnatcatcher nests failed due to pre- 
dation, nest desertion, weather, or infertility 
(Braden et al. 1997b). Because a high proportion 
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of gnatcatcher nests failed for reasons other than 
cowbird parasitism, the calculated cost of para- 
sitism was quite low when all nests were con- 
sidered in the cost of parasitism. Although these 
data may be extreme because of frequent failure, 
a comparison of the results obtained when the 
cost of parasitism is calculated in different ways 
confirms that the way in which the cost of par- 
asitism is calculated influences strongly the val- 
ue for the cost. Researchers should be cautious 
when interpreting costs of parasitism calculated 
using nest productivity data. 

Pease and Grzybowski (1995) developed a 
model that may be used to estimate the seasonal 
fecundity of a population based on several life 
history parameters that are more easily mea- 
sured in the field. They tested their model using 
Prairie Warbler (Dendroica discolor) and Black- 
capped Vireo (Vireo atricapillus) data and found 
that their theoretical estimates of seasonal fecun- 
dity matched closely values measured directly 
(empirical observation = 2.2 and prediction 
from model = 2.2 Prairie Warblers raised per 
female; empirical observation = 0.9 or 1.0 and 
prediction from model = 1.0 Black-capped Vir- 
eos raised per female). Researchers who cannot 
measure the seasonal fecundity of their host 
population in question should consider using the 
Pease and Grzybowski (1995) model. Further- 
more, studies that measure the seasonal fecun- 
dity of a host population directly may be used 
to test the validity of the model. 

A second problem with most studies that 
quantified the cost of parasitism is that young 
produced in a season were monitored only until 
they fledged. Much more effort is required to 
monitor fledged young because it requires color- 
marked individuals that generally are very dif- 
ficult to relocate once they have left the nest. To 
our knowledge, only Smith’s (1981) study de- 
termined the survivorship of host young to in- 
dependence (four weeks after hatching). Basing 
host productivity on the number of young that 
fledge from a nest underestimates the cost of 
parasitism if disproportionately fewer host 
young survive to independence because their 
parents are also caring for fledgling cowbirds. 
Robinson (1992) found that hosts often cared 
only for cowbird fledglings. Clearly, studies of 
the productivity of cowbird hosts should look 
beyond the nestling stage. 

Further studies are also needed to determine 
whether there is a difference in the number of 
young fledged by parasitized and unparasitized 
hosts and recruited into a breeding population. 
Even when the number of young fledged by par- 
asitized and unparasitized females does not dif- 
fer (see Smith 1981, Roth et al. 1996), the num- 
ber of young recruited to future breeding sea- 

sons may be different. Payne and Payne (1998) 
found that Indigo Buntings that fledged from 
nests that also fledged a cowbird were only 18% 
as likely to return the next year compared to 
buntings from nests that did not fledge cowbirds. 
Whitfield and Sogge (this volume) also found 
that young fledged by parasitized pairs were less 
likely to return than young fledged from unpar- 
asitized pairs. This was due to the fact that par- 
asitized pairs were forced to renest before suc- 
cessfully fledging young, and young that fledged 
later had lower return rates than earlier-fledged 
young (see also Pet-tins 1970, Hochachka 1990). 

Another possible cost of parasitism that was 
not addressed by our study is the reduction in a 
host’s future reproductive success. Caring for an 
additional chick may reduce a host’s future pro- 
ductivity by reducing adult survival (May and 
Robinson 1985). Parasitized adults may work 
harder to feed additional cowbird young (Furrer 
in Friedmann et al. 1977). This cost is likely to 
be more important for small hosts. Only one 
study has attempted to assess the long-term cost 
of parasitism. Payne and Payne (1998) did not 
find that survival or reproductive success of In- 
digo Buntings was affected by parasitism in the 
previous year, and concluded that nearly all 
costs of parasitism are manifested in the para- 
sitized brood. However, results from Gustafsson 
and Sutherland’s (1988) study, in which a con- 
specific egg was added to Collared Flycatcher 
(Ficedula albicollis) nests, demonstrated that 
raising additional young may decrease an adult’s 
future fecundity. Gustafsson and Sutherland 
(1988) reported that more chicks fledged from 
nests with enlarged clutches, but juveniles sur- 
vived less well and those that did survive had 
reduced fecundity as measured by the number of 
their offspring that survived to breed. Further- 
more, females with experimentally enlarged 
clutches laid fewer eggs the following year. The 
difference between Gustafsson and Sutherland’s 
(1988) experiment and cases involving cowbird 
parasitism is that female cowbirds often remove 
one host egg from nests they parasitize (e.g., 
Sealy 1992). Host egg removal may reduce 
some of the negative effects of brood parasitism 
on future fecundity (McMaster and Sealy 1997); 
however, one cowbird egg may represent the 
equivalent of more than one small host egg. It 
is conceivable, therefore, that some of the ef- 
fects of enlarged Collared Flycatchers clutches 
are analogous to the effect of cowbird parasitism 
on the future fecundity of hosts. A limitation of 
the studies of Payne and Payne (1998) and Gus- 
tafsson and Sutherland (1998) is that they as- 
sessed long-term costs by considering the sur- 
vivorship and fecundity of females in the next 
year; they did not consider the lifetime cumu- 
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lative effects of parasitism. Assessing the life- 
time cumulative effects of parasitism is difficult 
because breeding individuals must be tracked 
over their lifetime with an accounting of all of 
their breeding attempts. 

RECOMMENDATIONS FOR FUTURE STUDIES OF 
PRODUCTIVITY 

Our meta-analysis summarized empirical 
studies that quantified the cost of cowbird par- 
asitism. Across all studies, the number of young 
fledged per nest was significantly decreased by 
cowbird parasitism, and larger species incurred 
a smaller cost of parasitism that approached sig- 
nificance when all nests were used in the cal- 
culation of parasitism costs. It is important to 
assess the costs of parasitism accurately to un- 
derstand better host responses to cowbird para- 
sitism. If the cost of parasitism is not as great 
as the cost of evolving anti-parasite strategies 
such as egg ejection behavior, then it makes 
sense that some species raise cowbird young. 
For example, our meta-analysis revealed that 
Red-winged Blackbirds and Wood Thrushes did 
not incur a significant cost when the cost of par- 
asitism was calculated on the basis of all nests 
(Table 4). It is also necessary to understand the 
impact of cowbird parasitism because of its con- 
servation implications. If cowbird parasitism is 
not as costly as traditionally believed, there will 
be less support for the control of female cow- 
birds. Calculating the cost of parasitism based 
on successful nests only overestimated the cost 
of parasitism relative to the cost of parasitism 
based on all nests (Table 5) or on female sea- 
sonal fecundity (Table 6). 

Ninety-five percent of the studies defined the 
cost of parasitism in terms of the difference in 

the number of young fledged from parasitized 
and unparasitized nests. This estimation does not 
necessarily reflect the selection pressure that 
parasitized individuals face because some para- 
sitized individuals that renest raise the same 
number of young as unparasitized individuals 
(Smith 1981, Roth et al. 1996). Fledglings of 
parasitized pairs may have a lower probability 
of surviving to the next year than young of un- 
parasitized pairs (e.g., Whitfield and Sogge this 
volume). We strongly encourage researchers to 
quantify the productivity of females over the en- 
tire breeding season. If this is not possible, the 
Pease-Grzybowski model may be used to esti- 
mate the seasonal fecundity of the host in ques- 
tion. Following young beyond the nestling stage 
and determining how parasitism affects the life- 
time reproductive success of hosts are necessary 
to obtain a more accurate representation of the 
cost of parasitism. These questions are difficult 
to assess through empirical studies; hence, math- 
ematical models may be required to determine 
the cost of parasitism. 
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SECTION III: COWBIRD CONTROL: THE EFFICACY OF LONG- 
TERM CONTROL AND PROPOSED ALTERNATIVES TO 
STANDARD CONTROL PRACTICES 

LINNEA S. HALL AND STEPHEN I. ROTHSTEIN 

THE PROBLEM 

Relatively little research has been conducted 
on the types of measures that can be employed 
to control Brown-headed Cowbird (Molothrus 
ater) numbers or to reduce levels of parasitism 
of sensitive host species without limiting cow- 
bird numbers. The predominant control tech- 
nique has consisted of intensive trapping and re- 
moval (Rothstein and Cook in press), and few 
other options have been discussed. This session 
of the 1997 conference was initially designed to 
provide a forum for evaluating other measures 
for controlling the impacts of cowbirds on hosts; 
however, the forum resulted primarily in papers 
that evaluated the long-term impacts of tradi- 
tional controls (i.e., trapping and shooting) on 
cowbirds. Thus, the majority of the papers in 
this section provide illustrations of the outcomes 
of intensive control programs; only one paper 
speaks to the possible effects of an alternative 
control measure on cowbirds and hosts. We hope 
that the dearth of papers on this topic will stim- 
ulate researchers and managers to explore it 
more in the future. 

EVALUATING THE EFFECTS OF LONG- 
TERM COWBIRD CONTROL 

Whitfield et al. describe a control program im- 
plemented from 1993 through 1997, during 
which the authors trapped cowbirds, addled their 
eggs, and removed their chicks from nests of 
endangered Southwestern Willow Flycatchers 
(Empidonax traillii extimus) on the Kern River, 
Kern County, California. They found that para- 
sitism rates decreased substantially over the time 
period, from an average of 65% in four years 
preceding trapping to 22% since cowbird control 
began. Concordant with the change in parasitism 
rates, the number of flycatcher fledglings per fe- 
male per season increased from 1.4 to 1.72. 

However, there was no marked increase in the 
number of breeding pairs occupying the study 
site, which apparently had room for population 
expansion. There were 34 pairs at the start of 
trapping in 1993, and 38 in 1997. Trapping may 
have stopped a decline in the size of the breed- 
ing population, which numbered 44 pairs in 
1989 and declined to 24 in 1992 before cowbird 
control began. But the most recent data show yet 
another decline, even with cowbird trapping, to 

26 pairs in 1998 (M. Whitfield, pers. comm.). 
Assessing effects of cowbird control on the size 
of the breeding population is complicated further 
by an apparent increase in the Kern River fly- 
catcher population from 26 pairs in 1982 to 44 
in 1989, even though no cowbird trapping was 
done in those years (Harris and Sanders 1987; 
Whitfield et al.). Whitfield et al. point out that 
surveys done in the 1980s may not have been 
comparable because they used varying method- 
ologies and covered different-sized areas; how- 
ever, they suggest that flycatcher numbers were 
probably at least stable then despite the lack of 
cowbird control. They further suggest that this 
stability may have occurred because of lower 
rates of parasitism in the 1980s but we note that 
Harris (1991) reported a parasitism rate of ap- 
proximately 68% (of 19 nests) in 1987, com- 
parable to the mean pre-control rate of 65% for 
1989-91 reported by Whitfield et al. 

It seems clear that the Kern River flycatcher 
population has low productivity, because Whit- 
field et al.‘s demographic analysis indicates that 
the number of fledglings produced annually 
seems too small to result in population growth 
in most years. Increasing the effectiveness of 
cowbird control so that parasitism rates fall be- 
low 22% could help, but Whitfield et al.‘s data 
further suggest to us that high rates of nest pre- 
dation and possibly other factors may indicate 
that the Kern River population would not be 
self-sustaining even with a parasitism rate of 
zero. Assuming all cases of parasitism result in 
an irreversible and complete loss of annual re- 
productive output for flycatchers (which actually 
exaggerates the effect of parasitism because fly- 
catchers at the Kern River desert 54% of para- 
sitized nests and subsequently renest [Harris 
1991]), the average parasitism rate of 22% since 
1993 means that the population has realized only 
78% of the potential output it would realize with 
no parasitism. If this population were to realize 
all of its potential without parasitism, it would 
produce 1.28 times as many young per female 
(or 2.23 young per female; 1.28 x the mean of 
1.74 young since 1993 reported by Whitfield et 
al.). An annual output of 2.23 young per female 
is just barely within the range that is needed to 
keep most populations of passerines stable, us- 
ing available estimates for annual survival rates 

254 
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of juveniles and adults (Robinson et al. 1993, 
1995). Thus, it is difficult to determine if con- 
tinued cowbird removal will result in increased 
population sizes of Willow Flycatchers at the 
site. Nevertheless, we agree with Whitfield et al. 
that continued cowbird control, as conducted via 
trapping and/or addling eggs and removing cow- 
bird chicks, is prudent, but we also think that 
some effort should be directed towards decreas- 
ing nest predation. One unique aspect of Whit- 
field et al’s study is that it indicates that cowbird 
trapping suppresses cowbird numbers from one 
year to the next in the Kern River area. This 
year-to-year effect has not been found in other 
trapping programs (Rothstein and Cook in 
press), probably because cowbirds have very 
high dispersal rates (Fleischer and Rothstein 
1988, Fleischer et al. 1991). 

Winter and McKelvey discuss another long- 
term cowbird trapping program (1992-1997) 
that was designed to aid in the conservation of 
Least Bell’s Vireos (Vireo bellii pusillus) and 
Willow Flycatchers on the Cleveland National 
Forest, San Diego County, California. The au- 
thors report that numbers of pairs and fledging 
success were high for flycatchers during the 
study, whereas numbers of pairs and fledging 
success were low for two of three vireo popu- 
lations. In fact, two of the vireo populations 
were either extirpated or reduced to a single 
male by 1997. They conclude that their cowbird 
trapping efforts, for the most part, were ineffec- 
tive in lowering parasitism rates on Least Bell’s 
Vireos because of a limited number of traps that 
could be placed in the remote and rugged breed- 
ing locations on the National Forest. For remote 
sites, the authors suggest that nest monitoring 
and cowbird egg removal may be more effec- 
tive, and less costly, than cowbird trapping. In 
addition to the flexible cowbird management ap- 
proach advocated by Winter and McKelvey, it is 
worthwhile considering whether any cowbird 
management at all should be pursued with such 
small vireo populations, which ranged in size 
from only 4 to 6 pairs. There are now over 1000 
pairs of vireos elsewhere in San Diego County 
(U.S. Fish and Wildlife Service 1998) and so it 
is questionable if these small populations will 
ever make a major contribution to the vireo’s 
recovery if the local riparian habitat they use is 
limited. Unless small populations have the po- 
tential to become very large or occur in regions 
where an endangered species is still rare, the 
scarce resources available for conservation 
might be put to better use than that of aiding 
small populations that may be marginal under 
any circumstances. 

Unlike the vireos, the Willow Flycatcher pop- 
ulation studied by Winter and McKelvey was 

near an existing road, which allowed for effec- 
tive cowbird trapping, and only 2 of 82 nests 
were parasitized over four years. This flycatcher 
population was stable over the course of the 
study and ranged from 18-24 pairs. However, as 
the authors point out, it is unclear whether this 
stability could be attributed to cowbird control 
or whether control was even needed because no 
data were collected on pre-trapping rates of par- 
asitism. This lack of pre-trapping data is unfor- 
tunate and conflicts with suggested cowbird con- 
trol program guidelines that urge the collection 
of such data due to the considerable spatial vari- 
ation in cowbird parasitism rates that can occur 
even within a single host species (Robinson et 
al. 1993). Without pre-trapping baseline data on 
rates of parasitism, managers run the risk of ini- 
tiating control activities that will continue for 
many years without evidence that cowbird con- 
trol is needed or is more cost-effective than oth- 
er management approaches. 

E&rich et al. discuss a program that used 
trapping and shooting of Brown-headed Cow- 
birds on Ft. Hood, in Bell and Coryell counties, 
Texas, to aid the recovery of Black-capped Vir- 
eos (Vireo atricupillus). Cowbird control from 
1987 to 1997 emphasized four measures: trap- 
ping in pastures with high concentrations of cat- 
tle, rather than in host breeding habitat; manip- 
ulating trap numbers; using several different trap 
designs to increase capture efficiency; and con- 
ducting both systematic and opportunistic shoot- 
ing of cowbirds. Control was relatively ineffec- 
tive until 1991 when trapping efforts were con- 
centrated in cowbird feeding areas. The authors 
suggest that host breeding habitat is so extensive 
on Fort Hood that trapping in breeding habitat 
is not cost-effective, but they do show that a 
regular shooting program in which female cow- 
birds are attracted by playbacks in breeding hab- 
itat is an effective supplement to trapping at 
feeding sites. 

Before any cowbird control began, vireos at 
Fort Hood experienced a parasitism rate of 
90.9%. When trapping was not focused on cow- 
bird feeding sites from 1988-1990, parasitism 
rates were still above 50%. But the rate has gen- 
erally been below 20% since then, and was only 
8.6% in 1997. The cowbird control program at 
Fort Hood is the second control program, after 
the program for the Least Bell’s Vireo in south- 
em California (Griffith and Griffith in press), for 
which there is good evidence that control has led 
to an increase in an endangered host species. 
Territorial male Black-capped Vireos at Fort 
Hood have increased from 85 in 1987 to 357 in 
1997. However, this is a much slower rise than 
for the Least Bell’s Vireo at Camp Pendleton in 
southern California (Griffith and Griffith in 
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press), and may be due to relatively ineffective 
control efforts prior to 1991. Thus, in the future 
there should be an accelerated rate of vireo in- 
crease at Fort Hood if cowbird parasitism has 
been limiting vireo population growth. As with 
most cowbird control programs, the numbers of 
cowbirds killed at Fort Hood has not decreased 
since the program began. 

EFFECTS OF COWBIRD TRAPS ON HOSTS 
Terpening, in the fourth paper, reports on an 

incident in Travis County, Texas, in which an 
endangered host, a Golden-cheeked Warbler 
(Dendroica chrysoparia), was seen feeding, 
from outside a trap, a juvenile Brown-headed 
Cowbird caught in the trap. After several days, 
an adult warbler was found dead inside the same 
trap. To minimize chances of host mortality from 
cowbird trapping, the author recommends that 
traps be checked every day and that attempts be 
made to place traps in cowbird foraging areas 
rather than in host breeding areas. The former 
suggestion is well taken and should be followed 
even when there is little or no chance of captur- 
ing host species. The federal guidelines for an- 
imal welfare that apply to universities and other 
entities that receive federal funding cover all 
vertebrates (cowbirds too!) and require daily 
checks for captive animals. 

Although placing cowbird traps at feeding 
sites may be the best strategy in some land- 
scapes, as E&rich et al. argue, we are not sure 
that risks to endangered host species should be 
a major factor in trap placement. Terpening’s re- 
view of other trapping programs indicates that 
captures of endangered species are extremely 
rare. Because they are insectivores, none of the 
endangered North American species for which 
cowbird trapping might be beneficial are likely 
to be attracted to cowbird traps for food, al- 
though many non-endangered non-target species 
are attracted. However, if host birds are attracted 
into traps to feed their “offspring” more often 
than is currently reported in the literature, then 
this could be a more serious problem. Of more 
importance perhaps is that placement of traps at 
feeding sites could compromise the efficacy of 
cowbird trapping in landscapes where trapping 
is more effective in breeding habitat (see Griffith 
and Griffith in press). And, trapping at feeding 
sites can result in the capture of numerous cow- 
birds that are not threatening endangered spe- 
cies, so the killing of such birds conflicts with 
animal welfare guidelines, and is ethically sus- 
pect. 

THE EFFECT OF FIRE ON PARASITISM 
RATES 

In the final paper in this section, Clotfelter et 
al. report the effects of prescribed burning on 

cowbird parasitism of Red-winged Blackbirds 
(Agelaius phoeniceus) at a prairie reserve in 
Wisconsin. The likelihood of a nest being par- 
asitized decreased with increasing distance from 
the nearest habitat edge or road, but increased 
with increasing distance from the perimeter of a 
bum. Parasitism was not related, however, to the 
quality or timing (spring versus fall) of a bum, 
nor to the time elapsed since a bum. There was 
a trend for blackbird nests in burned areas to 
have fewer cowbird eggs, and the success of 
nests increased with increasing distance from the 
perimeter of the bum. The authors suggest that 
if future research demonstrates results similar to 
theirs, wildlife managers might consider using 
bums to lessen rates of parasitism on particular 
host species. 

SYNTHESIS 

The first three contributions in this section on 
cowbird control provide two important lessons. 
First, even extreme reductions in the level of 
parasitism and increases in host productivity do 
not guarantee population increases in endan- 
gered species impacted by cowbirds. Only trap- 
ping programs to aid the Least Bell’s and Black- 
capped vireos have resulted in large increases in 
endangered hosts (E&rich et al. this volume, 
Griffith and Griffith in press, Rothstein and 
Cook in press). By contrast, the K&land’s War- 
bler (Dendroica kirtlandii) did not increase for 
over 15 years after trapping reduced parasitism 
to negligible levels (DeCapita in press). The 
Southwestern Willow Flycatcher story may 
prove to be similar to that of the Kirtland’s War- 
bler, as Whitfield et al. show for the Kern River 
population. Fifteen years of cowbird trapping for 
Least Bell’s Vireos at Camp Pendleton also has 
not resulted in any major changes in South- 
western Willow Flycatcher numbers occurring 
on the base. Thus, the effects of cowbird control 
for this species are questionable, and although 
there appears to be much unoccupied breeding 
habitat in many parts of the flycatcher’s range, 
it is also questionable whether we are able to 
accurately assess habitat suitability or not. This 
difficulty in assessing habitat suitability is 
shown by the recent history of K&land’s War- 
bler. Rothstein and Cook (in press) summarized 
literature that suggested that neither breeding 
nor wintering habitat were limiting for this spe- 
cies in the 1970s and early 1980s yet the war- 
bler began to increase only after the creation of 
new breeding areas (Kepler et al. 1996, De- 
Capita in press) and wintering areas (Haney et 
al. 1998; see also Sykes and Clench 1998). 
Thus, although cowbird control has brought- 
about decreases in parasitism rates and increases 
in host reproductive output in many cases, it has 



SECTION III: COWBIRD CONTROL--Hull and Rothstein 257 

a mixed track record as regards the ultimate 
measure of “success” for rare hosts, namely in- 
creases in host population size. However, even 
though cowbird control has not resulted in in- 
creases in two of the four endangered species 
that have prompted its use, it may have kept 
these species, Kirtland’s Warbler and South- 
western Willow Flycatcher, from declining. Nev- 
ertheless, the evidence that trapping forestalled 
declines is somewhat equivocal (Rothstein and 
Cook in press) and the 50% success rate of cow- 
bird control programs should motivate managers 
to seek additional solutions to the problems of 
endangered hosts. 

The second lesson demonstrated by the papers 
on cowbird control is that there is no single for- 
mula for maximizing the efficacy of control pro- 
grams. As we have discussed, different strate- 
gies, such as trapping in breeding versus feeding 
habitat, and using trapping versus shooting or 
nest monitoring, seem to work well in different 
situations. The message here is that managers 
need to be flexible and innovative in designing 
control programs for their own local areas. 

Another important point to keep in mind is 
that even when control programs seem to have 
resulted in rapid and large increases in endan- 
gered hosts, they typically have little effect on 
year-to-year numbers of cowbirds and so must 
be carried out each year (E&rich et al. this vol- 
ume; Griffith and Griffith in press). Thus, even 
when cowbird control measures are appropriate 
and effective management tools, they are short- 
term fixes such that control must be repeated 
year after year or until some other management 
option is adopted. More appropriate tools for 
long-term management might be measures such 
as the restoration of breeding habitat, and the 
development of land use practices that minimize 
cowbird numbers. These types of long-term 
measures will be key in recovering the popula- 
tion viability of declining hosts. As with other 
aspects of cowbird parasitism, effective long- 
term measures are likely to be landscape-specif- 
ic. An example of such a measure is T. L. Cook 
et al.‘s (unpubl. data) demonstration of the ef- 
fects of removing cattle from a portion of Fort 
Hood. In this situation, Cook et al. found that 
removal of cattle, and, hence, removal of cow- 
bird feeding sites, led to a steep decline in par- 
asitism rates of Black-capped Vireos (from 
34.8% in 1996 to 0% in 1997) on their study 
site. Their results therefore suggest that in some 
instances, moving the primary foraging areas of 
cowbirds may affect parasitism as strongly as 
cowbird trapping can. 

Another point to consider about cowbird im- 
pacts on endangered hosts is the possibility that 
no management is needed once local populations 

of such species become large. Based on evi- 
dence collected from several studies of cowbird 
and host laying strategies, S. I. Rothstein (un- 
publ. data) proposed that the impact of parasit- 
ism will be reduced naturally as host population 
sizes increase, due to differences between cow- 
bird and host egg-laying rates. Thus, in effect, 
large host populations may “swamp” the impact 
of cowbirds so that a population that experi- 
enced a high rate of parasitism when it was 
small may experience a much lower rate, from 
a similar number of cowbirds, when it is large. 
This extrapolation assumes that cowbirds do not 
increase in direct proportion to the endangered 
host, which is likely if the host is just one of a 
number of local species that are parasitized. Be- 
cause the rates of parasitism on enlarged popu- 
lations of an endangered host may be low 
enough to allow the population to continue to 
grow, it is possible that cowbird removal could 
be discontinued in areas where host populations 
have shown significant increases in size. An im- 
portant consequence of discontinuing trapping in 
these situations would be that the money could 
be directed to other projects that are essential for 
recovering host species. In addition, other down- 
sides of cowbird control, such as impacts on 
non-target species (Rothstein and Cook in 
press), could be avoided. But most importantly, 
if cowbird control does not have to be continued 
once local populations become large, then it is 
a much better management tool than we have 
realized up to now, because it may only need to 
be carried out until local populations have in- 
creased. 

Despite considerable evidence showing the 
need for a flexible approach to cowbird man- 
agement, the government agencies that fund and 
mandate management actions are likely to suffer 
from considerable inertia, as do most bureauc- 
racies. If this inertia results in inflexibility once 
cowbird control programs are initiated, then re- 
covery efforts may be retarded in regards to the 
long-term goal of the Endangered Species Act, 
namely, to restore endangered species to the 
point where they no longer need management 
intervention. It is unclear to us if a species can 
be removed from the Endangered Species List if 
it is the subject of perpetual management efforts. 
Another aspect of this situation is that of funding 
for cowbird control: cowbird trapping has be- 
come a large business in some regions. For ex- 
ample, in tabulating data on trapping programs, 
D. C. Hahn (unpubl. data) estimated that at least 
$l,OOO,OOO is spent annually for cowbird trap- 
ping in California alone, and the work is com- 
pleted primarily by consulting firms. Thus, there 
is a potential profit incentive for individuals and 
firms to lobby for cowbird control and this in- 
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centive may add further inflexibility to cowbird 
control programs. 

From a completely different angle, Griffith 
and Griffith (in press, and unpubl. data) have 
argued for regional trapping, rather than just lo- 
calized trapping where impacted hosts occur, to 
reduce cowbird numbers over large areas. They 
suggest that regional control could be more cost- 
effective than local control, could increase the 
productivity of a number of host species in ad- 
dition to a few endangered ones, and would be 
longer lasting than local control, which usually 
has no effect from one year to the next. It is not 
clear how regional control would be achieved, 
but one cost-effective approach they suggest 
could be to kill cowbirds by the millions in large 
winter roosts. Rothstein and Robinson (1994) 
have pointed out several significant drawbacks 
to such suggested approaches, including that lo- 
cal trapping may still be required because cow- 
birds breeding in the southwestern U.S. may not 
join large wintering flocks. As for benefiting 
hosts in addition to endangered ones, recent 
analyses have found little or no evidence that 
cowbirds limit the populations of any passerines 
other than the several species formally recog- 
nized as endangered (Peterjohn et al. in press, 
Wiedenfeld in press). Even if cowbirds do affect 
the distribution and abundance of other species, 
it is worth keeping in mind that ecologists have 
found that numerous species affect other species 
in nature, and that some, such as “keystone spe- 
cies”, may even shape entire communities or 
faunas. Thus, because the Brown-headed Cow- 
bird is an ancient inhabitant of North America 
(e.g., DNA evidence indicates that it split from 
its sister species, the Shiny Cowbird [Molothrus 
bonariensis] about a million years ago [S. I. 
Rothstein, unpubl. data], and fossils dating to a 
0.5 million years ago have been found at sites 
across North America from California to Florida 
[Lowther 1993]), some of the effects of cow- 
birds on other species are natural. 

MANAGEMENT QUESTIONS 

The studies presented in this section seem to 
indicate that localized cowbird removal pro- 
grams are only one way among several for com- 
bating brood parasitism. Before any method of 
controlling brood parasitism is chosen, however, 
there are at least four items to consider: 

1. The nature of the problem. Is cowbird con- 
trol, of any kind, clearly warranted? For in- 
stance, have host populations been shown to be 
declining, and is parasitism a major reason for 
the decline? Or, is habitat loss the primary rea- 
son, which would warrant habitat restoration 
rather than, or in combination with, cowbird 
control? Would a cowbird control program only 

be addressing the proximate, rather than the ul- 
timate, reasons for declines (Rothstein and Cook 
in press)? It is clear that some cowbird control 
programs are dealing only with proximate issues 
because they involve hosts that have long been 
sympatric with cowbirds and presumably have 
become endangered because of anthropogenic 
effects. For example, the ranges of the Black- 
capped Vireo and Golden-cheeked Warbler are 
completely within the cowbird’s ancestral center 
of abundance in the center of North America 
(Mayfield 1965) and most of the extant popu- 
lation of a third endangered species, the South- 
western Willow Flycatcher, is within a region 
where cowbirds have long occurred (Rothstein 
1994). 

2. Long term monitoring. Unfortunately there 
are instances in California in which there have 
been funds available for trapping cowbirds, but 
none available for assessing the numbers of the 
host species the trapping is targeted to aid. Thus, 
we suggest that managers need to consider if 
monitoring, both of the cowbird and its host, 
will be carried out during the management pro- 
gram. If it will, how frequently will it occur? 
How will “success” be measured in the pro- 
gram? Will there be any experimental evalua- 
tions of the program, for example, as in an adap- 
tive management framework (e.g., Morrison and 
Marcot 1995)? 

3. The nature of the funding. Cowbird trap- 
ping programs for declining host species usually 
need to be long-lived, and so funding must sim- 
ilarly be long-term. If a cowbird control program 
is to be started, will the money be there to see 
it through? Or, could the money perhaps be put 
to a better use, for example, for studying repro- 
ductive success and population sizes, or for con- 
ducting focused trapping at wintertime roost lo- 
cations used by local cowbird populations that 
impact endangered hosts? The former use of 
funds may be especially appropriate for the 
Southwestern Willow Flycatcher, some of whose 
populations appear to have limited reproductive 
output even in the absence of cowbird parasit- 
ism. 

4. The ethics of cowbird control. If the situ- 
ation indicates that removal of cowbirds from a 
locale or a region is a necessity, then we need 
to ask if we have the right to kill large numbers 
of cowbirds, which are a native species, and 
which are successful primarily because we 
paved the way for them to become so. The eth- 
ical questions surrounding cowbird control are 
difficult to answer, but must be addressed be- 
cause the public will want to see that we have 
considered these issues. Indeed, the use of ver- 
tebrate species in research at universities and 
other entities that receive federal funds must be 
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fully justified according to federal animal wel- 
fare guidelines. These guidelines dictate that re- 
searchers use no more than the minimum num- 
ber of subjects needed to meet objectives, and 
that all subjects be treated humanely. Thus, it 
would be ironic, at best, to fail to set high sci- 
entific standards for justifying cowbird control 
actions taken in response to another federal 
mandate, the Endangered Species Act. 

Future research on cowbird control, and man- 
agement of cowbird and host populations will 
need to consider the above issues so that sound 

programs can be designed for recovering host 
species. We hope that the papers in this section 
provide managers and researchers with food-for- 
thought in regards to how such programs can be 
developed. 
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IS BROWN-HEADED COWBIRD TRAPPING EFFECTIVE FOR 
MANAGING POPULATIONS OF THE ENDANGERED 
SOUTHWESTERN WILLOW FLYCATCHER? 

MARY J. WHITFIELD, KRISTEN M. ENOS, AND SEAN P. ROWE 

Abstract. We examined the effectiveness of cowbird trapping as a management tool for the recovery 
of a central California population of the endangered Southwestern Willow Flycatcher (Empidonux 
traillii exrimus). After trapping Brown-headed Cowbirds (Molothr~s a&r), the parasitism rate on Wil- 
low Flycatchers decreased from an average of 65% (4 years prior to cowbird trapping) to 22% (during 
5 years of cowbird trapping). As a result, flycatcher nest success increased from an average of 23% 
prior to cowbird control to an average of 39% after cowbird trapping. More importantly, the number 
of young fledged per female increased from an average of 1.04 prior to cowbird control efforts to 
1.72 with cowbird control. The number of Willow Flycatcher pairs declined from 44 in 1989 to 27 
in 1992. After trapping began in 1993, the decline stopped and the population stabilized at an average 
of 34 pairs, peaking in 1997 at 38 pairs. Despite increased flycatcher reproductive success, there has 
been little increase in the number of breeding Willow Flycatchers in the study area. A demographic 
analysis indicates that in all but one of the 9 years of this study, Willow Flycatchers have not produced 
enough young for the population to grow. Despite the significant increase in reproductive success due 
to cowbird trapping, it appears that parasitism rates may still be high enough to suppress the growth 
of this Willow Flycatcher population. In addition, other factors besides cowbird parasitism are likely 
affecting reproductive success and consequent population growth. Nevertheless, continued cowbird 
control efforts seem prudent as these efforts may eventually result in a large increase in flycatchers. 

Key Words: brood parasitism, Brown-headed Cowbird, cowbird trapping, Empidonux traillii, Mol- 
othrus ater, reproductive success, Willow Flycatcher 

Brood parasitism by Brown-headed Cowbirds 
(Molothrus ater) has been suggested as an im- 
portant factor in the decline of many species of 
songbirds throughout the United States (May- 
field 1965, Gaines 1974, Rothstein et al. 1980, 
Brittingham and Temple 1983, Terborgh 1989, 
Robinson 1992). It has been implicated in the 
decline of a number of endangered species and 
subspecies: Kirtland’s Warbler (Dendroica kir- 
tlandii) (Mayfield 1965), Black-capped Vireo 
(Vireo atricupillus) (Gryzbowski et al. 1986), 
Golden-cheeked Warbler (Dendroica chrysopar- 
ia)(Ehrlich et al. 1988), Least Bell’s Vireo (Vir- 
eo bellii pusiZZus)(Goldwasser et al. 1980), and 
Southwestern Willow Flycatcher (Empidonax 
traillii extimus) (Unitt 1987, Whitfield and Sog- 
ge this volume). As a result, cowbird trapping 
and removal has become a popular management 
tool for increasing populations of small, endan- 
gered hosts. 

Currently, there are several cowbird trapping 
programs throughout the United States for man- 
aging populations of endangered songbirds such 
as the K&land’s Warbler (Mayfield 1977), Least 
Bell’s Vireo (Beezley and Rieger 1987), Black- 
capped Vireo (Hayden et al. in press), Golden- 
cheeked Warbler (K. Terpening, pers. comm.), 
and Southwestern Willow Flycatcher (Rothstein 
1994, Whitfield in press). Despite the increasing 
use of cowbird trapping, relatively little has been 
published on the effectiveness of trapping for 
target host populations (but see Kepler et al. 

1996, DeCapita in press, Griffith and Griffith in 
press, Hayden et al. in press, Rothstein and 
Cook in press, Whitfield in press). 

In this paper, we examine the effectiveness of 
cowbird trapping on a population of the endan- 
gered Southwestern Willow Flycatcher in central 
California. The goals of our cowbird trapping 
control program were to reduce the cowbird 
population and cowbird parasitism of the fly- 
catchers, which should lead to increased repro- 
ductive success and ultimately increase the Wil- 
low Flycatcher population size. In addition to 
comparing Willow Flycatcher numbers and pop- 
ulation trends at our study site from 1989 to 
1992 before the initiation of cowbird control 
with numbers from 1993 to 1997 after control, 
we also assess data on flycatcher population 
trends collected by other workers (Serena 1982, 
Harris et al. 1987) in the same area from 1982 
to 1986, before our study began. 

METHODS 

STUDV AREA 

The study area is located on The Nature Con- 
servancy’s (now managed by Audubon Califor- 
nia) Kern River Preserve (KRP) and the adjoin- 
ing USDA Forest Service’s South Fork Wildlife 
Area (SFWA), Kern County, California (Fig. 1). 
The KRP was established in 1981 to protect and 
enhance existing riparian habitat. Since then, 
portions of the land have been reforested and 
habitat has been improved by the elimination of 
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FIGURE 1. Study area and location of the main Willow Flycatcher nesting areas and cowbird traps in 1997, 
South Fork Kern River, California. Two traps not shown are located 5 km and 14 km east of the study area. 

grazing. The SFWA was established in 1977 as 
a result of concern over the loss of 1300 ha of 
habitat due to the construction of Isabella Dam 
(Fleshman and Kaufman 1984). The SFWA is 
periodically flooded when the reservoir level ris- 
es. Large portions (60% or greater) of the SFWA 
have been flooded, on average, from approxi- 
mately May to September in 4 of the 9 years of 
this study (1993,1995, 1996 and 1997). At ele- 
vations between 762 and 805 m, the study area 
encompasses approximately 500 ha of cotton- 
wood-willow forest. The riparian woodland is 
dominated by three tree species: red willow 
(Salix laevigata), Goodding’s black willow 
(S&x gooddingii), and Fremont cottonwood 
(Populus fremontii). The forest is interspersed 
with open areas that are often dominated by 
mulefat (Baccharis saZicz~oZia) and hoary nettle 
(Urtica dioica holosericea), and flooded areas 
that support freshwater marshes dominated by 
cattails (Typha spp.) and tules (Scirpus spp.). 
Hoary nettle and mulefat are also common un- 
derstory plants in the forest. Pastures for cattle 
grazing and cultivated fields border the riparian 
forest. 

COWBIRD MONITORING AND CONTROL 

Starting in 1991, we surveyed Brown-headed 
Cowbirds using IO-min point-count surveys at 
60 stations throughout the study area. In 1994, 
we added 15 stations. The stations were located 
200 m apart, along the forest edge. We counted 
male and female cowbirds seen or heard at each 
station and visited each station three times be- 
tween late April and mid-July. The April/May 
survey was completed before the cowbird traps 
were opened. The last surveys were completed 
by mid-July because cowbirds in the Sierra Ne- 

vada and along the South Fork Kern River show 
a noticeable decline in detectability by late July 
(Rothstein et al. 1980; M. Whitfield, pers. obs.). 
To reduce observer bias in the data, an average 
of 86% (range 72% to 93%) of the counts were 
conducted by M. Whitfield each year. With the 
exception of two to six of the stations per year, 
each station was visited at least twice in a given 
year by this observer. There were a total of six 
other observers and no more than three were 
used in a given year. We tested whether there 
was a correlation between the number of cow- 
birds counted in the first surveys and the year 
the count was made in order to see whether trap- 
ping cowbirds reduced the cowbird population 
from one year to the next. 

There were no cowbird control efforts from 
1989 through 1991. In 1992, we addled cowbird 
eggs by shaking them and removed cowbird 
nestlings found in Willow Flycatcher nests. Dur- 
ing that same year, between 10 June and 10 July, 
we shot approximately 30 female cowbirds 
found near Willow Flycatcher nesting areas but 
did not trap cowbirds. Therefore, this was an 
intermediate year between no cowbird control in 
1989-1991 and intensive cowbird control from 
1993-1997. As a result, 1992 was not included 
in the analysis of the effects of cowbird control 
on the reproductive success of Willow Flycatch- 
ers. 

In 1993, we set up four cowbird traps (2 X 2 
X 2.5 m, modified Australian Crow traps). Three 
traps were located near Willow Flycatcher nest- 
ing areas at KRP and one was located at a 
Brown-headed Cowbird feeding area at the Kern 
River Research Center. The SFWA was a “non- 
trap” area until 1996 when we added one trap 
into the area. We baited each trap with wild bird- 
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TABLE 1. SUMMARY OF BROWN-HEADED COWRIRDS TRAPPED ALONG THE SOUTH FORK KERN RIVER, KERN Co., 
CALIFORNIA, 1993-1997 

Number of Traps FenlaleS Males releaseda Juveniles TOtal 

1993 4 343 193 227 287 1050 
1994 7 152 104 132 62 450 
1995 8 141 136 28 71 376 
1996 9 87 98 22 131 338 
1997 11 225 164 17 115 521 

Totals 948 695 426 666 2735b 

Nore: These numbers do not accurately reflect the local cowblrd sex ratio becaure males and females were treated differently m 1993 and 1994, see 
text for details. In addition, the sex ratlo determined by point counts is two males per female. 
a Some males were temporarily marked (1993) or banded (1994) and released; from 199551997, the banded males were recaptured and released. 
h When the recaptured banded bxrd5 (199551997) are not counted, the total number of individuals captured is 2668. 

seed (made up of millet, milo, wheat hearts, and 
sunflower seed), water, and live cowbirds (three 
females and two males). We checked the traps 
daily to release non-target birds and to euthanize 
cowbirds. In 1993, we cut small pieces off the 
two outer tail feathers and released 227 male 
cowbirds. We banded and released 132 male 
cowbirds in 1994. However, from 1995-1997, 
we did not band any new cowbirds and we eu- 
thanized all unbanded cowbirds. 

Each year since 1993, we increased our trap- 
ping effort (Table 1). In 1997, we expanded our 
trapping effort to 11 traps including three addi- 
tional traps east of the KRP (Fig. 1). In all trap 
years, we addled cowbird eggs and removed 
cowbird nestlings found in Willow Flycatcher 
nests throughout the study area. 

WILLOW FLYCATCHER MONITORING 

We monitored Willow Flycatchers from 1989 
to 1997 to determine population trends, repro- 
ductive success, and cowbird parasitism rates. 
Each year, we started surveying for the flycatch- 
ers and searching for their nests during the last 
week in May when their breeding season begins. 
We surveyed all portions of the study area that 
contained suitable nesting habitat using a play- 
back recording of a singing male Willow Fly- 
catcher. We checked nests daily during the egg- 
laying stage and then every 2 or 3 days during 
incubation and nestling stages. A nest was cat- 
egorized as depredated when it was found empty 
before the young could have fledged from it, 
when the number of eggs in the nest were re- 
duced or damaged (and no cowbird egg was sub- 
sequently laid in the nest), or a nestling (or nest- 
lings) disappeared from the nest, thus causing 
abandonment. We estimated nest success using 
the Mayfield method, which calculates the prob- 
ability of survival at each nesting stage (May- 
field 1975). A successful nest was defined as one 
that fledged at least one Willow Flycatcher 
young and an active nest was a nest in which at 

least one egg (flycatcher or cowbird) had been 
laid. 

We used Chi-square tests of homogeneity to 
compare the parasitism and predation rates be- 
tween years with and without cowbird control. 
A t-test was used to compare differences be- 
tween number of young fledged per female in 
years with and without cowbird control. We 
used the method devised by Hensler and Nichols 
(1981) and Hensler (1985) to test for differences 
in Mayfield nest success between years with and 
without cowbird control. 

RESULTS 

COWBIRD CONTROL AND MONITORING 

From 1993 to 1997, we caught 2,735 individ- 
ual cowbirds: 948 females, 1121 males, and 666 
juveniles (Table 1). Only 12 females were 
caught in the trap in the SFWA (6 in 1996, 6 in 
1997). In contrast, the two new easternmost 
traps outside the study area (5 and 14 km from 
the study area) captured 61% (138) of the fe- 
males caught in 1997. These traps were not lo- 
cated in the original trap area (KRP) and when 
cowbirds caught only in the original trap area 
are considered, the number of female cowbirds 
trapped decreased each year (Fig. 2). 

Since trapping began, the female cowbird 
population has decreased in the trap area each 
year between May and July (Table 2). In addi- 
tion, the number of females trapped and the 
number of females detected during the first sur- 
vey on the KRP has significantly decreased from 
one year to the next (r2 = 0.943, N = 5, P = 
0.001). However, the number of cowbirds de- 
tected in the SFWA (prior to 1996, the nontrap 
area) remained fairly stable until 1995 (Table 2). 

WILLOW FLYCATCHER MONITORING 

During times of high cowbird parasitism and 
low nest success, the number of nesting Willow 
Flycatcher pairs declined from 1989 to 1992 
(Table 3). The number of flycatchers has in- 
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FIGURE 2. Comparison of Brown-headed Cowbird 
trap rates (number of females caught per year 1993- 
1997), capture rates (number of females caught per 
trap day 1993-1997), and detections per IO-min point 
count (females per point, 1992-1997) on the Kern Riv- 
er Preserve, Kern Co., California. The number of traps 
increased from four traps in 1993 to 11 in 1997. 

creased since 1992, but is still below the popu- 
lation levels of 1989 and 1990. We compared 
five parameters (parasitism and predation rates, 
nest success, total number of young fledged, and 
number of young fledged per female) before and 
after cowbird control to directly test the effect 
of cowbird control on the flycatcher’s reproduc- 
tive success. Since 1992, cowbird parasitism 
rates have declined from an average of 64% (pri- 
or to cowbird trapping), to 22% after cowbird 
trapping. These rates were significantly lower 
during the four years of cowbird control than the 
three years without cowbird control (Table 3) (x2 
= 62.5, df = 1, P < 0.001). However, there were 
no significant differences in the predation rate 
between the years before and after cowbird con- 
trol (x2 = 0.24, df = 1, P = 0.63). Nest success 

increased from an average of 23% (1989-1991) 
to 32% in 1992, when there were low-level cow- 
bird control efforts. During the period of intense 
cowbird control (1993 to 1997), nest success av- 
eraged 39%. Furthermore, the number of young 
fledged per nest and the number fledged per fe- 
male over the whole season were significantly 
higher in the cowbird control years (1.24 and 
1.72) than the years prior to cowbird control 
(0.63 and 1.04) (number of young fledged per 
nest: t = -3.67, df = 287, P < 0.001; young 
fledged per female: t = 2.86, df = 192, P = 
0.005) (Table 3). 

In addition, the overall Mayfield nest success 
rate was significantly higher in years with cow- 
bird control (0.3894) than without cowbird con- 
trol (0.2284) (Table 4). However, when Mayfield 
nest success was broken into three different 
stages, only the nestling stage had significantly 
higher success in the cowbird control years 
(0.7356) than in the years prior to control 
(0.5422). Nonetheless, the laying stage was 
close to being significantly higher in the years 
with (0.8715) than without cowbird control 
(0.7745), and all three stages showed a trend of 
being higher in years with control than years 
without control. 

DISCUSSION 

All indices of cowbird abundance significant- 
ly declined since we started trapping cowbirds 
on the KRP portion of our study area. In con- 
trast, other cowbird trapping programs have 
shown relatively constant trapping rates each 
year due to immigration of cowbirds each breed- 
ing season (DeCapita in press, Griffith and Grif- 
fith in press, Hayden et al. in press, Rothstein 
and Cook in press). However, the immigration 
rate into our study site is probably low because 
the site is surrounded by arid mountain habitats 

TABLE 2. BROWN-HEADED COWBIRD POINT COUNT RESULTS (MEAN NUMBER OF FEMALES PER POINT k SE), FOR 

THE PRE-TRAP(MAY) AND POST-TRAP(JULY)COUNTS 1992-1997 (SAMPLE SIZES IN PARENTHESES) 

Year Month Kern River Preserve Numhrr of traps SF Wildlife Area Number of traps 

1992a 

1993 

1994 

1995 

1996 

1997 

a Thirty female cowbirds shot from IO June to IO July. 

May 
July 

May 
July 

May 
July 

May 
July 

May 
July 

May 
July 

1.59 2 0.14 (41) 
1.37 5 0.17 (41) 
1.51 t- 0.16 (41) 
0.71 k 0.13 (14) 
0.91 ? 0.13 (45) 
0.40 f 0.09 (45) 
0.69 k 0.11 (45) 
0.24 t 0.08 (45) 
0.38 k 0.09 (45) 
0.27 2 0.07 (45) 
0.33 2 0.09 (45) 
0.18 -t 0.07 (45) 

0 1.58 t 0.17 (19) 0 
1.74 2 0.18 (19) 

4 2.00 k 0.22 (19) 0 
2.22 2 0.18 (18) 

7 1.93 ? 0.21 (30) 0 
1.60 k 0.19 (30) 

8 1.33 2 0.15 (30) 0 
1.20 2 0.11 (30) 

9 0.90 k 0.16 (30) 1 
0.57 2 0.12 (30) 

I1 0.40 t 0.09 (30) 1 
0.37 k 0.11 (30) 
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TABLE 3. BREEDING AND DEMOGRAPHIC PARAMETERS FOR WILLOW FLYCATCHERS ALONG THE SOUTHFORK KERN 

RIVER, CALIFORNIA (1989-1997) 

Year 

Number of Number of 

pairs nestsa 

Predation 
Rate 

Parasitism 
Rate 

Mayfield nest Total number of Number of young 

SUCCtXS young fledged fledged per female 

1989 44 
1990 41 
1991 31 
Means 39 

1992 27 

1993 34 
1994 34 
1995 34 
1996 29 
1997 38 
Means 34 

No cowbird trapping 
34 33% 50% 24% 
38 42% 61% 24% 
45 35% 78% 17% 

116b 37% 63% 23% 

No cowbird trapping, 30 female cowbirds removed 
36 14% 69% 32%c 

Cowbird trapping 
33 37% 38% 33%C 
32 47% 16% 39%C 
32 34% 19% 43%C 
29 28% 11% 61%c 
51 57% 20% 3O%C 

17gb 40% 22% 39% 

25 1.04 
21 0.88 
25 1.14 
24 1.04 

33 

37 1.76 
42 2.10 
40 1.90 
58 2.42 
37 1.09 
43 1.74 

1.83 

a In all years, WC did not find nests for all pairs of Willow Flycatchers in the study arra. 

b Total instead of mean. 

c This rate reflects mvestigator intervention by removing Brown-headed Cowbtrd eggs and nestlings from Willow Flycatcher nests 

with few cowbirds (Rothstein and Cook in 
press). 

We have also seen a decrease in the number 
of cowbirds on the SFWA, but this decline has 
been more recent, smaller, and more complex 
than the one at KRI? We believe that the lower 
number of cowbirds on the SFWA was mostly 
due to the inundation of habitat rather than the 
effects of cowbird trapping. The inundation co- 
incided with declines in the densities and num- 
bers of all host species, with the exception of 
the Yellow Warbler (Dendroica petechia), in 
most of the SFWA (M. Whitfield, unpubl. data). 
As a result, we believe the cowbirds moved to 
other areas to find enough nests to parasitize. 

Our data indicated that the reduction in cow- 
bird numbers led to a reduction in cowbird par- 
asitism of Willow Flycatchers. Consequently, 
nest success significantly increased. It is inter- 
esting to note that most of the difference in nest 
success occurred from the nestling stage and 
laying stage rather than from the incubation 
stage. These are the two stages that are affected 
the most from cowbird parasitism. The laying 

stage is affected by increased abandonment rates 
due to parasitism, and the nestling stage is af- 
fected by the competition of cowbird young 
(Whitfield 1990, Hill and Sealy 1994, Goguen 
and Matthews 1996, Rogers et al. 1997, Payne 
and Payne 1998, Whitfield and Sogge this vol- 
ume). In contrast, cowbird parasitism rarely 
causes total failure of the nest during the incu- 
bation stage (M. Whitfield, unpubl. data). 

Willow Flycatcher females have produced an 
average of 1.72 young per female with trapping 
compared to an average of 1.04 young prior to 
trapping. This increase in production could be 
due to manipulation of parasitized nests (i.e., ad- 
dling cowbird eggs and removing cowbird 
chicks) rather than trapping alone or, most like- 
ly, a combination of the two. However, data in 
Whitfield and Sogge (this volume) indicate that 
the egg-to-fledging ratio for manipulated para- 
sitized nests (23%) is not significantly higher 
than unmanipulated parasitized nests (18%). 
Therefore, most of the increased production can 
be attributed to trapping cowbirds rather than 
manipulating parasitized nests. 

TABLE4. MAYFIELDNESTSUCCESS FOR SOUTHWESTERNWILLOWFLYCATCHERSBEFORECOWBIRDTRAPPING(~~~~- 
1991)~~~ ARER COWBIRD TRAPPING(~~~~-1997)0~ THE SOUTH FORK KERN RIVER,~ALIFORNIA 

Laying Incubation Nestling Overall 

Success SD Success SD SUCCCSS SD SUCCrss SD 

No Trapping 0.7745 0.053 0.5648 0.052 0.5422 0.074 0.2284 0.039 
Trapping 0.8715 0.036 0.6177 0.040 0.7356 0.044 0.3894 0.039 
Z 1.51 0.80 2.24 2.93 
P <0.15 >0.42 CO.025 co.003 



COWBIRD CONTROL AND FLYCATCHER RECOVERY--WhitJeZd et al. 265 

The cowbird control program was successful 
in achieving the immediate goals of reducing 
cowbird numbers, reducing cowbird parasitism, 
and increasing Willow Flycatcher reproductive 
success. Unfortunately, the proximate success of 
the control program has not translated into an 
ultimate success of a larger population of Wil- 
low Flycatchers in the study area. It is likely that 
other factors besides cowbird parasitism are pre- 
venting this population of Willow Flycatchers 
from increasing and/or we have not reduced the 
parasitism rate enough. 

Possible limiting factors may be habitat loss 
and/or pesticide use on the Willow Flycatcher’s 
wintering grounds and/or migratory stopover 
sites. Yet, the return rates of both the adult 
(males: 53%, females: 35.5%) and juvenile 
(34%) Willow Flycatchers are average to above 
average for this species (Stoleson et al. in press), 
suggesting that over-winter survival is not a lim- 
iting factor for this population. Alternatively, the 
Willow Flycatchers on the South Fork Kern Riv- 
er may not have declined but may have moved 
out of the study area onto adjacent private lands 
where we are not allowed to survey. To inves- 
tigate this possibility, we examined aerial photos 
of riparian habitat upstream of the study area to 
get an estimate of the amount of suitable habitat 
outside our study area. With the exception of the 
Canebrake Ecological Reserve (CER), located 
on the easternmost end of the valley, there ap- 
peared to be no more than 20 ha of suitable Wil- 
low Flycatcher habitat. Furthermore, we have 
surveyed for Willow Flycatchers on the CER the 
past 3 years, but have never found more than 
two pairs on the property. Thus, we doubt that 
there has been an increased number of Willow 
Flycatchers breeding outside of our study area 
along the South Fork Kern River. 

Habitat quality and quantity in the study area 
does not appear to be a limiting factor for this 
population. Each year, many areas that appear to 
be suitable habitat are not used. Willow Fly- 
catchers have bred successfully in many of these 
areas, abandoned them for a year or two, and 
then returned to the area in subsequent years. 
Furthermore, there are no apparent changes in 
the habitat on the KRP, but there have been some 
changes in the SFWA due to flooding. However, 
the number of Willow Flycatchers in the SFWA 
has never been high (average of five pairs for 
seven years), and an average of two pairs have 
used the area in the past two years when most 
of it was flooded. 

A recent demographic analysis for this pop- 
ulation by Uyehara et al. (in press) indicates 
that, for all but 1 of the 9 years of this study, 
Willow Flycatchers have not produced enough 
young for the population to grow. Furthermore, 

data from Stoleson et al. (in press) indicate that 
the nest success for this population is low com- 
pared to other populations of Willow Flycatch- 
ers. Predation was the largest cause of nest fail- 
ure during the 9 years of the study (M. Whit- 
field, unpubl. data). In addition, unparasitized, 
nondepredated nests produced 3.02 offspring on 
average (M. Whitfield, unpubl. data), indicating 
that the flycatchers can produce enough young 
for the population to grow in the absence of par- 
asitism and predation. It should be noted, how- 
ever, that prior to cowbird control, egg losses 
due to parasitism sometimes exceeded those lost 
to predators. In addition, the demographic anal- 
ysis by Uyehara et al. (in press) indicated that 
this population of Willow Flycatchers can in- 
crease only if the parasitism rate remains below 
or at approximately 10%. The parasitism rate 
has approached that figure only once (11% in 
1996), and in that year, Willow Flycatcher re- 
productive success was the highest ever docu- 
mented for this population. We suspect that this 
resulted in the population growth from 29 pairs 
in 1996 to 38 pairs in 1997. At least 12 of the 
38 nestlings (32%) that were banded in 1996 
came back to breed in 1997. If the nestlings that 
we were not able to band returned at similar 
rates, then as many as 18 young from 1996 were 
recruited to the 1997 population. In addition, 
Uyehara et al. (in press) calculated a population 
growth rate of 1.25 for 1996, which indicated a 
growing population. 

An assessment of Willow Flycatcher popula- 
tion estimates for our study area in the 1980s 
complicates the demographic picture and inter- 
pretations regarding the extent to which cowbird 
trapping has influenced the number of the local- 
ly breeding flycatchers in the 1990s. Serena 
(1982) found 26 singing males in 1982, using 
tape playback. The population appeared to be 
stable in 1984 and 1985 when other surveyors 
found 23 and 29 males, respectively (Harris et 
al. 1987), without using tape playback. When 
Harris et al. (1987) surveyed the area in 1986 
using tape playback and some sightings from lo- 
cal researchers, they found 39 singing males, an 
apparent increase in the population from 1982. 
However, both tape playback surveys (1982 and 
1986) involved only one site visit, and none of 
the surveys from 1982 to 1986 covered the en- 
tire area that we have surveyed since 1989. The 
1982 to 1986 surveys also had small differences 
among themselves in the amount of area they 
covered. Thus, these early surveys did not have 
consistent efforts or methods and it is difficult 
to tell whether there was an actual increase in 
the Willow Flycatcher population. 

However, it appears that the Willow Flycatch- 
er population was at least stable in the 1980s 
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even without cowbird control. This apparent 
paradox might be explained due to changes in 
land management in the early 1980s and the re- 
generation of over 150 ha of riparian forest in 
the SFWA due to floods in 1983 and 1986. 
Spring and summer cattle grazing was eliminat- 
ed from the KRP and the SFWA in the early 
1980s. Thus, throughout the 1980s approxi- 
mately 100 ha of willow forest grew along the 
river corridor and in low-lying areas on the KRF! 
This increased the available nesting areas for the 
Willow Flycatchers and possibly decreased cow- 
bird parasitism pressure. 

None of the surveys in the 1980s were com- 
parable to our more intensive survey efforts 
from 1989-1997 that involved multiple site vis- 
its and tape playback. However, using consistent 
and intensive survey efforts throughout the ri- 
parian habitat bordering 7 miles of the South 
Fork Kern River, we found a population decline 
prior to trapping and a relatively stable post- 
trapping population size. The population stabil- 
ity during the trapping years is likely in response 
to lowered parasitism rates and increased repro- 
ductive success, although one cannot exclude 
the possibility that stability would have occurred 
without cowbird trapping. In addition, it is un- 
likely that the parasitism rates would have sig- 

nificantly decreased without trapping; therefore 
trapping cowbird control probably kept this pop- 
ulation from declining in the 1990s. 

In summary, Willow Flycatcher reproductive 
success has increased significantly as a result of 
cowbird trapping. It appears, however, that par- 
asitism rates are still high enough to suppress 
population growth. Besides cowbird parasitism, 
other factors such as predation are likely affect- 
ing reproductive success and consequent popu- 
lation growth. Nevertheless, continued cowbird 
control efforts seem prudent for the foreseeable 
future as it is possible that these efforts will 
eventually result in a large increase in flycatch- 
ers 
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EFFECTIVE LANDSCAPE MANAGEMENT OF BROWN-HEADED 
COWBIRDS AT FORT HOOD, TEXAS 

G. H. ECKRICH, T. E. KOLOSZAR, AND M. D. GOERINC 

Abstract. Fort Hood is an 87,890 ha military installation in central Texas that contains the largest 
known breeding populations of the endangered Black-capped Vireo (Vireo atricupillus) and the Gold- 
en-cheeked Warbler (Den&&a chryysoparia) under any single management authority. Habitat loss 
and brood parasitism by the Brown-headed Cowbird (Molothrus ater) have been cited as critical factors 
associated with the decline of both species. In 1987, prior to initiation of cowbird control efforts, 
90.9% of vireo nests on Fort Hood were parasitized. Due to the large size of Fort Hood and the wide 
distribution of endangered bird habitat, it is not feasible to trap and/or shoot cowbirds in every block 
of habitat. We implemented a cowbird control program that emphasized trapping in pastures with high 
cattle concentrations, manipulation of trap numbers, and innovations in trap designs. Trapping, in 
conjunction with a rigorous, methodical shooting program, reduced parasitism to 8.6% by 1997. 

Key Words; Black-capped Vireo, brood parasitism, cowbird control, Golden-cheeked Warbler, Mel- 
othrus ater. 

Managers of Brown-headed Cowbird (Molo- 
thrus ater) populations have to consider land- 
scape-level mosaics of habitat in deciding how 
to control cowbird abundance and parasitism 
(Robinson et al. 1993). Robinson et al. (1995a) 
state that in areas with locally endangered hosts, 
intensive cowbird trapping and removal may be 
the best immediate protection strategy. Fort 
Hood, a large military base in central Texas, has 
the largest known breeding populations of the 
endangered Black-capped Vireo (Vireo atricap- 
illus) (vireo hereafter) (Grzybowski 1995) and 
Golden-cheeked Warbler (Dendroica chrysopar- 
ia) (warbler hereafter) (USFWS 1992) under a 
single management authority. Here, we update 
Hayden et al.‘s (in press) report on cowbird 
management and vireos at Fort Hood from 1987 
to 1994 with data collected in 1994-1997. These 
additional data present new insight into methods 
and recommendations for control of parasitism 
on a landscape scale. Our paper also addresses 
a research need identified by Robinson et al. 
(1995a) to measure the effect of cowbirds on 
host populations using trapping and shooting to 
manipulate parasitism rates. Barber and Martin 
(1997) recently reported on other factors besides 
cowbird removal, such as abundance of alternate 
hosts, that appears to influence rates of cowbird 
parasitism of vireos at Fort Hood. 

Before presenting our new data, we first brief- 
ly review the status of the warbler and vireo and 
the cowbird impacts these hosts experience. The 
Golden-cheeked Warbler was listed as endan- 
gered in May 1990 because of habitat loss, deg- 
radation, and increasing fragmentation (USFWS 
1992). Pulich (1976) estimated the total breed- 
ing population of the warbler throughout its 
range to be approximately 15,000 birds. How- 
ever, Ehrlich et al. (1992) indicate a breeding 

population of only 2,200-4,600 warblers in 
1990. Although the number of warblers on Fort 
Hood is unknown, 915 male warblers were re- 
ported on the installation in 1996 (Jette et al. 
1998). The precise number of warblers is prob- 
ably higher because of the large size of the in- 
stallation and restrictions on entering the areas 
the Army uses for live-fire activities. In 1963, 
Pulich (1976) found a parasitism rate as high as 
84.2% in Kendall County, Texas. Parasitism by 
cowbirds appears to be an increasing threat in 
much of the warbler range due to habitat frag- 
mentation (Collar et al. 1992). Parasitization of 
warbler nests on Fort Hood, 1991-97, was not 
substantial with 8.7% (4 of 46) nests parasitized 
(R. Craft pers. comm., Jette et al. 1998). Be- 
cause the initiation of warbler studies coincided 
with increased cowbird control effectiveness in 
1991, there are no estimates of warbler parasit- 
ization prior to effective cowbird management. 

The Black-capped Vireo was listed as an en- 
dangered species in 1987 (USFWS 1991). Brood 
parasitism undoubtedly contributed to the de- 
cline of the vireo (Robinson et al. 1995a). The 
estimated global population of the vireo is con- 
troversial, ranging from less than 2,000 pairs 
(Collar et al. 1994) to between 3,139 and 9,463 
pairs based on a breeding population in Coahuila 
(Benson and Benson 1990). The number of ter- 
ritorial male vireos on Fort Hood has risen from 
85 in 1987 (Tazik and Cornelius 1993) to 357 
in 1997 (Koloszar 1998). Initial data from the 
1998 breeding season indicate a continuing in- 
crease in the vireo population, in both numbers 
and newly occupied habitat (J. Koloszar pers. 
comm.). As in the case of the warbler, the actual 
number is unknown due to size of the installa- 
tion and restrictions on entry into live-fire areas. 

The primary reasons stated in the U.S. Fish 
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268 STUDIES IN AVIAN BIOLOGY NO. 18 

and Wildlife Service Recovery Plan (USFWS 
1991) for listing the vireo are (1) documented 
population decline, (2) loss of suitable habitat, 
and (3) brood parasitism by the Brown-headed 
Cowbird (cowbird hereafter). Of these, parasit- 
ism previously had the greatest effect on Fort 
Hood. In addition to the Brown-headed Cow- 
bird, the Bronzed Cowbird (M. aeneus) is found 
on Fort Hood (approximately 12 are trapped per 
breeding season). Also, two Shiny Cowbirds (M. 
bonariensis) have been trapped on Fort Hood 
(Hunt 1991, G. Eckrich pers. obs. 1993). Initial 
studies on the installation in 1987 and 1988 re- 
ported a cowbird parasitism rate of vireo nests 
at 90.8% and vireo nest success rate at 4.7% 
(Tazik and Cornelius 1993). Based on 60% adult 
annual survival and juvenile survival of 30%, 
Tazik and Cornelius (1993) determined a critical 
parasitism rate (the highest parasitism rate the 
population can withstand without decline) of ap- 
proximately 35%. 

The vireo recovery plan (USFWS 1991) states 
that cowbird removal is needed in vireo breed- 
ing sites where parasitism is a threat to repro- 
ductive success, and that removal should begin 
about two weeks prior to arrival of vireos. Fort 
Hood Natural Resources Branch initiated cow- 
bird control measures in 1988, but with little ef- 
fect. Subsequent experimentation with trap 
placement, numbers, and styles, combined with 
shooting has successfully reduced cowbird par- 
asitism of vireo nests and increased cowbird 
capture rates. Our research has emphasized stud- 
ies of vireos because vireo nests are easier to 
locate than warbler nests, thus providing larger 
sample sizes. However, warblers should benefit 
from cowbird reduction and lower parasitism 
rates since warbler habitat lies within the areas 
influenced by the cowbird control program. 

STUDY AREA 

Fort Hood is an active Army installation that 
occupies 87,890 ha within Bell and Coryell 
counties, and is adjacent to the city of Killeen. 
The installation has a mixture of perennial grass- 
land (65%) and woodland (3 1%). The remainder 
of the installation is a build-up cantonment area. 
Ashe juniper (Juniperus ashei) and various oak 
species (Quercus spp.) dominate the woodland 
(Tazik et al. 1993). Most of the installation has 
free-ranging cattle, with the exception of the 
cantonment area and one non-live fire training 
area. Fort Hood has two basic types of training 
areas (Fig. 1). In maneuver (non-live fire) train- 
ing areas two armored divisions with other corps 
support units conduct year round training. There 
is no direct firing of weapons; however, artillery 
units fire indirectly at targets in the impact area 
in the center of the installation. The maneuver 

training areas constitute 53,300 ha or 61 % of 
the entire installation and are divided into East 
Range, West Range, and West Fort Hood 
(WFH). Researchers and cowbird control per- 
sonnel usually have access to these areas. The 
live-fire (LF) training areas and the artillery im- 
pact area (classified a permanent “dudded” zone 
due to presence of duds, unexploded, but still 
live munitions) cover about 24,000 ha. Re- 
searchers and cowbird control personnel have 
sporadic access to the areas in which units fire, 
and have no access to the artillery impact area. 
Housing areas, motor pools, and barracks make 
up the Fort Hood cantonment area. Although the 
cantonment area is not grazed, extensive mowed 
fields, lawns, parade grounds, a horse stable, 
golf courses, and airfields provide suitable for- 
aging areas for cowbirds. Cowbird control mea- 
sures at Fort Hood have been applied to the en- 
tire installation since endangered birds and cow- 
bird feeding areas are present installation-wide. 
The wide distribution of the warblers and vireos 
across the installation (Fig. 1) necessitated a 
cowbird control strategy combining trapping and 
shooting since some cowbirds are trap-shy while 
others ignore traps in favor of feeding areas (cat- 
tle concentrations and bird feeders) off post. 

Warbler habitat is dominated by Ashe juniper 
(needed for nesting material) and various oak 
species, especially Texas oak, along with other 
hardwood species (Pulich 1976). There are ap- 
proximately 16,000 ha of warbler habitat on Fort 
Hood. Vireo habitat is described as low scrubby 
growth, mostly deciduous and of irregular height 
and distribution, but with spaces between small 
thickets and clumps and with hardwood foliage 
to ground level (Graber 1961). Vireos are often 
found in areas that have recently been burned, 
with the highest concentrations in areas subject- 
ed to hot fires (Grzybowski 1995). Burned areas 
on Fort Hood have been occupied by vireos as 
early as two years after a bum. Fort Hood has 
approximately 4,300 ha of available vireo habi- 
tat in all stages of occupancy and successional 
growth. 

METHODS 

TRAPPING 

Beginning in 1991, trapping efforts focused 
on pastures frequently grazed by cattle since 
cowbirds prefer foraging on ground with short 
grass and in proximity to grazing mammals 
(Friedmann 1929, Mayfield 1965). Cowbird 
trapping had been initiated in 1988 following the 
standards of the cowbird control program to 
save the Kirtland’s Warbler (Dendroica kirklan- 
dii) (Shake and Mattson 1975). In 1988 three 
traps were placed in one vireo breeding colony 
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Trap Locations 
Golden-cheeked Warbler Habitat 
Black-capped Vireo Habitat 

h East Range 

West Fort Hood 

0 2 4 6 8 10 Kilometers 
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FIGURE 1. Brown-headed Cowbird trap distribution and shooting circuits in relation to designated Black- 
capped Vireo and Golden-cheeked Warbler habitat across the Fort Hood military installation, 1997, Fort Hood, 
Texas. 

and operated during the breeding season, 1 
March-30 June (Tazik and Cornelius 1993). The 
number of traps was increased to 8 in 1988 and 
25 in 1990 (Hayden et al. in press). The trapping 
strategy was changed in 1991 by placing 40 
traps in cattle grazing areas, and leaving 12 in 
vireo habitat. The number of traps varied in sub- 
sequent years due to vandalism, new construc- 
tion, flooding, or military activity. After reach- 
ing a high of 52 in 1991, 30 traps were in op- 
eration in 1997 along a 115 km circuit (Fig. 1). 

Control efforts varied according to area. The 
area with the most cowbird control effort was 
the West Range where both trapping and shoot- 
ing were used. Very limited trapping and shoot- 

ing were conducted in the Live-fire Area be- 
cause of limited access. West Fort Hood (WFH) 
presented a unique problem in cowbird control 
because it is a 6,628 ha peninsula-shaped area 
surrounded by civilian suburban and agricultural 
lands (Fig. 1). No cattle were grazed on WFH 
from 1992 until reintroduction in December 
1996. Prior to the 1992 breeding season, all 
cowbird control measures were suspended on 
WFH to determine the effect of cowbird remov- 
al. Trapping was resumed in 1993. When cow- 
birds were repeatedly observed flying from vireo 
breeding habitat past traps to civilian homes to 
feed (G. E&rich pers. obs.), we changed the 
cowbird control strategy for West Fort Hood. In 
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TABLE 1. TRAPCAPRJRERATE(#FEMALES/TRAP DAY) 

BY TRAP TYPE FOR BROWN-HEADED COWBIRDS TRAPPED 
DURING 1997 BREEDING SEASON ON FORT HOOD,TEXAS 

Trap capture rate 

Trap type (N) March April May June All 

Australian (3) 0.142 0.958 1.242 0.051 0.606 
Hybrid (5) 2.354 1.900 1.045 0.147 1.294 
Mega (IO) 2.108 2.471 3.226 0.248 2.024 

USFWS (12) 0.519 0.587 0.524 0.087 0.430 

Total 1.158 1.296 1.365 0.131 0.990 

1994 we removed all traps from WFH due to 
their low 1993 capture rate of 0.11 females/trap 
day versus 0.46 installation-wide and instituted 
a rigid, methodical shooting program. 

The other area with variation in cowbird con- 
trol was the East Range, containing a 10,800 ha 
cowbird telemetry research area (Fig. 1) for a 5- 
year (1994-1998) study (Cook et al. 1998) of 
spatial and temporal movements of female cow- 
birds. The number of traps in that area was re- 
duced from 14 in 1993 to 5 in 1994-95, and 3 
in 1996-97 to prevent interference with radio- 
tracking operations. Additionally, all shooting in 
that area was stopped in 1994. 

In accordance with the USFWS Biological 
Opinion (1993a), trapping has occurred year 
round. Individual traps were closed when the 
capture of non-target species exceeded cow- 
birds, military training interfered, or the trap was 
repeatedly vandalized. Since one person carried 
out all cowbird control measures (trapping and 
shooting) in 1996 and 1997, trap placement had 
to allow for coverage of as much of the instal- 
lation as possible in a single day. All traps were 
placed near paved or improved roads and on ter- 
rain that was accessible throughout the year. 
Four cowbird trap designs were used on Fort 
Hood in 1996-97. There were three Washington 
starling traps (1.8 m X 2.4 m X 1.8 m) (USFWS 
1984), 12 standard USFWS traps (1.8 m X 2.4 
m X 1.8 m) (USFWS 1973), five Hybrid traps 
(1.8 m X 2.4 m X 2.1 m), and ten Mega traps 
(4.88 m X 4.88 m X 2.44 m). John Cornelius 
of the Fort Hood Natural Resources Branch de- 
signed the Hybrid and Mega traps based on cow- 
bird control personnel observations and lessons 
learned. The respective trap capture rates are in 
Table 1. The apparent advantage of Mega traps 
is somewhat misleading. While that style trap 
can catch and hold more birds, Mega traps are 
placed only at sites that have had high capture 
rates in preceding seasons. We left lo-15 cow- 
birds in the Washington starling, USFWS, and 
Hybrid traps to act as decoys. Approximately 50 
decoys were left in the Mega traps, the premise 
being that more decoys attract more birds since 

breeding season social aggregations occur dur- 
ing the afternoon at feeding sites (Robinson et 
al. 1995a, Rothstein et al. 1987). We have found 
the sex ratio of decoy birds to be irrelevant to 
capture rates, in contrast to the 2 males to 3 
female ratio of Griffith and Griffith (in press). 
Traps with few or no females were as effective 
in catching females as those with a more even 
sex ratio. The number of females in each trap 
was intentionally kept low to minimize the num- 
ber of potentially escaping birds if a trap was 
vandalized or damaged by storms, cattle, pred- 
ators, or armored vehicles. 

Vegetation in and within 50 cm of the traps 
was maintained at approximately 5 cm or less 
so that field personnel could better detect snakes 
which periodically enter traps to eat cowbirds. 
Captured female cowbirds were killed by cer- 
vical dislocation, while males were banded with 
USFWS bands and released. Cowbirds were re- 
moved as needed to relieve overcrowding or re- 
duce the number of females. The number of 
birds removed per trap was recorded each visit. 

SHOOTING 
Shooting female cowbirds in vireo breeding 

habitat and wherever else found throughout the 
year augmented the trapping program. A me- 
thodical shooting program was conducted along 
two shooting circuits covering three previously 
existing vireo study areas on base (Fig. 1). There 
was no shooting in the telemetry study area, 
which contains a fourth vireo study area. Addi- 
tionally, there was no shooting in human occu- 
pied areas. 

One person, in conjunction with running the 
trap circuit, patrolled the two circuits on alter- 
nating days. Each circuit was covered between 
0700-1130 hours from 1 March-30 June. Peri- 
odic stops along the circuits were made at sites 
with dead snags or potential cowbird foraging 
areas. There was no specific distance between 
shooting points since suitable shooting sites oc- 
curred at irregular intervals along both circuits. 
Taped playback of the female chatter (rattle) call 
was played at each stop to attract cowbirds with- 
in shooting range (Dufty 1982b). Some females 
were specifically targeted when field technicians 
with the Fort Hood endangered species program 
reported specific time and location of cowbird 
sightings in vireo habitat. Opportunistic shooting 
such as in grazing areas (Rothstein et al. 1987) 
was conducted throughout the year as time and 
circumstances (safety and presence of person- 
nel) permitted. 

RESULTS AND DISCUSSION 
TRAPPING 

A total of 3,413 female cowbirds were re- 
moved by trapping in 3449 trap days (TD) (trap 
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TABLE 2. BROWN-HEADED COWBIRD PARASITISM RATE (PERCENT PARASITIZED, TOTAL NLJMBER OF NESTS) OF 
BLACK-CAPPED~IREONESTS BY YEARAND REGIONON FORT HOOD,TEXAS 

East Range W&Range West Fort Hood Live Frr TOtal 

1987a 
198Sa 
1989a 
1990b 
1991c 
1992= 
1993c 
1994c 
1995c 
1 996c 
1997d 

90.3 (31) 
84.4 (32) 
51.8 (56) 
66.7 (15) 
13.6 (22) 
4.2 (24j 

14.8 (27) 
11.1 (45) 
18.5 (65) 
34.8 (23) 

1.6 (62) 

- 
83.3 (12) 
70.8 (24) 
25.0 (4) 
50.0 (2) 
14.3 i7j 
13.3 (15) 

3.8 (26) 
0.0 (22) 

18.2 (33) 
9.1 (22) 

100 (1) 
100 (191 
58.6 ;29j 

100 (5) 
25.0 (8) 
42.9 (21) 
60.0 (15) 
11.8 (34) 
6.9 (29) 

14.8 (27) 
11.3 (53) 

100 (1) 
95.8 (24) 
83.7 ;43j 
53.3 (15) 
57.1 (35) 
61.5 (13) 
22.2 (9) 
25.0 (28) 
21.0 (62) 
29.6 (27) 
16.2 (37) 

90.9 (33) 
90.8 (87) 
65.1 (152) 
63.0 (39) 
38.8 (69) 
29.2 (68) 
25.8 (67) 
12.8 (133) 
15.2 (178) 
22.9 (118) 

8.6 (174) 

a Taken from Table 6 in Hayden et al. 1998. 
h Taken from Table 3 in Hunt 1991. 
c Taken from Table 7 in Weinberg et al. 1998 
*Taken from Table 2.7 in Koloszar 1998. 

capture rate = 0.989 females/TD) during the pe- 
riod 1 March-30 June 1997. Vireo parasitization 
was reduced to 8.6% in the 1997 breeding sea- 
son (Koloszar 1998). The initial vireo studies on 
Fort Hood in 1987 found a cowbird parasitism 
rate of 90.9% (Table 2) and only a 4.7% nest 
success rate (Tazik and Cornelius 1993). Cow- 
bird control efforts were initiated in 1988 by 
placing traps in vireo breeding habitat, and 10 
females were removed from 3 traps in 230 trap 
days, yielding 0.04 females per trap day (TD). 
Six traps were operated in vireo habitat during 
1989 and 120 females removed (0.05 females/ 
TD), and in 1990, 25 traps in vireo habitat yield- 
ed 162 females (0.12 femalesiTD)(Hayden et al. 
in press). Trapping in breeding habitat has been 
successful in protecting birds such as Least 
Bell’s Vireo (Vireo b&ii pusillus) in southern 
California (Griffith and Griffith in press). How- 
ever, this strategy, combined with random shoot- 
ing of females, proved ineffective on Fort Hood 
(Table 2) in reducing parasitism to the 35% lev- 
el, below which estimates indicate the vireo pop- 
ulation can sustain itself (Tazik and Cornelius 
1993). 

Changing the trapping focus from vireo hab- 
itat to cattle grazing concentrations caused a dra- 
matic increase in the number of female cowbirds 
captured, from 162 in 1990 to 1284 in 1991 
(0.24 females/TD)(Hayden et al. 1998). A con- 
current decrease in parasitism rates was detect- 
ed, from 63% (N = 39) (Hunt 1991) in 1990 to 
38.8% (N = 67) in 1991 (Hayden and Tazik 
1991). As of 1993, all traps were placed in open 
cattle grazing areas. 

The Spearman correlation between the num- 
ber of female cowbirds removed per year and 
the parasitism rate of vireo nests from 1987- 
1997 was highly significant (r, = -0.952, P < 
0.01; Fig. 2). Barber and Martin (1997) also re- 

ported a relation between the level of cowbird 
parasitism of vireos at Fort Hood and the num- 
ber of female cowbirds removed; however, their 
analysis involved comparison among different 
sites, not among different years. It is important 
to note that these statistical relationships indicate 
that if trapping were suspended or reduced, the 
frequency of parasitism would probably in- 
crease. When trapping effort within the afore- 
mentioned East Range cowbird telemetry study 
area was reduced, and all shooting stopped, par- 
asitism rose to 34.8% in 1996 (Table 2). The 
1997 drop to 1.6% parasitism in the East Range 
was potentially due to two factors: the reduction 
of cattle from 752 animal units (animal unit = 
1 bull or 1 cow plus calf) to 103 and higher 
capture rates of four specific Mega traps (Table 
3). These four traps had been placed into oper- 
ation for the 1996 breeding season with 2.9 cm 
(1% inches) entry slots to exclude non-target 
species. After cowbird control personnel ob- 
served female cowbirds being reluctant to enter 
through such a narrow slot, we concluded that 
cowbirds, not just non-target species, were also 
being excluded. Widening the slots to 3.2 cm 
(11/ inches) did increase non-target captures 
while greatly increasing the number of cowbirds 
caught (Table 3). The effect of cattle removal/ 
reduction may also explain that while three of 
the four Mega traps with widened slots saw sig- 
nificant increases in their capture rates, one trap 
(30AK) declined (Table 3). This trap was the 
only one of the four with no cattle present in 
1997. Since the increasing parasitism rates on 
the east range from 1994 to 1996 were based on 
reduced trapping effort and cessation of shoot- 
ing, the results may not meet the criteria of a 
scientific experimental removal program in 
which all cowbird control measures are stopped 
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Total female Brown-headed Cowbirds killed from all traps by month for the years 1996 
and 1997. 

March May July 

Months 

September November 

FIGURE 2. Relationship between Black-capped Vireo brood parasitism rate and number of female Brown- 
headed Cowbirds removed from the landscape study area population during the 1 Mar-30 June breeding season 
from 1987 to 1997, Fort Hood, Texas. (r, = -.952, P < 0.01) 

to access parasitism rates in the absence of cow- 
bird control (Robinson et al. 1995a). 

The number of cowbirds removed from Fort 
Hood over the past 10 years has not decreased 
(Fig. 2). In a calendar year most cowbirds are 
caught in spring and fall migration (Fig. 3). The 
percentage of captured birds that are year round 
Fort Hood residents, migrants coming to Fort 
Hood to breed, migrants passing through Fort 
Hood, or birds wintering at Fort Hood from else- 
where is unknown. In an effort to learn more 
about the cowbird populations found at Fort 
Hood throughout the year, more than 2,000 
males have been banded each year since 1991. 
Few band recoveries have been reported to date. 

In addition to recaptures on Fort Hood and birds 
recovered in central Texas, three birds banded 
during spring migration have been recovered in 
Canada (Alberta and British Columbia). Two 
birds banded in January were recovered the fol- 
lowing spring in Paris, Tennessee, and Wilming- 
ton, North Carolina. 

The sharp increase in females trapped in 1997 
(3413) versus 1996 (1704) was probably a result 
of the accumulation of several factors. Trap cap- 
ture rates throughout the installation rose; how- 
ever, two factors may be significant-vandalism 
and slot width. In April 1996, vandals destroyed 
or severely damaged four traps, including two 
Mega traps, in the telemetry study area on the 

TABLE 3. COMPARISON OFTHE NUMBER OFFEMALE BROWN-HEADED COWBIRDS ANDNON-TARGET INDIVIDUALS(IN 
PARENTHESES) CAFTLJRED IN MEGA STYLE TRAPS ON FORT HOOD, TEXAS, USING A SLOT WIDTH OF 2.9 CM IN 1996 
VERSUS 3.2 CM IN 1997 

30AK OCMV RORI HENC 

1996 1997 1996 1997 1996 1997 1996 1997 

March 12 (0) 11 (36) I (0) 3 (0) 1 (0) 29 (1) 0 (0) 134 (0) 
April 45 (1) 18 (0) 11 (0) 62 (0) 1 (0) 105 (2) 0 (0) 136 (16) 
May 1 (1) 38 (1) 13 (0) 133 (13) 4 (0) 43 (0) 4 (0) 5.5 (22) 
June 0 (0) 6 (0) 2 (0) 1 (0) 0 (0) 9 (0) 3 (0) 10 (0) 

N"te:Non-targetspecics captured were House Finches (Carpodacus mexicanus), Red-winged Blackbirds (Ageloiusphorniceus), and Common Grackles 
(Quisca[us quircala). 
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FIGURE 3. Total numbers of female cowbirds killed from all traps by month for the years 1996 and 1997 at 
Fort Hood, Texas 

east side of the installation. The vandalism re- 
leased at least 200 female cowbirds, although 
many of these were likely migrants. Only one 
trap (a Mega) was repairable; thus, the potential 
captures of the other 3 traps were lost. There 
was no vandalism in that area in 1997. The in- 
creased capture rates of the four Mega traps with 
widened slots in 1997 probably lowered parasit- 
ism rates in nearby vireo breeding areas. How- 
ever, other factors such as global population dy- 
namics, drought, cattle movement, and military 
presence, may also be important. 

SHOOTING 

Sixty-seven female cowbirds were shot in 
1997, representing 1.9% of all females removed 
during the breeding season. We believe selective 
shooting is an effective and efficient way to tar- 
get females in breeding habitat as a complement 
to our trapping program since it has been con- 
ducted in conjunction with trap operation with- 
out requiring additional personnel. Having re- 
viewed Fort Hood data from 1987-94, Hayden 
et al. (in press) state that more data are needed 
to assess if shooting in occupied habitat on a 
methodical basis is effective in reducing site- 
specific parasitism rates. In 1989 Fort Hood im- 
plemented routine shooting of female cowbirds 
in occupied vireo habitat in the expectation that 
parasitism would drop. Although 119 females 
were shot, parasitism rates were not appreciably 
affected (Tazik and Cornelius 1993). Tazik and 
Cornelius (1993) hypothesized that the overall 
cowbird population density on Fort Hood might 
have been too high to make shooting effective 
at that time. Shooting has been the only control 
measure used on WFH since 1994. Although 
traps were used on WFH in 1990, nest parasit- 

ism was 100% (N = 5). After improved trapping 
and random shooting the rate dropped to 25% 
(N = 8) in 1991. After all cowbird control was 
stopped in 1992, even in conjunction with cattle 
removal, parasitism rose to 42.9% (N = 21). Re- 
sumption of trapping in 1993 did not reduce par- 
asitism. The parasitism rate reached 60% (N = 
34) while the installation-wide rate dropped to 
the lowest recorded level (25X%, N = 67) to 
that date (Table 2). After removing all traps and 
instituting a rigid, methodical shooting program, 
parasitism changed to 11.8% (15 females shot) 
in 1994, 6.9% (22 females shot) in 1995, 15.4% 
(21 females shot) in 1996, and 11.3% (15 fe- 
males shot) in 1997. We do not know the thresh- 
old at which the landscape-scale cowbird pop- 
ulation density drops low enough to make shoot- 
ing females in breeding habitat an effective 
management tool. 

CONCLUSIONS 

Brood parasitism in situations similar to ours 
(a large area with widely dispersed endangered 
bird habitat) can be limited by a landscape ap- 
proach to cowbird control that combines effec- 
tive cowbird trapping with a methodical shoot- 
ing program. We recommend the use of preda- 
tion-resistant, easy-to-fabricate traps such as the 
Fort Hood Hybrid and Mega trap designs. In- 
formation on these traps may be obtained from 
John Cornelius, Fort Hood Natural Resources 
Branch (254) 287-2885, e-mail: comeliusj @ 
hood-emh3.army.mil. These traps should be 
placed in primary cowbird feeding areas, usually 
near cattle concentrations, to reduce the overall 
cowbird population. To complement the trapping 
program, we suggest a shooting program in 
breeding habitat to eliminate specific territorial 
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females. Although trapping at cowbird feeding 
sites and a shooting program in breeding habitat 
have proved to be highly effective at Fort Hood, 
other strategies for removing cowbirds may be 
equally or more effective in other landscapes. 
For example, Griffith and Griffith (in press) re- 
port that cowbird numbers in a large southern 
California landscape were reduced effectively 
with extensive trapping in breeding habitats and 
with no shooting program. 

While the Fort Hood cowbird control effort 
and other successful programs have demonstrat- 
ed that an endangered avian species can be pro- 
tected from brood parasitism, trapping and 
shooting do not correct land management prac- 
tices that ultimately cause the problem. Cowbird 
control is a never-ending management option re- 

quiring scarce money and time. Further studies 
are necessary to address the questions of species 
recovery in terms of cowbird control, habitat 
loss and fragmentation, cattle grazing, urbaniza- 
tion, and cost effectiveness of various land man- 
agement alternatives. 
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THE EFFECTS OF PRESCRIBED BURNING AND HABITAT EDGES 
ON BROWN-HEADED COWBIRD PARASITISM OF RED-WINGED 
BLACKBIRDS 

ETHAN D. CLOTFELTER, KEN YASUKAWA, AND RICHARD D. NEWSOME 

Abstract. We studied the effects of prescribed burning and habitat edges on brood parasitism by 
Brown-headed Cowbirds (Molothrus ater) of a prairie-nesting population of Red-winged Blackbirds 
(Agelaius phoeniceus) in southern Wisconsin. A year-level analysis (1984-1996) revealed that spring 
versus fall burns, time elapsed since the study area was last burned, the area burned, and the quality 
of the burn had no significant effects on the proportion of nests in the population that were parasitized 
per year nor on the total number of cowbird eggs laid. In addition, these variables had no effect on 
the proportion of red-wing nests in the population that successfully fledged red-wing young, nor on 
the number of nests constructed. A nest-level analysis (1988-1996) revealed that the probability that 
a nest was parasitized increased as the distance to the nearest habitat edge or the nearest road de- 
creased. The probability of parasitism also increased with increasing distance from the perimeter of 
the burn. Parasitism was unrelated to the quality of the burn or the time elapsed since the last bum. 
Parasitized nests containing multiple cowbird eggs were not significantly closer to roads or edges than 
were parasitized nests containing one cowbird egg. However, there was a trend for nests in burned 
units to have fewer cowbird eggs in them than nests in unburned units. The nest-level analysis also 
showed that success of Red-winged Blackbird nests increased with increasing distance from the burn 
perimeter. Nest success and the number of red-wing offspring produced were unrelated to the other 
bum-related and edge-related variables. Our results suggest that prescribed burning reduces cowbird 
parasitism of red-wings, but the mechanism responsible for this effect is not known. 

Key Words: Agelaius phoeniceus, brood parasitism, Brown-headed Cowbird, edge effects, Molothrus 
ater, nest success, prescribed burning, Red-winged Blackbird. 

Fire has been an important factor in the main- 
tenance of grassland ecosystems for thousands 
of years (Daubenmire 1968). As a consequence 
of European settlement of central North Ameri- 
ca, grasslands were largely replaced with inten- 
sive agriculture and natural fires were sup- 
pressed. This was especially true of the tallgrass 
prairie ecosystem in central North America, of 
which less than 1% currently remains. In the 
near absence of natural fires, prescribed burning 
has become an important management tool in 
protecting native prairie remnants and in restor- 
ing native biodiversity to reclaimed agricultural 
lands. The effects of prescribed burning on 
grassland plant communities include removal of 
woody invaders, an increase in overall produc- 
tivity, and reduction of litter, though these ef- 
fects vary depending on the season in which 
bums are conducted (Hurlbert 1988, Bragg 
1995). Despite the ubiquitous practice of pre- 
scribed burning, there is little agreement as to 
which bum season or which bum rotation best 
mimics natural processes (Howe 1994). 

The impacts of prescribed burning on grass- 
land bird populations are highly variable. Gal- 
liform birds, Upland Sandpipers (Bartrumia Zon- 
gicauda), and some sparrows show consistent 
increases following bums (Cannon 1979, Kan- 
trud 1981, Huber and Steuter 1984, Pylypec 
1991, Zimmermann 1992). Many other sparrows 
typically decrease in abundance following a 

bum (Best 1979, Huber and Steuter 1984, Py- 
lypec 199 1, Zimmermann 1992, Herkert 1994a). 
Meadowlarks (Sturnella spp.), Grasshopper 
Sparrows (Ammodramus savannarum), and Sa- 
vannah Sparrows (Passerculus sandwichensis) 
show geographically variable short-term re- 
sponses to burning (Tester and Marshall 1961, 
Huber and Steuter 1984, Johnson and Temple 
1986, Pylypec 1991, Zimmerman 1992, Herkert 
1994a, Swengel 1996). Finally, species such as 
Bobolinks (Dolichonyx oryzivorus) show nega- 
tive short-term responses to burning but thrive 
2-3 years after a bum (Cody 1985). With several 
exceptions (e.g., Higgins 1986, Johnson and 
Temple 1986, Kruse and Piehl 1986, Vickery et 
al. 1992), few studies have examined the effects 
of fire on reproductive success of grassland 
birds, focusing instead on species abundance 
and diversity. 

A subject that has received even less attention 
in the literature is the relationship between fire 
and brood parasitism by the Brown-headed 
Cowbird (Molothrus ater). Brown-headed Cow- 
birds are generalist brood parasites native to the 
grasslands of central North America, and thus 
have a long history of exposure to natural fire. 
However, we know very little of the dynamics 
of parasitism following prescribed bums. With 
increased fragmentation of natural grassland 
communities, a growing dependence on pre- 
scribed burning to maintain these fragments, and 
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a concomitant decrease in grassland bird popu- 
lations, it is important that we understand this 
relationship (Herkert 1994b, Howe 1994, Knopf 
1994). The little information available suggests 
that burning has a negative effect on cowbird 
parasitism (Best 1979, Johnson and Temple 
1990). However, neither of these studies exam- 
ined the effects of multiple bums on the same 
study area to control for year and habitat differ- 
ences. In the current study, we describe the ef- 
fects of multiple prescribed bums over a 13-year 
period on cowbird parasitism of a prairie-nesting 
population of Red-winged Blackbirds (Ageluius 
ph&?niCeUs). 

The second objective of this study was to ex- 
amine the importance of proximity to habitat 
edges in predicting patterns of cowbird parasit- 
ism on Red-winged Blackbirds. Numerous stud- 
ies have suggested that passerine species suffer 
reduced reproductive success along habitat edg- 
es as a result of increased predation and brood 
parasitism (Gates and Gysel 1978, Chasko and 
Gates 1982, Brittingham and Temple 1983, Tem- 
ple and Cary 1988). However, other studies re- 
port no such declines along habitat edges, call- 
ing into question the universal importance of 
edge effects (reviewed in Paton 1994). This may 
be because the mechanisms that cause edge ef- 
fects can vary at different spatial scales (Dono- 
van et al. 1997). In addition, the majority of 
studies has focused on edge effects on wood- 
land-nesting birds, with relatively few studies of 
edges in grassland habitats (Paton 1994). In the 
current study, we examine the importance of 
habitat edges and roads in predicting patterns of 
cowbird parasitism in the same prairie-nesting 
population of Red-winged Blackbirds. 

STUDY AREA 

The study area was Newark Road Prairie 
(NRP), an isolated 13-ha wet-mesic prairie lo- 
cated in southern Wisconsin (42” 32’ N, 89” 08’ 
W). The dominant plant species over much of 
the prairie were cordgrass (Spartina pectinatu), 
reed canary grass (Phalaris arundinacea), and 
various sedges (Carex spp.), with other areas 
dominated by a mixture of forbs and grasses of 
several species. The site is bounded on three 
sides by agricultural fields and woodlots (here- 
after habitat edges) and on one side by a two- 
lane paved road. NRP has been managed by Be- 
loit College with some supervision by The Na- 
ture Conservancy since 1977. Since then, pre- 
scribed bums have been conducted on at least a 
biennial basis. Originally, only spring bums (1 
April-15 May) were employed. During the pe- 
riod of this study (1984-1996), however, fall 
bums (15 October-15 November) were con- 
ducted nearly as frequently as spring bums (Ta- 

TABLE 1. SUMMARY OF PRESCRIBED BURNS AND RED- 

WINGED BLACKBIRD NESTING ON NEWARK ROAD PRAIRIE 

(NRP), 19841996 

Total nests % 
YGIr Spring burn Fall burn (% successtid) parasitized 

1984 X X 42 (38.1) 19.0 
1985 57 (35.1) 3.5 
1986 X X 41 (51.2) 2.4 
1987 X X 62 (41.9) 12.9 
1988 X 82 (45.1) 8.5 
1989 58 (51.7) 10.3 
1990 X 92 (33.7) 9.8 
1991 126 (14.3) 19.1 
1992 X 119 (34.5) 18.5 
1993 X 90 (34.4) 10.0 
1994 X X 72 (19.4) 15.3 
1995 87 (20.7) 23.0 
1996 X 39 (23.1) 17.9 

ble 1). Bums were attempted each year, but 
weather conditions dictated the season (if any) 
in which they succeeded. In some years, both 
spring and fall bums were successful (Table 1). 
Bum units of NRP 2-8 ha in size were burned 
in a rotating cycle. The primary management 
objective of these bums was the reduction of 
woody vegetation (Salix spp., Corms spp.) and 
the restoration of native herbaceous vegetation. 

METHODS 

The Red-winged Blackbirds of NRP have 
been studied by K. Yasukawa and his colleagues 
since 1984 (see references in Seamy and Yasu- 
kawa 1995). In each year, 30-130 nests were 
found (mean + SE; R = 74.1 ? 7.8 nests) and 
their fates monitored by daily nest visits. Nest- 
ing usually began in early May (z% = 7 May ? 
1.6 days) and peaked l-2 weeks later. Therefore, 
relatively few nests were directly affected by 
spring bums. The majority of nests were located 
during nest construction or egg-laying (Yasuka- 
wa et al. 1990), so it is reasonable to assume 
that the proportion of nests found parasitized 
represents an accurate estimate of the parasitism 
rate of all nests. In addition, most red-wings in 
the study population were individually color- 
banded, which allowed us to attribute nests to 
individual pairs and minimized the possibility 
that females constructed nests without our 
knowledge. In 1987, a system of markers was 
installed on NRP, dividing it into a grid of 20 X 
20 m squares. Beginning in 1988, the location 
of each nest was recorded using these grid mark- 
ers. 

Cowbird eggs were removed from all parasit- 
ized nests on NRP 2-24 h after they were laid. 
As part of a separate study, we allowed cowbird 
eggs to hatch in red-wing nests on a neighboring 
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prairie (Diehls Prairie) to quantify the impact of 
cowbird parasitism on Red-winged Blackbird re- 
productive success. Consistent with other studies 
of red-wings (Weatherhead 1989, RIdskaft et al. 
1990), clutch size and fledgling production were 
reduced in parasitized nests as a consequence of 
egg removal by cowbirds (Clotfelter 1998a). 

As is true in many grassland areas, the bird 
community of NRP is relatively species-poor 
(Wiens 1974, Knopf 1994). In addition to Red- 
winged Blackbirds, the most abundant potential 
cowbird hosts of NRP were Song Sparrows 
(Melospiza melodia), Swamp Sparrows (M. 
georgiana), Bobolinks, Eastern Meadowlarks 
(Sturnella magna), Common Yellowthroats 
(Geothlypis trichas), Yellow Warblers (Dendroi- 
ca petechia), and Northern Cardinals (Cardinal- 
is cardinalis). We located nests of these species 
opportunistically, but did not study them in a 
systematic fashion. The most abundant potential 
predators in the area were bullsnakes (Pituophis 
melanoleucus), raccoon (Procyon lotor), mink 
(Mustela vison), Sedge Wrens (Cistothorus pla- 
tensis), and American Crows (Corvus brachyr- 
hynchos). 

STATISTICAL ANALYSES: GENERAL 

In the current study, we conducted two levels 
of analysis. First, we examined the effects of 
differences in bum treatment on parasitism and 
nest success among years using linear regression 
(year-level analysis) (Draper and Smith 1981). 
Second, we used logistic regression (Kleinbaum 
et al. 1988) to examine the effects of differences 
in bum treatment and proximity to edges among 
nests within years (nest-level analysis). In ad- 
dition, we used ANOVA and linear regression 
to examine the effects of bum treatment and dis- 
tance to edges on the number of cowbird eggs 
laid per red-wing nest. SYSTAT 7.0 (Wilkinson 
1997) was used to perform regressions, ANO- 
VAs, and t-tests. All tests are two-tailed and dif- 
ferences were considered significant at P < 0.05. 
Means and regression coefficients are presented 
? SE. 

STATISTICAL ANALYSES: YEAR-LEVEL ANALYSIS 

We performed stepwise forward multiple re- 
gressions (P = 0.15 to enter model) to determine 
the independent variables that were associated 
with (1) the proportion of red-wing nests para- 
sitized by cowbirds, (2) the total number of cow- 
bird eggs laid, and (3) the proportion of red- 
wing nests that succeeded in fledging at least 
one red-wing offspring across all 13 years. We 
used the angular transformation for proportions 
before analysis (Sokal and Rohlf 1981). The in- 
dependent variables considered in these models 
included two dummy variables for spring (0,l) 

and fall (0,l) burning; the total area of the prai- 
rie burned (to nearest 100 m2); the quality of 
spring and fall bums; the time elapsed since the 
last bum (6-24 mo); the study year (1984- 
1996); and the total number of red-wing nests. 
Bum quality was ranked on an ordinal scale (O- 
5) based on a combination of the following fac- 
tors: number and size of unburned patches, ex- 
tent of bum on woody vegetation, how well the 
fire carried itself as a back-bum, and the extent 
to which short-distance head fires were neces- 
sary. 

STATISTICAL ANALYSES: NEST-LEVEL ANALYSIS 

We constructed logistic models to predict the 
probability of two dichotomous outcomes, cow- 
bird parasitism (parasitized or unparasitized) and 
red-wing nest success (successful or failed), for 
all nests in the 1988-1996 period. Data from 
1984-1987 were excluded because exact loca- 
tions of these nests were unavailable until the 
grid was established in 1988. We defined a suc- 
cessful nest as one producing at least one fledg- 
ling. We included the following independent 
variables in the full models: a dummy variable 
for whether the nest was in an unburned unit or 
a unit burned that spring; the time since the nest 
site was last burned for nests in unburned units 
(6-24 mo; nests in burned units were given a 
score of 0); the distance to the bum perimeter 
for nests in unburned units (m; nests in burned 
units were given a score of 0); the quality of the 
bum for nests in burned units (nests in unburned 
units were given a score of 0); the distance be- 
tween the nest and the nearest habitat edge; the 
distance between the nest and the road; the Jul- 
ian date on which the nest was initiated; and the 
study year. Second-order variables and interac- 
tion terms were also included as variables in the 
logistic models. Because study year was a cat- 
egorical variable, the stepwise procedure took 
the highest value first (1996) and then entered 
all other years into the model as separate vari- 
ables (see Tables 2, 4). If no spring bum was 
conducted in a given year, nests in that year 
were assigned a distance to bum perimeter of 
1000 m (exceeds greatest distance possible if 
bum had been conducted). Bum quality was 
measured as described above. Distance to near- 
est habitat edge was the linear distance between 
the nest and the nearest woodlot or agricultural 
field. If the road was also the nearest edge to a 
given nest, then that distance was used for both 
variables. Distances to the burn perimeter, the 
nearest habitat edge, and the road were all esti- 
mated + 10 m on a map of the study area. 

To determine how bum treatment and habitat 
edges were associated with the number of cow- 
bird eggs laid per red-wing nests (O-4) and the 
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FIGURE 1. Differences in mean distance to habitat 
edge among unparasitized nests (N = 587) parasitized 
nests containing one cowbird egg (N = 89) and par- 
asitized nests containing two or more cowbird eggs (N 
= 22) (ANOVA F,,,,, = 12.74, P < 0.001). Asterisks 
represent outside values. 

red-wing nests differed between nests on burned 
versus unburned units, we compared the resid- 
uals from the linear regression in Table 3. Nests 
on unburned units of NRP tended to have more 
cowbird eggs in them than nests on burned units 
of NRP (t = 1.88, df = 696, P = 0.061). In 
other words, when edge effects were statistically 
controlled, parasitism was less intense on burned 
units than on unburned units. 

The logistic regression model for red-wing 
nest success showed that the probability of suc- 
cess increased depending on study year, nest ini- 
tiation date, and distance to bum perimeter (Ta- 
ble 4; log-likelihood for reduced model = 
-402.0, x2,, = 69, P < 0.001). The multiple 
regression results showed that the number of 
fledglings produced was affected only by nest 
initiation date (adj. R* = 0.03, F,,,9, = 25.73, P 
< 0.001). When residuals from this regression 
were compared between burned and unburned 
units of NW, we found no significant differ- 
ences in the number of red-wing offspring 
fledged (t = 0.79, df = 696, P = 0.43). 

DISCUSSION 

In general, prescribed burning on Newark 
Road Prairie appeared to have little direct impact 
on Red-winged Blackbirds. Spring bums did not 
delay the start of the breeding season nor affect 
the total number of nests constructed. In fact, the 
annual variation in number of red-wings nesting 
on NRP remains largely unexplained. Previous 
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FIGURE 2. Differences in mean distance to road 
among unparasitized nests (N = 587), parasitized nests 
containing one cowbird egg (N = 89), and parasitized 
nests containing two or more cowbird eggs (N = 22) 

(ANGVA F2.695 = 8.33, P < 0.001). Asterisks represent 
outside values. 

studies examining the responses of red-wings to 
prescribed bums have reported mixed results. 
Huber and Steuter (1984) observed no differ- 
ence between burned and unburned treatments 
in June, but a significant decline in red-wing 
abundance in July. Zimmerman (1992), howev- 
er, found that red-wing numbers increased two- 
fold on burned units compared with unburned 
units (see also Westemeier and Buhnerkempe 
1983). However, these studies measured red- 
wing abundance and not nest success. 

In the year-level analysis, we found no effect 
of prescribed burning on the proportion of red- 
wing nests parasitized by cowbirds, the number 
of cowbird eggs laid, or the proportion of those 
nests that successfully produced at least one red- 
wing fledgling. In the nest-level analysis, how- 
ever, we found some evidence that prescribed 
burning had a negative impact on cowbird par- 
asitism. Nests in burned units had fewer cowbird 
eggs in them than nests in unburned units, and 
nests near the bum perimeter were significantly 
less likely to be parasitized than nests far from 
the bum perimeter. These results generally sup- 
port those of Best (1979), who reported that a 
spring bum reduced cowbird parasitism of a 
population of Field Sparrows (Spizellu pusilkz) 
in Illinois. We found no evidence that bum in- 
terval (or time elapsed since last bum) had a 
significant effect on cowbird parasitism, as 
Johnson and Temple (1990) did in their study of 
several host species (S. pallida, Passerculus 
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TABLE 4. STEPWISE LOGISTIC REGRESSION MODEL OF THE RELATIONSHIP OF BURN-RELATED AND EDGE-RELATED 
VARIABLES TO SUCCESS OR FAILURE OF RED-WINGED BLACKBIRD NESTS, 1988-1996 (N = 698 NESTS) 

Variable 

Constant 
Year (1988) 
Year (1989) 
Year ( 1990) 
Year (1991) 
Year (1995) 
Nest initiation date 
[Nest initiation dateI 
[Distance to bumI 

t statistic P-WlW 

24.46 2 8.94 2.74 0.006 
-14.63 t 6.12 -2.39 0.017 
-14.16 2 6.12 -2.31 0.021 
-15.30 t 6.12 -2.50 0.013 
-16.19 2 6.12 -2.64 0.008 
-15.81 t- 6.13 -2.58 0.010 

-0.32 k 0.17 -2.75 0.006 
0.001 + lE-04 2.57 0.010 
lE-04 2 lE-04 2.52 0.012 

sandwichensis, Ammodramus savannarum, Dol- 
ichonyx oryzivorus, and Sturnella neglecta) in 
the tallgrass prairie of Minnesota. 

We found that the distance to habitat edge and 
distance to road were highly significant predic- 
tors of parasitism, although the number of cow- 
bird eggs per parasitized nest did not increase 
with increasing proximity to edges or to the 
road. These results are important because rela- 
tively few studies have examined edge effects in 
grassland areas (Best 1978, Johnson and Temple 
1990, Burger et al. 1994). However, we saw no 
indication of increased predation, which ac- 
counts for 70% of failed nests (Yasukawa et al. 
1990), along habitat edges in the current study. 
We found that the distances to habitat edges and 
to roads were not significant predictors of nest 
success nor of the number of red-wing offspring 
fledged per nest. Annual variation in nest suc- 
cess is likely due to factors such as predator 
abundance and food availability (see references 
in Seamy and Yasukawa 1993, which were not 
measured in the current study. Therefore, al- 
though proximity of nests to habitat edges or to 
roads may increase the probability that Red- 
winged Blackbirds are parasitized, it does not 
have a serious impact on their reproductive suc- 
cess per se. Edge effects are likely to be more 
pronounced in grassland species that suffer 
greater losses from cowbird parasitism than do 
red-wings. 

There are several potential explanations for 
the relationship between prescribed burning and 
cowbird parasitism. First, bums may reduce the 
density of potential cowbird hosts nesting on the 
burned units (e.g., sparrows; see references 
above). If cowbirds search for host nests in areas 
of high host density (Gates and Gysel 1978) then 
burned units would theoretically receive fewer 
cowbird visits. We found no such relationship 
for cowbird parasitism of Red-winged Black- 
birds. The number of red-wing nests constructed 
each year was unrelated to the overall proportion 
of nests parasitized (year-level analysis), sug- 

gesting that cowbird parasitism was density-in- 
dependent. Arcese et al. (1992) found similar re- 
sults in an island population of Song Sparrows. 
It is possible, however, that prescribed burning 
affects dispersion of red-wing nests, which has 
been shown to be related to cowbird parasitism 
in a neighboring prairie (Clotfelter 1998a). Be- 
cause we did not monitor the responses of other 
species to prescribed bums, however, we cannot 
rule out the hypothesis that burning reduced 
cowbird parasitism on red-wings by reducing 
overall host density. 

Second, prescribed bums may alter the vege- 
tative structure in a way that deters parasitism. 
Late in the season, for example, nests may have 
greater cover in burned units than in unburned 
units, making them less conspicuous to cowbirds 
(Herkert 1994a). However, the evidence that 
nest cover is an important predictor of parasitism 
is equivocal (Brittingham and Temple 1996, 
Barber and Martin 1997, Burhans 1997, Clot- 
felter 1998b). Another way that fire might affect 
vegetation structure and reduce parasitism is 
through the exposure of woody vegetation. 
Many studies of cowbirds have found that prox- 
imity to trees or tall perches is a significant pre- 
dictor of parasitism (Freeman et al. 1990, Romig 
and Crawford 1995, Clotfelter 1998b). Because 
burned trees leaf out later in the spring than un- 
burned trees, they may be more exposed and less 
useful to cowbirds as surveillance perches. 
However, the proximity of host nests to leafless 
snags has been shown to be an important pre- 
dictor of parasitism in some cases (Anderson 
and Storer 1976). Given the apparent importance 
of trees to female cowbirds, this hypothesis mer- 
its further investigation. 

Finally, if food abundance increases following 
a bum, then hosts in burned units may be more 
capable of deterring parasitism because they are 
able to feed near their nests (Herkert 1994a). 
This was demonstrated experimentally by Ar- 
cese and Smith (1988), who observed a decrease 
in cowbird parasitism of Song Sparrows follow- 
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ing food supplementation. Past studies have 
shown that some insect populations respond pos- 
itively to prescribed burning (Rice 1932, Knut- 
son and Campbell 1976, Seastedt 1984), sug- 
gesting that this hypothesis needs further atten- 
tion. 

In conclusion, we found that both prescribed 
burning and habitat edges affected parasitism 
levels, but to varying degrees. From this obser- 
vation, we can make two general statements. 
First, we urge further study of this interesting 
relationship between prescribed burning and 
cowbird parasitism to determine if it holds true 
for species of conservation concern. If it does, 
wildlife managers should consider shorter bum 
intervals in grassland habitats where these hosts 
are severely affected by cowbird parasitism. 
However, it is important to determine first how 
robust a host species is to fire disturbance. In 
this regard, Red-winged Blackbirds may not be 
an ideal model species because they showed vir- 
tually no response to spring bums. Species such 
as Grasshopper Sparrows and Bobolinks, for ex- 
ample, seem to have greater success in grass- 

lands with longer bum intervals (Cody 1985, 
Johnson and Temple 1990, Swengel 1996). Sec- 
ond, we found that proximity to edge was a 
highly significant predictor of cowbird parasit- 
ism, and that this effect was much stronger than 
that of prescribed burning. This again illustrates 
one of the effects of habitat fragmentation, and 
should serve to remind us that the ultimate goal 
in the management of grassland birds is to pro- 
tect large areas of grassland habitat free from 
woody or agricultural edges. 
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COWBIRD TRAPPING IN REMOTE AREAS: ALTERNATIVE 
CONTROL MEASURES MAY BE MORE EFFECTIVE 

KIRSTEN J. WINTER AND SHARON D. MCKELVEY 

Abstract. Brown-headed Cowbirds (Molothrus ater) were trapped on the Cleveland National Forest 
from 1992 to 1997 in an attempt to increase the reproductive success of the endangered Least Bell’s 
Vireo (Vireo bellii pusillus) and Southwestern Willow Flycatcher (Empidonax traillii extimus) on 
National Forest lands. Over this time period the flycatcher population has been stable, while two of 
three vireo populations have declined. We postulate that the remote locations of vireo populations 
made cowbird trapping an ineffective tool for reducing the impact of brood parasitism. The lack of 
road and trail access to these areas limits both the number of traps that can be employed and the 
selection of trap locations. Where these conditions exist, our data suggest that nest monitoring and 
cowbird egg removal may be more effective and less costly than cowbird trapping. 

Key Words: brood parasitism, Brown-headed Cowbird, Empidonax traillii extimus, Least Bell’s 
Vireo, Molothrus ater, Southwestern Willow Flycatcher, Vireo bellii pusillus. 

The Least Bell’s Vireo (Vireo bellii pusillus) is 
federally-listed as endangered (U.S. Fish and 
Wildlife Service [USFWS] 1986). Major threats 
to this subspecies include loss of riparian habitat 
and brood parasitism by Brown-headed Cow- 
birds (Molothrus ater) (Goldwasser et al. 1980). 
The Southwestern Willow Flycatcher (Empidon- 
ax traillii extimus) is also federally-listed as en- 
dangered (USFWS 1995) and faces similar 
threats. In San Diego County, California, Cleve- 
land National Forest personnel manage habitat 
for these species. A large population of South- 
western Willow Flycatchers nests along the up- 
per San Luis Rey River, within the Cleveland 
National Forest. Several smaller populations of 
Least Bell’s Vireos nest along Santa Ysabel, 
Pine, and Cottonwood creeks. To minimize the 
effects of cowbird parasitism, the Forest con- 
ducted cowbird trapping from 1992-1997. Here 
we report the results of this cowbird trapping 
and compare these with data on population 
trends and reproductive success of vireos and 
flycatchers on our study areas. 

STUDY AREA 

Our study included four riparian areas in the 
foothill regions of the Laguna and Palomar 
mountains, in San Diego County: Pine Creek, 
Cottonwood Creek, Santa Ysabel Creek, and the 
upper San Luis Rey River (Fig. 1). All of the 
study areas are located on National Forest lands. 
The breeding habitat for vireos and flycatchers 
in these areas consists of mixed riparian forest, 
varying from early successional to mature stands 
of arroyo willow (Salix lasiolepis), cottonwood 
(Populus fremontii), sycamore (Platanus race- 
mosa), and coast live oak (Quercus agrifolia). 
Surrounding land uses include wilderness areas, 
agriculture, grazing, and rural residential devel- 
opment. 

Pine Creek is located within the Pine Creek 
Wilderness Area, and Cottonwood and Santa 
Ysabel Creeks are in rugged, remote areas that 
are 2 to 3 km (by air) from the nearest road (Fig. 
1). Cottonwood Creek is at the southern edge of 
the Hauser Canyon Wilderness Area. All of 
these creeks are located in narrow, steep-sided 
canyons where the dominant vegetation type is 
dense chaparral. The primary access is by hiking 
through the riparian areas; vireo territories are 
1.5 to 6.5 kilometers from the nearest road. The 
San Luis Rey River is adjacent to state Highway 
76. 

METHODS 

Over the past six years, Cleveland National 
Forest staff have conducted cowbird trapping in 
the four study areas. We began a pilot trapping 
effort at Santa Ysabel Creek and the San Luis 
Rey River in 1992, and fully implemented the 
program in 1993 with an additional trapping ef- 
fort at Pine Creek to increase the reproductive 
success of vireo and flycatcher. Standard trap- 
ping methods, as described in Robinson et al. 
(1992), were employed. The design was mod- 
eled on the Australian Crow trap and the trap 
size was 2 X 2.5 X 1.5 m. In 1992, one trap 
was placed at Santa Ysabel Creek and one trap 
at the San Luis Rey River. Beginning in 1993, 
three to five traps were placed at the San Luis 
Rey River, three or four traps at Santa Ysabel 
Creek, and two traps at Pine and Cottonwood 
Creeks. (Pine Creek is a tributary to Cottonwood 
Creek; traps were placed near their confluence.) 

The number of traps placed at each site was 
based on the number of suitable trap locations 
that were reasonably accessible for monitoring. 
At the San Luis Rey River, traps were placed at 
0.8 km intervals in the riparian habitat. Due to 
the lack of road access to Pine and Cottonwood 
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FIGURE 1. Least Bell’s Vireo and Southwestern Willow Flycatcher study sites, 
CA, 1992-1997. 

Creeks, traps were placed near Barrett Lake 
where these creeks converge; this was the only 
area in which road access was available. At 
Santa Ysabel Creek, there is road access to the 
riparian habitat only at a point where a road 
crosses the riparian area, about 1.5 kilometers 
from the nearest vireo territory. Traps were 
placed in three areas in the adjoining Pamo Val- 
ley, which is the primary cowbird foraging area. 

The trapping season was approximately April 
1 through July 15. Each trap had ‘bait birds,’ 
typically two male cowbirds and three female 
cowbirds, to entice additional cowbirds to enter 
the trap. Traps were checked daily and the num- 
ber, age and sex of trapped cowbirds were re- 
corded. Excess cowbirds and non-target bird 
species were released and cowbirds were hu- 
manely destroyed. Water and food were provid- 
ed within the trap and were replenished daily. 

Population monitoring and nest monitoring of 
Least Bell’s Vireos and Southwestern Willow 
Flycatchers fluctuated between years as a func- 
tion of funding and staffing levels. For Least 
Bell’s Vireo, nest and population surveys were 
conducted in 1993, 1994, and 1997 between 
April 1 and July 15. In 1995 and 1996 no sur- 
veys were conducted (US Forest Service, un- 
publ. reports). For Southwestern Willow Fly- 
catcher, intensive population monitoring was 

conducted from 1994 through 1997, between 
May 1 and August 15 (J. T. Griffith and J. C. 
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Griffith unpubl. report, W. E. Haas unpubl. re- 
port). 

Population surveys consisted of walking 
through the study area in the morning hours, 
typically between 0600 and 1100 hrs. Taped 
playbacks of Least Bell’s Vireo and Southwest- 
em Willow Flycatcher songs were occasionally 
used to elicit responses. Nest monitoring was 
conducted by observing Least Bell’s Vireo and 
Southwestern Willow Flycatcher behavior for 
more extended periods. The observer would de- 
termine whether birds were paired and would 
locate nests. Once nest locations had been de- 
termined, the observer would monitor nests at 
7-l 0 day intervals to determine the rate of brood 
parasitism and number of successful fledglings. 
In 1997, cowbird trapping at Cottonwood Creek 
was supplemented with nest checks and cowbird 
egg removal. Five Least Bell’s Vireo pairs were 
monitored. 

RESULTS 

The Santa Ysabel Creek and San Luis Rey 
River trap arrays were most effective at captur- 
ing large numbers of cowbirds (Fig. 2). An av- 
erage of 59 cowbirds (SD = 23) were trapped 
annually at Santa Ysabel Creek and 79 (SD = 
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FIGURE 2. Cowbird trapping results Cleveland National Forest, CA, 1992-1997. Note that in 1994, cowbird 
shooting was substituted for cowbird trapping at Pine Creek and Cottonwood Creek. 

63) at San Luis Rey River. However, the trap- 
ping effort was complicated by a few factors. 
For example, one trap at the San Luis Rey River 
was constantly vandalized with consequent re- 
lease of cowbirds, and one trap at Santa Ysabel 
Creek was a favorite feeding area for predators, 
making it difficult to maintain the target number 
of bait birds in the trap. The presumed predators 
were Cooper’s Hawks (Accipiter cooperi) and 
raccoons (Procyon lotor). It appeared that pred- 
ators grabbed cowbirds and pulled them through 
the mesh enclosing the trap. 

The cowbird traps at Pine Creek and Cotton- 
wood Creek caught an average of 45 (SD = 36) 
cowbirds per year (Fig. 2). In 1994 cowbird 
shooting was substituted for trapping and three 
cowbirds were shot. The trapping in this area 
was complicated by the frequent capture of large 
numbers of non-target species, particularly Red- 
winged Blackbirds (Agekzius phoeniceus). At all 
locations the number of cowbird captures per 
year decreased slightly from 1995 to 1997. 

BELL’S VIREOS 

The Least Bell’s Vireo population at Pine 
Creek declined over the course of the study (Fig. 
3). The Pine Creek population was at its highest 
level in 1994 with a total of five pairs reported 
(U.S. Forest Service, unpubl. Report), and at its 
lowest level in 1997 with no Least Bell’s Vireos 
found (Wells and Turnbull 1998). The Least 
Bell’s Vireo population at Santa Ysabel Creek 
declined from four pairs in 1992 to a single ter- 
ritorial male in 1997 (Fig. 3). The Cottonwood 
Creek population of Least Bell’s Vireo fluctuat- 
ed from 1990 to 1997, but has been generally 

increasing since 1993 (Fig. 3). In 1990, before 
the initiation of cowbird trapping, five pairs of 
vireos were detected, and in 1997 six pairs were 
observed at Cottonwood Creek (Wells and Turn- 
bull 1998). 

In 1997, we detected no breeding activity at 
Pine Creek, and in 1994 and 1997, no activity 
at Santa Ysabel Creek due to the absence of 
paired vireos (Fig. 4). At Cottonwood Creek 
(Fig. 4), the Least Bell’s Vireo population has 
been able to maintain itself over the years, and 
in fact experienced its best year ever in 1997. 

Five vireo pairs were monitored at Cotton- 
wood Creek in 1997. They made a total of eight 
nesting attempts. Four nests failed due to pre- 
dation, and cowbird brood parasitism affected 
three out of eight attempts, for a parasitism rate 
of 37.5%. However, cowbird eggs were removed 
from the parasitized nests, allowing the three 
parasitized broods to successfully fledge a total 
of seven young (Wells and Turnbull 1998). 

For reference purposes, additional pre-trap- 
ping data from the years 1985-1990 are sum- 
marized here. At Santa Ysabel Creek, a brood 
parasitism rate of 50% was observed (N = 6 
nests detected, 3 parasitized) at Pine Creek, a 
parasitism rate of 10% (N = lo), and at Cotton- 
wood Creek, a parasitism rate of 30% (N = 10) 
(U.S. Forest Service, unpubl. report). 

WILLOW FLYCATCHERS 

The Southwestern Willow Flycatcher popula- 
tion at the upper San Luis Rey River was mon- 
itored between 1994 and 1997 (.I. T. Griffith and 
J. C. Griffith, unpubl. report; W.E. Haas, pers. 
comm.). This population appeared to be stable 
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FIGURE 3. Least Bell’s Vireo population, Cleveland National Forest, CA, 1992-1997. Top, Pine Creek; 
middle, Santa Ysabel Creek; bottom, Cottonwood Creek. 
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FIGURE 4. Least Bell’s Vireo reproduction, Cleveland National Forest, CA, 1992-1997. Top, Pine Creek; 
middle, Santa Ysabel Creek; bottom, Cottonwood Creek. 
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FIGURE 5. Southwestern Willow Flycatcher population, San Luis Rey River, Cleveland National Forest, CA, 
1994-1997. 

over this time period (Fig. 5). A total of 18 pairs 
was reported in 1994; the population was at its 
peak in 1996 at 24 pairs. In 1997, 20 pairs were 
detected. 

No cowbird parasitism of Southwestern Wil- 
low Flycatcher nests was noted in 1994-1996. 
Two out of 27 nests were parasitized in 1997 
(7.4%), although both of the affected pairs sub- 
sequently re-nested and successfully fledged 
young (W. E. Haas, pers. comm.). This flycatch- 
er population has had a high rate of reproductive 
success over the last four years, with a total of 
64.6% of detected nests (53/82) successfully 
fledging young (Fig. 6). 

DISCUSSION 

On the Cleveland National Forest, cowbird 
trapping was undertaken as a management tech- 
nique. This work was not intended to be a re- 
search project. Based on trapping results from 
elsewhere in San Diego County, we expected 
that trapping would be successful in reducing 
cowbird parasitism rates. In retrospect, it is clear 
that we should have placed more emphasis on 
monitoring the effectiveness of trapping. The 
data that we do have shows that trapping has 
had mixed results. 

At the San Luis Rey River, cowbird trapping 
appears to have been effective in controlling 
cowbird numbers, thereby limiting brood para- 
sitism on the Southwestern Willow Flycatcher. 
J. T. Griffith and J. C. Griffith (unpubl. report) 

concluded that the 0% brood parasitism and the 
64% nest success rate they observed along the 
San Luis Rey River in 1994 demonstrated the 
effectiveness of the cowbird trapping program. 
However, since there is no information on the 
pre-trapping rates of brood parasitism for this 
area it is not possible to determine whether cow- 
bird trapping had any effect. 

The consistently high rates of nest success 
and extremely low rates of cowbird brood par- 
asitism appear to be unique to the San Luis Rey 
River population. Even with cowbird trapping in 
place, the Southwestern Willow Flycatcher pop- 
ulation at the Kern River, in the southern Sierra 
Nevada of California, experienced nest success 
rates of 47.8% and brood parasitism rates of 
15.6% in 1993 and 1994 (Whitfield and Strong 
1995). Populations of Southwestern Willow Fly- 
catcher at the Grand Canyon, where there is no 
cowbird trapping, experienced average nest suc- 
cess rates of 18% and brood parasitism rates of 
47% between 1992-1996 (Sogge et al. 1997). 

In the Pine Creek, Cottonwood Creek, and 
Santa Ysabel Creek areas, the lack of road and 
trail access limited both the number of traps that 
could be employed and the selection of trap lo- 
cations. In these areas we have observed brood 
parasitism rates of Least Bell’s Vireo popula- 
tions as high as 100% and the extirpation of two 
local vireo populations even with cowbird trap- 
ping in place. In 1997, the addition of nest mon- 
itoring and cowbird egg removal in the Cotton- 
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FIGURE 6. Southwestern Willow Flycatcher reproduction, San Luis Rey River, Cleveland National Forest, 
CA, 1994-1997. 

wood Creek area apparently allowed parasitized 
vireo pairs to successfully fledge young. 

In southern California, cowbird trapping has 
frequently been prescribed as the preferred 
method for control of cowbird brood parasitism 
on endangered species (USFWS unpubl. re- 
ports). In many areas cowbird trapping has prov- 
en to be an effective tool for managing cowbird 
populations, and Least Bell’s Vireo and South- 
western Willow Flycatcher populations have sta- 
bilized or increased. For example, at Camp Pen- 
dleton, the number of vireo pairs increased from 
68 pairs in 1986 to over 900 pairs in 1997, and 
at the Tijuana River, the number of vireo pairs 
increased from 5 pairs in 1990 to over 100 pairs 
in 1997 (USFWS 1998). Range-wide, the Least 
Bell’s Vireo increased from about 300 pairs in 
1986 to over 1600 pairs in 1996 (L. Hays, pers. 
comm.) This increase is largely attributed to an 
increase in fecundity resulting from cowbird 
trapping. At the Kern River in the southern Si- 
erra Nevada, a Southwestern Willow Flycatcher 
population stabilized 2 years after cowbird trap- 
ping was initiated (Whitfield and Strong 1995). 

The Cleveland National Forest study shows a 
different pattern. For Least Bell’s Vireos, ob- 
served rates of brood parasitism remained high, 
even with cowbird trapping in place. A 100% 
parasitism rate was observed at Santa Ysabel 
Creek in 1992 and a 37.5% parasitism rate was 
observed at Cottonwood Creek in 1997 (Wells 
and Tumbull 1998). These rates are higher than 

observed pre-trapping parasitism rates of 50% 
and 30% respectively. This suggests that cow- 
bird trapping was not effective in reducing 
brood parasitism in these areas, probably due to 
the remote locations of vireo breeding habitat. 
Due to the rugged terrain and lack of road ac- 
cess, cowbird traps at Santa Ysabel, Cotton- 
wood, and Pine Creeks were a minimum of 1.5 
km and a maximum of 6.5 km from vireo nest- 
ing areas. The effectiveness of individual traps 
in breeding areas often extends less than 0.8 km 
from the trap (Robinson et al. 1992). 

Nest monitoring in the Cottonwood Creek 
area in 1997 resulted in the removal of cowbird 
eggs from three parasitized nests, allowing sev- 
en additional vireo fledglings to be produced. 
Nest checks at 7-10 day intervals can be effec- 
tive in managing brood parasitism (Wells and 
Tumbull 1998), whereas cowbird trapping must 
be completed on a daily basis throughout the 
breeding season (J. T. Griffith and J. C. Griffith, 
unpubl. report). Even allowing for the greater 
technical knowledge required, and the higher 
pay rates needed to support nest monitoring, we 
have found that the cost for daily monitoring of 
cowbird traps is at least twice as much as the 
cost of nest monitoring for small vireo popula- 
tions (U.S. Forest Service, unpubl. report). Our 
data suggest that in rugged, remote areas, nest 
monitoring and cowbird egg removal may be 
more effective and less costly than cowbird trap- 
ping. 
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GOLDEN-CHEEKED WARBLER FATALITY IN A COWBIRD TRAP 

KRISTIN K. TERPENING 

Abstract. Management for the federally endangered Black-capped Vireo (Vireo atricapillus) and 
Golden-cheeked Warbler (Dendroica chrysoparia) in Travis County, Texas, has included Brown-head- 
ed Cowbird (Molothrus ater) trapping since the mid-1980s. In June of 1997, remains of a Golden- 
cheeked Warbler were found inside a cowbird trap two days after a Golden-cheeked Warbler was 
observed bringing food to a juvenile Brown-headed Cowbird inside the trap. The trapping protocol 
for Travis County has been modified to require immediate removal of any juvenile cowbirds from 
traps to minimize the possibility of any further such incidents. 

Key Words: Brown-headed Cowbird, cowbird trapping, Dendroica chrysoparia, Golden-cheeked 
Warbler, host species, Molothrus ater, non-target species, parasitism. 

Trapping of Brown-headed Cowbirds (Molo- 
thrus ater) has been used as a management tool 
for the conservation of endangered songbird 
species for more than a decade (Kepler et al. 
1996, Griffith and Griffith in press, Hayden et 
al. in press; W. Armstrong, pers. comm.). As in- 
formation has been assimilated, modifications to 
trap size, design, and placement have been made 
to maximize capture success and minimize non- 
target captures. Decreasing trap entrance slot 
size has resulted in a decrease of the total num- 
ber of non-target species captured on Fort Hood, 
Texas (J. Cornelius, pers. comm.). Other modi- 
fications have included replacing poultry wire 
with half-inch hardware cloth to minimize pred- 
ator impacts and cowbird escapes. 

Cowbird trapping has been used in central 
Texas for management of the federally endan- 
gered Black-capped Vireo (Vireo atricapillus) 
and Golden-cheeked Warbler (Dendroica chry- 
soparia). Trapping locations include Fort Hood 
Military Reservation, probably the best-known 
trapping program in the central United States; 
Kerr Wildlife Management Area; Balcones Can- 
yonlands National Wildlife Refuge; and Balco- 
nes Canyonlands Preserve (BCP). Managed by 
five different conservation entities, the BCP is a 
network of preserve units established by the Bal- 
cones Canyonlands Conservation Plan (BCCP) 
to protect habitat for the Black-capped Vireo and 
Golden-cheeked Warbler, six federally endan- 
gered karst invertebrates, and 27 Species of 
Concern. Due to the increasing destruction of 
songbird habitat in this rapidly urbanizing area, 
coupled with an increase in habitat edge, cow- 
bird trapping is considered an essential manage- 
ment technique for the Black-capped Vireo 
(USFWS 1991, Grzybowski 1995) and, to a 
lesser extent, the Golden-cheeked Warbler 
(USFWS 1992). 

Cowbird trapping has been conducted in Trav- 
is County since the mid-1980s. A private con- 
sulting company conducted the first trapping for 

the BCCP in 1989. Texas Animal Damage Con- 
trol operated the traps from 1990 to 1996. In 
1997, Travis County Transportation and Natural 
Resources Department operated the trapping 
program. 

In 1997, efforts were made to minimize non- 
target fatalities by limiting the trap entrance size 
to a 3.2 cm wide slot, and by checking traps at 
least three times a week in the early part of the 
trapping season, and daily in the latter part of 
the season. Traps were situated in the immediate 
vicinity of Black-capped Vireo habitat and, in 
some cases, also in the vicinity of Golden- 
cheeked Warbler habitat (these vegetation types 
may be contiguous). Vireos breed in shrubby 
forest-grassland ecotones of mostly deciduous 
species of irregular height and distribution with 
vegetative cover from 0 to 3 m tall (Graber 
1961, Grzybowski 1995). Given the opportunity 
to mature, many sites with vireo habitat may 
eventually produce warbler habitat. Both these 
songbirds nest in association with Ashe juniper 
(Juniperus ashei). While many of the same plant 
species are present in each bird’s breeding hab- 
itat, the structure of the vegetation is quite dif- 
ferent. Unlike the vireo, the warbler requires 
mature junipers at least 4.5 m tall with shedding 
bark from which the warbler constructs its nest 
(Pulich 1976, USFWS 1992, Campbell 1995). 

In 1997 a new trap location (Ccl) was estab- 
lished in a small open area surrounded by ma- 
ture live oaks (Quercus virginiana) and second 
growth Ashe juniper. This trap location was the 
closest available access point to the largest ex- 
isting Black-capped Vireo population in the 
county. Although not considered habitat for ei- 
ther songbird, the location was 2.75 km from the 
vireo colony and within 600m of warbler habi- 
tat, well within the 6.7 km commuting distance 
for Brown-headed Cowbirds reported by Roth- 
stein et al. (1984). 

On June 2, 1997, during a routine check of 
traps, I observed a female Golden-cheeked War- 
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bler feeding a juvenile Brown-headed Cowbird 
through the trap wire of Ccl. The same feeding 
behavior was observed the following day. No 
Golden-cheeked Warbler was observed attempt- 
ing to enter the trap. However, on June 5, the 
remains of a Golden-cheeked Warbler were 
found on the trap floor along with a dead juve- 
nile cowbird and three dead adult male cow- 
birds. Presumably the host bird entered the trap 
to feed the juvenile cowbird, was unable to find 
an exit, and died. The cause of death for the 
birds was not determinable. By the time of dis- 
covery, red imported fire ants (Solenopsis invic- 
tu) had consumed most of the warbler and some 
of the remains of the cowbirds. 

Golden-cheeked Warblers have been observed 
feeding Brown-headed Cowbird fledglings 
through cowbird traps at Fort Hood (T Cook, 
pers. comm.) and in Travis County (D. Lyter, 
pers. comm.). A male K&land’s Warbler (Den- 
droica kirtlandii) was observed entering and ex- 
iting a trap to feed a young Brown-headed Cow- 
bird in Michigan (M. DeCapita, pers. comm.). I 
know of no other instance of a host bird entering 
a trap to feed cowbirds (W. Armstrong, pers. 
comm.; A. Averill, pers. comm.; J. C. Griffith, 
pers. comm.; S. Rothstein, pers. comm.). 

In the effort to protect rare species through 

management techniques such as cowbird trap- 
ping, the possibility always exists that control 
methods could negatively impact the very spe- 
cies these efforts are designed to protect. Ad- 
mittedly, the capture of host species in cowbird 
traps appears to be extremely rare. However, 
measures taken to lessen the likelihood of repeat 
incidents may be worthwhile for the survival of 
all non-target species. Modifications to the Trav- 
is County cowbird trapping program to mini- 
mize non-target captures and fatalities, especial- 
ly of host species, include daily trap monitoring 
throughout the trapping season and prompt re- 
moval of juvenile cowbirds. In addition, efforts 
will be made to relocate traps from host breed- 
ing sites to cowbird foraging areas. Such for- 
aging sites may include open shortgrass areas 
with grazing cattle or horses, large lawn areas 
such as golf courses, and residential areas with 
numerous bird feeders, all within commuting 
distance for cowbirds (Verner and Ritter 1983, 
Rothstein et al. 1984, Airola 1986, Coker and 
Capen 1995). 
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