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Symposium Overview 

A CENTURY OF AVIFAUNAL CHANGE IN WESTERN 
NORTH AMERICA: OVERVIEW 

NED K. JOHNSON AND JOSEPH R. JEHL, JR. 

In 1992 a Centennial Committee established by the officers of the Cooper Ornithological 
Society planned a series of events to celebrate the organization’s first one hundred years. 
Several of these events were inaugurated at the Society’s 63rd Annual Meeting in Sac- 
ramento, California, April 13-l 8, 1993, and included a symposium organized by us. The 
topic, “A Century of Avifaunal Change in Western North America,” seemed a fitting 
tribute to members of the Society and their associates who played such a seminal role in 
western North American ornithological research from the late 1890s to the present. The 
symposium also provided a challenge: to describe and analyze responses of birdlife to the 
unprecedented, human-induced environmental changes that have occurred during the 
20th century in this vast and ecologically diverse region. Our intent was to ask specialists 
to provide concise but comprehensive overviews of topics. Insofar as possible we sought 
the participation of senior investigators because of the personal historical perspectives 
they could provide. 

This Special Centennial Publication represents the fruition of that symposium. The 26 
papers are divided into five sections: Regional Avifaunal Change, Population Trends of 
Major Groups of Birds, the Effects of Human-induced Environmental Change on Avian 
Populations, Case Histories, and Prospects. Our coverage is necessarily incomplete. There 
remain many geographic areas, habitats, or species for which a more complete accounting 
is needed. For example, essays on exploration and avifaunal change in western Canada 
and Mexico, including their offshore islands, could not be included. We must still await 
the long-needed, general treatment of avifaunal exploration in western North America, 
for which W. H. Behle’s masterly Utah birds: historical perspectives and bibliography will 
serve as a template. Population trends of wetland species, exclusive of waterfowl and 
shorebirds, could not be treated for want of an available author. We also regret the lack 
of a comparative analysis of avifaunal responses to forest and woodland fragmentation 
between eastern and western North America, a topic of considerable current interest. 
Despite these admitted gaps, which we hope will be filled by future symposia, the included 
papers represent the most complete compilation to document the remarkable avifaunal 
change witnessed over the last century in western North America. 

Brief comments on several of the most significant findings are in order. As anticipated, 
many authors concluded that population trends and adjustments in distributional bound- 
aries often represent obvious responses to anthropogenic habitat modification. In contrast, 
some changes qualify instead as natural events. Especially perplexing are those trends that 
could have resulted from either human induction or natural causes or a complex com- 
bination of the two. In a troublingly large number of examples, the conclusion of change 
itself rests on unconvincing evidence, and a major finding of the volume is that baseline 
data typically are either too vague or incomplete to serve as a convincing basis for detecting 
change. 

The most pervasive cause of negative population trends continues to be outright habitat 
destruction, with clear documentation of declines or extirpation of birds requiring riparian 
woodland, old-growth coniferous forest, grassland, saline lakes, marshes, and coastal 
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beaches. For example, an estimated 95% of riparian woodland, the richest ecologic for- 
mation for nesting birds in western North America, has either been degraded or destroyed 
in the past century by water management, agriculture, and domestic livestock grazing. 
The latter activity continues to be the most pervasive current threat to riparian habitats 
and their avifauna. Nest parasitism by the Brown-headed Cowbird (Molothrus ate?), 
promoted by habitat destruction and the clumping or concentration of some hosts, is also 
implicated in the profound population losses of several riparian species. Public agencies 
and owners of private property must change their destructive land management practices 
if the avifauna of western North America is not to undergo further decline. 

Direct human disturbance, especially of colonial species nesting in wetlands and on 
islands, has also exacted its toll. Introduced and domestic species have generally been 
detrimental to native birdlife. Predators, feral pigs, and disease have severely impacted 
the Hawaiian Islands’ forest avifauna. Human overfishing of prey, coincident with severe 
climatic stress, appears to have played a major role in the decline of some seabirds. 
Habitat alteration and loss, exacerbated by hunting, has led to population reduction in 
some species of waterfowl, shorebirds, and raptors. In contrast, a large number of species 
show increasing population trends and expanding distributions, both during the breeding 
season and on the wintering grounds. Many more species expanded rather than contracted 
their winter ranges. Although the most striking enlargements of both nesting and wintering 
range are illustrated by introduced and managed species, native and non-managed birds 
are also well represented. Natural, ongoing climatic change is probably responsible for a 
significant number of distributional adjustments by native birds. 

A few instances of conflicting interpretation vividly illustrate the problem of determining 
the validity of baselines against which change can be assessed. For example, one author 
reported severe declines in the Franklin’s Gull (Larus pipixcan) and Cassin’s Sparrow 
(Aimophila cassinii) in the Great Plains while another documents dramatic breeding range 
expansion in each. If either or both species are simply shifting populations among years, 
from deteriorating sites to favorable ones, then the easy conclusion of declines would be 
unjustified. The White-faced Ibis (Plegudis chihi) and American Avocet (Recurvirostra 
americana) clearly illustrate the phenomenon of geographic shifting of nesting distribution 
without demonstrable change in overall population size-the bane of population monitors! 

Surprisingly, putatively detrimental habitat changes, for example, losses of old-growth 
forests and snags, have not universally led to declines expected in certain species apparently 
requiring such habitats. Therefore, either these species 1) do not really require old-growth 
forests and snags, 2) are somehow compensating for the loss of necessary resources or 3) 
have traits that mislead our population monitoring schemes, (in this example, Breeding 
Bird Surveys [BBS]). We suspect the latter reason and many authors share our view; 
indeed, a recurrent concern in the papers of this volume is the unreliability of current 
monitoring techniques, at least for particular species. Because this admission has far- 
reaching consequences for the allocation of precious financial resources, for management 
decisions by government and conservation agencies, and even for the creation of a National 
Biological Survey by the U.S. Department of the Interior, it calls for nothing less than a 
wholesale re-evaluation of methods by which population levels are assessed. Given these 
uncertainties, managers and conservationists should continue to focus their efforts at 
preservation 1) on endangered habitats, and 2) on those species whose deteriorating 
populations and distributions can be firmly documented (e.g., Spotted Owl [Strix occi- 
dentah]), while simultaneously developing accurate and realistic methods for studying 
other taxa. 

Without trustworthy temporal baselines, it is premature to invoke processes responsible 
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for patterns of abundance. Although correlations can be relatively easy to find, causation 
remains as elusive as ever. Furthermore, because anthropogenic influences on natural 
biological processes are now global in scope, the separation of human from natural events 
in explaining fluctuating numbers and distributions will become increasingly difficult if 
not impossible. 

It is time for biologists to face squarely the complexity of the natural world we attempt 
to interpret. A stochastic element, perhaps large and always of undefined dimensions, 
haunts every explanation for the population dynamics of birds. 

Finally, a sobering note. Many authors properly lament the massive role played by 
humans in destroying natural landscapes and the birds they support. Recognition of this 
fact over the last decade or more has led to commendable conservation efforts, with some 
outstanding successes. We can be heartened by increasing public concern for the envi- 
ronment and expanded general efforts to protect biotic diversity. Despite these gains, 
however, the long-term prognosis is bleak. Incomprehensibly, national and international 
political leaders and the media either do not believe or will not discuss the connection 
between continued growth of the human population, with its attendant multitude of human 
social ills, and degradation of the world’s resources. How ironic that overpopulation, the 
most pressing problem for ourselves and the earth’s biota, is not only routinely ignored 
but its urgency is completely unappreciated. In company with many others, we conclude 
that all conservation efforts are doomed to eventual failure without prompt stabilization 
of the human population, which is now expanding at the rate of approximately one million 
every four days. 



Studies in Avian Biology No. 15:4-13, 1994. 

Regional Avifaunal Change 

A CENTURY OF AVIFAUNAL CHANGE IN ALASKA 

BRINA KESSEL AND DANIEL D. GIBSON 

Abstract. Avifaunal changes in Alaska have resulted from both natural and man-induced causes. 
The geographic ranges of eight North American species have expanded into Alaska, and the range of 
one (Barn Swallow) has contracted significantly-apparently all naturally. Most changes in distribution 
and numbers, however, have been man-induced, either through over-harvesting or through environ- 
mental alterations (Short-tailed Albatross, swans, geese, Peregrine Falcon, Bald Eagle). Through man- 
agement efforts, declines in some species appear to have been stemmed, even reversed, but declines 
in others are only now being detected (two Beringian eiders and six Central Alaska passerines). 

Key Words: Alaska; avian population changes; avian range expansions; albatrosses; cormorants; 
waterfowl; raptors; passerines. 

Apparent changes in Alaska’s avifauna in 
the last 100 years fall into several catego- 
ries - those we believe are real changes; those 
that merely reflect our increased knowledge 
of the avifauna, especially over the last 30 
years; those that may be natural long-term 
fluctuations; and those attributable to con- 
fused species identifications. It is almost im- 
possible to distinguish, today, whether some 
perceived changes are real directional 
changes or just fluctuations, and some spe- 
cies seem to fall into more than one of the 
above categories. 

The erratic pre-World War II history of 
exploration of Alaska’s avifauna is well 
summarized in a 29-page introductory 
chapter of Gabrielson and Lincoln’s (1959) 
The Birds of Alaska. Before the develop- 
ment of overland transportation in Alaska, 
exploration was largely by water. Hence, 
most early knowledge of the avifauna came 
from coastal areas and from the vicinity of 
the Yukon River (Fig. l), and winter and 
spring observations were few, because ice 
blocked boat travel on the Yukon River and 
in the Bering, Chukchi, and Beaufort seas. 
Overland transportation was primitive un- 
til the Richardson Highway, between Val- 
dez and Fairbanks, became regularly pass- 
able, after 19 13, and until the Alaska 
Railroad, from Seward to Fairbanks, was 
completed in 1925. Even today, however, 
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ground transportation in Alaska is limited 
in extent. Air transportation, inaugurated in 
Alaska in 1924, has provided a critical plat- 
form for ornithological exploration, es- 
pecially in the last 40-50 years. 

A number of events 40-50 years ago con- 
tributed to the beginning of a real founda- 
tion against which future avifaunal changes 
could be compared: the stationing of World 
War II troops, including some omitholo- 
gists, in Southwestern Alaska in the 1940s; 
the opening of the Naval Arctic Research 
Laboratory at Barrow in 1949; the growth 
of biological disciplines at the University of 
Alaska Fairbanks, including, in 1950-l 95 1, 
establishment of the Alaska Cooperative 
Wildlife Research Unit, and Kessel’s arrival 
there; and the inauguration of U.S. Fish and 
Wildlife Service (USFWS) aerial Waterfowl 
Breeding Population Surveys in the mid- 
1950s. Interest in and knowledge of the avi- 
fauna has increased ever since, and in recent 
years it has been increasing almost expo- 
nentially. 

Few databases are yet good enough, how- 
ever, to use in detecting or measuring 
change-the exceptions being some species 
ofwaterfowl, seabirds, and raptors. For most 
species we have only either sporadic, often 
vague comments on status in the historical 
literature or data too recent or too incom- 
plete to be a basis for evaluating change. 
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FIGURE 1. Alaska map showing selected place names and geographic features. The inset outlines Alaska’s 
six biogeographic regions as recognized by Kessel and Gibson (1978). 

Thus we have based our assessments of avi- 
fauna1 change on information of variable 
quality from a variety of sources. 

SEABIRDS: CONFUSED IDENTITIES? 

ALBATROSSES 

To an extent, problems of identification 
might be involved in the historic record of 
the abundance and distribution of the two 
white-bodied albatrosses in Alaska, Short- 
tailed (Diomedea albatrus) and Laysan (D. 
immutabilis). The precipitous decline of the 
Short-tailed Albatross during the 19th and 
in the early 20th century, at the hands of 
feather hunters on its breeding islands, from 
“over 100,000 birds on Torishima Island 
during the busiest time of feather gathering” 
to “at least 250 individuals” has been dis- 
cussed recently by Hasegawa and DeGange 
(1982). Since the Laysan Albatross, which 

superficially resembles the Short-tailed, was 
not described until 1893 (when the Short- 
tailed had been known to ornithology for 
124 years), it is possible that some Laysan 
Albatrosses were present among the many 
Short-tailed Albatrosses in Alaska waters. 

In June 19 11 Bent (1922) saw so few 
white-bodied albatrosses in the Aleutians 
that he was unable to confirm that they were 
Short-tailed, the expected species. His es- 
timate that the range of the Laysan Alba- 
tross did not extend north of 40”N was the 
last word on the subject for many years. The 
Laysan Albatross was first identified in 
Alaska from a specimen collected in the 
Aleutians in summer 1937 (Kenyon 1950). 
Today this species is an uncommon to fairly 
common summer visitant in the Aleutians 
(Kessel and Gibson 1978)-a conspicuous 
member of the avifauna. Yesner (1976) 
found that most of the (abundant) albatross 
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remains in Aleutian archeological sites were 
of Short-tailed Albatrosses and that the re- 
mains of Laysan Albatrosses “were restrict- 
ed to the upper levels” of these sites. We 
agree with his inference that increased re- 
ports of the Laysan are due to its recent 
expansion into the range formerly occupied 
by the Short-tailed Albatross. 

CORMORANTS 

Historically, there has been considerable 
confusion about the distribution and abun- 
dance of the several cormorant species in 
Alaska, apparently in part because of iden- 
tification errors (see below; also Preble and 
McAtee 1923) and perhaps because of no- 
menclatorial confusion (Stejneger 188 5). 
Cormorant populations have fluctuated over 
the years and breeding colonies have shift- 
ed, but we find no good basis for concluding 
that the overall status here of the Double- 
crested Cormorant (Phalacrocorax auritus), 
the Pelagic Cormorant (P. pelagicus), or the 
Red-faced Cormorant (P. wile) has changed 
significantly since the mid- 1880s (contra 
Gabrielson and Lincoln 1959, Murie 1959, 
sow1 1979). 

Because not all information surfaces in a 
timely fashion, it can be hazardous to his- 
torical accuracy to infer from a few, con- 
temporary data that a phenomenon itself is 
contemporary, e.g., the occurrence of Red- 
faced Cormorant in Southcoastal Alaska. As 
long ago as 1843 a Red-faced Cormorant 
was collected as far east as Kodiak (Russian 
Zoological Museum [ZIAN], St. Petersburg, 
list - I943 in Gabrielson and Lincoln [ 195 91 
is a typo), where the species also occurs to- 
day. For a complex of reasons, however, this 
information on the eastern extent of this 
bird’s distribution in the North Pacific was 
not reflected in an AOU Check-list until 140 
years later, in 1983. 

In 1843-1844 the Russians (ZIAN list) 
also collected Red-faced Cormorants at Attu 
and at Unalaska islands; in 1873, Dal1 (1874) 
found them resident throughout the Aleu- 
tians; and in 1881-1883, Stejneger (1885) 
observed a population in the Commander 

Islands. Fifty years later, in the 1930s Mu- 
rie (1959) also found them throughout the 
Aleutians. One must question, therefore, the 
identifications of Turner (1885), who did 
not list this species in the western Aleu- 
tians - its present center of abundance-in 
1880-1881, but who reported Double- 
crested Cormorants to be abundant breed- 
ers there. (Like the Double-crested Cor- 
morant, of course, Red-faced and Pelagic 
cormorants are also double-crested.) 

Since no specimens were collected and no 
subsequent observers have reported the 
Double-crested Cormorant in the western 
Aleutians, early reports of them there (Tur- 
ner 1885, Clark 19 10) appear to be erro- 
neous identifications. Turner (1886) also re- 
ported Double-crested Cormorants breeding 
abundantly on Besboro Island, Norton 
Sound, northeastern Bering Sea, although 
neither Dal1 and Bannister (1869) nor Nel- 
son (1883, 1887) reported this species any- 
where in the Bering Sea. Nelson (1883) re- 
ported Pelagic Cormorants nesting in large 
numbers toward the head of Norton Sound, 
however. Pelagic Cormorants currently 
breed on Besboro Island (Sowls et al. 1978) 
and Double-crested Cormorants are not 
known farther north than Cape Peirce and 
Nunivak Island. 

Confusion was also caused by Nelson 
(1887:66), who outlined for the Red-faced 
Cormorant a wide distribution in the central 
and northern Bering Sea, including St. Mat- 
thew and St. Lawrence islands and both sides 
of the Bering Strait, an outline that reads 
remarkably like his earlier description (Nel- 
son 1883: 103) of the Pelagic Cormorant’s 
range. Is this an error introduced during ed- 
iting by H. W. Henshaw, after Nelson’s re- 
tirement? Identity of bones from middens 
on St. Lawrence Island, ascribed to the Red- 
faced Cormorant by Friedmann (1934) is 
open to question. 

And, finally, some recent work on Alaska 
cormorants by Siegel-Causey (199 l)- work 
that described a new and contemporary spe- 
cies named “Kenyon’s Shag (Stictocarbo 
kenyoni)“-must be viewed with skepti- 
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FIGURE 2. Trumpeter Swans recorded in Alaska 
during five statewide summer censuses 1968-1990 
(from Conant et al. 199 1). 

cism, in part because a number of the Red- 
faced Cormorant skeletons used in estab- 
lishing a comparison for the diagnosis of “S. 
kenyoni” (for which no external characters 
are known) are from localities beyond the 
geographic range of P. wile. 

WATERFOWL: UPS AND DOWNS 

SWANS 

Early knowledge of the occurrence of 
Trumpeter Swans (Cygnus buccinator) in 
Alaska was hampered by identification 
problems, inaccessibility of their nesting 
marshes, and perhaps small numbers caused 
by hunting on portions of their wintering 
grounds. There is limited evidence of their 
presence, however, throughout most of the 
geographic area where they currently breed 
(Bank0 1960, Hansen et al. 197 1). Substan- 
tial breeding populations were “rediscov- 
ered” in several parts of Southcoastal Alas- 
ka between 1949 and 1957 and in Central 
Alaska-where the swans had been erro- 
neously assumed to be Tundra Swans (C. 
columbianus)-in 1958-1960 (ibid.). Since 
then, the U.S. Fish and Wildlife Service has 
searched for and monitored through aerial 
surveys Alaska Trumpeter Swan popula- 
tions. Five complete aerial censuses were 
flown from 1968 to 1990 (Fig. 2). During 
this period, the censuses showed a steady 
increase, from a total of 2847 in 1968 to 
13,337 in 1990, and there is evidence that 

1960 1970 1980 1990 
YEAR 

FIGURE 3. Decline of all geese recorded on the five 
segments of U.S. Fish and Wildlife Service Waterfowl 
Breeding Population Surveys within the coastal zone 
of the Yukon Delta (from Conant and Groves 1992). 
Species include the Emperor Goose, Greater White- 
fronted Goose, Brant, and Cackling Canada Goose, all 
of which have declined, mainly because of over-har- 
vesting. 

available habitat in Southcoastal Alaska is 
now saturated and that peripheral habitat 
is being pioneered in Central Alaska (Co- 
nant et al. 1991). 

In the past few years, too, Tundra Swans, 
previously thought to summer only on the 
coastal tundras along the Bering, Chukchi, 
and Beaufort seas, have also nested in some 
of the Yukon River drainages of Central 
Alaska. About 90% of swans in the lower 
Koyukuk river drainage and 50% in the low- 
er Nowitna River are Tundra Swans (Loran- 
ger and Lons 1988), as are about 40% (11 
pairs) in the upper Koyukuk drainages (Wilk 
1989). In addition, up to four pairs have 
been identified at Minto Flats west of Fair- 
banks (K. S. Bollinger and R. J. King, 
USFWS unpubl.). The Tundra Swans in the 
lower Koyukuk and Nowitna rivers have 
probably been there for many years, but 
those on Minto Flats and in the upper Koy- 
ukuk apparently represent range expansion. 

GEESE 

In contrast to swans, there has been a 
long-term population decline of geese, es- 
pecially in Southwestern and Western Alas- 
ka, mainly because of varied human influ- 
ences (King and Derksen 1986; also, Fig. 3). 
Except for the Aleutian Canada Goose 
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(Branta canadensis leucopareia), whose 
populations were nearly annihilated by Arc- 
tic Foxes (Alopex lagopus) introduced for 
fox farming numerous times between 1750 
and 19 30, most declines have occurred over 
the last 40 years and have ranged from 35% 
to over 90%. 

The Emperor Goose (Chen canagica), an 
endemic form restricted primarily to the 
southern Chukchi and Bering sea region- 
Beringia-declined an estimated 34% be- 
tween the 1960s (when 140,000-l 50,000 
were reported by King and Lensink [ 197 11) 
and 198 1 (Petersen and Gill 1982), and the 
population continued to decline through 
1986 (USFWS 1988). The main cause was 
apparently “subsistence harvest,” which was 
restricted beginning in 1984; also, fall hunt- 
ing was reduced, and was closed completely 
in 1986 (ibid.). As a result, the population 
has begun to increase from its lows of about 
50,000 adults and in 199 1 was up again to 
7 1 ,OOO-75,000 (USFWS 1992). 

Other geese, especially those on the fa- 
mous goose-producing Yukon-Kuskokwim 
Delta, have suffered from over-harvesting, 
including spring hunting, egging, and molt 
drives on their breeding grounds and fall 
hunting on their wintering grounds, mostly 
in Oregon, California, and western Mexico. 
Brant (Branta bernicla), Cackling Canada 
Geese (B. c. minima), and Greater White- 
fronted Geese (Anser albifions) all declined 
significantly between the mid- 1960s and the 
mid-1980s (King and Derksen 1986; 
USFWS 1986, 1987). The implementation 
in 1984 of a cooperative conservation pro- 
gram, known as the Yukon-Kuskokwim 
Delta Goose Management Plan (Pamplin 
1986), seems to have allowed for some re- 
covery, but population levels are still far 
below those of the 194Os-1960s (Migr. Bird 
Manage., USFWS unpubl.). 

BERINGIAN EIDERS 

Populations of two species of eiders en- 
demic to Beringia, Spectacled Eider (So- 
materia fischeri) and Steller’s Eider (Polys- 
ticta stellerz], have shown steep declines. The 

worldwide population of Steller’s Eiders may 
have declined by 50-75% in the last 25 years; 
and on the Yukon-Kuskokwim Delta, where 
half of the world’s population of Spectacled 
Eiders has nested, numbers may have 
dropped over 90%, from perhaps 47,700 
pairs in the early 1970s to 2700 pairs today 
(Federal Register 57[90]: 19852-19856, 8 
May 1992). While the U.S. Fish and Wild- 
life Service agreed in 1992 that both eiders 
warranted listing as “threatened,” listing for 
the Steller’s Eider was “precluded by listing 
actions of higher priority” (ibid.), i.e., other 
species were in more imminent danger of 
extinction. 

RAPTORS: RECOVERED 
POPULATIONS 

PEREGRINE FALCON AND BALD EAGLE 

Population changes in two falconiforms 
have occurred over the past 40 years. Those 
of the Peregrine Falcon (Falco peregrinus) 
have been well-documented (Cade et al. 
1988, White 1994). Suffice it here to say, 
peregrines hit population lows along the 
Colville River in Northern Alaska and along 
the upper Yukon River in eastern Central 
Alaska in the early 1970s (Ambrose et al. 
1988) as a result of pesticide contamination. 
Since then numbers have increased an- 
nually, with peak numbers reached in 1990, 
when there were 58 pairs, 37 of which pro- 
duced 103 chicks, on the Colville River and 
28 pairs, with 76 young, on the upper Yu- 
kon River (R. E. Ambrose and T. Swem, 
USFWS unpubl.). Ambrose and Swem’s 
data for 199 1 and 1992 suggest that the 
number of breeding birds is stabilizing at 
about 30 breeding pairs on the Colville and 
25 on the upper Yukon. 

Bald Eagle (Haliaeetus leucocephalus) 
numbers have increased in some regions of 
Alaska, especially in Southeastern Alaska, 
where their numbers were depressed by a 
predator-control bounty between 19 17 and 
1952. More than 128,000 Bald Eagles were 
destroyed for bounty during this period, over 
100,000 of them from Southeastern Alaska 
(Robards and King 1966). Five aerial sur- 
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veys of breeding eagles in Southeastern 
Alaska over a span of 25 years have shown 
a significant increase, from 7230 * 896 
adults in 1967 to 12,074 f 25 16 in 1987 
and 13,341 f 2348 in 1992 (Fig. 4). The 
total number of Bald Eagles in 1987, in- 
cluding immatures, was 14,000-l 6,000 (M. 
J. Jacobson, USFWS unpubl). 

Especially since 1970, there also seem to 
have been increases in Central Alaska, where 
the current estimate is 525-725 nesting pairs 
(R. J. Ritchie and R. E. Ambrose, unpubl. 
MS), and in the Kodiak archipelago, where 
the current estimate is 600-800 nesting pairs 
(D. Zwiefelhofer, USFWS pers. comm.). 

On the other hand, there has been a his- 
torical decline in westernmost Alaska. For- 
merly occupying a range that reached into 
the eastern Palearctic, the Bald Eagle was 
described in the mid- 1880s as “not so abun- 
dant on Bering Island [Commander Islands] 
as it used to be” (Stejneger 1885), and by 
the 1930s it was “scarce in the Near Is- 
lands,” the westernmost group of the Aleu- 
tians (Murie 1959). Today the Bald Eagle 
does not breed west of the Rat Islands, west- 
central Aleutians. Reasons for this range re- 
duction are unknown. 

PASSERINES: DECLINES AND 
FLUCTUATIONS 

EMBERIZIDS AND TURDINAE 

At least six of the common to abundant 
passerines in Central Alaska appear to have 
declined in numbers in recent years: Or- 
ange-crowned (Vermivora c. celata) and 
Yellow (Dendroica petechia amnicola) war- 
blers and Fox (Passerella iliaca zaboria) and 
White-crowned (Zonotrichia leucophrys 
gambelii) sparrows-all shrub thicket 
birds-and the Yellow-rumped Warbler 
(Dendroica coronata hooveri) and Swain- 
son’s Thrush (Catharus ustulatus incanus), 
of deciduous and mixed deciduous-conif- 
erous forests. It is difficult to detect declines 
in common species, partly because of well- 
known problems of percentage acoustical 
detections of numerous versus less numer- 
ous birds and partly because annual varia- 

[;I, , , , , , 
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FIGURE 4. Population trend in adult Bald Eagles in 
Southeastern Alaska, 1967-1992 (from M. J. Jacobsen, 
USFWS unpubl.). 

tions of 25-50% are not unusual in passer- 
ines, at least in Central Alaska. But based 
on roadside counts that Kessel has run for 
over 20 years, and on casual observations 
of Fairbanks birders, including the authors, 
that the woods and thickets about our homes 
have been almost devoid of bird song since 
1990, we believe that significant declines 
have occurred, at least in the above species. 
On the other hand, some species, such as 
the Alder Flycatcher (Empidonax alnorum) 
and American Robin (Turdus m. migrato- 
rius), do not appear to have declined. 

Most of these declines have occurred since 
1977. Ofthe shrub birds, the White-crowned 
Sparrow has shown a decline of over 50% 
since 1977, including a 52% drop from 1990 
to 1992. Yellow Warbler populations de- 
clined more than 30% between 1977 and 
1985, oscillated a few years, and then 
crashed another 45% between 1991 and 
1992. The Orange-crowned Warbler de- 
clined 45% between 1980 and 1985 and has 
continued to decline since then, dropping 
59% between 1987 and 1992. The Fox Spar- 
row has declined steadily since 1982, with 
a total loss of 77% by 1991 and 1992. The 
two deciduous forest birds have both shown 
sharp declines since 1989, the Yellow- 
rumped Warbler dropping 75% and the 
Swainson’s Thrush at least 33%. As a result, 
the Swainson’s Thrush, formerly the second 
most numerous passerine at Fairbanks, has 
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slipped to third most numerous (behind Al- 
der Flycatcher and American Robin) and 
has dropped from a relative abundance of 
“abundant” to “common.” 

The reasons for the population declines 
in these passerines remain obscure, and they 
may differ among species, since these birds 
have differing food habits, habitats, winter- 
ing grounds, and migration routes. 

SWALLOWS 

Changes in swallow populations in Alas- 
ka have been varied. The geographic range 
of the Cliff Swallow (Hirun& pyrrhonota), 
a species that, under natural conditions, 
usually affixes its nest to a rock cliff face, 
has probably not changed significantly over 
the years-its range apparently limited by 
environmental temperatures, especially the 
amount of summer warmth and availability 
of flying insects for food (Kessel 1989). 
Abundances have increased, however, with 
the availability of artificial nesting sites pro- 
vided by human construction, e.g., build- 
ings, mining dredges, and bridges. Colonies 
of 350-425 nests are known on bridges in 
Central Alaska. 

Barn Swallow (H. rustica) populations, on 
the other hand, have declined dramatically 
since the early 1900s. The bird was common 
and widespread in the late 1800s+zarly 
1900s (Dal1 and Bannister 1869, Turner 
1886, McLenegan 1887, Nelson 1883, 
Grinnell 1900, McGregor 1902), but today 
it is largely restricted to Southeastern Alas- 
ka, where it is fairly common, and to South- 
coastal Alaska, where it is uncommon as far 
west as Prince William Sound. The species 
is very rare or casual elsewhere. The cause 
of its decline since the turn of the century 
is unknown, but Western and Northern 
Alaska, with harsh environmental condi- 
tions, are at the extreme periphery of hab- 
itable range for this species. The increase of 
Cliff Swallows in these same regions in re- 
cent years is probably unrelated, since there 
appears to be no competition between the 
two species (McCann 1936, Samuel 197 1). 

Tree and Violet-green swallows (Achy- 

cineta bicolor and T. thalassina) have shown 
unexplained long-term fluctuations. At 
Fairbanks, from 195 1 to 1962, Violet-greens 
were more numerous than Trees, but in 1963 
there was an increase in Trees to where they 
were about equal in numbers to Violet- 
greens. Numbers remained about equal 
through 1968, after which Tree Swallows 
began to predominate. By 1972 most swal- 
lows in the bird houses at Fairbanks were 
Trees. Violet-green Swallows increased 
somewhat in 1975, but were still outnum- 
beredby Treesin 1976-1978. In 1979, how- 
ever, even though Violet-green migration 
began early and continued normally through 
May, something severely affected Tree 
Swallow migration, and none was seen in 
Fairbanks until after 18 May. As a result, 
apparently, Violet-greens were more nu- 
merous than Trees in 1979, but numbers 
were again similar in 1980-1989. A major 
reversal occurred in 1990, however, when 
80% of breeding Tachycineta in Fairbanks 
were again Violet-green Swallows. 

SPECIES RANGE EXPANSIONS 

INTO ALASKA 

The first Alaska records of the Wilson’s 
Phalarope (Phalaropus tricolor) were made 
in 1962, near Eagle (Kessel and Springer 
1966) and at Barrow (Pitelka 1974). Its 
breeding range reached as far northwest as 
southwestern Yukon Territory by the late 
197Os, when a pair appeared to be “de- 
fending the nest” near Haines Junction in 
1977 (Am. Birds 31:1161, 1977) and as 
many as 14 adults, a nest with eggs, and two 
young were recorded near Whitehorse in 
1978 (Am. Birds 32:1185, 1978). The spe- 
cies now occurs erratically and in small 
numbers in late spring and summer in Cen- 
tral, Southcoastal, Southeastern (and even 
Northern and Western) Alaska, and circum- 
stantial evidence of local breeding has been 
recorded once each in the Anchorage and 
in the Fairbanks areas. In recent years the 
species has occurred as a casual fall migrant 
in Southeastern Alaska-perhaps birds that 
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just moved due south from Yukon Terri- coastal southern British Columbia, in 1958 
tory. (Guiguet 1959). 

The Caspian Tern (Sterna caspia) is a re- 
cent invader from lower latitudes via the 
eastern North Pacific coast (Gibson and 
Kessel 1992). The species was added to the 
Alaska avifauna in summer 198 1, when up 
to four birds were seen at Ketchikan and 
two were seen in Sitka Sound. Since then 
the species has occurred annually in South- 
eastern and Southcoastal Alaska; adults 
feeding begging, flying juveniles pointed to 
probably breeding on the western Copper 
River Delta by 1989 (ibid.). Beyond Prince 
William Sound, Caspian Terns are now ca- 
sual summer visitants as far west as An- 
chorage and Homer and in eastern Central 
Alaska. 

Known in Alaska prior to 1982 from a 
single sight report, the Least Flycatcher 
(Empidonax minimus) has been recorded 
all but annually since 1986 along a broad 
front, from the Interior to Southeastern 
Alaska, and the species is now regarded as 
a rare probable breeder at Hyder, the east- 
ernmost community in the state (Gibson 
and Kessel 1992). 

The Band-tailed Pigeon (Columbafascia- 
ta) was unknown in Alaska until 1965 (Ol- 
son 1974). It occurs only at the southeastern 
periphery of the state, and in small numbers 
(Kessel and Gibson 1978). Despite sketchy 
information from adjacent sections of Brit- 
ish Columbia (Campbell et al. 1990), it 
seems clear that the species is only a recent 
arrival in central British Columbia and in 
Southeastern Alaska. 

Continuing the expansion of its North 
American range, the European Starling 
(Sturnus vulgaris) was first recorded in Alas- 
ka at Juneau in 1952 and was not known 
beyond Southeastern Alaska until 1960 
(Kessel and Gibson 1978). We now consider 
it an uncommon to fairly common resident 
about towns and agricultural areas of South- 
eastern Alaska, and it is regular in small 
numbers in similar habitats in Southcoastal 
and Central Alaska east of about 149”W. It 
leaves Alaska’s cold interior for the winter, 
and it is generally more numerous in South- 
coastal Alaska in winter than summer, al- 
though it breeds regularly about farms in 
the Matanuska Valley, north of Anchorage. 

The Barred Owl (Strix varia) was first re- 
corded in Alaska in 1977, and its current 
status and distribution here-a scarce but 
conspicuous resident the length of the 
Southeastern Alaska mainland (Gibson and 
Kessel 1992)-is surely a development since 
that time, rather than an overlooked phe- 
nomenon. First noted in British Columbia 
in 1943, the species slowly expanded its 
range across that province, reaching the Pa- 
cific coast of Canada in 1966 (Campbell et 
al. 1990). 

It seems to have reached the limits of its 
breeding range at 6 5”N in the lower Tanana 
River Valley, where at Fairbanks in 1978 
at least six successful nests were found and 
where a flock of up to 26 nonbreeders spent 
the summer (Kessel 1979). Since that time, 
however, while still of annual occurrence, 
only a few birds (including juveniles) have 
been recorded each season. 

Anna’s Hummingbird (Calypte anna) was 
unknown in Alaska until the late 1960s 
(Kessel and Gibson 1978), but it is possible 
that the paucity of observers, or the paucity 
of hummingbird feeders (since this species 
is unknown in Alaska away from sugar-wa- 
ter feeders), might account for the absence 
of records in Southeastern Alaska during the 
decade following the first certain records in 

Note that all these range expansions have 
been by species from elsewhere in North 
America. We lack historical data on Asiatic 
taxa, because information from the western 
Aleutians was notably sparse until the 1970s 
when the regular passage of Asiatic migrants 
in the Near Islands was discovered by Gib- 
son (198 l), and because most detailed in- 
formation on the status and distribution of 
birds in northeasternmost Asia is also re- 
cent. Thus we have no basis from which to 
infer that any range expansion from Asia to 
Alaska has taken place in the last century. 
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WITHIN ALASKA COWAN, J. M. COOPER, G. W. KAISER, AND M. C. 
E. MCNALL. 1990. The birds of British Colum- 

The Black Guillemot (Cepphus grylle) was bia. Vol. 2. Royal British Columbia Museum, Vic- 

first found breeding in Northern Alaska in toria, BC. 

1966, in man-made debris at Point Barrow 
CLARK, A. H. 19 10. The birds collected and observed 

(MacLean and Verbeek 1968); a few years 
during the cruise of the United States Fisheries 
Steamer “Albatross” in the North Pacific Ocean and 

later, it was found breeding in man-made 
debris on barrier islands to the west and east 

in the Bering, Okhotsk, Japan and Eastern Seas from 
April to December 1906. Proceedings U.S. National 
Museum 38:25-74. 

of Barrow (Divoky et al. 1974). Subsequent CONANT, B., AND D. J. GROVES. 1992. Alaska-Yukon 

expansion along the Beaufort Sea coast into waterfowl breeding population survey, May 24 to 

Canada has been entirely man-effected, the 
June 2 1, 1992. Administrative report, Migratory Bird 

result of guillemot “farming” by G. J. Di- 
Management, U.S. Fish and Wildlife Service, Ju- 
neau, AK. 

voky (pers. comm.) at Cooper Island, just CONANT, B., J. I. HODGES, D. J. GROVES, AND J. G. 

east of Point Barrow, where he has provided KING. 199 1. Alaska Trumpeter Swan status report. 

nesting sites and where he has been able to 
Administrative report, Migratory Bird Management, 
U.S. Fish and Wildlife Service, Juneau, AK. 

study, by color-banding over 2000 Black DALL, W. H. 1874. Notes on the avifauna of the 

Guillemots since 1976, the life cycle ofthese Aleutian Islands, especially those west ofunalashka. 
Proceedings California Academy Sciences 5:270-28 1. 

birds. DALL, W. H., AND H. M. BANNISTER. 1869. List of 
the birds of Alaska, with biographical notes. Trans- 

CONCLUSIONS actions Chicago Academy Sciences 1, part 2:267- 
310. 

Some of the avifaunal changes outlined DIVOKY, G. J., G. E. WATSON, AND J. C. BARTONEK. 

above, such as the Barn Swallow decline and 1974. Breeding of the Black Guillemot in northern 

the species that have recently expanded their 
Alaska. Condor 76~339-343. 

FRIEDMANN, H. 1934. Bird bones from Eskimo ruins 
ranges into Alaska, may just reflect the nat- on St. Lawrence Island, Bering Sea. Journal Wash- 

ural ebb and flow of mobile organisms. The ington Academy Sciences 24:83-96. 

changed status of all species for which we 
GABRIELSON, I. N.. AND F. C. LINCOLN. 1959. The 

birds of Alaska. Stackpole Co., Harrisburg, PA, and 
know causes, however, has been the result Wildlife Management Institute, Washington, DC. 

of human activities: over-harvesting; intro- GIBSON, D. D. 198 1. Migrant birds at Shemya Island, 

duction of pesticides or predators into the 
Aleutian Islands, Alaska. Condor 83:65-77. 

GIBSON, D. D., AND B. KESSEL. 1992. Seventy-four 
environment; habitat changes; and, as in the new avian taxa documented in Alaska 1976-199 1. 

starling, the introduction of an entirely new Condor 94~454-467. 

form into the biological community. Causes GRINNELL, J. 1900. Birds of the Kotzebue Sound re- 

of the most recent precipitous declines in 
gion, Alaska. Pacific Coast Avifauna 1: l-80. 

GUIGUET, C. J. 1959. Anna’s Hummingbird (Calypte 
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THE UNLIKELY 18TH CENTURY NATURALISTS OF 
HUDSON’S BAY 

C. STUART HOUSTON 

Abstract. The Hudson’s Bay Territory, which included the entire drainage basin west to the Rocky 
Mountains, although one of the most thinly occupied areas in all of North America, was second only 
to South Carolina as the North American locality which contributed the most type specimens of birds. 
The collectors, fur traders ofthe Hudson’s Bay Company, were Alexander Light, James Isham, Thomas 
Hutchins, Humphrey Marten, Andrew Graham, and Samuel Heame. My researches in the Hudson’s 
Bay Company Archives and the Royal Society library have solved the long-standing confusion about 
the relative contributions of Andrew Graham and Thomas Hutchins to the Observations published 
in 1969 by the Hudson’s Bay Record Society. I have transcribed for publication the separate original 
“journals” of Graham and Hutchins and have compiled the largest dictionary of Cree Indian names 
of birds. Isham and Graham collected the most type specimens. Heame was the best naturalist. 
Hutchins, the medical doctor and best scientist, was the only one to have a taxon named for him. 

Key Words: Hudson’s Bay Territory; Alexander Light; James Isham; Humphrey Marten; Andrew 
Graham; Samuel Hearne; Thomas Hutchins; type specimens. 

From the Hudson’s Bay Territory, one of 
the most thinly occupied areas in all of North 
America, came improbable but extremely 
important contributions to 18th-Century 
ornithology. Even though it included a large 
drainage basin that extended west to the 
Rocky Mountains (Fig. l), it seems almost 
inconceivable today that Hudson’s Bay 
should have been second only to South Car- 
olina as the North American locality which 
contributed the most type specimens of 
birds. Even more unlikely were the men who 
made the collections, the literate but rugged 
fur traders of the Hudson’s Bay Company. 
By sheerest chance their timing was perfect, 
involving them and their specimens in a 
revolutionary new scientific endeavour led 
by the Swede, Carolus von Linnaeus. 

The fur traders were unaware of the sys- 
tem newly created by Linnaeus to give each 
species a unique binomial Latin name. Nor 
could they have guessed that their speci- 
mens would be hand-painted, page-size, in 
four large books by George Edwards, A Nat- 
ural History of Uncommon Birds, between 
1743 and 175 1. Edwards, in turn, had no 
inkling of the fact that Linnaeus would give 
Latin names to the species illustrated in his 
book. But this improbable sequence of 
events put these fur traders at the very fore- 

front of scientific ornithology and taxono- 

my. 
Severn, with a year-round population of 

20 white fur traders, and Albany with 33, 
became immortalized as type localities. The 
other five trading posts around Hudson’s 
Bay, including York Factory with 42 em- 
ployees, gave a total population of white 
people in the Hudson’s Bay territory of un- 
der 250. Contributions from the settled, 
populated and more developed areas such 
as Pennsylvania, Massachusetts, New York 
and Florida lagged far behind those from 
the underpopulated wild reaches of Hud- 
son’s Bay. South Carolina, the leader thanks 
to Mark Catesby, had almost one-thousand- 
fold more people than did Hudson’s Bay; 
in 1770, Charleston, Catesby’s base, was the 
fourth largest city in British America with 
a population of 10,861. 

When Linnaeus published his Tenth Edi- 
tion of Systema Naturae in 1758, Mark 
Catesby’s Natural History of Carolina, Flor- 
ida and the Bahama Islands (1729-1747) 
was the sole source for 55 species, 43 of 
them from South Carolina. (Another 14 
species, 11 from South Carolina, were add- 
ed in Linnaeus’ Twelfth Edition in 1766.) 
Edwards’ Natural History was the next most 
important source, contributing 13 species 

14 
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described by Edwards from Hudson’s Bay 
(McAtee 1957:29 l-300). 

The Hudson’s Bay Company was more 
than just a company with a charter for trade 
and an employer of fur traders; it acted as 
the government of its lands. As Harold A. 
Innis said in 1956, “The northern half of 
North America remained British because of 
the importance of fur as a staple prod- 
uct. . . . It is no mere accident that the pres- 
ent Dominion [of Canada] coincides rough- 
ly with the fur-trading areas of northern 
North America.” As part of its assertion of 
its largely unstated hegemony, the Com- 
pany undertook occasional forays into ex- 
ploration and into science. 

Each of the Company officers contributed 
primarily to the success of the fur trade; five 
of them also made direct or indirect con- 
tributions to geographic exploration. Nat- 
ural history was at best an amusing sideline. 

TYPE LOCALITY OF “HUDSON BAY” 

Quite apart from the geographic ambi- 
guity inherent in the citation of a vast inland 
sea, up to 1600 km in length and up to 1000 
km in width, the general “type locality” of 
“Hudson Bay” used by the American Or- 
nithologists’ Union Check-List is inade- 
quate or misleading for several species. Few 
ornithologists have appreciated that until 
1870 the popular term “Hudson’s Bay” (the 
possessive form Hudson’s is no longer in 
official geographic use; modern maps show 
Hudson Bay rather than Hudson’s Bay) des- 
ignated an area of nearly 3.6 million km2 
extending west to the Rocky Mountains and 
draining into the bay (Rich 1958, Houston 
1983). In this area, officially named “Ru- 
pert’s Land” for 200 years, the people, as 
well as some of its birds and mammals, were 
often called “Hudsonians” (cf. Hearne 
1795). For example, when Joseph Sabine 
described the North American form of the 
Black-billed Magpie, now Pica pica hud- 
sonia, from a specimen collected by John 
Richardson and painted by Robert Hood at 
Cumberland House, over 1000 km by canoe 
from Hudson’s Bay, he named it “Corvus 

Hudsonius, Hudson’s Bay Magpie” (Sabine 
1823). The subspecies of Striped Skunk from 
“the Plains of the Saskatchewan” near Carl- 
ton, about 1500 km from the bay, was sim- 
ilarly named Mephitis mephitis var. hud- 
sonia, the “Hudson’s Bay Skunk” 
(Richardson 1829:55-56). Histories of the 
Hudson’s Bay Record Society similarly 
spoke of the 17 14 negotiations “settling the 
boundary between Hudson Bay and Cana- 
da” (Davies 1965). 

The designation of Hudson Bay as the 
type locality for species such as the Marbled 
Godwit, American White Pelican and Pur- 
ple Martin is thus somewhat misleading, 
since the overwhelming probability is that 
these specimens came from inland, within 
what is now Manitoba or eastern Saskatch- 
ewan. 

Let us now look at the collectors. 

ALEXANDER LIGHT 

The first of the Hudson’s Bay Company 
collectors was Alexander Light. A ship- 
wright, he was sent to Churchill in 1733 for 
four years at 2.33 per annum. Light “was 
sent out, . . . by the Hudson’s Bay Com- 
pany, on account of his knowledge of Nat- 
ural History” (Richardson 1832:ix-x). 

Light collected five taxa of birds (all but 
one new), two mammals and a turtle, each 
illustrated by Edwards. New bird taxa in- 
cluded one new species, the Spruce Grouse 
(Canachites canadensis), and three new sub- 
species involving North American races 
which Linnaeus had correctly considered as 
belonging to the European species (McAtee 
1950): Willow Ptarmigan (Lagopus lagopus 
albus); Northern Hawk-Owl (Surnia ulula 
caparoch); Gyrfalcon (Falco obsoletus rus- 
ticolus). 

Light also collected specimens of the 
Snowy Owl and the Red-necked Phalarope. 
Linnaeus gave the name Falco canadensis 
to an eagle portrayed incorrectly by Ed- 
wards as having feathered tarsi but a white 
tail, obviously a composite of two eagle 
specimens. This eagle was said to have been 
brought alive to England by an unnamed 
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FIGURE 1. Map of Hudson’s Bay Territory, 1670-l 870. 

Hudson’s Bay Territory 1670-1870 0 

“Gentleman employ’d in the Hudson’s_Bay 
Company’s Service,” in all probability Al- 
exander Light. Not until the Fourth AOU 
Check-List in 193 1 was this specimen des- 
ignated on very questionable grounds as the 
type for the North American subspecies of 
the Golden Eagle, now Aquila chrysaetos 
canadensis. 

In 1738, Light returned to begin his sec- 
ond term. Light told George Edwards (1750: 
152) “there is a Goose which comes in Sum- 
mer to Hudson’s_Bay, having its Forehead 
as it were scorched with Heat, and the Na- 
tives firmly Believe, that these Geese to 
avoid the Winter’s Cold, fly toward the Sun, 
and approach so near that it singes its Fore- 
head against his Orb. It is hard to convince 
these Savages that there are Climates on this 
Earth warmer than their own, to which Birds 
may fly for Food and Shelter during their 

rigid Winters.” Edwards presumed this to 
be the Blue colour phase ofthe Snow Goose. 

There was a three-way connection be- 
tween Alexander Light, George Edwards and 
Sir Hans Sloane. It was Sloane, the Presi- 
dent of the Royal College of Physicians, to 
whom Edwards dedicated his second vol- 
ume. Edwards was Keeper of the Royal Col- 
lege Library. Alexander Light brought live 
birds and mammals home from Hudson’s 
Bay for Sloane’s aviary-zoo and skinned 
specimens for the use of Edwards, who por- 
trayed them in his book. 

JAMES ISHAM 

James Isham was the second Hudson’s 
Bay collector of important natural history 
specimens. Unfortunately for Isham, al- 
though his specimens were among the first 
to receive binomial Latin names bestowed 
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by Linnaeus himself, they were collected be- 
fore it was fashionable to name new species 
after the collector. There are no species 
named ishami-and few modern ornithol- 
ogists can remember his name. 

Isham was a capable but plodding man 
who neither sought glory nor received much 
recognition. He is not listed in the Canadian 
Encyclopedia (1985, 1988) or its predeces- 
sor, Encyclopedia Canadiana (1957), nor has 
he received mention in the various com- 
pendia of ornithological biographies. More 
incredibly, his writings did not come to light 
in time for mention by that careful historian 
of early North American ornithology, Elsa 
Guerdrum Allen. 

Isham was born in London, England, in 
17 16. He had a good general education for 
his time, but no special training in natural 
history. In 1732, at the age of 16, he was 
hired as a “writer” (and accountant) by the 
Hudson’s Bay Company. When only 21 
years old, he became the Chief at York Fac- 
tory. Next he was Chief at the headquarters 
post of Fort Prince of Wales at Churchill. 
When he returned to England on his first 
furlough in 1745-1746, he took with him 
the specimens he had collected; large, in- 
teresting and edible birds were over-repre- 
sented. These specimens he entrusted to 
George Edwards who depicted them in his 
splendid four-volume work. Edwards re- 
ferred to Isham, who had “obliged me ex- 
tremely by furnishing me with more than 
thirty different Species of Birds, of which 
we have hitherto had little or no Knowl- 
edge, the far greatest Part of them being 
non-descripts [not yet described to sci- 
ence]. . . . The Furs of the Beasts, and the 
Skins of the Birds were stuffed and pre- 
served very clean and perfect . . . and 
brought to London in the Year 1745” (Ed- 
wards 1750: 107). 

Edwards painted Isham specimens that 
became the official “type specimens” for the 
following species: Ardea herodias (Great 
Blue Heron); Anas caerulescens (Snow 
Goose, blue morph)*; Anas perspicillata 
(Surf Scoter); Tetrao canadensis (Spruce 

FIGURE 2. Whooping Crane, collected by James 
Isham, color painting by George Edwards (I 750). 

Grouse)*; Tetrao phasianellus (Sharp-tailed 
Grouse)*; Ardea americana (Whooping 
Crane) (Fig. 2)*; Ardea canadensis (Sandhill 
Crane)*; Rallus carolinus (Sara)*; Scolopax 
fedoa (Marbled Godwit); Scolopax hae- 
mastica (Hudsonian Godwit); Tringa fili- 
caria (Red Phalarope); Tringa lob&a (Red- 
necked Phalarope); Hirundo subis (Purple 
Martin). (Only the six species with asterisks, 
above, were discussed by Isham in his Ob- 
servations.) 

Not until his 12th edition in 1776 did 
Linnaeus describe Falco hudsonius, now a 
subspecies of Northern Harrier, Circus cy- 
aneus hudsonius. 

Some of Isham’s birds, especially the 
Marbled Godwit and possibly the Purple 
Martin and White Pelican, were in all like- 
lihood collected inland. For these species, 
the best designation of the type locality 
would be “Hudson’s Bay territory.” 

Isham provided Edwards with specimens 
of two species mentioned in the Isham 
manuscript, the White-fronted Goose and 
Black-billed Magpie. Another sixteen spe- 



ties were illustrated in the following se- millions of them, which Came from the 
quence by Edwards: Three-toed Woodpeck- Southwd flying in Ranges as the Geese does, 
er, Belted Kingfisher, Pine Grosbeak (male &c.: they are of a Blew Grey and abou’t as 
and female), Snow Bunting, American Bit- big as a dove pidgeon and Very Good Eat- 
tern, American Golden-Plover, Ruddy ing.” 
Turnstone, Horned Grebe, Arctic Loon, On the last page of his Natural History, 
Parasitic Jaeger, Tundra Swan, Ring Eider published in 1750, Edwards paid tribute to 
and Harlequin Duck. Isham may also have Isham, “to whose Curiosity and good Na- 
contributed the Canada Goose, White- ture I am beholden for the greatest Part of 
fronted Goose and Old-squaw, all from my History of Birds; and I believe the cu- 
Hudson Bay, although no collector was rious Part of the World will not think them- 
named. selves less obliged to Mr. Isham than I ac- 

His last two years at York were miserable. knowledge myself to be.” 
His gout became worse. For two months he 
complained of “weakness & stoppage in his 
throat.” He died on Monday 13 April 176 1, HUMPHREY MARTEN 

and was buried with a 21-gun salute. Humphrey Marten contributed from Al- 
Not until 1949 were Isham’s writings bany the type specimen of the Eskimo Cur- 

published in a 457-page book, James Zsh- lew that was named as a new species by 
am’s Observations on Hudson’s Bay, 1743- Johann Reinhold Forster in 1772. Marten 
1749 (Rich and Johnson 1949). These in- is thus important as one of the first two 
cluded notes on 23 species of birds: the six natural history collectors (with Andrew 
with asterisks above and: Red-throated Graham) in what is now Ontario, and the 
Loon, Common Loon, American White first person known to have put up bird boxes 
Pelican, Double-crested Cormorant, Amer- in what is now Canada. The boxes were 
ican Bittern, Tundra Swan, Greater White- immediately used by Tree Swallows. Mar- 
fronted Goose, Brant, Canada Goose, ten also played a major role in planning the 
Hutchin’s Goose, Common Eider, Willow first inland fur trading posts of the Hudson’s 
Ptarmigan, Rock Ptarmigan, Black Guille- Bay Company. 
mot or “willock,” Passenger Pigeon, North- Marten was born about 1729. An “un- 
em Flicker, Gray Jay, Black-billed Magpie, usually clear-headed man,” he was engaged 
and eagle, owl, “kite” and swallow, uniden- by the Company in the capacity of “writer” 
tified as to species. on 1 March 1750. He became acting chief 

Isham described the American White Pel- at York Factory during James Isham’s fur- 
ican as “a Large bird, with a great Bill Long lough in 1758-1759. He then founded Sev- 
neck? and short Legd. Carrying their neck ern, acting as chief from 1759 to 1761. He 
Like a Swan . . . under the throat hangs a served as chief at Albany for two terms, 
bag, which when fill’d wou’d hold 2 Gallons, 1764-1768and 1769-1774.Herehedidhis 
the Substance of itt is a thin membrane, of collecting. When in charge of the head- 
a sky Colour, they fly Very heavy and Low, quarters post, York Factory, in 1774-1775 
and fish is their Chiefest food, the Bouch, he both supported and directed Samuel 
as well as stomach has fish found in itt. The Hearne’s founding of the Company’s first 
Bouch or bag is purely to Keep their food inland fur trading post at Cumberland 
in; they are Eat by some.” House, within present-day Saskatchewan. 

Concerning the Passenger Pigeon he said, Marten had in many ways a difficult life 
“Its Very Rare to see any Pidgeons or doves, at the Bayside where journals could be writ- 
in these parts, or Downe by the sea side, ten only after the ink thawed, and strong 
tho in Land some hundred miles are Very beer froze solid in bottles two feet from a 
Numerious, once in 12 Year I Did see some stout fire. Yet he undertook some of the first 
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farming northwest of the St. Lawrence river 
valley, maintaining at York Factory a flour- 
ishing breed of cattle and pigs and a fine 
garden. 

During his second term as chief factor at 
Albany, 1769-l 774, Marten was called upon 
to provide the Royal Society of London with 
natural history specimens and information. 
He sent back to England, as Samuel Hearne 
reported, several hundred specimens of an- 
imals and plants. Marten’s initial shipment, 
sent with other specimens from Andrew 
Graham, contained 17 skins of seven spe- 
cies, including the skin of the Eskimo Cur- 
lew, described by Johann Reinhold Forster 
the next year as Scolopax borealis. Marten 
also sent home “a fine brace of Partridges 
a Cock & Hen,” both alive, and a pair of 
snowshoe hares, only the male surviving the 
voyage. 

Marten kept spring arrival dates for birds 
such as swallows, and reported late fall de- 
parture dates for snow buntings. He at- 
tempted unsuccessfully to have a domestic 
hen incubate eggs of the Sharp-tailed Grouse. 
For the 26 specimens of 21 species, Marten 
provided descriptions of the colors of soft 
parts that might fade before reaching En- 
gland, described the color of the pupil of the 
eye (!), the Cree Indian name, and for all 
but the Snow Goose, which nested farther 
north, the number of eggs. 

In 1949 and 1950, when Elsa G. Allen 
(Mrs. Arthur A. Allen) was writing her land- 
mark history of early North American or- 
nithology, her researches took her to the 
Royal Society offices in London. The li- 
brarian found for her a Marten manuscript, 
entitled “A Short Description of the Birds 
in a Box,” in which Marten described 26 
specimens by their native names. Mrs. Al- 
len published Marten’s description of the 
swallow (Allen 195 1). 

After his leave to Britain in 178 1-1782 
Marten returned to York Factory just in time 
to surrender York Factory to the French 
admiral, la P&rouse. Marten was taken back 
to France and held a prisoner for one year 
until the Treaty of Paris was signed. 

ANDREW GRAHAM 

Andrew Graham was born about 1733, 
probably near Edinburgh, Scotland. In 1749, 
as a lad of about 16, Graham joined the 
service of the Hudson’s Bay Company. In 
1753 he became assistant writer at York 
Factory under James Isham. Graham was 
so proficient as a clerk and accountant that 
he became Acting Chief at age 25 while Ish- 
am took a furlough to Britain in 1758-l 759; 
thereafter, until 176 1, Graham was second- 
in-command at York Factory. He was then 
promoted to Master at Severn House where 
he served until 1774, with three exceptions. 

In 1770, on his return from his first En- 
glish furlough and stimulated by Thomas 
Pennant, who had published the first three 
volumes of the second edition of his British 
Zoology, Graham began enthusiastically to 
collect natural history specimens at Sevem. 
He encouraged Humphrey Marten at Al- 
bany to do the same. 

At Severn, Graham became “the most 
industrious and systematic” collector (Wil- 
liams 1968) among the Company factors. 
Among the 64 skins of 39 bird species he 
sent from Severn in 177 1 were the type 
specimens for the Great Gray Owl (Strix 
nebulosa), Boreal Chickadee (Parus hud- 
sonicus), Blackpoll Warbler (Dendroica 
striata), and White-crowned Sparrow (Zo- 
notrichia leucophrys). These and one fish, 
the Longnose Sucker (Catostomus catosto- 
mus), were given their definitive Latin 
names by Johann Reinhold Forster in 1772, 
who gives his assessment of Graham as “a 
careful observer, and an indefatigable col- 
lector.” 

Forster failed to recognize the pelican as 
a species new to science. He mistakenly 
thought that the American White Pelican 
was the same as the Oriental Pelican de- 
scribed by Linnaeus and thus lost his op- 
portunity to bestow a Latin name. His mis- 
take was corrected when J. F. Gmelin in his 
13th edition of Systema Naturae, 1789, be- 
stowed the binomial of Pelecanus erythro- 
rhynchos. Graham’s natural history obser- 
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vations in HBC Archives manuscript E.21 
12, published as Observations, included 4 1 
mammals and 17 fish, as well as 92 species 
of birds. In the as yet unpublished manu- 
script E.2/5, Graham wrote of the Snow 
Bunting: “. . . we kill some of them with a 
net made for that purpose, which is put in 
a frame and set on the ground, one side 
being kept up by two sticks, and under it is 
scattered a little oatmeal or seeds of grass, 
and when they come to feed, the two sticks 
having a string fast to them is hawled out 
at pleasure, when the net falls down and all 
that are under made prisoners. They eat very 
fine in a pye.” 

Graham died at Prestonpans, Scotland, 
on 8 September 1815. Few authors have to 
wait 154 years after their death for their 
observations to be published and recog- 
nized. This was Andrew Graham’s strange 
fate. 

Hutchins’s detailed descriptions which 
accompanied the bird and mammal collec- 
tions from York Factory in 1772, included 
careful notes of the colors of soft parts, which 
might subsequently fade, measurements, 
and Cree Indian names for a number of spe- 
cies. He made a greater effort than Graham 
to collect small songbirds such as warblers. 
Additional evidence of Hutchins’s scientific 
approach is the notation by Pennant in the 
first edition of Arctic Zoology concerning 
the Burbot (Gadus Zota), “Mr. Hutchins 
counted, in a single fish, 671,248 ovaria.” 
However many hours or days this project 
required, it is evidence of the mindset and 
perseverance of Hutchins’s scientific curi- 
osity. 

After Hutchins returned to London in 
1783 to become Corresponding Secretary of 
the Hudson’s Bay Company at E 150 per an- 
num, he gave further information to Pen- 
nant. 

THOMAS HUTCHINS 

Thomas Hutchins, surgeon, fur trader and 
meteorologist, whose name is perpetuated 
in Hutchins’s Goose, Branta canadensis 
hutchinsii, was born somewhere in Great 
Britain about 1742. His first visit to Hud- 
son’s Bay was as surgeon on the King George 
ZZ, the Hudson’s Bay Company annual sup- 
ply ship, which unloaded supplies and load- 
ed the season’s furs at York Factory in 1765. 
He returned the next summer and stayed as 
surgeon for the Company. 

Concerning the Gray Jay, Hutchins said: 
“They feed on black moss, worms, and even 
flesh. When near habitations or tents, they 
are apt to pilfer every thing they can come 
at, even salt meat. They are bold, and come 
into the tents to eat victuals out of the dish- 
es, notwithstanding they have their hoard 
of berries lodged in the hollows of trees. 
They watch persons baiting the traps for 
Martins, and devour the bait as soon as they 
turn their backs. These birds lay up stores 
for the winter; and are seldom seen in Jan- 
uary, unless near habitations. . . . When 
caught, they pine away, and die, tho; their 
appetite never fails them. Detested by the 
natives of Hudson’s Bay” (Pennant 1792, 
2:290). 

Hutchins had a scientific bent. He made 
his first careful measurements of tempera- 
ture and atmospheric pressure during 177 l- 
1772 when he was with Andrew Graham at 
York Factory. In 1774-l 775 Hutchins add- 
ed a set of observations on the dipping nee- 
dle, and experimented with the congealing 
of mercury in severe cold. For the resulting 
publications in the Philosophical Transac- 
tions (1776, 1783) Hutchins was presented 
with the Copley gold medal by the Royal 
Society in December 1783, only the second 
Hudson’s Bay man to be awarded one of 
the highest annual prizes in science in the 
18th century. published as Appendix C of Andrew Gra- 

Concerning the Mourning Dove: “Mr. 
Hutchins informed me, a Pigeon with a red- 
dish head, and orbits, was found far inland 
. . . . ” (Pennant 1792, 3:7). 

In 1969, almost 200 years after they were 
written, Hutchins’s observations concern- 
ing 16 species of birds, 11 of which had not 
been listed by Andrew Graham, 14 species 
of fish, and seven species of mammals, were 
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ham’s Observations on Hudson s Bay, 1767- 
1791 (Williams 1969). 

For example, in his account of the Pec- 
toral Sandpiper Hutchins tells of finding 
several bird-lice which he examined under 
his microscope, an instrument that even a 
surgeon was remarkably fortunate to own 
in 1772. The lice appeared like “very beau- 
tiful Tortoise-Shells.” Hutchins, the sur- 
geon-scientist, provides weights of birds, 
perhaps the first person to record this in- 
formation in North America; 160 years lat- 
er, Dr. T. S. Roberts could find only one 
reliable source, a taxidermist named Lano, 
for such weight information. Hutchins com- 
piled Cree names for many additional spe- 
cies, something that Graham had initiated 
for about one-third (20) of the bird species 
in 1771. 

Two new species are mentioned in the 
Hutchins Royal Society manuscript that do 
not appear in Observations: the Ruddy 
Turnstone and an unidentifiable gull. An 
additional species, the Chepethewuck, 
weight about 25 ounces, is unquestionably 
the Greater Prairie Chicken in E2/9: “Pin- 
nated Grow: is found about Henley Settle- 
ment in Hudson’s Bay, legs covered with 
soft brown feathers, toes naked & pecinated. 
The tufts which distinguish this species from 
all others are rooted high in the neck, not 
far from the hind part of the head . . . .” 

Graham and Hutchins both had a firm 
understanding of bird migration, as Pen- 
nant had, in a time when Daines Barrington 
of the Royal Society was still claiming mi- 
gration to be preposterous. Graham and 
Hutchins, knowing of Barrington’s claim 
that swallows lie dormant during winter, 
made specific enquiries of Indians, both 
young and old, to confirm that none of them 
had observed such a phenomenon. 

Hutchins at times kept a meteorological 
joumalinwhichatYorkFortin 1771-1772 
he included spring migration dates and per- 
haps the first fall migration dates to be re- 
corded in North America: 

Sept. 12-Snow birds appear 

Sept. 2 1 -Snow birds & white geese plen- 
tiful. 

Sept. 27-Snow birds increased today- 
geese almost gone 

Oct. 4-ducks, geese & plover left us 
Nov. 2-Snow birds taking their depar- 

ture 
Nov. 14-saw a flock of winter small birds 

like Tom Tits 

Hutchins is the only one of the Hudson’s 
Bay naturalists to have a bird named for 
him, Branta canadensis hutchinsii. 

John Richardson wrote: “On Captain 
Parry’s second voyage, several flocks of 
Geese were seen on Melville Peninsula, 
which were thought by the officers of the 
Expedition to be the Anser Zeucopsis or Bar- 
nacle. . . . A number of specimens were se- 
cured . . . I have since obtained informa- 
tion, which leads me to believe that they 
actually belong to a distinct species, hitherto 
confounded with the A. Canadensis [Can- 
ada Goose]. They are well known in Hud- 
son’s Bay by the Cree name of Apistiskeesh, 
and are generally thought by the residents 
to be merely a small kind of the Canada 
Goose, as they have the white kidney-shaped 
patch on the throat, which is deemed pe- 
culiar to that species. . . . We have desig- 
nated the Apistiskeesh by the name of 
Hutchinsii, in honour of a gentleman from 
whom Pennant and Latham derived most 
of their information respecting the Hud- 
son’s Bay birds.” 

Richardson appended the following foot- 
note: “Some mistake occurs in Forster’s ac- 
count of the Canada Goose (Phil. Trans., 
lxii); the habits ofA. Hutchinsii (Small Grey 
Goose of Graham) being ascribed to the A. 
Canadensis; while the Large Grey Goose, 
mentioned in the same passage, is undoubt- 
edly the Canada Goose, which we know to 
be the only species that breeds abundantly 
about Severn River.” 

When P. A. Taverner (193 l), omitholo- 
gist at the National Museum of Canada, un- 
dertook a revision of the Canada Geese, he 
confirmed the small size of the geese from 
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FIGURE 3. Portrait of Samuel Hearne, from the Eu- 
ropean Magazine, June 1197. 

the arctic islands, and the “very small size 
and light breast and underbody . . . Weight 
. . . rarely as much as 5 pounds.” Richard- 
son’s measurements were consistent except 
that he gave the culmen as 1 inch, 8% lines 
or 43.5 mm., far too long. Taverner said 
“To anyone who has measured many Can- 
ada goose bills the solution is apparent. The 
feathering on the fore crown was worn away 
and did not give the true exposed culmen 
line . . . there can be no doubt that it was 
this little goose that Richardson designated 
hutchinsii and not its much larger relative 
to which the name has hitherto been at- 
tached. In order to avoid confusion with 
older references and to connect this bird 
with the man who first detected its distinct- 
ness I propose that it be known vernacularly 
as Richardson’s goose.” 

Now that subspecies are no longer given 
vernacular names, but retain only their Lat- 
in name, “Richardson’s goose” retains the 
single name of hutchinsii, and thereby hon- 
ours the surgeon and naturalist who spent 
about 26 years on Hudson’s Bay. It is highly 

probable that a future Check-List of the 
American Ornithologists’ Union will ac- 
cord it full specific status. 

SAMUEL HEARNE 

Samuel Heame’s exploits as an explorer, 
fur trader and author have been appreciated 
for more than two centuries. He is the only 
one of our six naturalists for whom a por- 
trait has been found (Fig. 3). Hearne was 
the first European to reach the Arctic coast 
of North America, travelling on foot with a 
group of Chipewyan Indians from Churchill 
to the mouth of the Coppermine River. He 
founded in 1774 the first inland trading post 
of the Hudson’s Bay Company at Cumber- 
land House, now Saskatchewan’s oldest set- 
tlement. This action kept the Hudson’s Bay 
Company in competition with the much 
larger North West Company. As James 
Marsh has written, Heame’s “literary art- 
istry . . . secured his fame in letters.” Yet, 
modem naturalists rarely refer to Hearne’s 
original and often incredibly apt observa- 
tions. Ironically, only the historians appear 
to appreciate what a good naturalist he was. 

Samuel Heame was born in London, En- 
gland, in 1745. He entered the navy at the 
age of 11, acting as servant to Admiral Hood, 
for six years. In 1766 he joined the Hudson’s 
Bay Company as a seaman and mate of the 
Charlotte, a position he held for three years, 
sailing out of Churchill. 

Heame was chosen by Moses Norton for 
the Company’s first major arctic explora- 
tion by land, to search for the fabled Neetha- 
san-san-dazey or “Far Off Metal River,” 
now known as the Coppermine River. 
Heame’s first journey began from Churchill 
on 6 November 1769, but lasted only one 
month and five days, because Heame was 
deserted by his Indian guide, Chawchina- 
haw. His second attempt, with an Indian 
guide named Conne-e-queese, began on 23 
February 1770 and lasted 8 months and five 
days. Heame was forced to return when he 
broke his quadrant, unable to make astro- 
nomical observations. 

Not a man to be discouraged easily, 
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Hearne set out again on 7 December 1770, 
this time with Mattonabee, a skillful leader 
of great prestige among the Chipewyan In- 
dians. His party reached the mouth of the 
Coppermine River on 16 July 177 1 where 
Hearne was the first white man to view the 
Arctic Ocean from the northern shore ofthis 
continent. 

Hearne was next assigned in 1774-1775 
to found the first inland trading post of the 
Hudson’s Bay Company, at Cumberland 
Lake. Occupied continuously ever since, 
Cumberland House celebrated its bicente- 
nary in 1974. 

Hearne also had a moment of ignominy, 
when he was compelled to surrender Prince 
of Wales’s fort to a French force under the 
celebrated French navigator, Jean Francois 
de Galaup, Comte de la P&rouse, on 8 Au- 
gust 1782. La Perouse found and claimed 
Hearne’s journal as a fair prize, but then 
returned the manuscript, already under re- 
vision, “on the express condition that he 
publish it” (Glover 1958). If la PCrouse was 
responsible for the eventual publication, the 
world owes him a great debt; at the least, it 
was a gentlemanly gesture. 

Heame then made a brazen request: that 
la P&rouse let him take one of the fort’s 
trading sloops which had been seized as a 
fair prize of war. La P&rouse acceded and 
Hearne sailed the little boat on a risky jour- 
ney from Hudson Strait directly back to 
Stromness in the Orkney Islands, a big im- 
provement over being taken prisoner back 
to Cadiz, Spain. 

Hearne did not sulk over his defeat and 
waste his time in England, as others might 
have done. That winter he met Thomas 
Pennant and gave him a copy of his natural 
history observations, a dozen years in ad- 
vance of their publication. As Glover has 
said, “the meeting of the two men was valu- 
able to both.” Pennant incorporated a num- 
ber of Heame observations into Arctic Zo- 
ology, which first appeared in print a little 
over a year after their meeting. Heame in 
turn inserted a number of references to Pen- 
nant in his manuscript. 

With the British again in possession, 
Hearne returned in 178 3 to restore the fort 
and resume charge of Churchill. He was still 
working on his book. Ill-health forced him 
to retire and return to England in 1787. Fol- 
lowing another five years of slow and 
“seemingly interminable” work on his 
manuscript, Heame submitted it for pub- 
lication in October 1792. He received the 
high price of E200 for it. A month later, 
when he died of “the dropsy,” he was only 
47. The book, A Journey from Prince of 
Wales’s Fort in Hudson’s Bay to the North- 
ern Ocean, his greatest achievement, was 
published in 1795, three years after his 
death. 

HEARNE’S JOURNAL 

Heame’s journal, readily obtained from 
most libraries, is one of the greatest travel 
narratives ever written. His frank and often 
understated accounts of hardship and star- 
vation are still well worth reading. Surpris- 
ingly few of Hearne’s usages in reference to 
natural history observations are dated. The 
term “willick” for the guillemot, one of the 
smaller seabirds of the Auk family, is now 
obsolete. He used the word non-descript 
correctly to mean a species not yet described 
to science. 

Hearne was a century ahead of his time 
in describing the habits of wild animals. He 
was an observer, not a collector. He was the 
first to give recognizable descriptions of the 
Ross’s Goose, Musk-ox, and Wood Buffalo, 
and accounts of the habits of the Arctic 
Ground Squirrel and Arctic Hare. He was 
the first to describe the nesting of the White- 
crowned Sparrow, on the ground at the root 
of a dwarf willow or a gooseberry. 

Heame described the Ross’s Goose as 
having the base of its bill studded with little 
knobs about the size of peas. This small 
goose was scarce at Churchill but more com- 
mon 200 or 300 miles to the northwest. 
When another well-known fur trader and 
naturalist, Bernard Rogan Ross (186 l), 
wrote about the mammals and birds used 
by the Chipewyan Indians, he listed the 
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“Horned-wavy Goose of Hearne” as a spe- 
cies still without a scientific name. The 
omission was quickly corrected that very 
year, when John Cassin gave the name of 
Anser Rossii to the specimen sent by Ross 
from Great Slave Lake. Cassin remarked 
that “this species has never again been no- 
ticed from the time of Hearne until the time 
of the receipt of the present specimens from 
Mr. Robert Kennicott, an enterprising young 
naturalist, now in the northern regions of 
British America, but has been constantly 
insisted on as a valid species in his letters 
to the Smithsonian Institution by Mr. Ber- 
nard R. Ross, an enthusiastic naturalist and 
careful observer in the service of the Hud- 
son’s Bay Company.” Bernard Rogan Ross, 
“a tart Londonderry Irishman,” was the 
chief trader at Fort Simpson, in charge of 
the entire Mackenzie district. Robert Ken- 
nicott had been the stimulus for men like 
Bernard Rogan Ross and Roderick Ross 
MacFarlane to collect specimens. 

Hearne owned “an excellent micro- 
scope,” a remarkable possession in that time 
and place. Being interested in the lice and 
other parasites on the Northern Lemming, 
he tried to examine them under the micro- 
scope. However the lens became damp with 
the moisture from his breath in his cold 
winter room, delaying further use until the 
busy summer season. 

Richard Glover, in his introduction to the 
1958 edition of Hearne’s Journey, recog- 
nized that “Samuel Hearne was, of course, 
another first class observer and reporter- 
in fact, a much better naturalist than [An- 
drew] Graham . . . head and shoulders su- 
perior to every other North American nat- 
uralist who preceded Audubon.” Glover 
singled out Hearne’s accounts of the 
Whooping Crane and the beaver as es- 
pecially well done. 

Heame understood sexual dimorphism, 
the male Willow Ptarmigan being larger. His 
description of the variable size of ptarmigan 
showed he had some understanding of what 
was later to be described as Gaussian dis- 
tribution. Some of Heame’s observations 

on the Ruffed Grouse were a century ahead 
of their time. He told how this species makes 
its nest on the ground, generally at the foot 
of a tree, and lays 12 or 14 eggs. He realized 
as many others did not, that the noise of 
“drumming” was made by “clapping their 
wings with such a force, that at half a mile 
distance it resembles thunder.” He noted 
that the pouch at the base of the pelican’s 
beak had a capacity of three quarts, and 
that, in the 1770s as today, muskrat houses 
were favorite nesting sites for Canada Geese. 
Hearne examined the “windpipes” of both 
the Whistling and Trumpeter Swan. Al- 
though he noted that the convoluted wind- 
pipe passed into the broad and hollow breast 
bone of the swan and after passing the length 
of the sternum, returned into the chest to 
join the lungs, he erroneously reported that 
both species had identical anatomy even 
though their notes were quite different in 
pitch. Pigeons, cranes and curlews were reg- 
ularly shot for food. Heame provided one 
of the earliest accounts of the Passenger Pi- 
geon, flying in large flocks in the interior 
near Cumberland House, where he saw 12 
killed at one shot. The Whooping Crane even 
then was not common, usually seen only in 
pairs and not very often. It was good eating. 
The wing bones were so long and large that 
they were sometimes made into flutes. 
Heame was the first to recognize two dif- 
ferent species of curlew, the Hudsonian 
Curlew and the Eskimo Curlew. He also gave 
important information concerning the 
northern edge of the Eskimo Curlew breed- 
ing range-Egg River, on the west coast of 
Hudson’s Bay at 59 degrees, 30 minutes 
north, about 150 miles north of Churchill. 
But he did not restrict his attention to edible 
birds; he also described small birds such as 
the chickadee. 

He understood well the concept of bird 
migration, but also recognized that other 
species such as the ptarmigan and Arctic 
Hare were year-round residents. He de- 
scribed the Trumpeter Swan as the first spe- 
cies of waterfowl to return in spring, some- 
times as early as late March, before the ice 
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of the rivers had broken up. At that time 
they frequented the open waters of falls and 
rapids. 

Hearne provided valuable information 
concerning the numbers of some species of 
animals at the time when the fur trade 
reigned supreme. In January 1775 at Cum- 
berland House the men brought back 26 
grouse on one occasion and on another day 
brought 13 sledge loads of elk meat to the 
fort. Within half a mile of Churchill as many 
as 40 Arctic foxes could be killed in one 
night, while during one winter 120 foxes in 
the traps were destroyed by other foxes. In 
1774 Hearne’s men killed 11 black bears in 
one day of canoe travel between York Fac- 
tory and Cumberland House. At Anawd 
Lake in the North West Territories 20 or 
30 hares could be snared in a single night. 
One Indian could kill 20 Spruce Grouse in 
a day with his bow and arrow. Some Indians 
would kill upward of a 100 Snow Geese in 
a day, whereas the most expert of the En- 
glish hunters would think it a good day’s 
work to kill 30. At Albany Fort in one sea- 
son 60 hogsheads of them were salted for 
winter consumption. Arctic Terns, ranked 
by Heame among “the elegant part of the 
feathered creation,” occurred in flocks of 
several hundreds; bushels of their eggs were 
taken on a tiny island. 

Heame once saw a flock of over 400 Wil- 
low Ptarmigan near the Churchill River. The 
Indians framed nets on stakes, placed over 
gravel bait, to entice ptarmigans to gather 
under the net. When the stake was pulled 
to drop the net on top of the birds, three 
people could catch up to 300 in one mom- 
ing. In the winter of 1786 Mr. Prince at 
Churchill caught 204 ptarmigan with two 
separate pulls. Ptarmigan feathers made ex- 
cellent beds and the feathers were sold at 
the rate of 3 pence per pound. The smaller 
Rock Ptarmigan would not go under nets 
but up to 120 could be shot in a few hours. 

From our point of view Heame’s account 
of the large subspecies of the Canada Goose 
best reveals his scientific bent of mind. He 
met these very large geese on the barren 

grounds. Most naturalists who read Heame 
appear to have walked right by this one. He 
did not call them the Barren Geese because 
they summered on the barren grounds, but 
rather because of the “exceeding smallness 
of their testicles.” 

The modem status of this large goose has 
been somewhat controversial. Hanson’s 
book, The Giant Canada Goose, published 
in 1965, presents the results of recent re- 
search. Hanson believes that the Canada 
Geese nesting in Minnesota and Southern 
Manitoba and Saskatchewan belong to the 
giant race, Branta canadensis maxima, pre- 
viously believed to be extinct. This race is 
characterized by a wing span of six feet or 
more in adult males, an unusually long neck, 
and frequently a white spot above the eye. 
They weigh anywhere from 8 pounds for an 
immature female to 18 pounds for an adult 
male, certainly reaching the 16 to 17 pounds 
weight cited by Heame. 

Hanson also tells about the capture of 
flightless Canada Geese on the tundra in 
Keewatin Territory. Some of these imma- 
ture birds carried bands previously placed 
on them in Minnesota and Manitoba. They 
had journeyed about 1000 miles north in 
order to molt. Because they were not breed- 
ing they arrived in the far north later in the 
year than the other geese, as Heame had 
said. Since they did not breed that summer, 
they had small testicles. Thus it took nearly 
two centuries to elucidate the precise sci- 
entific explanation for the phenomenon 
noted with such insight by Samuel Heame, 
perhaps the most talented of the early nat- 
uralists on this continent. 

CONCLUSION 

The six fur traders from Hudson’s Bay 
not only made contributions that must not 
be forgotten, but they set the stage for the 
arrival of Dr. John Richardson, surgeon and 
naturalist with the two arctic exploring ex- 
peditions led by Sir John Franklin in 18 19- 
1822 and 1825-1827. Both expeditions, in 
whole or in part, came and left through the 
HBC depot of York Factory on Hudson Bay 
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and relied extensively on the Company for 
supplies and for manpower. Richardson was 
assisted by Robert Hood on the first expe- 
dition and Thomas Drummond, who col- 
lected separately in the Canadian Rocky 
Mountains, on the second expedition. From 
Saskatchewan alone, Richardson, Hood and 
Drummond collected and/or named seven 
new species, Wilson’s Phalarope, Franklin’s 
Gull, Forster’s Tern, Olive-sided Flycatch- 
er, Chipping Sparrow, Smith’s Longspur, 
and Rosy Finch, and seven subspecies. In 
the Rocky Mountains, Drummond took the 
type specimens of the White-tailed Ptar- 
migan and the Black-backed Three-toed 
Woodpecker, while the Trumpeter Swan was 
named from Hudson Bay. As a result of 
Richardson’s observations, birds of the Sas- 
katchewan River were better catalogued, 
before settlement, than any other region in 
North America. 
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PIONEERING AND NATURAL EXPANSION OF BREEDING 
DISTRIBUTIONS IN WESTERN NORTH AMERICAN BIRDS 

NED K. JOHNSON 

Abstract. Using as a baseline the distributional literature of the late 1950s+arly 1960s 1 compiled 
records for 24 species of birds from Audubon Field Notes, American Birds, and other sources which 
document massive pioneering and large-scale expansion of nesting distributions over the last three 
decades in the contiguous western United States. Four northern species have extended their ranges 
southward, three eastern species have expanded westward, 14 southwestern or Mexican species have 
moved northward, one Great Basin-Colorado Plateau species has expanded radially, and two Great 
Basin-Rocky Mountain subspecies have expanded westward. Breeding range expansions in migratory 
bird species are led predominantly by pioneering males. These range adjustments are not responses 
to anthropogenic influences. Instead, climatic change in the new regions of occupancy apparently has 
provided regimes of increased summer moisture and higher mean summer temperature typical of pre- 
expansion distributions. 

Key Words: Birds; pioneering; distributional change; climatic change; western United States. 

Because of unusual conspicuousness and 
mobility, birds are superior organisms for 
the documentation of rapid distributional 
change. Such change is often an obvious 
consequence of widespread, human-in- 
duced environmental modification. Given 
the pervasiveness of avian response to the 
direct and indirect activities of humans, 
small wonder that the simultaneous under- 
current of natural distributional change of- 
ten passes unnoticed. 

My purposes are (1) to review records of 
selected species that document apparently 
natural examples of pioneering and ex- 
panding breeding distributions in western 
North America, (2) to search for patterns 
among the taxa reviewed, (3) to discuss pro- 
cesses potentially responsible for any pat- 
terns discerned, and (4) to comment on the 
dynamics of range expansion. 

METHODS 

Documentation of avifaunal change re- 
quires a temporal baseline against which 
subsequent records can be compared and 
evaluated. For the western United States, 
such a baseline was lacking at the turn of 
the century because avian distributions were 
too poorly known. From the early 1900s 
through the 1950s however, regional avi- 
fauna1 surveys accompanied by mass col- 
lecting established reasonably precise 

breeding ranges for most species. Thus, the 
range for each species in the Fifth Edition 
of the Check-list of North American Birds 
(American Ornithologists’ Union [ = AOU] 
1957) was chosen as the baseline in this 
study except where noted. 

Distributional changes for selected spe- 
cies were identified by comparing this mid- 
century baseline with subsequently published 
regional avifaunal compilations, including 
AOU (1983). For detailed information on 
pioneers and extralimital nesting over the 
last three decades, I tallied nesting season 
records cited in Audubon Field Notes (1963- 
1970) and its successor, American Birds 
(197 l-l 992). I emphasize extralimital late 
spring records because they often point to 
pioneering and imminent summer resi- 
dence. I define pioneering as the presence 
of a singing male or a pair in appropriate 
breeding habitat. Restriction of the tally to 
late spring vagrants (“overshoots”) listed in 
nesting season reports reduced the chance 
of including true spring migrants typically 
listed in the spring migration reports. To 
save space, records are cited by year, journal 
abbreviation (either AFN or AB), volume, 
and page rather than by regional editor. Ref- 
erences cited are neither geographically nor 
temporally exhaustive; instead, they pro- 
vide an overview of the direction and rel- 
ative timing of distributional change. Range 
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expansions represented by abundant rec- 
ords are documented in an Appendix. Be- 
cause my primary goal was to review natural 
range expansions, I deliberately excluded 
species whose distributional histories pro- 
vided clear evidence of association with hu- 
man-modified habitats. Scientific and ver- 
nacular nomenclature follow the American 
Ornithologists’ Union (1983, 1989). 

RESULTS 

NORTHERN SPECIES EXPANDING SOUTHWARD 

Four species of birds with basically north- 
ern distributions have expanded their nest- 
ing ranges southward over the last several 
decades. For a number of species, the pio- 
neering and range expansions are continu- 
ing. 

Lams pipixcan. Franklin’s Gull. Alcom 
(1988) reported nesting of this species at 
Carson Lake, Nevada in 1971 and 1975. 
Malheur Lake, Oregon (Littlefield 1990) and 
Great Salt Lake, Utah (Behle and Perry 
1975) are the nearest persistent nesting col- 
onies, either of which presumably served as 
the source of the Carson Lake birds. Nesting 
at Malheur Lake itself only dates from 1948 
(Jewett 1949). An expansion of the breeding 
distribution in Montana is also indicated 
(Skaar et al. 1985) with either positive or 
circumstantial evidence of nesting in five 
and six latilongs, respectively. The Ameri- 
can Ornithologists’ Union (1957) listed only 
a single breeding record for Montana. Tay- 
lor (1992) documented widespread breed- 
ing sites and greater abundance in recent 
years in Idaho. Spring and summer non- 
breeding records in Idaho also have in- 
creased. Moreover, the species also now 
nests in northwestern Wyoming (AOU 
1983) a state not included in the breeding 
distribution outlined in AOU (1957). Fi- 
nally, pioneering (without definite nesting) 
is strongly indicated for Colorado, where 
the species has increased dramatically since 
the 1920s and where non-breeders are un- 
common in early summer (Andrews and 
Righter 1992). A broad pattern of expanded 

southerly nesting, spring and summer pio- 
neering, and increased abundance in the 
northwestern United States is indicated. 

Aegolius jiunereus. Boreal Owl. The AOU 
(1957) gave the southern limit of the breed- 
ing range of this species in western North 
America as northern British Columbia and 
central Alberta, with wintering birds 
spreading southward to southern British 
Columbia and northern Montana. As Fig- 
ure 1 illustrates, in recent decades the Boreal 
Owl has been recorded during the breeding 
season from southern British Columbia 
(Campbell et al. 1990) southward through 
the subalpine forests of northern and east- 
ern Washington, northern and eastern Ida- 
ho, western Montana (Hayward et al. 1987, 
Skarr et al. 1985, Stephens and Sturts 199 1, 
Whelton 1989) to eastern and southern 
Wyoming(AB 34:917, AB 40:1235, AB 42: 
1323) Colorado (Andrews and Righter 
1992), and northern New Mexico (Stah- 
lecker and Rawinski 1990, AB 46: 1163). 
Thus, the entire mapped nesting distribu- 
tion in Figure 1 dates from August 1963, 
when Baldwin and Koplin (1966) discov- 
ered juveniles in north-central Colorado. 
Note that the current nesting distribution 
extends for hundreds of miles south of the 
previously known southern limits of the 
winter range. 

Many new records were obtained through 
nocturnal surveys in remote regions in late 
winter and spring, when this elusive species 
is calling independently or can be induced 
to respond either to tape recordings or to 
whistled imitations of vocalizations. A sig- 
nificant number of summer records, how- 
ever, surfaced without such surveys: one 
killed by car (AB 29: 1012) one dead on 
ground (AB 30:984), one dead on road and 
another found in chimney (AB 33:885), a 
juvenile in campground (AB 40: 1247), and 
a juvenile being mobbed by chickadees (AB 
46: 1158). Other owls have been discovered 
by hikers and forest workers. These records 
suggest that recent numbers are at least suf- 
ficient to have increased the probability of 
such random encounters. 
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300 

Boreal Owl 
Aegolius funereus 

FIGURE 1. The dashed line indicates the approximate border of the current nesting distribution of the Boreal 
Owl in southwestern British Columbia and the contiguous western United States. AN symbols represent specific 
localities of summer presence since 1963. Blackened pie slices denote occurrence in the half-decade period 
indicated by the diagram in the lower left. A line protruding from the pie slice represents positive evidence of 
breeding. 

Although it will never be possible to es- Seiurus noveboracensis. Northern Water- 
tablish either former absence or rarity in thrush. Contreras (1988) summarized sum- 
regions where the species can now be found mer records in the central Cascades of Or- 
in numbers, the pattern of records at least egon, where this warbler has been found 
suggests an explosive increase since the since 1977. Formerly the species was known 
1950s in the Cascades and Rocky Moun- in the state only as a straggler (Gabrielson 
tains. Even if uncommon, this owl would and Jewett 1940). Contreras also cites re- 
not have been overlooked by naturalists and ports that indicate breeding in Washington, 
others active throughout this region during where Jewett et al. (1953) listed it as hy- 
the early part of this century. Whether cur- pothetical, and recent range expansion and 
rent populations in the United States re- increase in abundance in British Columbia. 
sulted from (1) a major southward incursion With reference to Oregon, he states that, 
from Canadian nesting populations, (2) ex- “The area was not often visited by observers 
pansion from local and rare relictual distri- prior to discovery of the water-thrushes, so 
butions surviving in the western mountains the birds may have been present unob- 
since the Pleistocene, or (3) a combination served for many years.” Nonetheless, the 
of both sources, cannot be determined. region of the Cascade Mountains where wa- 
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terthrushes now occur regularly during the 
summer was not ignored by bird collectors 
and other naturalists in the first half of the 
present century. The large number of new 
records for Oregon, nesting in Washington, 
and expansion in British Columbia all point 
to a population increase and southerly ex- 
tension of nesting range in the Pacific 
Northwest in the past 15 years or earlier. 

Loxia leucoptera. White-winged Cross- 
bill. AOU (1957) listed this species as breed- 
ing sporadically south to Washington, 
northeastern Oregon, and Montana. Rec- 
ords in the ensuing decades document more 
continuous summer presence at the south- 
ern edge of the known range as well as a 
major southward range expansion. Positive 
nesting records have been obtained in Utah 
in 1977 (Smith 1978), Colorado in 1987 
(Groth 1992), and probable breeding either 
in New Mexico or (nearby) elsewhere in the 
southern Rockies (AB 36:207). Numbers 
began to swing upward in the mid-1970s. 
Widespread summer reports, sometimes of 
flocks of up to 100 individuals, which in- 
dicate extensive nomadism and at least oc- 
casional breeding in the subalpine forests of 
southwestern Canada and the western Unit- 
ed States, are provided in the Appendix. 

EASTERN SPECIES EXPANDING WESTWARD 

In recent decades the following three spe- 
cies of birds of fundamentally eastern North 
American distribution have invaded west- 
ern North America. 

Strix varia. Barred Owl. Although by the 
middle of the present century the breeding 
range of this species reached only as far west 
as northern British Columbia and eastern 
Montana (AOU 1957), in recent decades 
this owl has dramatically expanded west- 
ward to the Pacific Coast from southeastern 
Alaska (AOU 1983) to southwestern British 
Columbia (Campbell et al. 1990), Washing- 
ton (Taylor and Forsman 1976), western 
Oregon (1990, AB 44:1178; 1991, AB 45: 
1152-l 156), northwestern California (1990, 
AB 44: 1182), southeastern Idaho (Stephens 
and Sturts 1991), and western Montana 

(Skaar et al. 1985). The speed with which 
the expansion occurred has been just as im- 
pressive as the distance traversed. 

Several authors (Hejl 1994, Root and 
Weckstein 1994, and references cited there- 
in) have opined that the westward incursion 
of the Barred Owl is a response to forest 
fragmentation and increased proportion of 
second-growth in the Northwest. I see no 
evidence for this. Indeed, in British Colum- 
bia, the region for which the best informa- 
tion on habitat use is available, the species 
is “primarily a bird of deep forests” (Camp- 
bell et al. 1990:374). Moreover, this owl has 
been recorded in pristine habitats in many 
regions, e.g., Glacier National Park (AFN 
1969, 23:677) and, most recently, near 
Jackson, Wyoming (AB 1992,46: 1158). Fi- 
nally, it is relevant to note that widespread 
logging in northwestern North America an- 
tedated the invasion of the Barred Owl by 
many decades. Until the possible role of 
human habitat modification is proved, I hy- 
pothesize that the range expansion in the 
Barred Owl has resulted from natural caus- 
es. 

Ernpidonax minimus. Least Flycatcher. 
In the last two decades, a plethora of pio- 
neers, mostly singing males, have moved 
westward and southwestward in North 
America from the previously known breed- 
ing range of this species (Fig. 2). Nesting has 
occurred at several sites in British Columbia 
(1966, AB 20:587; 1968, AB 22:630), north- 
ern Washington (1975, AB 29:1009; 1990, 
AB 44: 1179), and at least once in north- 
eastern California (1984, AB 38: 1058). The 
majority of the records fall in the period 
1973-1992. The Appendix documents 
presence and timing by province and state. 
Note that the distribution of records in space 
and time is most continuous near the mar- 
gin of the former range. 

Passerina cyanea. Indigo Bunting. From 
a status in the mid-1950s of rare vagrant, 
this species has massively invaded the 
southwestern United States in the last sev- 
eral decades; in several regions it breeds 
commonly (see map in Payne 1992). Al- 
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FIGURE 2. The pattern of diagonal lines indicates the approximate nesting range of the Least Flycatcher as 
of the mid- 1950s in southwestern Canada, Montana, and Wyoming. The dashed line demarcates the approximate 
outline of occurrence of pioneers and new extralimital nesting localities of the species in southwestern British 
Columbia and the contiguous western United States. See legend to Figure 1 for explanation of symbols. 

though some invaders have used thickets 
and secondary growth resulting from hu- 
man habitat modification, many have oc- 
curred in undisturbed vegetation. Further- 
more, secondary growth was available for 
decades prior to occupancy in much of the 
southwest and similar seral growth is still 
unoccupied over vast sections of the north- 
western United States. These facts provide 
evidence that humans have played no ob- 
vious role in this expansion. I have not at- 
tempted to compile the abundant records. 

SOUTHWESTERN SPECIES EXPANDING 

NORTHWARD 

Fourteen species with traditional ranges 
in Mexico and the southwestern United 

States have moved northward since the mid- 
decades of the present century: 

Buteogallus anthracinus. Common Black- 
Hawk. The AOU (195 7) considered Central 
Arizona to be the northern nesting limit of 
this species, a status corroborated by Phil- 
lips (1968). By the early to mid- 1960s it had 
nested in the Virgin River Valley in Utah 
and Arizona (Carter and Wauer 196 5, Wauer 
and Russell 1967, Behle and Perry 1975). 
The AOU (1983) reported attempted breed- 
ing in southern Nevada, and Alcom (1988) 
included reports from the 1970s and early 
1980s from sites as far north as Elgin, Lin- 
coln County. The first occurrence in Cali- 
fornia was of a spring vagrant in Riverside 
County, April 1985, reported by Daniels et 



al. (1989). In sum, the records indicate per- Dendroica graciae. Grace’s Warbler. This 
sistent recent pioneering and rare nesting at warbler pioneered to appropriate habitat in 
the northern limits of the Mojave Desert. California from 1974-l 977 (Johnson and 

Buteo albonotatus. Zone-tailed Hawk. Garrett 1974, Garrett and Dunn 198 l), and 
This species first appeared in the Santa Rosa was established for breeding by the early 
Mountains, California, in 1978 and unsuc- 1970s in at least five mountain ranges in 
cessfully attempted to nest in 1979-l 98 1 southern Nevada where previously un- 
(Weathers 1983). From 1986-l 992, Zone- known (Johnson 1965, 1973, 1974). 
tailed Hawks either definitely or probably Cardellina rubrifrons. Red-faced War- 
nested on Hot Springs Mountain, San Diego bler. This is a weakly expanding species, 
County, California (AB 1992, 46: 1178). with scattered records of pioneers from 
These localities extended the range from 1973-1978 in California (AB 27:920; AB 
nearest known sites in the San Pedro Martir 29: 1036; Garrett and Dunn 198 1) and Ar- 
region, northern Baja California (AOU izona (AB 29:1017; AB 31:1174; AB 32: 
1957) and at Bill Williams Delta, Lower 1197) and an extralimital nesting in New 
Colorado River Valley (Rosenberg et al. Mexico in 1982 (AB 36:1007). New local- 
199 1). Garrett and Dunn (198 1) cited sev- ities are plotted in Figure 5. 
eral spring records of nonbreeding birds in Setophagapicta. Painted Redstart. A pat- 
southern California. The increasing fre- tern of irregular northern pioneering in this 
quency of these records in the 1970s sug- species is evidenced by repeated spring rec- 
gests persistent pioneering from the south ords of visitants and at least one nesting 
and southeast. Spring and early summer record in southern California (Johnson and 
sight records from southern Nevada from Garrett 1974, Garrett and Dunn 198 I), 
1975-1980 (Alcom 1988) also fit this pat- southern Nevada (Johnson 1965, Alcorn 
tern. 1988) southwestern Utah (Behle and Perry 

Caprimulgus vociferus. Whip-poor-will. 1975) central-western Colorado (Andrews 
Although extralimital breeding has not been and Righter 1992) Arizona (Monson and 
reported because of the difficulty of finding Phillips 198 l), and New Mexico (Hubbard 
nests, numerous late spring and summer 1978). 
records of calling birds document a clear Piranga Java. Hepatic Tanager. Recent 
pattern of northward pioneering in the decades have seen extralimital nesting of 
southwestern United States (Fig. 3). Cita- this tanager in California and Colorado and 
tions for specific records are listed in the a scattering of late spring and summer pi- 
Appendix. oneers (Fig. 6). Citations for these records 

Euptilotus neoxenus. Eared Trogon. Al- are in the Appendix. 
though rare in adjacent Mexico, this species Piranga rubra. Summer Tanager. Reflect- 
has appeared irregularly in the summer ing their common preference for riparian 
months since 1977 in the mountains of habitats, this species and the Brown-crested 
southeastern Arizona (1989, AB 43:1350; Flycatcher show strikingly similar range ex- 
199l,AB45:1146; 1992,AB46:1161).Two pansions in southern California, southern 
reports for east-central Arizona in June 1992 Nevada, and southeastern Utah (Fig. 7). In 
(AB 46: 116 1) require confirmation. contrast to the flycatcher, however, the tan- 

Myiarchus tyrannulus. Brown-crested ager has also spread northward in New 
Flycatcher. Traditionally a Colorado Desert Mexico, apparently from the Rio Grande 
or Sonoran species, in recent decades this Valley. The Appendix lists specific citations 
flycatcher has expanded northwestwardly to for new records. 
the limits of the Mojave Desert in Califor- Guiraca caerulea. Blue Grosbeak. This 
nia, Nevada, and Utah (Fig. 4). Documen- species has expanded its summer range 
tation for the new mapped localities is given northward by several hundred miles over 
in the Appendix. the last three decades (Fig. 8). A surprising 
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FIGURE 3. The pattern of diagonal lines indicates the approximate nesting range of the southwestern form 
of the Whip-poor-will as of the mid- 1950s in Arizona, New Mexico, and Texas. The dashed line indicates the 
approximate northern limit of occurrence in the last three decades of extralimital summer birds without proof 
of nesting. Empty circles represent localities without specific dates in the literature. See legend to Figure 1 for 
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Brown-crested Flycatcher 
Myiarchus tyranndus magister J 
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FIGURE 4. The Pattern of diagonal lines indicates the approximate nesting range of the northwestern form 
of the Brown-crested Flycatcher as of the mid- 1950s in southeastern California, Arizona, and southwestern New 
Mexico. The dashed line indicates the approximate limits of pioneering and of nesting (symbols with protruding 
lines) in the last three decades. See legend to Figure 1 for explanation of symbols. 
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FIGURE 5. The pattern of diagonal lines indicates the approximate nesting range of the Red-faced Warbler 
as of the mid- 1950s-early 1960s in Arizona and southwestern New Mexico. The dashed line shows the northern 
limit of the occurrence of pioneers and one extralimital nesting in northcentral New Mexico in the last three 
decades. See legend to Figure 1 for explanation of symbols. 
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FIGURE 6. The pattern of diagonal lines indicates the approximate nesting range of the Hepatic Tanager as 
of the mid- 1950s-early 1960s in Arizona, New Mexico, and western Texas. Symbols denote localities ofwestward 
and northward pioneers and colonists in the last three decades. See legend to Figure 1 for explanation of symbols. 
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number of positive nesting localities are 
plotted: southern Idaho (1981, AB 35:963; 
1986, AB 40: 1232) west-central Nevada 
(1969 [Alcom 19881, Utah (1990, AB 44: 
1163) Wyoming (1982, AB 36:1002; 1985, 
AB 39:944), and Colorado (1971, AB 25: 
887; 1984,AB38:1047; 1987,AB41:1470). 
Specific references documenting these 
mapped records, and a few recent occur- 
rences near the periphery of the former 
known range, are provided in the Appendix. 

Icterus parisorum. Scott’s Oriole. Since 
the 1960s this oriole has steadily pioneered 
northward and colonized the interior of the 
contiguous western United States. Probable 
or certain nesting has been reported in 
southeastern Idaho (1972, AB 26:886), 
northern Nevada (1976, AB 30:985; 1980, 
Alcom [1988]), central Utah (1963, AFN 
17:474; 1965, AFN 19:568; 1971, AB 25: 
887; 1980, AB 34:917), southwestern Wy- 
oming (1982, AB 36:1002), and western 
Colorado (1980, AB 34:917; 1983, AB 37: 
10 12). Principal new late spring and sum- 
mer localities are plotted in Figure 9. Ci- 
tations of reports which document these 
mapped localities and other peripheral nest- 
ing season stations are given in the Appen- 
dix. 

Aimophila cassinii. Cassin’s Sparrow. 
Faanes et al. (1979: 164) reported that “In 
a period of only 5 years [1974-19791, Cas- 
sin’s Sparrow has apparently extended its 
breeding range into Wyoming, Nebraska and 
South Dakota. Maximum extension was the 
Wyoming record, a distance of 350 km.” 
These authors also mention other reports 
from the same time period of range expan- 
sion in more southern regions of the western 
United States. 

Amphispiza quinquestriata. Five-striped 
Sparrow. The first record of this species for 
the United States was from southern Ari- 
zona in June 1957. The next report (1969) 
was from Patagonia, Arizona where it had 
not been found previously despite repeated 
earlier visits by ornithologists, but where it 
has been found every year since. Mills (1977) 
reported a substantial number of local pop- 

ulations in southern Arizona which held a 
combined minimum estimate of 57 adults 
in 1977. Monson and Phillips (1981:195) 
termed the species, “A presumed recent im- 
migrant from Mexico.” 

GREAT BASIN-COLORADO PLATEAU SPECIES 

EXPANDING RADIALLY 

Empidonax wrightii. Gray Flycatcher. 
This species has expanded its nesting range 
in all directions from the former stronghold 
in the Great Basin and Colorado Plateau 
(Fig. 10). Furthermore, it is now common 
or abundant at many of the new localities 
and nests to the periphery of the new dis- 
tribution. Johnson and Garrett (1974) and 
Johnson and Cicero (1985) provided de- 
tailed records for new localities in southern 
and central California, and Cannings (1987) 
discussed the extension into Washington 
state and British Columbia. Documentation 
for additional mapped locality symbols is 
found in the Appendix. 

GREAT BASIN-ROCKY MOUNTAIN 

SUBSPECIES EXPANDING WESTWARD 

Vireo solitaries plumbeus. Solitary Vireo. 
Johnson (1965,1973,1974) documented the 
spread of this form in southern Nevada, and 
Johnson and Garrett (1974) reviewed rec- 
ords for westward colonization in Califor- 
nia, where it was first detected in the sum- 
mer of 1962. This major adjustment in 
breeding range continues, for in June 1988, 
V. s. plumbeus was found in Alpine County, 
California and recently it reached northern 
Lander County (June 199 l), Pershing 
County (June 1992) and Humboldt County 
(June 1993) Nevada (NKJ ms). 

Anthus rubescens. American Pipit. Miller 
and Green (1987) carefully chronicled the 
westward incursion of the form A. r. alticola 
into the alpine zone ofthe central and south- 
em Sierra Nevada. The first breeding season 
reports date from 1971-1972, and the first 
nests were found in 1975. By the mid- 1980s 
the species was nesting commonly. Impor- 
tantly, prior to the discovery of breeding 
pipits in the Sierra Nevada, many early or- 
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Scott’s Oriole 
Icterus parisorum 
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FIGURE 9. The pattern of diagonal lines shows the approximate nesting range of the Scott’s Oriole in the 
Southwest as of the middle of the present century. The northern limit in Nevada is based in part on records in 
Linsdale (1936). The two dated locality symbols are documented in Oberholser (1918) and Twomey (1942). 
Records of the last three decades document pioneering and extralimital nesting to the extent of the dashed line. 

_ See legend to Figure 1 for explanation of symbols. 

nithologists and other naturalists had spent 
extended periods in the alpine zone of that 
range without encountering this species as 
a summer resident. 

DISCUSSION AND CONCLUSIONS 

PATTERNS OF DISTRIBUTIONAL CHANGE 

In common with ecologic niches, breed- 
ing distributions of birds are species-spe- 
cific. Unique geographic ranges presumably 
reflect the unique spatial distribution of 

places which satisfy the innate requirements 
of each species. These needs include partic- 
ular kinds of food, foraging and nesting sites, 
refuges, and innately selected habitats, all 
within preferred daily and seasonal regimes 
of temperature and humidity (Grinnell 19 14, 
19 17; Salt 1952). Given these idiosyncratic 
requirements, broad distributional congru- 
ence among species is not to be expected. 
Nonetheless, four disparate taxa, a gull, an 
owl, a warbler, and a finch, demonstrated 
southwardly-expanding ranges. Similarly, 

FIGURE 7. The pattern of diagonal lines shows the approximate breeding range of the western form of the 
Summer Tanager as of the mid- 1950s-early 1960s in the Southwest. Localities of range expansion by pioneers 
and colonists in the last three decades are denoted by the symbols and dashed line. See legend to Figure 1 for 
explanation of symbols. 

FIGURE 8. The pattern of diagonal lines demarks the approximate breeding regions of the Blue Grosbeak in 
the southwestern United States as of the mid-1950s+arly 1960s. Symbols for the occurrence of pioneers and 
new nesting localities in the last 30 years are enclosed by a dashed line that indicates the approximate boundary 
of the range expansion. See legend to Figure 1 for explanation of symbols. 
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FIGURE 10. The pattern of diagonal lines shows the approximate breeding range of the Gray Flycatcher as 
documented by Johnson (1963). Localities of extralimital nesting and a few pioneers in the last 30 years are 
indicated. See legend to Figure 1 for explanation of symbols. 
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three species traditionally with eastern dis- 
tributions, an owl, a flycatcher, and a bun- 
ting, have moved westward. Remarkably, 
an even more diverse group of species of 
southwestern distribution, two hawks, a 
nightjar, a trogon, a flycatcher, three species 
of warblers, two tanagers, a grosbeak, an 
oriole, and two sparrows, have enlarged their 
nesting distributions toward the north. (This 
pattern is not confined to birds. Davis and 
Callahan [ 19921 reported similar northward 
movement of 19 species of mammals in the 
Southwest.) Such broad-scale range adjust- 
ments that transcend taxonomic boundaries 
suggest that coincidental distributional bar- 
riers for groups of species have been lifted. 

Are these expanding species reclaiming 
ground occupied in the past? Other “east- 

ern” species, e.g., Ruffed Grouse (Bonusa 
umbellus), Veery (Catharus jiiscescens), and 
Red-eyed Vireo (Vireo olivaceus), currently 
breed northwestward to British Columbia 
and Washington state or beyond. Perhaps 
the Barred Owl and Least Flycatcher, two 
species with broadly similar nesting ranges, 
are returning to regions of former occur- 
rence. Their “expansions” could thus reflect 
the ebb and flow expected at range margins. 
Furthermore, some distributional “expan- 
sions” described here may actually be range 
shifts in which regions are evacuated in one 
part of the distribution as a wave of colo- 
nization advances elsewhere. The Frank- 
lin’s Gull and Cassin’s Sparrow, for exam- 
ple, may be retreating locally in the Great 
Plains (Knopf 1994) with simultaneous ex- 
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pansion elsewhere. For the southwestern 
species whose southern limits are in Mex- 
ico, data to answer this question are un- 
available. For the Barred Owl and Least 
Flycatcher, however, possible population 
reduction and range shrinkage in the eastern 
United States concomitant with expansion 
in the northwest could be investigated. 

SUGGESTED EXPLANATION FOR NATURAL 
RANGE EXPANSIONS 

The 24 species dealt with here have en- 
larged their breeding ranges for reasons ap- 
parently unrelated to direct human modi- 
fication of the environment. Instead, I 
propose that pervasive climatic change over 
the past several decades in the contiguous 
western United States is the most likely ex- 
planation. Although climatic warming is 
probably involved, especially for those 
southwestern species that are invading 
northward, it is probably neither the sole 
explanation nor even the primary cause for 
range adjustments among the expanding 
species as a group. First, despite an overall 
global trend in warming, parallel mean tem- 
perature increases for specific regions are 
not to be expected (Schneider 1993). Sec- 
ond, it is difficult to comprehend how cli- 
matic warming could assist either the south- 
ward expansions of northern species or the 
westward expansions of eastern species. In- 
stead one must seek a regional common de- 
nominator of climatic change that could en- 
courage movement into the western United 
States by clusters of species with pre-ex- 
pansion ranges in either the north, east, or 

. southwest. 
Increased summer moisture is such a 

common denominator. Except for the Gray 
Flycatcher, whose radial expansion remains 
unexplained, most expanding species had 
former nesting distributions in regions with 
higher summer rainfall and humidity than 
in regions now being colonized. For ex- 
ample, wet summers and high humidity 
typify the eastern distributions of the Barred 
Owl and Least Flycatcher, and the northern 
distributions of the Boreal Owl and White- 

winged Crossbill. Similarly, convective, 
monsoonal precipitation characterizes sum- 
mer climatic regimes of the American 
southwest and northern Mexico, where 
many species are now advancing north- 
ward. I hypothesize that many of these spe- 
cies are responding primarily to a decades- 
long increase of summer rainfall in regions 
beyond their former ranges. A concomitant 
rise in mean temperature during the nesting 
season may have encouraged range adjust- 
ments of some species. 

Climatic information for the contiguous 
western United States offers broad support 
for wetter and warmer summers in recent 
decades. Specifically, Diaz and Quayle 
(1980:259), in comparing rainfall patterns 
of the period 1921-1954 with 1956-1977, 
stated that “summer precipitation in the far 
western United States was greater in the re- 
cent period compared to the previous one.” 
Moreover, summer patterns showed that 
“the West was much wetter while the East 
was generally drier” since the mid- 1950s. 

Selected climatic data from California 
provided by Goodridge (1992) are also in 
agreement. Both temperature and rainfall 
increased dramatically from the mid- 1970s 
to mid-1980s over much of the state. (A 
reversal in total precipitation initiated a half 
decade of drought in the late 1980s and early 
1990s.) Goodridge (1992) also documented 
the “strong heating trend” of 0.026 degrees 
per year for 10 stations on the southeastern 
deserts of California from 1909-1991, as 
well as an unspecified increase in rainfall at 
interior versus coastal California stations 
from 1889-l 99 1. These trends could have 
promoted extralimital colonization of 
Brown-crested Flycatchers and Summer 
Tanagers, for example. At the base of the 
Santa Rosa Mountains, California, Weath- 
ers (1983: 12-l 3) recorded sharp increases 
in rainfall in the period 1976-1980, over 
averages from 1961-1975, and specifically 
attributed to wetter summers the unprece- 
dented nesting of Zone-tailed Hawks in 
1978. 

Climatic information from southern Ne- 
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vada clearly conforms with the hypothesis 
of increased summer moisture in recent de- 
cades in the American Southwest. From 
1965-1970, when the record ended, the 
Palmer Drought Index reflected a series of 
wet years which contrasted with a long span 
of relatively continuous drought from 19 5 3- 
1964 (Houghton et al. 1975). 

Thus, regional climatic trends agree 
broadly with the hypothesis that increased 
summer moisture, perhaps coupled with a 
higher mean temperature, has encouraged 
recent avian range expansions in the west- 
ern United States. Nonetheless, detailed 
correlations of local climatic data with the 
temperature and moisture requirements of 
individual species will be necessary to es- 
tablish causality. The classic research of Salt 
(1952), who demonstrated the close asso- 
ciation of preferred ranges of temperature 
and vapor pressure with distribution and 
metabolic efficiency in three species of 
finches (Curpoducus), represents the ap- 
proach ultimately necessary for a real un- 
derstanding of the relationship between 
changing regional climatic patterns and ma- 
jor range expansions. The investigation of 
climatic adaptation in species of magpies 
(Pica) by Hayworth and Weathers (1984) 
represents a careful modern study of similar 
issues. Williamson (1975) and Brewer (198 1) 
offered general discussion of the relation- 
ship of avian distributions to climatic 
change. 

PIONEERING AND THE DYNAMICS OF 
EXPANDING NESTING DISTRIBUTIONS 

Grinnell (1922) proposed that individu- 
als occurring irregularly beyond the usual 
distributional limit of the species (“acci- 
dentals”) are the chief instruments of range 
expansion. Such accidentals were hypoth- 
esized to typically emanate from peripheral 
or “frontier” populations, to be prone to 
pioneering, and to be adapted to marginal 
conditions. Such peripheral populations, 
with death rates exceeding birth rates, were 
thought to be sustained by the continual 
input of individuals from more successful, 

central populations where birth rates exceed 
death rates. Thus, nearly three-quarters of 
a century ago, Grinnell (1922) clearly cap- 
tured the essence of the theoretical process 
known to modern ecology as the “Source- 
Sink hypothesis” (Pulliam 1988). Grinnell 
emphasized (1922:378) that the “great ma- 
jority of these pioneers . . . [occur in the] 
autumnal season when the movement is 
most in evidence. . _ .” Such accidentals 
typically represent strong flying, migratory 
species; some, however, include “the most 
sedentary of species” (Grinnell 1922:375). 

In considering the role of the accidental 
as discussed by Grinnell, Newman (1976: 
92 1) questioned how “autumnal straying 
leads to expansion of the breeding range” 
(italics his) and noted that, “no such expla- 
nation seems required in the case of summer 
rarities . . . the transformation from stray to 
breeder seems simple and direct.” 

Grinnell’s and Newman’s apparently 
contradictory views can be reconciled and 
refined. In support of Grinnell’s position, I 
suggest that for permanently resident species 
it is easy to envision pioneering by fall im- 
matures which eventually find extralimital 
sites in which to breed the following spring. 
But, as Newman suggests, spring vagrants, 
not fall accidentals, would serve more log- 
ically as colonists during the season when 
the nesting range is actually expanding. Al- 
though Newman does not explicitly identify 
migratory species as being more likely than 
resident species to produce such vagrants 
during the spring movement, I suggest that 
such a distinction is significant. Further- 
more, increasing evidence on the nature of 
spring and summer vagrants, as document- 
ed by accumulated records in American 
Birds and other sources, points to males as 
the predominant sex of individuals leading 
the vanguard of spring-summer range ex- 
pansion. Importantly, in many species males 
often preceed females in northward migra- 
tion (Welty and Baptista 1988). These ex- 
tralimital males are often discovered be- 
cause they are singing and holding territories; 
witness the astounding numbers of vagrant 
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eastern vireos and warblers singing on ter- 
ritories in several western states during the 
spring-summer of 1992 (AB 46: 1159,1162, 
1175-l 176, 1179-l 180; Terrillet al. 1992). 
Although the initial discovery of males ver- 
sus females is somewhat biased by the easier 
detectability of the former (singing and, in 
some species, more vivid coloration), I note 
that many of these birds defended territories 
for days or weeks without evidence of the 
presence of a female. This point is also viv- 
idly illustrated by the westwardly invading 
Indigo Bunting in which spring-summer va- 
grants are overwhelmingly males. 

An especially illuminating example of the 
nature of breeding range expansion is pro- 
vided by the American Redstart (Setophaga 
ruticillu). In 198 1, this basically eastern spe- 
cies formed an unprecedented pioneering 
colony (evidently without nesting) at the 
mouth of the Klamath River, California 
(198 1, AB 35:976-977). The first individual 
(sex unmentioned) was recorded on June 9. 
On June 21, nine singing males and oy2e 
female were noted. By July 5, the number 
of males had decreased to four and the num- 
ber of females had increased to five. None 
could be located on July 3 1. The species had 
nested twice before in the same region of 
northwestern California (1972, AB 26:898; 
1980, AB 34:928). 

THE BIOLOGICAL SIGNIFXANCE OF RAPID 
DISTRIBUTIONAL CHANGE IN BIRDS 

Rapid natural adjustments over long dis- 
tances in nesting distributions of birds must 
be dealt with by diverse kinds of biologists. 
For example, avian biogeographers (e.g., 
Mengel 1964 and others) who have pro- 
posed models of speciation in which avian 
distributions track the migration and dis- 
junction of vegetation across vast distances 
and over millenia should be disconcerted 
by range shifts over equally great distances, 
but over decades, time spans too brief for 
significant vegetational change. Likewise, the 
concept of “indicator species” for particular 
regions should be reconsidered. How can we 
describe Scott’s Oriole as an indicator of 

upland Mojave Desert given that it nests in 
Idaho and Wyoming? Similarly, the Gray 
Flycatcher, now nesting from British Co- 
lumbia to west Texas, should no longer be 
termed a “Great Basin-Colorado Plateau” 
species. 

Community ecologists have long been 
impressed with invasions of plants and an- 
imals. Most examples of invasions, how- 
ever, are in response to anthropogenic ac- 
tivity (Elton 1958). The natural range 
changes described here are thus of special 
interest. Several species (e.g., Barred Owl, 
Gray Flycatcher, Summer Tanager, Indigo 
Bunting) are now common or abundant in 
sections of their new ranges and would be 
expected to significantly alter local inter- 
specific relationships. How could the ad- 
dition of numbers of a large predator such 
as the Barred Owl not influence prey dy- 
namics in the forests of southwestern British 
Columbia? The extralimital establishment 
of 32 territories of Gray Flycatchers in the 
Davis Mountains, Texas (199 1, AB 45: 
1137), of 60 Summer Tanagers along the 
South Fork of the Kern River, California 
(1991, AB 45:1162), and a minimum of 55 
singing male Indigo Buntings in June-July 
1977 at several sites along the Lower Col- 
orado River Valley (Rosenberg et al. 199 I), 
surely has also altered biotic relationships 
in those areas. 

Finally, natural range extensions offer an 
important message to the conservationist. 
Namely, populations of at least some spe- 
cies of birds are healthy enough to provide 
sources for significant numbers of pioneers 
and potential colonists. However, as my 
conservationist colleague, Robert C. Steb- 
bins, feared when informed of these data, 
this optimistic news may conceal a prob- 
lem. Those either unaware of or oblivious 
to the deleterious effects of widespread en- 
vironmental deterioration on many bird 
species may seize upon these few examples 
of range expansion as evidence that habitat 
destruction is not only inconsequential to 
bird populations but that it may actually 
benefit them. Whereas I anticipate such 
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misrepresentations, they can readily be 
countered by a mounting body of evidence 
to the contrary. 
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APPENDIX I. (Sequence ofspecies follows AOU 1983.) 

Caprimulgus vociferus. Whip-poor-will. California 
(Jones 1971; 1968,AB22:649; 1970,AB24:717; 1971, 
AB 25:907; 1973, AB 271919; 1974, AB 28:950; 1975, 
AB 29:1033; 1976, AB 30:1004; 1977, AB 31:1190; 
1978, AB 32:1209; 1979, AB 33:897; 1980, AB 34: 
930; 1981, AB 35:979; 1982, AB 36:1016; 1983, AB 
37:1028; 1984, AB 38:1062; 1985, AB 39:963; 1986, 
AB 40:1256; 1987, AB 41:1488; 1990, AB 44:1187; 
1991, AB 45:1162); Nevada (Johnson 1965, Alcom 
1988); Utah (Behle and Perry 1975); Colorado (1981, 
AB 35:965; Andrews and Righter 1992); Arizona (Phil- 
lips et al. 1964; Brown et al. 1987; Rosenberg and 
Terrill 1986; 1973, AB 27:904; 1975, AB 29:1016); 
andNew Mexico (1971, AB 25:890; 1972, AB 26:889; 
1981, AB 35:967; 1982, AB 36:1006; 1983, AB 37: 
1015; 1990, AB 44:1168; 1992, AB 46:1163). 

Empidonax minimus. Least Flycatcher. Alaska (1982, 
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36:1008); British Columbia (1966, AB 20:587; 1968, 
AB 221630; 1969, AB 23~677; 1973, AB 27895; 1974, 
AB 28:927; 1975, AB 29:1009 and 1023; 1978, AB 32: 
1189; 1979, AB 33:882 and 892; 1982, AB 34:924; 
1983, AB 37:1009; 1984, AB 38:1055; 1985, AB 39: 
940 and 955; 1986, AB 40:1247); Washington (1968, 
AB22:630; 1974,AB28:927; 1975,AB29:1009; 1976, 
AB 30:981 and 995; 1977, AB 31:1165; 1979, AB 33: 
882; 1981, AB 35962; 1983, AB 37:1021; 1984, AB 
38:1043; 1985, 39:940; 1986, AB 40:1231; 1987, AB 
41:1465 and 1480; 1988, AB 42:1320; 1989, AB 43: 
1344; 1990,AB44:1179; 199l,AB45:1153; 1992,AB 
46:1172); Oregon (1977, AB 31:1165; 1982, AB 36: 
999; 1983, AB 37:1009; 1984, AB 38:1043 and 1055; 
1985, AB 39:940; 1988, AB 42:1320; 1989, AB 43: 
1344; 1990,AB44:1179; 199l,AB45:1153; 1992,AB 
46:1172); California(l983, AB 37:1025; 1984, AB 38: 
1058; 1986, AB 40:1252); Idaho (1977, AB 31:1165; 
1989,AB43:1344);Montana(l97l,AB25:886; 1978, 
AB 32:1189; 1989, AB 43:1344; 1990, AB 44:1160); 
Wyoming(l97l,AB25:886; 1986,AB40:1235);LJtah 
(1989, AB 43:1348); Colorado (1971, AB 25:886; 1972, 
AB 26:885; 1983, AB 37:1012; 1986, AB 40:1235). 

Empidonax wrightii. Gray Flycatcher. British Co- 
lumbia(l986,AB40:1175, 1231); Washington(l973, 
AB27:895; 1974,AB28:927; 1975,AB29:1009; 1976, 
AB 30:981; 1977, AB 31:1165; 1978, AB 32:1189; 
1980,AB34:913; 1985,AB39:940; 1990,AB44:1179; 
199l,AB45:1154; 1992,AB46:1172);Oregon(l970, 
AFN 24:701); California (1968, AFN 22:649; 1969, 
AFN 23~696; 1975, AB 29:1033; 1979, AB 33:898; 
1989, AB 43:1368-1369; 1990, AB 44:1188); Idaho 
(1985, AB 39:940); Montana(l990, AB44:1160); Wy- 
oming(l98l,AB35:963,965; 1982,AB36:1001; 1985, 
AB 39:944), Colorado(l971, AB 25:886); New Mexico 
(1977, AB 31:1173; 1978, AB 32:1196; 1982, AB 36: 
1006; 1984,AB38:1051; 1986,AB40:1241; 1987,AB 
41:1474: 1988. AB 42:1327: 1990. AB 44:1168: 1992, 
AB46:1164);.&izona(1984,AB38:1049);Texas(1991, 
AB 45:1137). 

Myiarchus tyrannulus. Brown-crested Flycatcher. 
California (1964, AFN 18:536; 1965, AFN 19:578; 
1967, AFN 21:605; 1970, AFN 24:718; 1971, AB 25: 
907; 1973, AB 27:919; 1974, AB 28:950; 1978, AB 32: 
1209; 1986,AB40:1256; 1987,AB41:1488; 1988,AB 
42:1341; 1989,AB43:1369; 1990,AB44:1188; 1991, 
AB 45:1162; 1992, AB 46:1179); Nevada(Alcom 1988, 
N. K. Johnson specimen in breeding condition from 
Meadow Valley Wash, Lincoln County, May 25,1989); 
Utah(BehleandPerryl975; 1978,AB32:1193;1981, 
AB 35:965 [record requires confirmation]). 

Pirungaflavu. Hepatic Tanager. California (Johnson 
and Garrett 1974; 1971, AB 25:907; 1972, AB 26:907; 
1973,AB27:920; 1974,AB28:951; 1975,AB29:1036; 
1976. AB 30:1005: 1977. AB 31:1191: 1978. AB 32: 
1210; 1981, AB 35:980; 1982, AB 36:1017; 1983, AB 
37:1028; 1984, AB 38:1063; 1985, AB 39:963; 1986, 
AB 40:1256; 1987, AB 41:1489; 1992, AB 46:1180); 
Nevada (Johnson 1965; one at Eureka [not plotted on 
map], June 19 [1977, AB 31:1170]); Utah (Behle and 
Perry 1975); Colorado (1973, AB 27:901; 1979, AB 
33:886; 1983, AB 37:1012; 1985, AB 39:944; 1989, 
AB 43: 1348; 1990, AB 44: 1163); Arizona (Phillips et 
al. 1964; Rosenberg and Terrill 1986); New Mexico 
(1976, AB 30:989; 1980, AB 34:920; 1983, AB 37: 

1017; 1984, AB 38:1051; 1985, AB 39:950; 1986, AB 
40:1241). 

Pirunga rubru. Summer Tanager. California (1964, 
AB 18:536; 1966, AB 20:600; 1967, AB 21:605; 1968, 
AB 22~650; 1972, AB 26~907; 1973, AB 27~920; 1974, 
AB 28:951; 1977, AB 31:1191; 1978, AB 32:1210; 
1979, AB 33:898; 1981, AB 35:980; 1985, AB 39~963; 
1987, AB 41:1489; 1988, AB 42:1341; 1989, AB 43: 
1369; 1991, AB 45:1162; 1992, AB 46:1180); Nevada 
(1977, AB 31:1170; 1982, AB 36:1002; Alcom 1988); 
Utah (Behle and Perry 1975; 1978, AB 32:1193); Ar- 
izona (Brown et al. 1987); New Mexico (Hubbard 1978; 
1992, AB 46: 1164). 

Guirucu cueruleu. Blue Grosbeak. California (1977, 
AB31.1187; 1979,AB33:895; 1985,AB39:960; 1992, 
AB 46:1176): Idaho (1981. AB 35:963: 1982 AB 36: 
1000; 1986,AB30:1232);Nevada(l969,AFN23:680; 
1984, AB 38: 1047); Utah (1985, AB 39:944; 1986, AB 
40:1236; 1987, AB 41:1470; 1989, AB43:1348; 1990, 
AB 44:1163); Wyoming (1965, AFN 19:568; 1982 AB 
36:1002; 1984, AB 38:1047; 1985, AB 39:944; 1987, 
AB 41:1470); Colorado (1971, AB 25:887; 1984, AB 
38:1047; 1987, AB 41:1470). 

Zcterus purisorum. Scott’s Oriole. Oregon (199 1, AB 
45: 1155 [a female and, hence, perhaps not a pioneer); 
Califomia(1975,AB29:1036; 1977,AB31:1191; 1992, 
AB 46:1176); Idaho (1972, AB 26:886; 1973, AB 27: 
901; 1981, AB 35:963; 1986, AB 40:1232); Nevada 
(1976, AB 30:985); Utah (1963, AFN 17:474; 1965, 
AFN 19:568; 1971, AB 25:887; 1980, AB 34:917); 
Arizona (Rosenberg and Terrill 1986); Wyoming 
(Findholt and Fitton 1983; 1982, AB 36:1002; 1987, 
AB 41:1470); Colorado (1980, AB 34:917; 1982, AB 
36:879 and 1002; 1983, AB 37:1012); New Mexico 
(1967, AFN 21:594; 1977, AB 31:1174; 1978, AB 32: 
1197; 1980, AB 34:920; 1983, AB 37:1016; 1984, AB 
38:1052; 1987, AB 41:1475; 1992, AB 46:1165). 

Loxiu leucopteru. White-winged Crossbill. British 
Columbia(l978,AB 32:1203; 198l,AB35:972; 1985, 
AB 39:941 and 956; 1989, AB 43:1361); Washington 
(1977, AB 31:1182; 1978, AB 32:1203; 1981, AB 35: 
972; 1984, AB 38:995, 1044; 1985, AB 39:941, 956; 
1986, AB 40:1248; 1987, AB 41:1480; 1990, AB 44: 
1180; 1992, AB 46:1173); Oregon (1981, AB 35:972; 
1984 [Gordon et al. 19891; 1986, AB 40:1232, 1248; 
1987, AB 41:1480; 1989, AB 43:1361; 1990, AB 44: 
1180); California (1978 [Gordon et al. 19891); Idaho 
(1977, AB 31:1165; 1985, AB 39:941; also see records 
in Stephens and Sturts [ 19911, who denote, without 
dates, a breeding latilong in the far northern part of 
the state and records of “transients” from nine other 
latilongs); Nevada (1984, AB 38:995); Utah (1965 
[Worthen 19731, 1977, AB 3l:lllO; 1982, AB 36:1003; 
1985, AB 39:945; 1989, AB 43:1348); Montana (1984, 
AB 38: 1044; also see Skaar et al. [1985] who present, 
without dates, records of probable breeding in nine 
latilongs and presence without evidence of breeding in 
16 others); Wyoming (1977, AB 3l:lllO; 1980, AB 
34:918; 1984, AB 38:995; 1987, AB 41:1470); Colo- 
rado (1976, AB 30:985; 1978, AB 32:1193; 1981, AB 
35:966: 1982. AB 36:1003: 1983. AB 37:1012: 1987. 
AB 41:‘1470;‘1988, AB 42:1323;‘1989, AB 43;1348); 
and New Mexico (1982, AB 36:207; 1984, AB 38:995; 
1985, AB 39:951). 
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AVIFAUNA OF THE WETLANDS OF BAJA CALIFORNIA, 
MBXICO: CURRENT STATUS 

BARBARA W.MASSEY AND EDUARDO PALACIOS 

Abstract. Although Baja California has not experienced loss of wetlands comparable in magnitude 
to that in California, some habitat changes have provoked changes in the abundance and distribution 
of wetland avifauna. The Osprey population has increased in the Vizcaino wetlands, but at least three 
species of egrets and herons, and American Oystercatcher have declined due to human disturbance. 
The Elegant Tern is missing at Laguna Ojo de Liebre, but there is a new colony at Delta de1 Rio 
Colorado. Several species have expanded their range into Baja California and have established breeding 
colonies, e.g., Little Blue Heron, Laughing Gull, Caspian, Royal, Forster’s and Gull-billed terns, and 
Black Skimmer. Both number and variety of breeding birds have increased in Laguna San Ignacio. 
At least 52 species of water-associated birds breed in the several habitats of the wetlands, including 
five endangered or threatened species. The northernmost breeding colony of the Magnificent Frigatebird 
is located in Bahia Magdalena. Migratory birds use the wetlands in large numbers; the biggest con- 
centrations of shorebirds are found in two wetlands-Laguna Ojo de Liebre and Delta de1 Rio Colorado. 
The lagoons of Baja California are the primary wintering grounds for Brant. Mangroves in the southern 
wetlands have recently been identified as wintering habitat for passerines. Threats to the wetlands are 
primarily from resort and industrial developments being planned by international companies. Con- 
servation of these vital avian habitats is a matter of concern to all ornithologists. 

Key Words: Mkxico; Baja California; coastal wetlands; marsh avifauna; endangered species; distri- 
bution; conservation. 

The peninsula of Baja California, MCxico 
extends 1600 km south from Tijuana to 
Cabo San Lucas. Its diverse natural habitats 
include richly vegetated deserts, riparian 
valleys, rugged mountain ranges and the 
magnificent coastal wetlands whose avifau- 
na is our subject. Long insulated from dis- 
turbance and development by lack of roads, 
the wetlands were also out of reach to all 
but the hardiest ornithologists prior to the 
opening of the peninsula-long highway in 
1974. Post-highway changes have been 
gradual but inexorable and today some of 
the major wetlands are under threat, par- 
ticularly from tourist-oriented develop- 
ment. However, most are still in near-pris- 
tine condition, and presumably have not 
experienced the changes in bird use that have 
characterized California’s wetlands. Unfor- 
tunately, numerical baseline data are 
sketchy, as early ornithologists reported 
species’ presence and breeding information, 
but seldom numbers. 

The first checklist of the birds of Baja 
California appeared in 1889 (Bryant 1889), 
and in the 1920s Bancroft (1927a, b) and 
Grinnell (1928) added extensively to the 

scant literature. In 1987 Wilbur compiled 
an annotated checklist from the literature 
and from reliable field observers (Wilbur 
1987); his bibliography was comprehensive 
and allows us to concentrate on data gath- 
ered subsequently. Recently there has been 
an accelerated interest in documenting 
numbers and species in Baja California, and 
much of the information presented here has 
not been published heretofore. Scientific 
names of species are given in Table 1. 

The first attempt at estimating numbers 
of birds in Baja California was in 1949 when 
the U.S. Fish and Wildlife Service (USFWS) 
added the peninsular lagoons to its aerial 
surveys of Mexican waterfowl (Sanders and 
Sanders 198 1). Since 1974 the surveys have 
been a cooperative project with the Mexican 
government. Brant have received special at- 
tention and have been censused every year 
even when the all-Mtxico surveys were re- 
duced to every 3rd year (U.S. Fish and 
Wildlife Service unpublished reports on 
winter waterfowl surveys of the Mexican 
West Coast and Baja California, 1954-l 992, 
available from J. Voelzer, USFWS, Port- 
land, OR). 

45 



46 STUDIES IN AVIAN BIOLOGY NO. 15 

In 1977 the Osprey population of west 
coast mainland Mexico and Baja California 
was censused (Henny and Anderson 1979). 
The survey was repeated in 1992-1993 (C. 
Henny, pers. comm.). 

The first attempt at obtaining numerical 
data on a marsh bird was the 198 1 census 
of the Light-footed Clapper Rail in the two 
northern wetlands, Ester0 de Punta Banda 
and Bahia San Quintin (Zembal and Massey 
198 1). Four more censuses were done in 
1986-1988 (available from R. Zembal, 
USFWS, 2730 Loker Ave West, Carlsbad, 
CA 92008). 

Regular shorebird censusing of the north- 
ern estuaries was begun in 1989 as part of 
the Point Reyes Bird Observatory (PRBO) 
Pacific Flyway Project in cooperation with 
pro esteros, a bi-national, non-profit group 
dedicated to protection of Baja California’s 
wetlands and Centro de Investigation Cien- 
tifica y de Education Superior de Ensenada, 
B.C. (CICESE), a Mexican research and 
teaching institution. Comprehensive counts 
have been done 2-3 times a year at the 
northern estuaries since 1989 (Page et al. 
1992); in 1991 and 1992 all of the other 
major wetlands were visited by members of 
the above organizations, and numbers of 
wintering and breeding birds documented. 
Additional information on Ensenada de La 
Paz and Isla Margarita in Bahia Magdalena 
has come from studies by students at Uni- 
versidad Autonoma de Baja California Sur 
(UABCS). 

In 1992 the Canadian Wildlife Service 
(CWS) began a Mexican Shorebird Atlas 
Project in conjunction with the Mexican 
government. Estimates of wintering shore- 
bird numbers in western Mexico were made 
by aerial survey in early 1992, the first of a 
3-yr series (Morrison et al. 1992). 

All of the large estuaries in Baja Califor- 
nia host thousands of migrating and win- 
tering shorebirds and waterfowl. They also 
provide breeding habitat for raptors, rails, 
terns, gulls, cormorants, pelicans, fiigate- 
birds, herons, egrets, shorebirds, and sev- 
eral passerines. 

THE WETLANDS 

Figure 1 shows the locations of the major 
wetlands; most are complexes of marshes 
with connecting waterways. We will focus 
on the seven largest: 1) Ester0 de Punta Ban- 
da, 2) Bahia San Quintin complex, 3) Ojo 
de Liebre complex, 4) Laguna San Ignacio 
complex, 5) Bahia Magdalena complex, 6) 
Ensenada de La Paz and 7) Delta de1 Rio 
Colorado. 

Small saltmarshes on the west coast not 
dealt with here are La Salina, La Mision, 
San Antonio de1 Mar, and San Gregorio. 
Laguna Percebu, a 5 km long, narrow salt- 
marsh on the northeast coast deserves spe- 
cial mention as it hosts many breeding birds 
including Wilson’s Plover and California 
Least Tern (see Table 1). Freshwater marsh- 
es are extremely rare on the peninsula; ex- 
amples are La Lagunita Formex-Ibarra in 
Ensenada, La Bocana de Santo Domingo, 
El Rosario, San Ignacio, Ester0 de San Jose 
de1 Cabo, La Poza de Todos Santos and 
Mulege. Others are without names and 
known only to local residents, e.g., a series 
of ponds several kilometers inland from 
Puerto Lopez Mateos. 

Ester0 de Punta Banda 

Area: 2100 ha. A description of this 
northernmost estuary can be found in Iba- 
rra-Obando (1990). Thousands of shore- 
birds winter here, the most important nu- 
merically is the Marbled Godwit (Palacios 
et al. 199 1). Many species of wintering wa- 
terfowl have been documented; American 
Wigeon is the most numerous, numbering 
in the thousands (E. Palacios, pers. obs.). 
The California Least Tern and Light-footed 
Clapper Rail (U.S. and Mexico endangered 
species), Snowy Plover (U.S. threatened 
species), and Belding’s Savannah Sparrow 
(California endangered species) breed here. 

Bahia de San Quintin complex 

Area: 12,060 ha. Descriptions are given 
in Ibarra-Obando (1990) and Palacios and 
Alfaro (1991). Vast eel grass beds (Zostera 
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FIGURE 1. The peninsula of Baja California, Mexico, showing locations of the major wetlands. 1) Ester0 de 
Punta Banda; 2) Bahia San Quintin complex (north to south-Laguna Figueroa, Bahia San Quintin); 3) Ojo de 
Liebre complex (Laguna Manuela, Guerrero Negro, Ojo de Liebre); 4) Laguna San Ignacio complex (La Bocana, 
El Coyote, San Ignacio, Ester0 el Delgadito); 5) Bahia Magdalena complex (Laguna Santo Domingo, Bahia 
Magdalena, Bahia Almejas); 6) Ensenada de La Paz; and 7) Delta de1 Rio Colorado. 
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marina) in the channels attract >20,000 
Brant in winter. On recent winter surveys 
up to 27,000 shorebirds have been counted 
on the extensive mudflats (Page et al. 1992). 
The above-mentioned four threatened or 
endangered species of birds also nest here. 
Salt ponds along the coast just north of the 
bay also attract shorebirds. 

Approximately 15 km north of Bahia de 
San Quintin but not connected to it is La- 
guna Figueroa, a hypersaline flat 20 km long 
that lies behind very tall dunes and has no 
ocean outlet. After winter storms it is cov- 
ered with water and attracts thousands of 
shorebirds, particularly Western Sandpi- 
pers (L. Stenzel, pers. comm.). The Snowy 
Plover, Caspian Tern, Forster’s Tern, and 
California Least Tern have nested here (Pa- 
lacios and Alfaro 199 1). In 1992, however, 
the local community diverted three rivers 
to impound water in the basin, and heavy 
winter rains created a lake up to two meters 
deep, transforming shorebird habitat into 
waterfowl habitat. The future of this area as 
breeding habitat is uncertain. 

Ojo de Liebre complex 

Three lagoons are included in this group: 
Laguna Manuela (600 ha), Guerrero Negro 
(2100 ha), and Ojo de Liebre (36,600 ha) 
(Contreras 1988). All empty into Bahia Viz- 
caino, all have vast areas of saltmarsh, mud- 
flat and extensive barrier beaches. Several 
small islands in Laguna Ojo de Liebre pro- 
vide breeding habitat for raptors and sea- 
birds. Double-crested Cormorant, Osprey, 
Peregrine Falcon, American Oystercatcher, 
Wilson’s Plover, Western Gull, California 
Least Tern, and several species of herons 
and egrets breed on Islote La Piedra; Isla 
Concha has breeding colonies of Double- 
crested Cormorant, Osprey, Western Gull, 
Caspian Tern, Royal Tern, and several spe- 
cies of herons and egrets. On the southeast 
side of Laguna Ojo de Liebre a huge salt- 
works is divided into cells, most of which 
are hypersaline, but several cells (close to 
Ocho Bombas, where sea water is pumped 
into the system) provide habitat for inver- 

tebrates and fish and thus for birds. Caspian 
and Royal terns nest on an island in one of 
the cells; California Least Terns breed in 
scattered colonies around another. Snowy 
Plovers nest on saltpans throughout the salt- 
works. Thousands of Red-necked and Wil- 
son’s phalaropes are present during July and 
August in the saltworks close to Ocho Bom- 
bas; thousands of Eared Grebes and hun- 
dreds of Red Phalaropes are present in win- 
ter (F. Heredia, pers. comm.). Over 270,000 
shorebirds (Morrison et al. 1992) and 
>35,000 Brant (Conant et al. 1992) winter 
here. 

Laguna San Ignacio complex 

Several small esteros lie north and south 
of Laguna San Ignacio, which covers ap- 
proximately 28,000 ha (Contreras 1988), 
and lies in a NE/SW direction with the ocean 
entrance on the south end (Fig. 1). This la- 
goon complex marks the northern limit of 
red mangrove (Rhizophora mangle), which 
begins to replace saltmarsh as one moves 
south and becomes the dominant plant in 
Bahia Magdalena (Roberts 1989). White 
Ibis, Little Blue Heron and other species of 
wading birds nest in the mangroves. Two 
islands provide nesting habitat for Brown 
Pelican, Double-crested Cormorant, Os- 
prey, Reddish Egret, Caspian and Royal 
terns, Snowy Plover, American Oyster- 
catcher and others (Danemann and Guz- 
man Poo 1992; E. Palacios and L. Alfaro, 
pers. obs.). The bay is a major wintering site 
for Brant (> 33,000) (Conant et al. 1992) 
and shorebirds (32,000) (E. Palacios, pers. 
obs.). 

Bahia Magdalena complex 

This vast complex of bays, dunes, islands 
and mangrove stands extends 250 km along 
the southwestern shore of Baja California. 
A series of long, narrow dune islands pro- 
tects it against the sea for most of its length, 
with ocean openings between them. At the 
south end is the mountainous, 40 km long 
Isla Santa Margarita. A mangrove lagoon 
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on its protected southwest side hosts the 
continent’s northernmost breeding colony 
of Magnificent Frigatebirds. Brown Pelican 
and Brandt’s Cormorant breed on Isla Santa 
Margarita in large numbers (Amador 1985, 
Everett and Anderson 199 1); in winter their 
populations are further augmented by mi- 
grants. Other breeding birds in Bahia Mag- 
dalena are Double-crested Cormorant, sev- 
eral species of heron and egret, Snowy and 
Wilson’s Plover, American Oystercatcher, 
and California Least Tern. A population of 
the Scrub Jay is resident in the mangroves 
(Pitelka 195 1; M. Evans and S. Howell, pers. 
comm.; B. W. Massey, pers. obs.). 

Ensenada de La Paz 

This 4500 ha shallow lagoon is connected 
to Bahia de La Paz by a canal. Its mudflats, 
mangroves and recently created dredge-fill is- 
lands provide habitat diversity. Wilson’s Plo- 
ver, Yellow-footed Gull, California Least Tern 
and several species of heron and egret breed 
there. Brown Pelican, White Pelican, Yellow- 
footed Gull and a variety of shorebirds are 
abundant in winter (E. Palacios, pers. obs.). 

Delta de1 Rio Colorado 

Once a vast wetland, the Colorado River 
delta (240,000 ha) has only a remnant stream 
emptying into the Gulf of California as the 
result of dams and water diversion along 
the river in both U.S. and Mexico. There 
are, however, extensive mudflats at the land/ 
gulf interface, which support > 163,000 
wintering shorebirds, principally small 
“peep” sandpipers (Morrison et al. 1992) 
and thousands of waterfowl, especially Pin- 
tail (Kramer and Migoya 1989). Ester0 Rio 
Colorado and Marismas Nacionales on the 
mainland are the first sites in Mexico to be 
designated reserves in the Western Hemi- 
sphere Shorbird Reserve Network. Isla 
Montague, a low, flat and sparsely vegetated 
island at the mouth of the delta, provides 
breeding habitat for herons and seabirds, 
including the California Least Tern (Pala- 
cios and Mellink 1992). 

AVIFAUNA 

The coastal wetland avifauna of Baja Cal- 
ifornia is dominated, at least numerically, 
by large numbers of Anseriformes, Ciconi- 
iformes, and Charadriiformes. Only at Ba- 
hia Magdalena is the dominant avifauna 
Pelecaniformes. At all sites, avian popula- 
tions increase considerably in winter, when 
large numbers of waterfowl and shorebirds 
congregate to feed and rest in such areas. 

Table 1 is a checklist of the birds of Baja 
California’s wetlands as of January 1993, 
which includes all species seen within the 
past five years. Sources are recent publica- 
tions (Danemann and GuzmLn Poo 1992; 
Erickson 1992; Everett and Anderson 199 1; 
Howell and Webb 1992, 1993; Morrison et 
al. 1992; Page et al. 1992; Palacios and Al- 
faro 1991, 1992a, b; Palacios et al. 1991; 
Palacios and Mellink 1992) and the obser- 
vations of Lucia Alfaro, Edgar Amador, Jose 
Angel Sanchez, Michael Evans, Salvador 
Gonzalez, Fernando Heredia, Steve How- 
ell, Barbara Massey, Renato Mendoza, Leo- 
poldo Moreno, Eduardo Palacios and Lynne 
Stenzel. 

Breeding birds are designated by an as- 
terisk and only recently documented breed- 
ing (since 1985) is acknowledged; several 
species that bred historically (e.g., Virginia 
Rail, Sora, and Common Yellowthroat) have 
no recent documentation. There may also 
be omissions of casually-occurring species. 

MIGRATORY BIRDS 

Although the USFWS census of wintering 
waterfowl in Mexico has included Baja Cal- 
ifornia’s wetlands for the past 40 years, the 
principal surveyors state that an aerial sur- 
vey done every few years at different tide 
levels and under various weather conditions 
gives results far too variable to show statis- 
tically analyzable changes (James Voelzer, 
Bruce Conant, pers. comm.). While changes 
in waterfowl numbers may be undocu- 
mentable, survey data show that most wa- 
terfowl winter in the wetlands of mainland 
Mexico rather than in Baja California, with 
the exception of Brant (Conant et al. 1992). 
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TABLE 1. CHECKLIST OF BIRDS OF THE BAJA CALIFORNIA WETLANDS 

Scientific name Common name 

NO. 15 

Where foundt 

Gavia stellata Red-throated Loon 
Gavia pacifica Pacific Loon 
Gavia immer Common Loon 
Tachybaptus dominicus* Least Grebe 
Podilymbus podiceps* Pied-billed Grebe 
Podiceps auritus Homed Grebe 
Podiceps nigricollis Eared Grebe 
Aechmophorus occidentalis Western Grebe 
Aechmophorus clarkii Clark’s Grebe 
Fulmarus glacialis Northern Fulmar 
Sula dactylatra Masked Booby 
Sula nebouxii Blue-footed Booby 
Sula leucogaster Brown Booby 
Pelecanus erythrorhynchos White Pelican 
Pelecanus occidentalis’ Brown Pelican 
Phalacrocorax auritus* Double-crested Cormorant 
Phalacrocorax penicillatus’ Brandt’s Cormorant 
Fregata magniJicens* Magnificent Frigatebird 
Botaurus lentiginosu.? American Bittern 
Ixobrychus exilis’ Least Bittern 
Ardea herodias* Great Blue Heron 
Casmerodius albus* Great Egret 
Egretta thula+ Snowy Egret 
Egretta caerulea* Little Blue Heron 
Egretta tricolor* Tricolored Heron 
Egretta rufescens’ Reddish Egret 
Bubulcus ibis* Cattle Egret 
Butorides virescens* Green Heron 
Nycticorax nycticorax* Black-crowned Night-Heron 
Nycticorax violaceus’ Yellow-crowned Night-Heron 
Eudocimus albus* White Ibis 
Plegadis chihi White-faced Ibis 
Mycteria americana Wood Stork 
Anser albtfrons Greater White-fronted Goose 
Anser caerulescens Snow Goose 
Branta bernicla Brant 
Branta canadensis Canada Goose 
Anas platyrhynchos Mallard 
Anas acuta Northern Pintail 
Anas discors Blue-winged Teal 
Anas cyanoptera Cinnamon Teal 
Anas clypeata Northern Shoveler 
Anas strepera Gadwall 
Anas americana American Wigeon 
Aythya valisineria Canvasback 
Aythya americana Redhead 
Aythya collaris Ring-necked Duck 
Aythya marila Greater Scaup 
Aythya a&is Lesser Scaup 
Melanitta nigra Black Scoter 
Melanitta perspicillata Surf Scoter 
Melanitta fusca White-winged Scoter 
Bucephala albeola Bufflehead 
Mergus merganser Common Merganser 
Mergus serrator Red-breasted Merganser 
Oxyura jamaicensis’ Ruddy Duck 
Cathartes aura Turkey Vulture 
Pandion haliaetu? Osprey 
Elanus leucurus White-tailed Rite 
Haliaeetus leucocephalus* Bald Eagle 
Circus cyaneus Northern Harrier 

1 
2, 5 
l-3,5 
10* 
1, 2, 6, lO* 
2 
l-8,10 
l-7. 10 
2,3; 5, 10 
l-3 
5, 6 
5,6 
6 
1,3-7 
l-3,4*, 5*, 6-10 
1, 2, (3-5)*, 6, 7, 10 
1, 3,4, 5*, 6, 7, 10 
4, 5*, 6, 8, 10 
2,4 
4, 7* 
1, 2, (3-5)*, (7-9)*, 10 
1,2, (3-6)*, 10 
1, 2, (3-7)*, 8-10 
1-3, 4*, 5*, 6, 10 
1, 2, (3-6)*, 8 
2, (3-6)*, 8 
1, 2, 5, 6*, 7*, 10 
1) (4-7)*, 9* 
1, 2, (3-7)* 
(3-6)* 
(4-6)* 
6, 10 
6 
1-4 
1, 2, 10 
l-5.8 

1-3, 6, 9, 10 
1-7, 10 
1, 2 
1-3, 5, 6, 9, 10 
1-3, 5, 6, 9, 10 
1-3, 5 
l-4,9 
l-4 
l-5, 10 
14.10 
1-4; 6, 10 
l-5,6, 10 
1, 2 
1-5 
14 
1-6, 10 
4, 5 
1-8, 10 
l-6,9, lO* 
l-10 
l-10 (3,4, 5, 6, 8)* 
1,2,5 
5* 
l-4,9 
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TABLE 1. CONTINUED 

Scientific name Common name Where foundt 

Buteo regalis Ferruginous Hawk 
Falco sparverius American Kestrel 
Falco columbarius Merlin 
Falco peregrinus* Peregrine Falcon 
LateraNus jamaicensis Black Rail 
Rallus longirostris* Clapper Rail 
Rallus limicola Virginia Rail 
Porzana Carolina Sora 
Gallinula chloropu? Common Moorhen 
Fulica americana* American Coot 
Pluvialis squatarola Black-bellied Plover 
Charadrius alexandrinus* Snowy Plover 
Charadrius wilsonia+ Wilson’s Plover 
Charadrius semipalmatus Semi-palmated Plover 
Charadrius voctferus* Killdeer 
Charadrius montanus Mountain Plover 
Haemotopus paNiatus* American Oystercatcher 
Haemotopus bachman? Black Oystercatcher 
Himantopus mexicanus* Black-necked Stilt 
Recurvirostra americana* American Avocet 
Tringa melanoleuca Greater Yellowlegs 
Tringa jlavipes Lesser Yellowlegs 
Catoptrophorus semipalmatus Willet 
Heteroscelus incanus Wandering Tattler 
Actitis macularia Spotted Sandpiper 
Numenius phaeopus Whimbrel 
Numenius americanus Long-billed Curlew 
Limosa fedoa Marbled Godwit 
Arenaria interpres Ruddy Tumstone 
Arenaria melanocephala Black Tumstone 
Calidris canutus Red Knot 
Calidris alba Sanderling 
Calidris mauri Western Sandpiper 
Calidris minutilla Least Sandpiper 
Calidris bairdii Baird’s Sandpiper 
Calidris melanotos Pectoral Sandpiper 
Calidris alpina Dunlin 
Limnodromus griseus Short-billed Dowitcher 
Limnodromus scolopaceus Long-billed Dowitcher 
Phalaropus tricolor Wilson’s Phalarope 
Phalaropus lobatus Red-necked Phalarope 
Phalaropus fulicaria Red Phalarope 
Larus atricilla* Laughing Gull 
Larus Philadelphia Bonaparte’s Gull 
Larus heermanni Heermann’s Gull 
Larus canus Mew Gull 
Larus delawarensis Ringed-billed Gull 
Larus californicus California Gull 
Larus argentatus Herring Gull 
Larus thayeri Thayer’s Gull 
Larus livens* Yellow-footed Gull 
Larus occidentalis’ Western Gull 
Larus glaucescens Glaucous-winged Gull 
Larus hyperboreus Glaucous Gull 
Xema sabini Sabine’s Gull 
Sterna nilotica’ Gull-billed Tern 
Sterna caspia* Caspian Tern 
Sterna maxima* Royal Tern 
Sterna elegans* Elegant Tern 
Sterna hirundo Common Tern 
Sterna forsteri* Forster’s Tern 

l-3 
1,2, 5, 6, 9 
1,6 
1,2, 3*, 4*, 569, 10 

;1-9,* 
1,2,4,7 
2, 5, 7, 10 
7*, 10* 
2, 3,6, 7*, 9, 10* 
l-10 
(l-5)*, 6, 7, 9*, 10 
1, 2, (3-6)*, 8*, 9*, 10 
(l-lo)* 
l-10 

t;l6)* 
1, 2, 3*, 4* 
1, 2*, 3-6, 7*, 8, 9*, 10 
1, 2*, 3-6, 7*, 8, 9* 
l-10 
l-10 
l-10 
l-6, 10 
l-6, 9, 1 
l-10 
l-10 
l-10 
l-10 
l-5, 6, 1 
1,2,5 
l-10 
l-10 
l-10 
3 
1,2 
l-10 
l-10 
l-10 
l-3 
l-3 
l-10 
3, 5, 6, 7*, 8, 10 
1-6, 10 
l-10 
1 
l-10 
l-6, 10 
l-3, 5 
l-3 
4, 5, 6*, 10 
1) 2, (3-5)* 
1 
1, 5 
4, 10 
7*, 8 
1, (2-q*, 5-10 
1, 2, 3*, 4*, 5, 6, 7*, 8-10 
l-6,7*, 8-10 
10 
1,2*, 3-10 
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TABLE 1. CONTINUED 

Saentilic name Common name Where found? 

Sterna antillarum* 
Chlidonias niger 
Rynchops niger* 
Zenaida asiatica* 
Zenaida macroma* 
Athene cunicularia* 
Asiojlammeus 
Chordeiles acutipennis* 
Ceryle alcyon 
Eremophila alpestris* 
Aphelocoma coerulescens* 
Corvus corax 
Anthus rufescens 
Lank ludovicianus 
Dendroica petechia* 
Geothlypis trichas 
Geothlypis beldingi 
Passer&us sandwichensis* 

Least Tern 
Black Tern 
Black Skimmer 
White-winged Dove 
Mourning Dove 
Burrowing Owl 
Short-eared Owl 
Lesser Nighthawk 
Belted Kingfisher 
Homed Lark 
Scrub Jay 
Common Raven 
American Pipit 
Loggerhead Shrike 
Yellow (Mangrove) Warbler 
Common Yellowthroat 
Belding’s Yellowthroat 
Savannah Sparrow 

(l-lo)* 
1,3 
l-4,6, I* 
6*, 10 
6*, 9, 10 
(l-l)* 
1,2 
6* 
1-6, 10 

(Id)* 
5* 
l-10 
14 
2-6 
(4-6)* 
2, 10 

f P-6)* 

* Denotes recently documented breeding. 
t Numbers in this column refer to the wetlands described m the section WETLANDS. Locations 1-7 are shown in Figure 1; locations 8-10 are noted 
in the text but not shown in the figure. I = Estero de Punta Banda, 2 = Bahia San Qumtin complex, 3 = Laguna Ojo de Llebre complex, 4 = San 
lgnacio complex, 5 = Bahia Magdalena complex, 6 = Ensenada de La Par, 7 = Delta de1 Rio Colorado, 8 = Laguna PercebB, 9 = Small saltmarshes, 
10 = freshwater ponds/marshes. 

Brant receive special attention, as they 
winter almost exclusively on the Pacific coast 
of the U.S. and Mexico. In 1952 an inven- 
tory that accounted for approximately 90% 
of the population showed that two-thirds of 
the birds were in Baja California, the rest 
in the U.S., mainly in the bays of California 
(Sanders and Sanders 198 1); there were none 
on the Mexican mainland. In 1958 Brant 
were first seen in the wetlands of Sonora- 
Sinaloa and by 1990 represented 15% of the 
total in Mexico (Conant et al. 1990). The 
California population declined concurrent- 
ly as coastal wetlands were lost to devel- 
opment, and in 1990 85% of the total pop- 
ulation was wintering in Mexico, primarily 
in the Baja California lagoons. Brant num- 
bers have shown wide fluctuations over the 
past 20 years, but “declines” were regularly 
followed by “recoveries,” and in 13 of the 
20 years the numbers were between 100,000 
and 130,000 (USFWS winter waterfowl sur- 
veys of Mexico). 

Baja California’s coastal wetlands are ma- 
jor wintering sites for shorebirds. Combin- 
ing recent counts from three different 
sources, we estimate that 5 10,000 individ- 
uals winter in the wetlands of the peninsula 

(Morrison et al. 1992; Page et al. 1992; E. 
Palacios, pers. obs.). The first Canadian 
Wildlife Service aerial survey in 1992, which 
covered the west coast of mainland Mexico 
and Baja California, documented the im- 
portance of the peninsular wetlands for 
shorebirds. The combined count at Laguna 
Ojo de Liebre complex and Delta de1 Rio 
Colorado (434,000) was more than half of 
the total number (800,000) seen on the sur- 
vey (Morrison et al. 1992). 

The mangrove stands in the southern 
wetlands host many wintering passerines 
that nest in North America. The importance 
of this habitat throughout Mexico has only 
been recognized recently (S. Howell, pers. 
comm.). Species seen in the mangroves at 
Bahia Magdalena are Solitary Vireo, Or- 
ange-crowned Warbler, Yellow-rumped 
Warbler, Black-and-white Warbler, Oven- 
bird, Northern Waterthrush, Painted Bun- 
ting, and Black-throated Sparrow (Amador 
1985; M. Evans, S. Howell, pers. obs.). 

BREEDING BIRDS 

Fifty two species of birds now breed in 
the coastal wetlands of Baja California (Ta- 
ble 1). Six species, previously undocu- 
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TABLEZ. ESTIMATEDNUMBEROFPAIRSOFBIRDSBREEDINGINTHEBAJACALIFORNIAWETLANDS, 1985-1992 

EPB* BsQ 

Number of pairs in the wetlands 

LOL LSI BM ELP DRC 

Brown Pelican 
Double-crested Cormorant 
Brandt’s Cormorant 
Magnificent Frigatebird 
Great Blue Heron 
Great Egret 
Snowy Egret 
Little Blue Heron 
Tricolored Heron 
Reddish Egret 
Cattle Egret 
Green Heron 
Black-crowned Night-Heron 
Yellow-crowned Night-Heron 
White Ibis 
Osprey 
Bald Eagle 
Peregrine Falcon 
Clapper Rail 
Snowy Plover 
American Oystercatcher 
Laughing Gull 
Yellow-footed Gull 
Western Gull 
Gull-billed Tern 
Caspian Tern 
Royal Tern 
Elegant Tern 
Forster’s Tern 
California Least Tern? 
Black Skimmer 

3500 

5 
3 

20 

17 
50 

50 

76 

6 
250 500 

30 >160 >190 
28 

355 

10 160 150 
509 350 

30 
90 97 >60 

1100 
500 

12 
1 

68 
152 
54 
95 

20 
30 

>4 
50 

146 

2 

>180 >45 
30 20 

40 

>30 

3000 
250 
300 

20,000 
<lo 

20 

20 
12 
5 

400 

30 

30 

30 

25 
10 

>lOO 
5 
3 

1 
6 

25 

200 

150 

5 

100 

20 

100 

275 
275 

20 
250 

* Abbreviatmns of the wetlands: EPB = Estcro de Punta Banda. BSQ = Bahia San Qumtin, LOL = Laguna Ojo de Liebre, LSI = Laguna San Ignacio, 
BM = Bahia Magdalena, ELP = Ensenada de La Paz, DRC = Delta de1 Rio Colorado. 
t Cabfomia Least Terns also nested at Laguna Percebfi (46-76 prs). 

mented, have well established breeding col- 
onies: Little Blue Heron, Cattle Egret, 
Laughing Gull, Gull-billed Tern, Forster’s 
Tern and Black Skimmer. Table 2 shows 
the number of pairs and locations of all nest- 
ing species documented since 198 5. Brandt’s 
Cormorant was formerly known to breed 
only on offshore islands; there are now sev- 
eral small colonies (So-100 pairs each) on 
Santa Margarita Island in Bahia Magdalena 
(Amador 1985; E. Palacios, pers. obs.). The 
range of the Elegant Tern also appears to be 
shifting. Early in the century a few pairs 
were reported nesting in Laguna Ojo de 
Liebre (Bancroft 1927a), but there has been 
no recent nesting there. A new colony has 
recently formed on Isla Montague in the 
Colorado River Delta (Palacios and Mel- 

link 1993). The bird’s current status in the 
U.S. was recently summarized (Collins et 
al. 1991). 

Two former breeding species, Northern 
Harrier and Sora, have not been docu- 
mented recently; the harrier probably no 
longer nests in Baja California (Pete Bloom, 
pers. comm.); the Sora is presumably still 
present in freshwater marshes and has been 
overlooked. The uncommon Black Rail was 
a breeding bird in Bahia San Quintin in the 
1920s (Wilbur 1987) but then not docu- 
mented anywhere in Baja California until 
recently, when two or three individuals were 
heard calling in Bahia San Quintin in Feb- 
ruary 1991 (Erickson 1992). One endemic 
species, Belding’s Yellowthroat, breeds ex- 
clusively in the freshwater marshes of the 
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TABLE3. HABITATPREFERENCESOFBREEDINGBIRDS 
INTHEBAJACALIFORNIAWETLANDS 

Beach- Salt- Fresh- 
es/ marsh water 

salt- vege- marsh Man- Is- 
Rats tation veg. groves lands 

Least Grebe 
Pied-billed Grebe 
Brown Pelicant 
Double-crested 

Cormorantt 
Brandt’s Cormorantt 
Magnificent Frigatebirdt 
American Bittern 
Least Bittern 
Great Blue Heron 
Great Egret 
Snowy Egret 
Little Blue Heron 
Tri-colored Heron 
Reddish Egret 
Cattle Egret 
Green Heron 
Black-crowned Night- 

Heron 
Yellow-crowned Night- 

Heron 
White Ibis 
Ruddy Duck 
Osprey 
Bald Eagle 
Peregrine Falcon 
Clapper Rail 
Common Moorhen 
American Coot 
Snowy Plover 
Wilson’s Plover 
Killdeer 
American Oystercatcher 
Black Oystercatcher 
Black-necked Stilt 
American Avocet 
Laughing Gull? 
Yellow-footed Gull? 
Western Gull? 
Gull-billed Tern? 
Caspian Tern 
Royal Tern? 
Elegant Tern? 
Forster’s Tern 
Least Tern 
Black Skimmer 
White-winged Dove 
Mourning Dove 
Burrowing Owl 
Lesser Nighthawk 
Homed Lark 
Scrub Jay 
Yellow (Manarovej 

Warbier - ’ 
Belding’s Yellowthroat 
Savannah Sparrow 

X 
X 

X 
X 

X 

X 
X 
X 

X 
X 
X 
X 
X 
x x 
x x 

X 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 

X 

x x 
X 

x x 

x x 
x x 
x x 
X 
x x 
x x 
X 
x x 

x x 

x x 
X 

X 
X 
X 

X 

X 
X 

X 
X 

X 
X 
X 
X 

X 

X 
X 

X 

X 

t Breeds only on islands in Baja Califomxt. 

peninsula from Mulege south (Howell and 
Webb 1992). 

Breeding habitat in Baja California’s wet- 
lands generally falls into four categories: 
beaches and saltflats, saltmarsh vegetation, 
freshwater marsh vegetation, and mangrove 
stands. The islands in the lagoons often have 
several of these habitats; and some, e.g., Isla 
Ballena in Laguna San Ignacio, also have 
scrubby desert vegetation that provides nest 
sites for seabirds and wading birds. While 
some bird species are strictly island nesters, 
many others nest both on islands and the 
mainland, wherever there is suitable habi- 
tat. Table 3 categorizes the habitat prefer- 
ences of the 52 breeding species. 

DISCUSSION 

Although Baja California has not expe- 
rienced loss of wetlands comparable in mag- 
nitude to that documented for California, 
some habitat changes have occurred. The 
most altered wetland along Baja Califor- 
nia’s Pacific coast is Laguna Ojo de Liebre, 
site of the world’s largest saltworks (20,000 
ha). The area had previously been mostly 
saltmarsh and salt flats subject to periodic 
tidal inundation (Nelson 1921). The only 
preconstruction numerical baseline data are 
found in Bancroft (1927a) who estimated 
numbers of some of the breeding birds. The 
changes between 1927 and the present are: 
the American Oystercatcher declined from 
about 150 pairs in 1926 to 30 in 1991; the 
small Elegant Tern colony (6 pairs) is miss- 
ing; the Snowy Egret decreased from > 100 
to 20 pairs; the Tricolored Heron declined 
from >75 to about 20 pairs; the Black- 
crowned Night-Heron dropped from 100 to 
50 pairs. Herons and egrets that used to nest 
in the marshes are now found nesting only 
on islands, mainly due to increased human 
disturbance by fishermen and tourists. The 
populations of other breeding species have 
remained stable (Caspian, Royal and Least 
terns, Western Gull) or increased (Osprey 
and Double-crested Cormorant). Double- 
crested Cormorant numbers in Laguna Ojo 
de Liebre rose from 80 pairs in 1926 (Ban- 
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croft 1927a) to 3500 in 1984 (J. A. Sanchez, 
pers. comm.). 

It is impossible to quantify changes in 
numbers of most migratory species over the 
past century for lack of baseline data. Some 
may have experienced changes due to loss 
of breeding grounds (e.g., Marbled Godwit 
and Willet); others may have shifted to Baja 
California when wintering habitat else- 
where was lost (Brant). 

One species that has been reasonably well 
tracked is the Osprey, particularly in the 
Vizcaino wetlands (Laguna Ojo de Liebre 
complex, Laguna San Ignacio complex). In 
1927 Bancroft found a “dozen or more 
nests” restricted to the islands in the Laguna 
Ojo de Liebre complex (Bancroft 1927a); 
Kenyon (1947) visited the islands in May 
of 1946 and found 27 occupied nests; Jehl 
(1977) estimated the lagoon population at 
25 pairs in 1957, 30 pairs in 1970, and 20 
pairs in 197 1. During the 1970s the popu- 
lation began to increase. In 1977 the pop- 
ulation estimate was 27 pairs for the islands 
and 50 pairs for the whole complex (Henny 
and Anderson 1979); in 1980 Castellanos 
(1982) reported 7 1 active nests; and in 1984 
Salinas-Zavala et al. (199 1) reported 76 
breeding pairs. 

While several factors may be involved in 
the increase in Osprey numbers, including 
reduction of DDT in the environment, a 
major factor was a reversal in attitude by 
local residents. Protection of the Osprey is 
now an accepted fact in Guerrero Negro. 
Ospreys are no longer shot by fishermen, 
and dozens of nesting poles have been erect- 
ed in the town and on islands in the lagoons. 
In 1992, at least 15 of these towers were in 
use (L. Alfaro, M. Evans, B. Massey, E. Pa- 
lacios, pers. obs.). 

Although tourism and commercial fish- 
ing have increased in recent years in Laguna 
San Ignacio, so have the number and variety 
of breeding birds (Danemann and Guzmin 
Poo 1992). Colonies of Brown Pelicans (1100 
breeding pairs), Double-crested Cormo- 
rants (500 pairs), Caspian Terns (150 pairs) 
and Royal Terns (350 pairs) have become 

established on Isla Ballena, a site of little 
ornithological interest early in the century 
(Huey 1927). 

Current plans to construct the world’s 
largest solar salt evaporation pond system 
at Laguna San Ignacio (J. Bremer, pers. 
comm.) could increase the winter popula- 
tion size of several shorebird species in this 
area, since the plan calls mainly for the 
flooding of usually dry playa that has lim- 
ited habitat value for shorebirds. 

Several species have expanded their range 
into Baja California. The Black Skimmer 
has recently established nesting colonies in 
southern California, and at Isla Montague 
in Delta de1 Rio Colorado, so nesting is like- 
ly also in Ester0 de Punta Banda and Bahia 
San Quintin, where the bird is a year-round 
resident (Palacios and Alfaro 1992b). The 
Cattle Egret is now found along the length 
of the peninsula and breeds at Ensenada de 
la Paz (E. Palacios, pers. obs.). The Pacific 
coast population of Caspian Terns has in- 
creased since the mid-1960s and they have 
colonized new nesting sites at Lagunas Fi- 
gueroa and San Ignacio (Palacios and Alfaro 
1992a). The Little Blue Heron colony in 
Laguna San Ignacio (150 pairs) is the first 
breeding record of this heron in Baja Cali- 
fornia, although it may also breed in the 
mangroves of Bahia Magdalena and Ense- 
nada de La Paz. 

The coastal wetlands of the peninsula lie 
within a transition zone between temperate 
and tropical climates, and draw species from 
both. The northern breeding limits of the 
Magnificent Frigatebird, Tricolored Heron, 
Reddish Egret, Yellow-crowned Night-Her- 
on, White Ibis, Wilson’s Plover and Amer- 
ican Oystercatcher are found in Baja Cali- 
fornia (Table 1). On the Pacific coast, none 
of these species breeds north of the Ojo de 
Liebre Lagoon complex (28th parallel). 
Conversely, the peninsula is the southern 
end of the breeding range for Bald Eagle, 
Snowy Plover, Black Oystercatcher, Amer- 
ican Avocet and Forster’s Tern (Table 1). 

The wetlands provide a portrait of Cali- 
fornia’s coastal marshes as they were before 
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their wholesale damage and destruction. 
They offer an opportunity to observe the 
behavior and breeding biology of water-as- 
sociated birds in unaltered marsh habitat, 
such as the endangered Light-footed Clap- 
per Rail and Belding’s Savannah Sparrow. 
Equally unchanged are the islands in the 
lagoons that provide breeding sites for a great 
variety of species. The California Least Tern 
and Snowy Plover nest on ocean-fronting 
beaches and other natural habitats; in only 
a few instances have Least Terns been found 
on dredge-spoil islands or other man-made 
habitats in Baja California. In 199 l-l 992 a 
survey documented over 500 pairs at 28 
breeding sites throughout the peninsula (E. 
Palacios and L. Alfaro, pers. obs.). 

The recent surge of field work has filled 
many gaps in our knowledge, but there is 
still much to be learned. Shorebird censuses 
are continuing under the Pacific Flyway 
Project, and a year-long study of shorebird 
use of Bahia San Quintin will add data on 
seasonality in that important wintering and 
migratory ground. The use of mangroves by 
breeding and wintering Ciconiiformes and 
wintering Passeriformes needs further doc- 
umentation, as does the importance of the 
small, scattered freshwater marshes to birds 
restricted to such habitat, e.g., Belding’s 
Yellowthroat. 

Conservation of natural habitat has be- 
come an increasingly important issue under 
the present Mexican government and co- 
operative programs between U.S. and Mex- 
ican wildlife agencies are expanding. En- 
forcement of the law, creation of reserves, 
and protection of endangered species are in 
their infancy. For example, the vast Vis- 
caino Biosphere Reserve extends across the 
peninsula and includes lagunas San Ignacio 
and Ojo de Liebre, but it is as yet a reserve 
in name only, there is neither headquarters 
nor personnel to implement protection. 

Tourist developments have impacted 
some wetlands and there are new projects 
in the planning stage. At Ester0 de Punta 
Banda a resort development has destroyed 
two thirds of the barrier beach since 1987 

and is encroaching on the remainder. In Ba- 
hia Magdalena, a foreign construction com- 
pany has bought 80,000 ha of land with the 
purpose of building a hotel, golf course, ma- 
rina, and other recreational facilities. In- 
dustrial development is another threat. At 
Bahia San Quintin exploitation of the vol- 
canic rock from the cinder cones is under 
consideration by foreign investors. A phos- 
phoric rock extraction plant and a ther- 
moelectric plant have been constructed and 
are operational in Bahia Magdalena; their 
impacts on the bay have not been assessed. 

The wetlands of Baja California are an 
ecological treasure of international impor- 
tance. Their integrity is of concern to all 
ornithologists. A cooperative international 
effort to insure their conservation is an im- 
perative. 
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TRENDS IN NOCTURNAL MIGRANT LANDBIRD 
POPULATIONS AT SOUTHEAST FARALLON ISLAND, 
CALIFORNIA, 1968-1992 

PETER PYLE,NADAV NUR, AND DAVID F.DESANTE 

Abstract. We examined trends in populations and age proportions of nocturnal migrant landbirds 
arriving on Southeast Farallon Island (SEFI), California during a 25-year period. Trends based on 
totals statistically adjusted for the effects of weather and lunar cycle on arrival were more precise than 
those detected with unadjusted annual totals. Significant linear trends were detected in 30 of 70 
examined species and each of ten breeding or wintering bioregional groups. Within-season declines 
outnumbered increases 4 1 to 16; eight species and four groups showed declines in both seasons whereas 
only one species and no groups showed seasonally-consistent increases. Directions of slopes of linear 
trends concurred significantly with those determined with Breeding Bird Survey data, suggesting that 
both censusing methods may accurately reflect true population trends. Significant curvilinear trends 
were detected in 2 1 species and 5 bioregional groups; accelerating declines were detected in two species 
and no groups. Results based on age proportion suggested that declines in reproductive success could 
account for decreasing trends detected in four species. Our results of bioregional groups suggest that 
population declines may be influenced more by changes on the summer grounds than by those on the 
winter grounds, although changes in both areas are indicated. Increases in eastern “Neotropical mi- 
grants” at SEFI, combined with results of age proportion, may indicate that the likelihood of vagrancy 
in first-year birds of these species is increasing. Reductions of landbird populations breeding (and to 
a lesser extent wintering) on the Pacific North American coast were most consistent, and may warrant 
attention. 

Key Words: Landbird; trend, population monitoring; migration; productivity. 

Declines in North American landbird 
populations, particularly those that migrate 
to the Neotropics, have received consider- 
able attention in recent years (Robbins et 
al. 1989, Hagan and Johnston 1992). Rea- 
sons for these declines likely include habitat 
destruction on the winter grounds (Robbins 
et al. 1989, Terborgh 1989), increased nest 
parasitism and predation resulting from for- 
est fragmentation on the breeding grounds 
(Holmes and Sherry 1988, Askins et al. 1990, 
Wilcove and Robinson 1990), and other 
factors (Hagan and Johnston 1992). Popu- 
lation trends can vary geographically and/ 
or according to habitat (Sauer and Droege 
1992, James et al. 1992, Peterjohn and Sauer 
1993) indicating that factors affecting trends 
are not biogeographically concordant. While 
many recent analyses have examined long- 
term trends among eastern North American 
landbirds (Robbins et al. 1989, Hill and Ha- 
gan 199 1, papers in Hagan and Johnston 
1992), only three recent analyses, each using 
Breeding Bird Survey (BBS) data, have sta- 
tistically considered long-term trends in the 

west (Robbins et al. 1986, Sauer and Droege 
1992, Peterjohn and Sauer 1993). 

The BBS has provided an important da- 
tabase for analyses of population trends, 
however, some limitations and assump- 
tions exist with this census technique (Hus- 
sell 198 1, Hagan et al. 1992, Hejl 1994). In 
order to fully understand the causal com- 
ponents of trends, results derived from a 
variety of censusing methods should be syn- 
thesized. Counts of migrating birds (Dunn 
1992), although strongly affected by fluc- 
tuation in weather (Richardson 1990) have 
revealed long-term population trends cor- 
responding to those indicated by the BBS 
(Hagan et al. 1992), especially after effects 
of weather and other variables have been 
statistically controlled (Hussell 198 1, Hus- 
sell et al. 1992). Migration counts also sam- 
ple breeding or wintering populations that 
are difficult to monitor, thus providing ad- 
ditional information for consideration (see 
Dunn 1992). 

For this paper we examined trends of noc- 
turnal migrants recorded during daily cen- 
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suses on Southeast Farallon Island (SEFI), 

California, over the 25-year period 1968- 
1992. Simple and polynomial regression 
techniques were applied to totals of 70 spe- 
cies and ten bioregional groups, statistically 
adjusted for the effects of date, weather, lu- 
nar cycle and/or age proportion. We hope 
that our results, in combination with those 
of the BBS and other investigations pre- 
sented in this volume, will be useful in de- 
fining western species and biogeographical 
areas in need of conservation attention. 

STUDY SITE AND METHODS 

Topographical features and methods of 
censusing landbirds at SEFI were described 
by DeSante and Ainley (1980) DeSante 
(1983), and Pyle and Henderson (1991). 
Each day Point Reyes Bird Observatory 
(PRBO) biologists thoroughly censused all 
landbird migrants and banded as many as 
possible. Numbers of arrivals of each spe- 
cies and identifiable subspecies (hereafter 
referred to as “species”) were calculated at 
the end of each day using all available in- 
formation from banding and observations 
of plumage variation. If similar unmarked 
landbirds were encountered on successive 
days we assumed that a minimum number 
of individuals were involved (see DeSante 
and Ainley 1980). Because landbirds con- 
centrated in a few restricted, vegetated areas 
of this small and barren island, censuses 
were virtually complete and little biased by 
variation in observer skills (DeSante and 
Ainley 1980). Habitat at SEFI remained rel- 
atively unchanged during the 25-year peri- 
od (Pyle and Henderson 199 1). 

We examined trends in nocturnal mi- 
grants (as defined by Pyle et al. 1993) sep- 
arately in spring (1 March-30 June) and fall 
(1 August-30 November). Our sample con- 
sisted of 77,633 individuals (19,5 15 in spring 
and 58,118 in fall) of 197 nocturnal migrant 
species (see Appendix I). We examined 
trends in 70 species represented by at least 
125 recorded individuals (5/yr); within each 
season we analyzed trends only if at least 
6 3 individuals (2.5/yr) were recorded. In all 

cases there were fewer than six years in which 
zero individuals of a species or group were 
recorded. 

We categorized species into one each of 
five breeding and five wintering biogeo- 
graphical groups for analyses of trends (Ap- 
pendix I). We defined breeding groups as 
species breeding primarily in areas of the: 
1) Pacific coast (PC), 2) lowland interior 
West (IW) including the Great Basin, 3) 
montane West (MW), 4) northern taiga or 
tundra (TT), and 5) eastern deciduous for- 
ests (EF). Winter groups included those spe- 
cies found wintering primarily in areas of 
the: 1) coastal Pacific (CP), 2) the United 
States (US) away from the Pacific coast, 3) 
western Mexico (WM), 4) eastern Mexico, 
the West Indies, and Central America (CA), 
and 5) South America (SA). Species of which 
breeding or wintering ranges substantially 
overlapped two or more bioregions were as- 
signed the group geographically closest to 
SEFI (in the order of above listings; see 
DeSante and Ainley 1980). 

We investigated temporal trends using 
linear and polynomial regression on both 
“unadjusted” and “weather-adjusted” forms 
of the dependent variable, summed by sea- 
son and year. Unadjusted totals simply rep- 
resent the annual number of arrivals of each 
species or group recorded within each sea- 
son. These totals were log-transformed in 
order to normalize the data and because this 
allowed us to model number of arrivals in 
a multiplicative fashion rather than with an 
additive model. In other words, with log(Y) 
as the dependent variable (where Y = num- 
ber of arrivals of a species in a given season 
and year), a constant slope represents a con- 
stant proportional change in number of ar- 
rivals. 

Weather-adjusted indices represent an- 
nual totals (log-transformed), statistically 
adjusted for environmental effects on arriv- 
al numbers. These indices were calculated 
using statistical models, described in Pyle 
et al. (1993) that estimated the effects of 
date, weather and lunar variables on log- 
transformed arrival totals. For analyses of 
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the ten biogeographical groups, we calcu- 
lated daily arrivals for the appropriate group, 
adjusting for date, weather and lunar vari- 
ables (Computing Resource Center 1992). 
Daily weather-adjusted values were summed 
over the appropriate season, for each year. 
Sample sizes of individual species were in- 
sufficient to adequately adjust for weather 
directly. Instead, we adjusted arrival totals 
for each species using the weather/date/lu- 
nar model developed for all nocturnal mi- 
grants (Pyle et al. 1993) with each species 
standardized (L% = 0, SD = 1). For each spe- 
cies, daily weather-adjusted values were 
back-transformed and summed over the ap- 
propriate season, for each year. Similar 
weather-arrival patterns were generally 
found among regional and taxonomic sub- 
groups (Pyle et al. 1993), helping to justify 
this approach. 

Our weather-adjustment procedure for 
biogeographical groups is very similar to the 
approach used by Hussell (198 1); for indi- 
vidual species, direct adjustment was not 
possible. We recognize that daily arrival to- 
tals of each species may be affected by date- 
adjustment using overall migrants, but con- 
sider this point to be of negligible influence 
on the annual totals. To ensure that long- 
term changes in weather have not affected 
landbird arrival at SEFI we examined year- 
weather interaction terms as additions to 
our weather models and found no signifi- 
cant interactions between year and those 
variables that affected arrival (see Pyle et al. 
1993). Weather-adjustment of arrivals ap- 
peared to reduce variability of arrival totals 
(see Results), presumably due to reduction 
of extraneous weather effects, and so we use 
weather-adjusted indices in analyses pre- 
sented herein. 

For biogeographical groups we examined 
trends using two different approaches. In 
“pooled” analyses, we pooled individuals 
of all representative species (Appendix I) 
within a defined biogeographical group and 
then examined trends in annual totals 
(weather-adjusted). For the second ap- 
proach we included only the 70 species with 

adequate sample sizes. The unit of obser- 
vation is the annual total of each species, 
and group classification is represented as a 
categorical variable (see Kleinbaum et al. 
1988, chapter 14). This second, “grouped- 
species” approach allowed us to test for het- 
erogeneity of trends (slopes) within a bio- 
geographical group as well as to examine 
heterogeneity among groups. Furthermore, 
an individual species was simultaneously 
classified according to wintering and sum- 
mering group, and thus the effect of winter 
classification could be tested while control- 
ling for summer classification, and vice ver- 

sa. 

We present two different approaches to 
analyzing the effects of biogeographical 
groups mainly in order to examine the ro- 
bustness of our results. Pooling data has its 
pitfalls (Breslow and Day 1980); however, 
it also has the advantage that data are used 
from all representative individuals of each 
group rather than just those of species with 
higher samples. 

To investigate interannual variation in 
productivity and its effects on trends in fall 
we calculated “adult indices” based on an- 
nual “HY-proportions” [(first-year birds)/ 
(adults + first-years)] of nocturnal migrants 
on SEFI. We assume that HY-proportion 
provides an index of productivity (Bibby et 
al. 1992) although we also recognize that 
this relationship may be partially confound- 
ed by age-specific migration strategies (see 
Pyle et al. 1993). HY-proportions were based 
on a sample of 20,036 landbirds captured 
in fall and aged first-year or adult using skull 
pneumatization, plumage and other criteria 
(Pyle et al. 1987). Samples were limited to 
the months August-October (August-Sep- 
tember for kinglets and gnatcatchers), when 
degree of skull pneumatization is a reliable 
indicator of the two age classes. HY-pro- 
portions based on annual samples of <3 
individuals were excluded from analyses, 
and analyses were performed only on groups 
(all) and species (N = 41) with usable pro- 
portions in at least 18 of the 25 years. We 
investigated variation in productivity by ex- 
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amining linear regression on HY-propor- 
tion (arcsine square-root transformed), 
weighted by sample size. Trends of adults 
in fall were also estimated using adult in- 
dices (summed by year: weather-adjusted 
indices x adult proportion), and these were 
compared with trends of all birds in fall; 
insufficient sample sizes of aged birds 
(through 198 5) prevented estimations of 
adult trends in spring. 

Significant curvilinear effects indicated 
that a trend was accelerating or decelerating, 
and/or that there has been significant fluc- 
tuations in arrival within our 25-year pe- 
riod. These were estimated by examining 
the statistical significance of the highest-or- 
der trends of quadratic and cubic polyno- 
mial regressions. All statistical analyses were 
performed using the STATA statistics pro- 
gram (Computing Resource Center 1992). 
Significance was assumed at the P < 0.05 
level. “Marginally-significant” linear trends 
are indicated when 0.05 < P < 0.10. 

RESULTS 

Nocturnal migrant totals decreased over- 
all between 1968 and 1992 (Fig. l), signif- 
icantly in spring using weather-adjusted in- 
dices (p = -0.044, SE = 0.011, P = 0.001) 
but not in fall (0 = -0.019, SE = 0.013, P 
= 0.162). These trends were also detected 
but less precisely (see Fig. 1) using unad- 
justed totals (p = -0.031, SE = 0.013, P = 
0.025 in spring, p = -0.016, SE = 0.013, t 
= - 1.20, P = 0.243 in fall). No significant 
trend in HY-proportion of all nocturnal mi- 
grants was detected; however, the linear de- 
cline of adults in fall was “marginally-sig- 
nificant” (p = -0.033, SE = 0.017, P = 
0.072). 

TRENDS IN INDIVIDUAL SPECIES 

Significant linear trends in at least one 
season were detected using weather-adjust- 
ed indices in 30 of 70 species (Table 1). 
Twenty species showed declines (six in both 
seasons), nine species increased (one in both 
seasons), and one showed a decline in spring 
but an increase in fall. Eight additional mar- 
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FIGURE 1. Trends in total number of nocturnal mi- 
grants recorded on SEFI, using unadjusted and weath- 
er-adjusted data, during spring and fall seasons, 1968- 
1992. For comparison, indices from both analysis types 
have been back-transformed, to reflect actual numbers 
of arrivals. Linear regression lines of best fit, derived 
from log-transformed weather-adjusted indices, are also 
presented; note the logarithmic scale. 

ginally-significant trends were detected in 
one of the two seasons, five declining and 
three increasing. Including significant and 
marginally-significant results, more de- 
clines (20) than increases (2) were detected 
in spring, whereas in fall there were more 
increases (13) than declines (11). Two ad- 
ditional species that did not show trends 
within either season, Western Flycatcher and 
Ash-throated Flycatcher (see Appendix I for 
scientific names), showed significant de- 
clines when spring and fall totals were com- 
bined (0.01 < P < 0.05). 

The use of weather-adjusted indices in- 
stead of unadjusted totals generally in- 
creased the resolution of trends. Of the 46 
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TABLE 1. LINEAR AND CURVILINEAR TRENDS OF 70 SPECIFB USING REGRESSION OF WEATHER-ADJUSTED INDICES; 
LINEAR TRENDS IN AGE PROPORTION ARE Arso INCLUDED. SEE APPENDIX I FOR SCIENTIFK NAMES AND SAMPLE 
SIZES OF EACH TAXON. SYMBOLS ARE AS FOLLOWS: NT = NOT TESTED DUE TO INSUFFICIENT SAMPLE SIZE WITHIN 
A SEASON; -NS, -MS, -, --, --- (OR WITH “+“), = INSIGNIFKANT (P > O.l), MARGINALLY SIGNIFXANT 
(0.05 < P < O.l), AND SIGNIFICANT (AT 0.010 < P < 0.050, 0.001 < P < 0.010, AND P < 0.001) DECLINES (OR 
INCREASES), RESPECTIVELY. No DIRECTIONS ARE GIVEN FOR INSIGNIFICANT (NS) CURVILINEAR OR AGE PROPORTION 
TRENDS. ASTERISKS (*) IN FALL INDICATE THAT ANALYSES OF ADULTS (SEE TEXT) REVEALED DIFFERENT RESULTS 
THAN THOSE OF ALL INDIVIDUALS (INSIGNIFICANT vs. SIGNIFICANT AT P > 0.05, OR VICE VERSA). DIRECTIONS OF 
SLOPES OF ADULT TRENDS WERE THE SAME AS INDICATED FOR EACH OF THESE SPECIES EXCEPT ROSE-BREASTED 
GROSBEAK IN FALL, WHICH WAS SIGNIFICANTLY NEGATIVE. SIGNIFKANCE LEVELS OF HIGHEST-ORDER TERMS, 
LINEAR (LIN.), QUADRATIC (QUAD.) AND CUBIC (CUB.) ARE PRESENTED. SEE FIGURE 2 FOR ILLUSTRATIONS OF 
DIFFERENT LINEAR AND CURVILINEAR PATTERNS 

Species Lin. 

Spring 

Quad. Cub. Lin. 

Fall 

Quad. Cub. 
Age 

Prop. 

Band-tailed Pigeon 
Mourning Dove 
Red-shafted Flicker 
Olive-sided Flycatcher 
Western Wood-Pewee 
Willow Flycatcher 
Hammond’s Flycatcher 
Western Flycatcher 
Black Phoebe 
Say’s Phoebe 
Ash-throated Flycatcher 
Western Kingbird 
Red-breasted Nuthatch 
Brown Creeper 
Rock Wren 
House Wren 
Winter Wren 
Golden-crowned Ringlet 
Ruby-crowned Ringlet 
Swainson’s Thrush 
Hermit Thrush 
American Robin 
Varied Thrush 
Northern Mockingbird 
American Pipit 
Cedar Waxwing 
Cassin’s Solitary Vireo 
Warbling Vireo 
Tennessee Warbler 
Orange-crowned Warbler 
Nashville Warbler 
Yellow Warbler 
Chestnut-sided Warbler 
Magnolia Warbler 
Myrtle Warbler 
Audubon’s Warbler 
Black-thr. Gray Warbler 
Townsend’s Warbler 
Hermit Warbler 
Palm Warbler 
Blackpoll Warbler 
American Redstart 
Ovenbird 
MacGillivray’s Warbler 
Common Yellowthroat 
Wilson’s Warbler 
Western Tanager 
Rose-breasted Grosbeak 
Black-headed Grosbeak 
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TABLE 1. CONTINUED 

LUI. 

Spring 

Quad. Cub. Lin. 

Fall 

Quad. Cub. 
A& 

prop. 

Lazuli Bunting 
Rufous-sided Towhee 
Chipping Sparrow 
Clay-colored Sparrow 
Brewer’s Sparrow 
Vesper Sparrow 
Lark Sparrow 
Savannah Sparrow 
Fox Sparrow 
Lincoln’s Sparrow 
White-throated Sparrow 
Golden-crowned Sparrow 
White-crowned Sparrow 
Oregon Junco 
Lapland Longspur 
Bobolink 
Red-winged Blackbird 
Western Meadowlark 
Brewer’s Blackbird 
Brown-headed Cowbird 
Bullock’s Oriole 
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within-season trends detected with weather- 
adjusted indices, 39 were also detected, in 
the same direction, with analyses using un- 
adjusted totals. Of these, 29 (74.3%) were 
more precise (as indicated by lower P val- 
ues) using the weather-adjusted than the un- 
adjusted analyses. For the remaining seven 
within-season trends (Orange-crowned 
Warbler, Lazuli Bunting, White-crowned 
Sparrow and Oregon Junco in spring; Bull- 
ock’s Oriole in fall; and Western Mead- 
owlark in both seasons), the unadjusted 
analyses indicated insignificant trends. By 
contrast only three fall trends (a significant 
increase in Rose-breasted Grosbeak and 
marginally-significant decreases in Black- 
poll Warbler and Savannah Sparrow) were 
detected with the unadjusted totals but not 
with the weather-adjusted indices (see Table 

1). 
Trends in HY-proportion were detected 

in eight species (Table 1); seven proportions 
declined while only one increased. Trends 
in HY-proportion coincided with linear 
trends of migrants in four species (including 
Western Flycatcher; see above) and was op- 
posite in two species (Table 1). Significance 

levels of adult trends differed from those of 
all individuals in 11 species (Table 1). Sig- 
nificant non-linear trends within the 25year 
period were detected in 21 species (Table 
1). Fall trends of two species, White-crowned 
Sparrow and Bullock’s Oriole, indicated ac- 
celerating population declines. Figure 2 il- 
lustrates four examples of linear and non- 
linear trends among species. 

A comparison of our linear trends with 
those detected with BBS data (Sauer and 
Droege 1992) indicated a significant degree 
of conformity between the two methods 
when directions of slopes were compared 
(Table 2). Of 42 within-season trends (in 24 
species) detected using SEFI data, 32 had 
slopes in the same direction as detected by 
the BBS, including all 8 trends (6 species) 
that were at least marginally-significant ac- 
cording to both analyses. Results of both 
seasons at SEFI were consistent with those 
of the BBS, and the fall comparison was 
similar when adult trends at SEFI were used. 
Comparison of our results with those of 
Robbins et al. (1989) and Peterjohn and 
Sauer (1993) also indicated a high degree of 
consistency. 
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1 - 1 ,  

American Redstart, Fall 

68 72 74 76 78 80 82 86 68 70 72 74 76 78 p, 82 84 86 
Yew 

Western Tanager, Spring Bullock's hole, Fall 

FIGURE 2. Four examples of within-season trends of species (see Table 1). Linear and, where significant, 
curvilinear regression lines based on regressions of log-transformed weather-adjusted indices are presented. 
Examples of trends include insignificant linear, positive quadratic (Audubon’s Warbler); insignificant linear, 
positive cubic (American Redstart); decreasing linear, positive quadratic (Western Tanager), and decreasing 
linear, decreasing quadratic (Bullock’s Oriole). 

TRENDS IN BIOGEOGRAPHICAL GROUPS 

Using pooled totals of all recorded species 
(Appendix I), significant linear trends were 
detected in at least one season in all ten 
breeding and wintering bioregional groups 
(Table 3, Figs. 3-4). Declines were indicated 
in seven groups in spring and one in fall, 
while increases occurred with three groups 
in fall. No significant trends in HY-propor- 
tions within groups were detected, and sig- 
nificant fall increases of two groups, eastern 
forest breeders and Central American win- 
terers, became insignificant when adult in- 
dices were used (Table 3). Significant cur- 
vilinear trends were detected in six groups 
(Table 3). The most noteworthy trends oc- 
curred with Pacific coastal breeders, the only 
group to show consistent significant de- 
clines in both spring and fall. Trends in this 
group were also positively curvilinear in both 
seasons, indicating that most of the decline 
(within our 2%year period) occurred in the 
late 1960s and 1970s (see Figs. 3-4). Coastal 

Pacific winterers also showed linear declines 
in both seasons, significant in spring and 
marginally-significant in fall. 

The significant declines of Pacific coastal 
breeders were also evident using the anal- 
yses of grouped-species (Table 4) as were 
the positive curvilinear trends of this group 
(t = 3.97, P = 0.001 in spring; t = 3.82, P 
= 0.001 in fall estimated by quadratic year 
term). These analyses further indicated sig- 
nificant linear declines in interior western 
breeders and South American winterers in 
fall, not detected by pooled analyses. Most 
other group trends estimated with pooled 
indices were similarly detected with 
grouped-species analyses, particularly when 
number of representative species > 10. 

Tests for heterogeneity of slopes within 
bioregional groups indicated five within- 
season differences among breeding groups 
and eight among winter groups (Table 4). 
Differences tended to occur in the groups 
inhabiting more diverse geographic regions, 

e.g., most wintering areas and western 
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TABLE 2. COMPARISON OF SLOPE DIRECTIONS OF 
LONG-TERM TRENDS DETECTED ON SEFI WITH THOSE 
FOR NEOTROPICAL MIGRANTS DETECTED USING BREED- 
ING BIRD SURVEY DATA FROM 1966 TO 1988 (SAUER 
AND DROEGE 1992), IN 24 SPECIES CONSIDERED IN BOTH 
ANALYSES. COMPARISONS ARE MADE WITH BBS RESULTS 
OF THE “WESTERN REGION” (P. 36), EXCEPT FOR THREE 
EASTERN SPECIES WHERE BBS ANALYSES WERE PER- 
FORMED BY SAUER AND DROEGE ONLY ON POPULATIONS 
OF THEIR “EASTERN REGION” (PP. 32-33). 
MARGINALLY-SIGNIRCAN TRENDS (0.05 < P < 0.1) 
ARE CATEGORIZED AS SIGNIFICANT IN THIS TABLE. 
FREQUENCY TABLES DIRECTLY COMPARING SLOPE DI- 
RECTIONS OF THE Two METHODS INDICATED SIGNIFI- 
CANT CORRELATIONS IN BOTH SPRING (LIKELIHOOD RA- 
TIO (G) TEST; LRS = 6.49, P = 0.011) AND FALL (LRS 
= 8.46, P = 0.004). THE FALL COMPARISON WAS SIM- 
ILAR WHEN ADULT TRENDS AT SEFI WERE USED 

Dlrectlon of slopes 

Trend categxy using: Spring Fall 

Dif- Dif- 
SEFI data BBS data Same ferent Same ferent 

significant significant 2 0 6 0 
significant insignificant 6 1 3 1 
insignificant significant 4 1 2 1 
insignificant insignificant 2 2 7 4 

Total 14-z Is-6 

breeding bioregions. When slopes of bio- 
regional groups were compared, significant 
differences were found between breeding 
groups in both spring and fall, whereas slopes 
between wintering groups differed signifi- 
cantly in spring but not in fall (Table 5). 
This was true using both pooled and 
grouped-species data, and was also true af- 

ter statistically controlling for trends in the 
opposite (breeding/wintering) class. In all 
four classification/season combinations, de- 
tected differences were greater after con- 
trolling for the opposite classification (Table 

5). 

DISCUSSION 

Analyses of weather-adjusted arrival 
counts on SEFI revealed trends in total mi- 
grants, 30 of 70 species, and all ten biogeo- 
graphical groups. DeSante and George 
(1994) examine in more detail possible ex- 
planations for these and other trends in 
western landbirds. Here we examine the va- 
lidity of our results and interpret the relative 
strengths of inferred trends. 

The separation of SEFI data into seasonal 
periods provides a measure with which to 
assess the relative importance of detected 
trends. Including both significant and “mar- 
ginally-significant” (0.05 < P < 0.10) re- 
sults, concordant linear trends in both sea- 
sons were detected in nine species (Table 1) 
and four bioregional groups (according to 
analyses of pooled totals and grouped-spe- 
cies, combined; Tables 3, 5). This indepen- 
dently-derived seasonal agreement suggests 
that true population changes may be occur- 
ring in these species and groups. Trends in 
one but not both seasons, detected in 12 
species and six bioregional groups, are 

TABLE 3. LINEAR AND CURVILINEAR TRENDS OF BIOGEOGRAPHICAL GROUPS AT SEFI USING POOLED, WEATH- 
ER-ADJUSTED INDICES; TRENDS IN AGE-PROPORTION ARE ALSO GIVEN. SEE APPENDIX 1 FOR GROUP CATEGORI- 
ZATION. SYMBOLS ARE AS DEFINED IN TABLE 1 

Group Linear 

Spring 

Quadratic Cubic Lin. 

Fall 

Quad. Cub. 
Age 

Prop. 

Breeding groups 

Pacific Coastal 
Interior Western 
Montane Western 
Taiga/Tundra 
Eastern Forest 

Wintering groups 

Coastal Pacific 
United States 
Western Mexico 
Central America 
South America 

++ ns 
_ ns _ 
_ ns ns 
_ ns ns 

+ns _ ns 

_ ns ns 
-ns ns ns 

_ ++ -ms 
-ns ns ns 

ns ns 

+ns 
-ns 
-ns 
+* 

-ms 
+ 

+ns 
+* 

+ns 

++ 
ns 
ns 

+ms 
ns 

ns 
ns 
ns 

-ms 
-ms 

ns ns 
ns ns 
ns ns 
ns ns 
ns ns 

ns ns 
+ ns 
ns ns 
ns ns 
ns ns 
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FIGURE 3. Significant trends in arrival of biogeographical breeding groups at SEFI, according to pooled, 
weather-adjusted totals. See Table 3 for significance values. Linear and, where significant, curvilinear regression 
lines based on regressions of log-transformed totals are presented. 
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FIGURE 4. Significant trends in arrival of biogeographical wintering groups at SEFI, according to pooled, 
weather-adjusted totals. See Table 3 for significance values. Linear and, where significant, curvilinear regression 
lines based on regressions of log-transformed totals are presented. 
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TABLE 4. SAMPLE SIZES OF SPECIES, LINEAR TRENDS, AND HETEROGENEITY OF SLOPES (WITHIN GROUPS), IN 
BREEDING AND WINTERING GROUPS USING ANALYSES OF COMMON SLOPES ON WEATHER-ADJUSTED INDICES. LINEAR 
TRENDS OF SPECIES ARE SUMMARIZED, AND INDICATED POSITIVE AND NEGATIVE TRENDS INCLUDE BOTH SIGNIFKANT 
AND MARGINALLY-SIGNIFTCANT RESULTS (TABLE 1) 

# of species Linear trend 
WithIn-group 

ddT&ences 

Group Total Positive Negative t P F P 

Spring 
Breeding 

Pacific Coast 
Interior West 
Montane West 
Taiga/Tundra 
Eastern Forest 

Wintering 
Coastal Pacific 
United States 
West Mexico 
Central America 
South America 

Fall 
Breeding 

Pacific Coast 
Interior West 
Montane West 
Taiga/Tundra 
Eastern Forest 

Wintering 
Coastal Pacific 
United States 
West Mexico 
Central America 
South America 

25 1 11 -6.42 0.000 2.50 0.000 
6 0 2 -3.31 0.00 1 1.93 0.03 1 

13 0 6 -3.88 0.000 1.62 0.158 
2 0 1 -1.49 0.141 3.46 0.003 
6 1 0 0.48 0.635 0.83 0.532 

22 1 9 -4.28 0.000 4.12 0.048 
2 0 0 0.50 0.348 1.42 0.110 

20 0 8 -5.00 0.000 3.03 0.001 
6 1 1 -1.13 0.261 5.87 0.001 
2 0 2 -5.65 0.000 2.19 0.002 

29 4 7 -2.38 0.018 2.10 0.00 1 
12 0 3 -2.46 0.014 1.28 0.228 
13 3 1 0.63 0.531 2.95 0.001 
5 3 0 1.48 0.143 0.66 0.619 

10 3 0 2.84 0.005 1.33 0.246 

30 6 5 -1.94 0.053 7.50 0.000 
6 2 1 0.97 0.331 2.09 0.003 

22 3 4 -0.13 0.898 1.84 0.095 
7 2 0 1.45 0.149 3.01 0.003 
4 0 1 ~2.13 0.036 1.51 0.045 

more equivocal. For Swainson’s Thrush we The significant degree of consistency be- 
detected a significant decline in spring but tween SEFI and BBS results for populations 
a significant increase in fall. This may reflect in the west (Table 2) may provide validation 
occurrence patterns of different subpopu- of both censusing procedures, and suggests 
lations on SEFI: arrival of western subpopu- that migration counts, in general, can be 
lations may be declining in spring whereas used to detect population changes. Some of 
more eastern subpopulations may be in- the species where opposite trends were in- 
creasing in fall (see below and Marshall dicated by the two analyses (e.g., Western 
1988). Flycatcher, Swainson’s Thrush, Wilson’s 

TABLE 5. DIFFERENCES BETWEEN TRENDS AMONG GROUPS WITHIN BIOREGIONAL CLASSIFXATIONS USING LINEAR 
MODEL ANALYSES ON POOLED AND SPECIES-GROUP TOTALS (SEE TEXT). ADJUSTED SPECIES-GROUP FIGURES REFER 
TO DIFFERENCES AMONG GROUPS OF EACH CLASSIFICATION AVER CONTROLLING FOR THE OPPOSITE (BREEDING/ 
WINTERING) CLASSIFICATION 

Bioregional 
class 

Common slopes 

Pooled totals Unadjusted Adjusted 

F P F P F P 

Breeding Spring 3.92 0.005 2.84 0.023 3.64 0.006 
Wintering Spring 3.11 0.030 3.21 0.012 4.0 1 0.003 
Breeding Fall 2.48 0.048 5.00 0.001 5.32 0.000 
Wintering Fall 1.39 0.250 1.65 0.160 1.97 0.096 



Warbler) have distinct subpopulations and Central American winterers detected on 
which may be unequally represented in the SEFI are interesting, especially in light of 
two analyses (see below). A more rigorous the accelerating decreases in these Neotrop- 
statistical comparison of SEFI and BBS data, ical winterers detected on their breeding 
partitioned taxonomically and geographi- grounds by the BBS (Sauer and Droege 1992, 
cally, is planned. Peterjohn and Sauer 1993, but see Hutto 

It is tempting to think that the greater and 1988). These combined results and the fact 
more consistent declines detected in spring that fall adult trends in these groups were 
than in fall reflected changes on the winter insignificant using SEFI data (Table 3) sug- 
rather than the breeding grounds; however, gest that the proportion of vagrant individ- 
declines in both seasons would be expected uals may be increasing among first-year birds 
from changes at either location. The high of eastern forest species, as first suggested 
proportion of first-year birds recorded in fall by DeSante (1983, see also DeSante and 
on SEFI (DeSante 1983) could be obscuring George 1994). 
true population trends based on fall data, Clearly the strongest and most significant 
although fall and spring results were both group trends indicated by SEFI data were 
consistent with those using BBS data (Table the long-term decelerating declines in pop- 
2). Whether or not population changes were ulations breeding (and to a lesser extent win- 
more accurately reflected by adult trends in tering) on the Pacific coast. Most of the de- 
fall is unclear at this time. Our data suggest clines in species of these groups occurred 
that declines in Western Flycatcher, Cedar early within our 2%yea.r period but popu- 
Waxwing, Lazuli Bunting, and Chipping lations have not recovered (see Fig. 3); sim- 
Sparrow may be caused by decreased pro- ilar decelerating trends were indicated with 
ductivity on the breeding grounds, as indi- BBS data (Sauer and Droege 1992, DeSante 
cated by concordant declines in HY-propor- and George 1994). Habitat loss due to coast- 
tion. A significant increase in HY-proportion al development and logging, particularly 
of Rose-breasted Grosbeak, coupled with a heavy in the 1960s and 1970s (see U.S. For- 
significant decline in the fall adult trend may est Service 1988, Chapter 3) may be the 
indicate a population decrease due to changes primary cause of declines on SEFI in both 
on the winter grounds. breeding and wintering Pacific coast groups; 

Our analyses of bioregional groups sug- unlike in dryer western bioregions, fire ex- 
gest that detected trends resulted from clusion during this period may not have 
changes on both the breeding and the win- compensated for habitat loss on the wetter 
tering grounds (Table 4). That slopes of Pacific Slope (see Hejl 1994). Alternatively, 
group trends differed significantly from each the declines in Pacific coastal species may 
other in three of the four classification/sea- be representative of declines across North 
son categories (Table 5) implies that true America, only appearing to be more signif- 
differences occurred in the trends of popu- icant on SEFI because of higher samples of 
lations among these groups. Differences were these species. 
more evident between breeding groups (sig- The most consistent population declines 
nificant in both seasons) than wintering in western species, as indicated by SEFI and 
groups (significant in spring but not fall), BBS data, occurred in Band-tailed Pigeon, 
even after controlling for trends in the op- Mourning Dove, Olive-sided Flycatcher (see 
posite classification. This suggests that pop- also Robbins et al. 1986, Marshall 1988) 
ulation trends detected at SEFI are caused Western Wood-Pewee, Western Tanager, 
more by events on breeding grounds than Black-headed Grosbeak, Lazuli Bunting, 
events on winter grounds, although trends Chipping Sparrow, White-crowned Spar- 
due to changes in both areas are indicated. row and Bullock’s Oriole. Increased atten- 

The increases of eastern forest breeders tion of these populations may be warranted. 
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On a brighter note, western populations of 
Nashville Warblers and Common Yellow- 
throats appear to be increasing in western 
North America. 
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APPENDIX I. NOCTURNAL MIGRANT “SPECIES” USED IN ANALYSES OF TRENDS, INCLUDING SCIENTIFIC NAME, 
SPRING AND FALL SAMPLE SIZES, AND BREEDING AND WINTERING BIOGEOGRAPHICAL GROUPINGS. GROUP CODES 
ARE: BREEDING, PC = PACIFIC COASTAL, IW = INTERIOR WESTERN, MW = MONTANE WESTERN, TT = TAIGA/ 
TUNDRA, EF = EASTERN FOREST; WINTERING, CP = COASTAL PACI~C, US = UNITED STATES (AWAY FROM THE 
PACIFTC COAST), WM = WESTERN MEXICO, CA = EASTERN MEXICO AND CENTRAL AMERICA, SA = SOUTH AMERICA. 
A SMALL NUMBER OF RARER SPECIES WERE NOT CATEGORIZED, AS WERE HYBRIDS OF TAXA OF PARENT SPECIES 
FROM DIFFERENT BIOREGIONS 

Spring 
total 

Fall 
total 

Breeding 
group 

Wintering 
DOUP 

Band-tailed Pigeon (Columba fasciata) 
White-winged Dove (Zenaida asiatica) 
Mourning Dove (Z. macroura) 
Black-billed Cuckoo (Coccyzus erythropthalmus) 
Yellow-billed Cuckoo (C. americanus) 
Lesser Nighthawk (Chordeiles acutipennis) 
Common Nighthawk (C. minor) 
Common Poorwill (Phalaenoptilus nuttallii) 
Lewis’ Woodpecker (Melanerpes lewis) 
Acorn Woodpecker (M. formicivorus) 
Yellow-bellied Sapsucker (Sphyrapicus varius) 
Red-naped Sapsucker (S. nuchalis) 
Red-breasted Sapsucker (S. ruber) 
Yellow-shafted Flicker (Colaptes a. auritus) 
Intergrade Flicker (C. a. cafer x auritus) 
Red-shafted Flicker (C. a. cafer) 
Olive-sided Flycatcher (Contopus borealis) 
Western Wood-Pewee (C. sordidulus) 
Eastern Wood-Pewee (C. virens) 
Willow Flycatcher (Empidonax trail/ii) 
Yellow-bellied Flycatcher (E. flaviventris) 
Least Flycatcher (E. minimus) 
Hammond’s Flycatcher (E. hammondii) 
Dusky Flycatcher (E. oberholseri) 
Gray Flycatcher (E. wrightii) 
Western Flycatcher (E. d$icilis/occidentalis) 
Black Phoebe (Sayornis nigricans) 
Eastern Phoebe (S. phoebe) 
Say’s Phoebe (S. saya) 
Ash-throated Flycatcher (Myiarchus cinerascens) 
Great Crested Flycatcher (M. crinitus) 
Brown-crested Flycatcher (M. tyrannufus) 
Tropical Kingbird (Tyrannus melancholicus) 
Cassin’s Kingbird (T. vociferans) 
Western Kingbird (T. verticalis) 
Eastern Kingbird (T. tyrannus) 
Scissor-tailed Flycatcher (T. firficatus) 
Homed Lark (Eremophila alpestris) 
Red-breasted Nuthatch (Sitta canadensis) 

130 
0 

172 
0 
5 

35 

2 

5 
62 

103 
1081 

120 
0 
6 

113 
77 
82 

256 
13 
4 

10 
66 
0 
0 
1 
1 

61 
12 

1 
10 
32 

170 
13 

601 
2 
9 
5 
2 
7 
3 
8 
1 
3 

19 
55 
44 

260 
69 

450 
0 

221 
5 

89 
32 
20 
14 

700 
233 

14 
188 
116 

9 
1 

11 
1 

95 
25 

1 
97 

909 

PC 
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EF 
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IW 
IW 
IW 
IW 
PC 
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MW 
IW 
EF 

PC 
PC 
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IW 
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White-breasted Nuthatch (S. carolinensis) 
Pygmy Nuthatch (S. pygrnaeu) 
Brown Creeper (C’erthiu americana) 
Rock Wren (Sulpinctes obsoletus) 
Bewick’s Wren (Thryomunes bewickii) 
House Wren (Troglodytes uedon) 
Winter Wren (T. troglodytes) 
Marsh Wren (Cistothorus pulustris) 
Dusky Warbler (Phylloscopus fuscutus) 
Golden-crowned Ringlet (Regulus sutrupu) 
Ruby-crowned Ringlet (R. culendulu) 
Blue-gray Gnatcatcher (Polioptilu caeruleu) 
Red-flanked Bluetail (Tursiger cyunurus) 
Northern Wheatear (Oenunthe oenanthe) 
Western Bluebird (Sialiu mexicunu) 
Mountain Bluebird (S. currucoides) 
Townsend’s Solitaire (Myudestes townsendi) 
Veery (Cutharus fuscescens) 
Gray-cheeked Thrush (C. minimus) 
Swainson’s Thrush (C. ustulutus) 
Hermit Thrush (C. guttutus) 
American Robin (Turdus migrutorius) 
Varied Thrush (Zxoreus naevius) 
Gray Catbird (Dumetellu curolinensis) 
Northern Mockingbird (Mimus polyglottos) 
Sage Thrasher (Oreoscoptes montunus) 
Brown Thrasher (Toxostomu rufum) 
Bendire’s Thrasher (T. bendirei) 
Yellow Wagtail (Motacillu fhzvu) 
White/Black-backed Wagtail (M. ulballugen: 
Red-throated Pipit (Anthus cervinus) 
American Pipit (A. rubescens) 
Sprague’s Pipit (A. sprugueii) 
Bohemian Waxwing (Bombycillu gurrulus) 
Cedar Waxwing (B. cedrorum) 
Phainopepla (Phuinopeplu nitens) 
Brown Shrike (Lunius cristutus) 
Northern Shrike (L. excubitor) 
Loggerhead Shrike (L. ludoviciunus) 
White-eyed Vireo (Vireo griseus) 
Eastern Solitary Vireo (V. s. soliturius) 
Plumbeous Solitary Vireo (V. s. plumbeous) 
Cassin’s Solitary Vireo (V. s. cussinii) 
Yellow-throated Vireo (V. Jlavifrons)’ 
Hutton’s Vireo (K huttoni) 
Warbling Vireo (T/. gilvus) 
Philadelphia Vireo (V. philudelphicus) 
Red-eyed Vireo (T/ olivuceus) 
Yellow-green Vireo (V. flavoviridis) 
Blue-winged Warbler (Vermivoru pinus) 
Brewster’s Warbler (V. pinus x chrysopteru) 
Golden-winged Warbler (K chrysopteru) 
Tennessee Warbler (V. peregrinu) 
Orange-crowned Warbler (V. celutu) 
Nashville Warbler (I! ru$cupiZlu) 
Virginia’s Warbler (V. virginiue) 
Lucy’s Warbler (V. luciue) 
Northern Parula (Purulu americana) 
Yellow Warbler (Dendroica petechiu) 
Chestnut-sided Warbler (D. pensylvunicu) 

0 
2 

23 
0 

36 
18 

0 
80 

1344 
7 
0 

4 

1 
2 

182 
431 
237 
132 

3 
48 
10 
6 
3 
0 

0 0 
0 

22 
0 
0 

92 
0 
0 
0 
5 

0 
0 

56 

12 
162 

2 
47 

0 

2 
145 

1158 
57 

6 
0 

31 
403 

36 

1 
1 

125 
195 

3 
116 
120 
21 

2 
721 

2290 
14 

1 
2 
1 

10 
16 
2 
8 

1160 
1746 
443 
324 

4 
123 
41 
10 
2 
1 
1 

21 
3077 

3 
1 

837 
3 
1 
1 
6 
1 

26 
1 

102 
0 

35 
468 

8 
26 

4 
0 
0 
2 

159 
527 
215 

26 
6 
7 

1444 
136 
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TaXOn 
Fall Breeding 
total group 

Wintenng 
DO”P 

Magnolia Warbler (D. magnolia) 110 131 
Cape May Warbler (D. tigrina) 29 26 
Black-throated Blue Warbler (D. caerulescens) 0 78 
Myrtle Warbler (D. c. coronata) 215 1551 
Audubon’s x Myrtle Warbler 12 62 
Audubon’s Warbler (D. c. auduboni) 1236 1488 
Black-throated Gray Warbler (D. nigrescens) 51 319 
Townsend’s Warbler (D. townsendi) 828 895 
Townsend’s x Hermit Warbler 1 2 
Hermit Warbler (D. occident&is) 68 223 
Black-throated Green Warbler (D. virens) 19 18 
Golden-cheeked Warbler (D. chrysopariu) 0 1 
Blackbumian Warbler (D. fuscu) 5 64 
Yellow-throated Warbler (D. dominica) 2 2 
Pine Warbler (D. pinus) 0 4 
Prairie Warbler (D. discolor) 0 38 
Palm Warbler (D. palmarum) 31 883 
Bay-breasted Warbler (D. custuneu) 29 27 
Blackpoll Warbler (D. striata) 42 552 
Cerulean Warbler (D. cerulea) 0 1 
Black-and-white Warbler (Mniotilta varia) 52 47 
American Redstart (Setophugu ruticillu) 85 367 
Prothonotary Warbler (Protonoturiu citreu) 0 2 
Worm-eating Warbler (Helmitheros vermivorus) 6 2 
Ovenbird (Seiurus aurocupillus) 172 123 
Northern Waterthrush (S. novuboracensis) 6 68 
Louisiana Waterthrush (S. motucillu) 1 0 
Kentucky Warbler (Oporornis formosus) 17 3 
Connecticut Warbler (0. ugilis) 3 33 
Mourning Warbler (0. philudelphiu) 6 36 
MacGillivray’s Warbler (0. tolmiei) 84 288 
Common Yellowthroat (Geothlypis trichas) 483 549 
Hooded Warbler ( Wilsonia citrina) 23 5 
Wilson’s Warbler ( W. pusilla) 3012 969 
Canada Warbler ( W. cunadensis) 11 28 
Red-faced Warbler (Curdellina rubrifrons) 0 1 
Yellow-breasted Chat (Icteria virens) 30 48 
Hepatic Tanager (Pirungu~uva) 1 1 
Summer Tanager (P. rubru) 13 8 
Scarlet Tanager (P. olivacea) 1 5 
Western Tanager (P. ludoviciuna) 186 398 
Rose-breasted Grosbeak (Pheucticus ludoviciunus) 155 87 
Rose-br. x Black-h. Grosbeak 1 3 
Black-headed Grosbeak (P. melanocephalus) 126 141 
Blue Grosbeak (Guiraca cueruleu) 10 50 
Lazuli Bunting (Pusserinu amoenu) 72 2442 
Indigo Bunting (P. cyuneu) 84 33 
Painted Bunting (P. ciris) 0 7 
Dickcissel (Spiza americana) 13 14 
Green-tailed Towhee (Pipilo chlorurus) 8 21 
Rufous-sided Towhee (P. erythrophthalmus) 30 455 
Cassin’s Sparrow (Aimophila cassinii) 3 6 
American Tree Sparrow (Spizellu urborea) 16 49 
Chipping Sparrow (S. pusserina) 274 1372 
Chipping x Clay-c. Sparrow 0 1 
Chipping x Brewer’s Sparrow 0 1 
Clay-colored Sparrow (S. pullida) 39 342 
Brewer’s Sparrow (S. breweri) 36 112 
Field Sparrow (S. pusilla) 1 0 
Black-chinned Sparrow (S. utroguluris) 0 1 
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Spring Fall Breeding Wintenng 
total total group group 

Vesper Sparrow (Pooecetes gramineus) 
Lark Sparrow (Chondestes grammucus) 
Sage Sparrow (Amphispiza belli) 
Black-throated Sparrow (A. bilineuta) 
Lark Bunting (Calamospiza melanocorys) 
Savannah Sparrow (Passer&us sandwichensis) 
Baird’s Sparrow (Ammodramus bairdii) 
Grasshopper Sparrow (4. savannarum) 
LeConte’s Sparrow (A. leconteii) 
Sharp-tailed Sparrow (A. cuuducutus) 
Fox Sparrow (Passerella iliaca) 
Song Sparrow (Melospiza melodia) 
Lincoln’s Sparrow (M. lincolnii) 
Swamp Sparrow (M. georgiana) 
White-throated Sparrow (Z. albicollis) 
Golden-crowned Sparrow (Z. atricapilla) 
Golden-c. x White-c. Sparrow 
White-crowned Sparrow (Z. leucophrys) 
Harris’ Sparrow (Z. querulu) 
Slate-colored Junco (Junco h. hyemalis) 
Oregon Junco (J. h. oregunus) 
Lapland Longspur (Culcarius lapponicus) 
Chestnut-collared Longspur (C. ornatus) 
Snow Bunting (Plectophenax nivalis) 
Bobolink (Dolichonyx oryzivorus) 
Red-winged Blackbird (Agelaius phoeniceus) 
Tricolored Blackbird (A. tricolor) 
Western Meadowlark (Sturna neglecta) 
Yellow-headed Blackbird (X. xanthocephalus) 
Rusty Blackbird (Euphagus curolinus) 
Brewer’s Blackbird (E. cyunocephalus) 
Brown-headed Cowbird (Molothrus ater) 
Orchard Oriole (Zcterus spurius) 
Hooded Oriole (I. cucullutus) 
Bullock’s Oriole (I. bullockii) 
Baltimore Oriole (I. g. gulbulu) 
Intergrade Northern Oriole 
Scott’s Oriole (I. parisorum) 

24 
29 

5 
7 

209 
0 

25 
0 
0 

98 
16 

495 
6 

460 
0 

901 
2 

35 
1236 

5 
2 
0 

10 
37 

6 
58 
24 

3 
170 
477 

1 
1 
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10 

1 
0 
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240 

3 
17 
58 

7068 
2 
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7 
1 
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50 

1484 
60 

213 
9185 
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6771 
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204 
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554 
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AVIFAUNAL CHANGE ON CALIFORNIA’S 
COASTAL ISLANDS 

DENNIS M. POWER 

Abstract. I summarize the changes in status of breeding birds on California’s Farallones and Channel 
Islands over the last 100 years. Several species have expanded their ranges, either colonizing from 
other islands or from the mainland. Other species, especially those with small populations, ceased to 
exist on certain islands. In many case these colonizations and losses seem due to normal species 
turnover. Several seabird species have declined due to human disturbance and are now increasing. 
Several raptor species have had significant losses. Several land bird populations have been lost, 
including endemic subspecies. Range expansions have come about naturally or as a result of protection 
and conservation efforts. Losses are almost all due to human influences, including direct disturbance 
and killing, DDT in the food chain, and predation and habitat destruction brought on by feral animals. 

Key Words: California Channel Islands; extinction; range expansion; human influences; endemicity; 
conservation. 

The breeding avifauna of the islands off 
California is unique. Hundreds of thousands 
of marine birds find resources just 20 or 
more miles from heavily populated met- 
ropolitan areas. Some resident land birds 
have evolved morphologically distinguish- 
able populations, following, in a few cases, 
classic rules of island evolution (e.g., John- 
son 1972, Power 1980a). Over the last 100 
years there has been remarkable change. As 
with islands everywhere, there are natural 
processes at work. The numbers of bird spe- 
cies on islands are affected by plant species 
diversity and distances from sources of col- 
onizing species [for the California Islands 
see Power (1972)]. Theoretically, immigra- 
tion and extinction rates are also affected 
by island size and degree of isolation (Mac- 
Arthur and Wilson 1967). Johnson (1972) 
describes several colonization scenarios 
specific to the Channel Islands. 

In the shorter term, the balancing of ex- 
tinction and immigration rates leads to a 
more-or-less constant number of species, but 
with the species composition subject to 
change, at least in theory (Diamond 1969). 
Diamond and Jones (1980), for example, 
record 56 species of land birds known to 
breed, or to have bred, on the eight Channel 
Islands, and found average annual turnover 
of island populations of l-6% per year. For 
the avifauna of small Santa Barbara Island 

(1 .O sq. mi.), Hunt and Hunt (1974) cal- 
culated turnover rates of 120% for birds of 
prey and 42% for songbirds over the period 
1900-1972. That works out to 1.7% and 
0.6% per year, respectively. Hunt and Hunt 
also compared calculated turnover rates to 
island area for the nine California Islands 
from San Miguel in the north to Los Coro- 
nados in the south. Turnover was inversely 
proportional to island area for raptors, but 
not for songbirds. [Regarding overestimat- 
ing turnover see Lynch and Johnson (1974).] 
Climatic variation is another cause of nat- 
ural avifaunal change. For example, El Ni- 
iios raise the sea temperature, changing the 
abundance and distribution of some prey 
species on which many nesting birds have 
come to specialize. 

Over the last 100 years the impact of hu- 
mans has far exceeded the effects of natural 
causes. Marine birds have been victims of 
egging, oil pollution, overfishing, gill nets, 
and DDT contamination in the food chain 
(e.g., Ainley and Lewis 1974, Risebrough et 
al. 1970). Raptors and other land birds were 
shot, poisoned, preyed on by introduced 
mammals, and had nesting habitat de- 
stroyed (e.g., Kiff 1980, Howell 19 17). An 
idea of the habitat degradation that took 
place on one small island can be found in 
Philbrick’s (1972) account of Santa Barbara 
Island. He discusses farming, introduction 
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of weeds and succulent plants, the spread 
of house cats, browsing by rabbits, and fire. 
Ainley and Lewis’ (1974) account of the 
Farallones is as telling. Yet, if this paper 
had been written 20 years ago the situation 
would seem worse than today. Marine birds 
now are doing well, raptors may by rees- 
tablished soon, and habitat degradation has 
been reversed on many of the islands. 

In this paper I review changes in the 
breeding populations of species that migrate 
to, or are resident on, the California Islands, 
from the Farallones in the north to San Cle- 
mente Island in the south (Fig. 1). I include 
only breeding species and populations that 
have changed. Space does not permit a re- 
view of nonbreeding birds or those popu- 
lations that have been more-or-less stable 
over the last 100 years, nor am I treating 
changes in niche breadth or niche shifts 
(Yeaton 1974). I recognize four general cat- 
egories: marine and shore birds, raptors, 
other land birds, and introduced birds. For 
a general overview of the state of our knowl- 
edge of the islands at three recent check- 
points, refer to the proceedings of symposia 
held in 1965, 1978, and 1987 (Philbrick 
1967, Power 1980b, Hochberg 1993). There 
have been interesting changes on the Mex- 
ican islands off the Pacific Coast of Baja 
California as well, although they are not 
covered here. Among the useful papers to 
which readers can be referred are Abbott 
(1993) Dunlap (1988) Everett (1989) Ev- 
erett and Anderson (199 I), Friedmann et 
al. (1950) Jehl(1971, 1973, 1977a, b), Jehl 
and Everett (1985) and Kenyon (1947). 

HISTORY OF BASELINE DATA 

The first ornithological information on the 
Farallones dates to the 1850s and the U.S. 
Pacific Railroad Survey (Heermann 1859). 
H. R. Taylor (1887) reported on abun- 
dances of seabirds during a visit in 1886, 
and M. S. Ray (1904) and William Leon 
Dawson (19 11) reported on longer stays. W. 
E. Bryant (1888) summarized information 
up to 1888 in a Proceedings of the California 
Academy of Sciences paper, and L. M. 

Loomis (1895) referenced the Farallones in 
his historical study on California water birds. 
The period 1887-1903 was covered by W. 
0. Emerson (1904). In a 1974 paper, David 
Ainley and T. James Lewis of the Point 
Reyes Bird Observatory summarized the 
entire history of Farallon Island marine 
birds. 

For the Channel Islands off southern Cal- 
ifornia, C. P. Streator (1888) provided notes 
on birds of some of the islands, and is im- 
portant because of the early date, rather than 
the extent of the information. Joseph Grin- 
nell(1897) reported on his findings on Santa 
Barbara, San Nicolas, and San Clemente is- 
lands during the spring of 1897, in the first 
publication of the Pasadena Academy of 
Sciences. Charles H. Townsend (1890) col- 
lected on the islands in 1888 and 1889 as 
part of the scientific exploration by the U.S. 
Fish Commission steamer Albatross. Tax- 
onomic status and mensural data appeared 
in Robert Ridgway’s series The Birds of 
North and Middle America, published from 
190 1 to 19 14 (Bulletin of the U.S. National 
Museum 50, various parts). George Willett 
(19 10, 1933) recorded distributional data in 
the early 1900s. The first major summary 
of the Channel Islands was produced by A. 
B. Howell (19 17). Both Willett and Howell 
published in early volumes of Pacific Coast 
Avifauna, a publication of the Cooper Or- 
nithological Society and the predecessor of 
Studies in Avian Biology. Joseph Grinnell 
and Alden Miller (1944) synthesized what 
was known at the time in their important 
Pa@ Coast Avifauna volume on the birds 
of California. Alden Miller (195 1) com- 
pared the avifaunas of Santa Cruz and Santa 
Rosa islands. Jared Diamond and H. Lee 
Jones provided the most complete baseline 
data in recent time through extensive sur- 
veys in the late 1960s and early 1970s (Di- 
amond 1969, Jones 1975, Jones and Dia- 
mond 1976). 

MARINE AND SHORE BIRDS 

There were very few serious surveys of 
breeding populations of marine birds until 
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FIGURE 1. Map of the California Islands. The area covered by this study is from the Farallon Islands in the 
north to San Clemente Island in the south. 
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TABLE 1. TRENDS IN BREEDING POPULATIONS OF 
CALIFORNIA CHANNEL ISLANDS MARINE AND SHORE 
BIRDS OVER THE LAST 100 YEARS 

A. Increases on all or some islands 
Leach’s Storm-Petrel (N) 
Ashy Storm-Petrel (N) 
Snowy Plover (N) 
Western Plover (H) 

B. Declines followed by increases on most islands 
Brown Pelican (H) 
Brandt’s Cormorant (N) (H) 
Pelagic Cormorant (N) (H) 
Common Murre (H) 
Pigeon Guillemot (H) 
Xantus’ Murrelet (H) 
Rhinoceros Auklet (N) 

C. Declines on all or some islands 
Double-crested Cormorant (N) (H) 
Tufted Puffin (N) 

D. Increases followed by declines on most islands 
Cassin’s Auklet (N) 

(N) Presumed natural causes. (H) Presumed human-induced causes. 

the 1960s. Following the DDT-induced de- 
cline of Brown Pelicans (Pelecanus occiden- 
t&s) and other seabirds in the late 1960s 
and early 1970s surveying became more 
intense as money became available from 
federal and state agencies (e.g., Ingram 
1992). Several seabird species underwent 
declines in the late 1800s and early 1900s 
and others in the middle of the 1960s and 
1970s (Table 1). In many cases populations 
have recovered. 

Leach’s Storm-Petrel (Oceunodroma leu- 
corhoa) has remained steady or possibly in- 
creased in the last 100 years. On the Far- 
allon Islands it was first discovered in 1896, 
but it may have been present earlier (Ainley 
and Lewis 1974). Fifty to 100 pairs were 
reported in 1959 and about 700 pairs were 
reported in 1972 up to the present (Ainley 
and Lewis 1974, Carter et al. 1992). On the 
Channel Islands, a few pairs were reported 
in the early 1970s (Hunt et al. 1980) and 
about 160 pairs in the late 1970s (Carter et 
al. 1992). 

The Ashy Storm-Petrel (Oceanodromu 
homochrou) may have increased. On the 
Farallones it was rare in the mid-1800s 
increased to about 1500-2000 pairs in 1959, 

and stabilized at about 2000 pairs in 1972 
up to the present (Ainley and Lewis 1974, 
Carter et al. 1992). On the other hand, Ain- 
ley et al. (1994) consider it less abundant 
on the Farallones than in the early 1970s. 
On the Channel Islands about 600 pairs of 
Ashy Storm-Petrels were reported through- 
out the 1970s breeding on Castle Rock and 
Prince Island (islets near San Miguel Is- 
land), and on rocks and islets off Santa Cruz 
and Santa Barbara islands (Hunt et al. 1980, 
Carter et al. 1992). In 199 1 about 1570 pairs 
were in the Channel Islands, with the great- 
est concentrations on Prince Island (about 
580 pairs) and Santa Barbara Island (about 
440 pairs) (Carter et al. 1992). 

The episode of decline and recovery of 
the Brown Pelican on the California Islands 
is well known (e.g., Risebrough et al. 1970, 
1971; Horn et al. 1974). The local subspe- 
cies culifornicus was classified as endan- 
gered under federal law in 1970 and under 
California law in 1971 (Carter et al. 1992). 
Brown Pelicans in the Southern California 
Bight raise more young when there is an 
abundance of northern anchovy (Engruulis 
mordux). Anderson et al. (1980) showed a 
relationship between northern anchovy bio- 
mass and pelican fledging rates at Anacapa 
and Los Coronados islands. Past pelican 
populations may have had a larger food base 
than they do today, feeding also on Pacific 
sardines (Surdinops cueruleu) and Pacific 
mackerel (Scomber japonicus), species not 
now abundant. The pelican/anchovy rela- 
tionship was disrupted by DDT residues in 
the Southern California Bight, contaminat- 
ed anchovies being the major source of DDT 
for the pelicans (Anderson et al. 1980). 

The pelican population in the California 
Current system had been declining since 
1950 (Anderson and Anderson 1976). In 
historic times Anacapa Island had the larg- 
est breeding population in the region (Carter 
et al. 1992). Pelicans originally nested at 
both West and East Anacapa from 1884 to 
1930 (Gress and Anderson 1983). By 1935 
the entire colony existed only on West is- 

land. At Anacapa the estimated maximum 
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breeding population during the first half of 
the 20th century was about 2000 pairs. While 
there were fluctuations from year to year 
owing to sea temperature and anchovy bio- 
mass, the mean annual rate of decrease was 
about 4% per year from 1949 to 1974. In 
1969, five young at most hatched from 1272 
nesting attempts on Anacapa Island (Rise- 
brough et al. 1970). 

In 1975through 1977,Briggsetal.(1981) 
estimated between 1800 and 5000 pelicans 
in the Southern California Bight could be 
attributed to local breeders and immatures. 
By the mid-1980s Briggs et al. (1987) be- 
lieved that pelicans had substantially re- 
covered from the decline of the 1960s and 
early 1970s. Subsequent increases are doc- 
umented in Carter et al. (1992). In 1975- 
1980 there were 1258 breeding pairs on West 
Anacapa and another 87 on Santa Barbara 
Island. In 1989-l 99 1 there were 5340 breed- 
ing pairs on West Anacapa and another 6 18 
on Santa Barbara. The increase on Santa 
Barbara Island is especially encouraging: 
Brown Pelicans recolonized there in 1980, 
when 97 pairs were reported. The year of 
highest numbers on Santa Barbara was 1986, 
when 1441 nests were active. Clearly the 
population has recovered. 

The Double-crested Cormorant (P/z&- 
crucorux auritus) also has gone through de- 
clines and recoveries. On the Farallones, it 
was abundant, breeding in the thousands in 
the mid- to late 1800s (Ainley and Lewis 
1974). Nesting plummeted (e.g., 20 nests in 
1904) as a result of egging in the mid- 1800s 
[mostly for Common Murre (Uria aalge) 
eggs] and other human disturbance. By 1972, 
numbers were still low: 40 pairs. By the late 
1970s numbers began to increase to about 
90 pairs and by 199 1 the breeding popu- 
lation was up to 570 pairs (Carter 1992). 
Yet the population remains smaller than in 
pre-egging days. On the Channel Islands the 
Double-crested Cormorant has gone from 
being a very common breeder to one in 
which only remnant populations exist (Hunt 
et al. 1980). The decline was probably due 
to a combination of factors, including the 

disappearance of Pacific sardines owing to 
overfishing (Ainley and Lewis 1974) and 
increased human disturbance (Hunt et al. 
1980). The most serious impact was repro- 
ductive failure due to eggshell thinning in 
the late 1960s (Gress et al. 1973). The larg- 
est breeding colonies were on Prince, Ana- 
capa, and Santa Barbara islands. On West 
Anacapa in 1969, the year of greatest de- 
cline, there were only 76 nesting attempts 
and no young produced (Gress et al. 1973). 
In the mid- 1970s population sizes began to 
increase, and in 1975 through 1977, the 
populations on Prince, West Anacapa, Santa 
Barbara, and Sutil (an islet near Santa Bar- 
bara Island) increased and adults fledged 
young in all colonies (Hunt et al. 1980). The 
total southern California island population 
was about 960 pairs in the late 1970s and 
about 1230 pairs in 199 1 (Carter et al. 1992). 

Brandt’s Cormorant (Phalucocorax peni- 
cillutus) on the Farallones suffered the same 
consequences as the Double-crested Cor- 
morant, with numbers declining from about 
15,000 birds around 1860 to a few thousand 
in the early 1900s (Ainley and Lewis 1974). 
By the late 1970s the number of breeding 
pairs increased to an estimated 14,000 and 
today there are 8450 (Carter et al. 1992). In 
1980 the total population (individuals) may 
have been 64,900 birds, then the largest 
nesting colony of Brandt’s Cormorant in the 
world (Briggs et al. 1987, Carter et al. 1992). 
However, numbers dropped after the 1982/ 
1983 El Niiio and have not recovered (see 
Ainley et al. 1994). 

Hunt et al. (1980) reported that in the late 
1970s Brandt’s Cormorant bred at major 
historical colony sites on seven of the eight 
Channel Islands, but at reduced numbers: 
more than 350 breeding pairs on Santa Bar- 
bara Island in 19 12 and a maximum of only 
166 pairs in 1975-1977. They estimated 
4000 pairs on Prince Island and Castle Rock 
as late as 1968, decreasing to no more than 
1823 in 1970-1975. These authors believe 
human disturbance precipitating gull pre- 
dation was the principal cause of decline, 
but also cite some evidence for eggshell 
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thinning. More recently, Brandt’s Cormo- 
rant has increased on the Channel Islands: 
the total breeding population in the late 
1970s was about 3000 pairs and by 1990 
was about 14,700 pairs (Carter et al. 1992). 
San Miguel had a total breeding population 
(all island and adjacent sites combined) of 
about 1850 pairs in the late 1970s and is up 
to 7850 now. Santa Rosa had 700 pairs in 
the late 1970s and has 2300 now. The Santa 
Cruz population jumped from 100 to 1570 
pairs. Santa Barbara Island had about 130 
pairs in the late 1970s and has 330 now. 
Finally, the San Nicolas population grew 
from about 200 to an estimated 2540 pairs 
in 199 1. The species nests in small numbers 
on San Clemente Island (Jorgensen 1984). 

The largest colony of the Pelagic Cor- 
morant (Phalacrocorax pelagicus) in the 
study area is on South Farallon Island (Ain- 
ley and Lewis 1974). They reached their 
lowest numbers during the egging era, slow- 
ly increased until 1959, when 350-400 pairs 
were reported, and increased further to about 
1000 pairs by 1972. Numbers seem to have 
held steady at 800-900 pairs in 1979, but 
then fell to only 400 pairs in 1987 (Carter 
et al. 1992). The decline occurred during 
the 1982/1983 El Nifio. Ainley et al. (1994) 
show dramatic fluctuations in numbers be- 
tween 1972 and 1992. On the Northern 
Channel Islands, both numbers of colonies 
and numbers of breeding birds have in- 
creased. Hunt et al. (1980) reported about 
250 pairs throughout the Channel Islands 
in 1975-1977, and Carter et al. (1992) re- 
ported over 200 pairs in the same period. 
Breeding sites were San Miguel Island, Cas- 
tle Rock, Prince, Santa Rosa, and Santa 
Cruz, and Santa Barbara and nearby Sutil 
islands. In 199 1, Carter et al. (1992) re- 
ported about 1340 pairs at 46 active colo- 
nies (28 colonies were “newly discovered”). 

Spear (in Page and Stenzel 198 1) sum- 
marized the status of the Snowy Plover 
(Charadrius alexandrinus) on the islands. 
On San Miguel it may have bred in the early 
1900s but breeding was only recently con- 
firmed (35 pairs in 1979). On Santa Rosa, 

2 1 pairs were recorded in 1980. On San 
Nicolas they have bred throughout the cen- 
tury (e.g., 74 pairs in 1978). Surveys in 1989 
counted numbers of adults, and indicated 
smaller populations than in 1977-1980 on 
San Miguel and San Nicolas (36 vs. 84 and 
90 vs. 133, respectively), and a larger pop- 
ulation on Santa Rosa (91 vs. 43) (Page et 
al. 1991). The species was first recorded 
breeding on San Clemente in 1989 (Win- 
chell 1990). 

The Western Gull (Lams occidentalis) on 
the Farallon Islands fluctuated between 
11,000 and 12,000 pairs from 1960 up to 
the 1982/l 983 El Niiio, when it declined 
slightly (Ainley et al. 1994). It then in- 
creased to about 14,000 pairs in 1986, 
dropped to less than 11,000 in 1987, and 
has declined gradually since then. On the 
Channel Islands the Western Gull has been 
ubiquitous throughout the century. It is one 
species that may have even benefited from 
human intrusion, feeding at dumps and tak- 
ing offal from fishing vessels. Hunt et al. 
(1980) reported a maximum of about 5600 
pairs in 1975-1977. Carter et al. (1992) 
counted over 13,800 pairs for the whole of 
the Channel Islands in 199 1. Whether this 
represents a real increase or just more thor- 
ough censusing is not clear. On Santa Bar- 
bara Island, an excess of females and ho- 
mosexual female pairing was reported 
(Wingfield, Martin et al. 1980). This be- 
havior is not due to increased testosterone 
levels in females (Wingfield, Newman et al. 
1980). Whether homosexual pairing is a re- 
cent phenomenon is not known. 

The southernmost breeding point of the 
Common Murre is the Farallones (A.O.U. 
1983). The population may have been as 
large as 200,000 pairs in the mid- 1800s but 
declined to only a few hundred to a few 
thousand in the early 1900s after egging, 
human occupation of the islands, and oil 
spills (Ainley and Lewis 1974). It then grew 
to 3000-3500 pairs in 1959, and about 
10,250 pairs by 1972 (Ainley and Lewis 
1974). In the 1970s the population was es- 
timated to be 55,770 pairs, but dropped to 
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34,000 pairs by the early 1990s owing to a 
combination of gill net mortality, oil spills, 
and the 1982/1983 El Niiio (Carter et al. 
1992). In 1987, fishing regulation changes 
reduced mortality due to gill nets. The 
breeding population on the Farallones seems 
to be recovering at about l-2% a year (Ain- 
ley et al. 1994). On the Channel Islands only 
one historic breeding site is known: about 
11 pairs of Common Murres presumably 
bred on Prince Island between 1906 and 
19 12 (Garrett and Dunn 198 1, Hunt et al. 
1980). 

Pigeon Guillemots (Cepphus coltlmba) on 
the Farallones escaped egging because of 
their habit of nesting in crevices and bur- 
rows, but they did not escape the impact of 
oil pollution (Ainley and Lewis 1974). From 
1900 into the 1940s oil tankers routinely 
flushed their tanks close to the island before 
entering San Francisco Harbor. The popu- 
lation was only about 100 pairs in 19 11. 
After oil pollution lessened, the population 
reached about 500 pairs by 1959 and 1000 
pairs by 1972, and it remains at about that 
number today (Carter et al. 1992). On the 
Channel Islands the Pigeon Guillemot 
breeds on San Miguel, Santa Rosa, Santa 
Cruz, Anacapa, and Santa Barbara islands. 
Hunt et al. (1980) reported about 850 pairs 
in 1975-1977. Carter et al. (1992) reported 
770 pairs in 1975-1978 and about 1600 
pairs in 1989. Carter et al. believe the higher 
numbers reflect both better census tech- 
niques and a true increase. 

The Xantus’ Mm-relet (Synthliboramphus 
hypoleucus) is restricted to the Channel and 
Pacific Baja California islands, from San 
Miguel south to Natividad and Guadalupe 
(A.O.U. 1983). Hunt et al. (1980) and Car- 
ter et al. (1992) add San Clemente and Santa 
Catalina, at least as historical sites. There 
is some evidence of recent breeding on San 
Clemente Island (Jorgensen 1984). Hunt et 
al. (1980) reported about 1670 pairs on the 
Channel Islands in 1975-l 977, the vast ma- 
jority (1590 pairs) being on Santa Barbara 
Island and adjacent Sutil and Shag Rock. 
Carter et al. (1992) reported about 860 pairs 

throughout the Channel Islands in 1991, 
with the majority (about 770 pairs) on Santa 
Barbara and adjacent islets. Carter et al. at- 
tributed the decline to differences in census 
techniques, loss of artificial habitat, loss of 
bush sites due to drought, and egg predation 
by deer mice (Peromyscus maniculatus). 
However, Carter et al. believed that in this 
century there has been a general increase in 
the population, which was presumed to be 
at a low in the early 1900s. 

Cassin’s Auklet (Ptychoramphus aleuti- 
cus) on the Farallones has increased tre- 
mendously over the last century (Ainley and 
Lewis 1974:438): “In the 1850s and 1860s 
they were rare and present only in the win- 
ter. . . . By the 1880s they were common 
and breeding, and by the 1890s they were 
abundant. In 19 11 Dawson estimated 
lOO,OOO-200,000 birds which includes the 
range of present estimates.” Ainley and 
Lewis attribute the increase to a return of 
food-rich cold water following a warm-wa- 
ter period in the mid-1800s. Carter et al. 
(1992) estimate a breeding population of 
67,500 pairs in the mid-1970s and about 
19,140 in 1989. While Dawson’s number 
may have been an overestimate, they at- 
tribute some real decline to the following 
possible factors: a decline in number of bur- 
row sites, increased predation (especially by 
gulls), oil spills, and burrow collapses. (See 
also Ainley et al. 1994). 

On the Channel Islands, Hunt et al. (1980) 
estimated at least 11,255 breeding pairs of 
Cassin’s Auklets in 1975-1977, most from 
Prince Island and Castle Rock, both near 
San Miguel Island. Carter et al. (1992) re- 
ported 13,080 pairs in that period and a 
decrease to about 9 150 pairs in 199 1. They 
believe the decline was due to an overesti- 
mate of the Prince Island population in 
197 5-l 977, but did not discount loss of bur- 
row sites due to erosion and a die-back of 
vegetation. Cassin’s Auklet bred within the 
last 100 years on Santa Barbara Island, but 
it is not there now and its loss is believed 
to be due to predation by feral house cats 
(Howell 19 17). 



82 STUDIES IN AVIAN BIOLOGY NO. 15 

TABLE 2. TRENDS IN BREEDING POPULATIONS OF 
CALIFORNIA CHANNEL ISLANDS RAFTORS OVER THE LAST 
100 YEARS 

A. Stable, increases, or turnover 
American Kestrel (N) 
Barn Owl (N) 
Burrowing Owl (N) 
Long-eared Owl (N) 
Short-eared Owl (N) 
Northern Saw-whet Owl (N) 

B. Declines and increases (mixed) 
Red-tailed Hawk (N) 

C. Declines or extirpations followed by increases 
Bald Eagle (H) 
Peregrine Falcon (H) 

D. Declines or extirpations 
Osprey (H) 

(N) Presumed natural causes. (H) Presumed human-Induced causes. 

The Rhinoceros Auklet (Cerorhinca 
monoceruta) on the Farallones was present 
and breeding up to the mid-1860s and dis- 
appeared about that time (Ainley and Lewis 
1974). It reestablished a breeding popula- 
tion in 1972 (Ainley et al. 1994). About 50 
pairs were reported in the mid- to late 1970s. 
The population grew to 175 pairs by 1982, 
crashed during the 198211983 El Niiio, and 
rebounded to about 260 pairs in 1989, where 
it remains today (Carter et al. 1992, Ainley 
et al. 1994). On Aiio Nuevo Island the pop- 
ulation was estimated to have grown from 
zero in the mid-1970s to about 40 pairs in 
1989 (Carter et al. 1992). On the Channel 
Islands the Rhinoceros Auklet was not 
known as a breeding bird until Carter et al. 
(1992) reported breeding behavior on Prince 
Island: 19 birds were observed. See Guthrie 
(1993) for fossil evidence of this species on 
San Miguel Island. 

The Tufted Puffin (Fratercula cirrhata) 
on the Farallones did not decline during the 
egging years, but with the arrival of oil pol- 
lution their numbers dropped from an es- 
timated several thousand in 19 11 to 300 by 
1933 (Ainley and Lewis 1974). In the early 
1970s the numbers were apparently stable 
at 25-30 pairs. Numbers declined again ow- 
ing to the 1982/1983 El Niiio, but then re- 
covered to about 35-50 pairs in 1985-l 989 
(Carter et al. 1992). On the Channel Islands 

moderate numbers of Tufted Puffins bred 
from 1886-l 9 12, mainly on the Northern 
Channel Islands and on Santa Barbara Is- 
land (Hunt et al. 1980). Smaller numbers 
may have bred into the mid 19OOs, but none 
were reported during surveys in 1965,1968, 
and 1975-1977. Ainley and Lewis (1974) 
argued that the decline in both the Faral- 
lones and the Channel Islands was due to 
the demise of the Pacific sardine. In 199 1 
Carter et al. (1992) discovered that five pairs 
had recolonized Prince Island, and ob- 
served courtship behavior and a possible 
nesting crevice. 

RAPTORS 

Several of the principal raptor species on 
the Channel Islands have had a history un- 
like that of marine birds or other land birds 
(Table 2). Some marine-feeding species have 
felt the impact of DDT; others have been 
hunted. Also, being top-level predators, 
many normally occurred in low numbers. 

In the last century and early 19OOs, the 
Osprey (Pundion haliaetus) was a breeding 
resident on the southernmost islands: San 
Nicolas, Santa Catalina, and San Clemente 
(Howell 1917, Grinnell and Miller 1944, 
Kiff 1980). San Clemente Island seemed to 
have the largest historic population, with 20 
nests being reported in 1907 (Kiff 1980). Its 
decline was noticed in the 1920s and by 
1930 it was presumed extirpated from the 
islands. Kiff believes shooting by fisherman 
was the principal cause. 

The Bald Eagle (Haliaeetus Zeucocephalus) 
once nested on all the Channel Islands 
(Grinnell and Miller 1944). In the late 1800s 
and early 1900s Santa Rosa supported at 
least three pairs and Santa Cruz at least five, 
and eagles could have been even more abun- 
dant on Santa Catalina (Kiff 1980). San Mi- 
guel had at least three active nests in a single 
year. Kiff estimated that the highest number 
of active Bald Eagle nests in one year for 
the Channel Islands was 24. The Channel 
Islands were one of the last strongholds for 
the Bald Eagle in California; however, it 
eventually succumbed to persecution there 



CALIFORNIA ISLANDS BIRDS--Power 83 

as elsewhere (Kiff 1980). Declines were not- Anacapa, Santa Catalina, and San Clemen- 
ed in the early 1900s. It was extirpated from te, and the population on San Clemente 
Santa Barbara Island between 1927 and seems to have increased (Jorgensen 1984). 
1939, from San Miguel Island between 1939 It has also bred, although not annually, on 
and 1960, from San Nicolas between 1945 San Nicolas and Santa Barbara islands. Jones 
and 19 5 9, and from Anacapa between 19 5 9 (pers. comm.) believes it did not breed on 
and 1962. Kiff surmised that the eagle sur- San Nicolas until 1976 and on Santa Bar- 
vived on Santa Catalina, Santa Cruz, and bara Island until after 1939, possibly as late 
Santa Rosa until the late 1950s. Recorded as 1968 (see also Hunt and Hunt 1974). On 
causes of mortality include shooting, egg San Miguel Island, the kestrel seems to have 
collecting, nest destruction and disturbance, become an established breeder fairly re- 
trapping, and poisoning. Kiff (1980) be- cently (Diamond and Jones 1980). It was 
lieved that shooting, especially by sheep- thought to be an occasional breeder or win- 
herders and visitors, was the most impor- ter visitor in 19 10, but presumed breeding 
tant factor leading to extirpation, but DDT was not documented there until 1968 (Jones, 
likely contributed as well. pers. comm.). 

Attempts to reintroduce Bald Eagles to 
Santa Catalina began in 1980 (Garcelon et 
al. 1989, Garcelon and Roemer 1990) with 
introduction of eaglets. They were fed on 
carcasses of feral goats and pigs; later, as 
adults, they fed on their own, taking marine 
fish and birds. Hacking efforts ended in 1986, 
with 33 birds having been released. A pair 
of four-year-old birds built a nest in 1984 
(D. Garcelon, pers. comm.). The first eggs 
were laid in 1987. Between 1987 and 1993, 
one to three pairs attempted nesting each 
year (three in 1992) but did not raise viable 
young until 1993 (one fledged), perhaps be- 
cause DDT is too high for successful repro- 
duction (D. Garcelon, pers. comm.). An at- 
tempt to reestablish the Bald Eagle on San 
Clemente Island was not successful (Jorgen- 
sen 1984). 

Peregrine Falcons (Fulcoperegrinus) were 
common residents on the islands into the 
first half of the 1900s (Kiff 1980). Through- 
out California, according to Herman et al. 
(1970) until the mid- 1940s approximately 
100 eyries were producing young annually, 
but in the two decades following 1945 there 
was a 95% decline of the total California 
population. Herman et al. believed the is- 
land populations were extirpated by 195 5. 
Documented cases of mortality include 
shooting, collecting, and removal of young 
from nests for falconry. Reproductive fail- 
ure associated with DDT was also impor- 
tant (Kiff 1980). 

The Red-tailed Hawk (Buteo jamaicen- 
sis) on the Channel Islands has not been 
subject to declines (Diamond and Jones 
1980). It is present and breeds year round 
on Santa Rosa, Santa Cruz, and Santa Cat- 
alina islands, and has bred on more than 
one occasion, but not every year, on San 
Miguel, Anacapa, and San Clemente. Jones 
(pers. comm.) indicates that this species is 
probably relatively new to San Miguel Is- 
land: it was not recorded as a breeding bird 
before the late 1960s or early 1970s. 

The American Kestrel (Falco sparverius) 
has been resident on Santa Rosa, Santa Cruz, 

Peregrine Falcons now nest on the Chan- 
nel Islands as a result of releases by the Pred- 
atory Bird Research Group, Santa Cruz, 
California (B. Walton, in litt.). The group 
began releases in Big Sur, in Los Padres Na- 
tional Forest, in the Santa Monica Moun- 
tains, and at two coastal locations in south- 
em California. Because the birds wander 
they were likely visitors to the Channel Is- 
lands. The group also began releases on Santa 
Catalina Island in 1983 and on San Miguel 
Island in 1985. Today there is nesting on 
Anacapa, Santa Cruz, Santa Rosa, and San 
Miguel, and sightings are frequent on other 
islands. Along the California coast north of 
the Channel Islands, the density of Pere- 
grine Falcons has returned to pre-DDT lev- 
els, but natural productivity is low, owing 
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TABLE 3. TRENDS IN BREEDING POPULATIONS OF 
CALIFORNIA CHANNEL ISLANDS LAND BIRDS OVER THE 
LAST 100 YEARS 

A. Colonize new islands 
Allen’s Hummingbird (N) 
Common Flicker (N) 
Acorn Woodpecker (N) 
Ash-throated Flycatcher (N) 
Phainopepla (N) 
Black-headed Grosbeak (N) 
Rufous-crowned Sparrow (N) 
Chipping Sparrow (N) 
Western Meadowlark (N) 

B. Declines and increases (mixed) 
Orange-crowned Warbler (H) (N) 
Dark-eyed Junco (H) (N) 

C. Declines or one or more populations extirpated 
Horned Lark (N) 
Common Raven (H) 
Bewick Wren 
Loggerhead Shrike (H) 
House Finch (H) (N) 
Rufous-sided Towhee (H)* 
Sage Sparrow (H) 
Song Sparrow (H)* 

(N) Presumed natural causes. (H) Presumed human-Induced causes. 
* Entmct subspecies. 

to residual effects of DDT (Garcelon et al. 
1989). 

Barn, Burrowing, Long-eared, and North- 
em Saw-whet owls (Tyto alba, Athene cuni- 
cularia, Asio otus, and Aegolius acadicus, 
respectively) are residents or occasional 
breeders on one or more or the Channel 
Islands (Diamond and Jones 1980). How- 
ever, we know little about their status. There 
is no evidence for decline, nor would this 
be expected in the absence of killing by hu- 
mans and the fact that owls do not feed on 
DDT-contaminated marine food. 

On Santa Barbara Island the Barn Owl 
was not recorded in early surveys (Howell 
1917), but was present in 1968 and subse- 
quently (Hunt and Hunt 1974). Jones (pers. 
comm.) states that the Burrowing Owl was 
not recorded before 19 5 3 and may have col- 
onized in this century. Also, on Santa Bar- 
bara Island, the Short-eared Owl (Asioflam- 
meus) was present from 1980 through 1983, 
when numbers of deer mice (Peromyscus 
maniculatus) were high (Drost and Fellers 
1991). Numbers of Barn Owls also track 

mouse population size (Drost and Fellers 
1991). 

OTHER LAND BIRDS 

Surveys of most land bird species have 
not been consistent over the last 100 years, 
and I know of no studies where population 
counts have been done over enough years 
to provide hard data. However, by noting 
presence or absence and casual comments 
some general trends can be discerned (Table 
3). Some species have colonized new is- 
lands, and others, especially certain endem- 
ic races, have been extirpated, usually due 
to habitat degradation by introduced rab- 
bits, goats, and sheep. 

Costa’s Hummingbird (Calypte costae) 
was recorded on Santa Barbara Island in 
19 11, but not subsequently (Hunt and Hunt 
1974; Jones, unpub.). However, there is no 
firm data that it actually nested there (P. 
Collins, pers. comm.). 

Allen’s Hummingbird (Selasphorus sasin) 
probably has been a breeding resident on 
Santa Rosa, Santa Cruz, Anacapa, Santa 
Catalina, and San Clemente islands 
throughout this century. More recently it 
became an established breeder on San Mi- 
guel; the first record was in 1968, when it 
was common and nesting (Diamond and 
Jones 1980, Jones, pers. comm.). On Santa 
Barbara Island Allen’s Hummingbird has 
been recorded sporadically, and may be 
subject to turnover (Hunt and Hunt 1974). 

The Common Flicker (Colaptes auratus) 
is a common resident on Santa Cruz and 
Santa Catalina islands, but the lack of evi- 
dence of breeding before 1906 on Catalina 
suggests it may have colonized that island 
in this century (Diamond and Jones 1980, 
Jones, pers. comm.). 

The Acorn Woodpecker (Melanerpes for- 
micivorus) has immigrated and become an 
established breeder on Santa Cruz (1928- 
1929) and on Santa Catalina (1955) (Dia- 
mond and Jones 1980; Jones, pers. comm.). 
Johnson (1972) discusses these coloniza- 
tions in detail. Although the colonizations 
were natural, they may have been enhanced 
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by the presence of utility poles and trees quented by researchers for many years, this 
planted by humans. colonization is no doubt recent. 

The Ash-throated Flycatcher (Myiarchus 
cinerascens) is an uncommon, summer res- 
ident on Santa Cruz Island (Diamond and 
Jones 1980), first recorded breeding there 
in 1968 (Jones, pers. comm.). 

Horned Larks (Eremophila alpestris) are 
common residents on all of the Channel Is- 
lands, except Anacapa (Diamond and Jones 
1980). It formerly bred on Anacapa but dis- 
appeared between 1941 and 1963 (Jones, 
pers. comm.). All Channel Island popula- 
tions are considered a separate race, E. a. 
insularis [races of island land birds dis- 
cussed here are given in A.O.U. (1957)]. On 
Santa Cruz cattle and feral sheep were taken 
off the island in the 1980s. In the absence 
of grazers, introduced sweet fennel (P’oenic- 
ulum vulgure) is rapidly spreading through 
open grassland and may reduce habitat for 
larks. 

Two subspecies of Loggerhead Shrike 
(Lanius ludovicianus) occur on the Channel 
Islands, anthonyi on Santa Rosa, Santa Cruz, 
and Santa Catalina, and mearnsi on San 
Clemente. L. 1. mearnsi was abundant in 
the early 1900s but declined through the 
1960s to 50 individuals in 1975 (U.S. Fish 
and Wildlife Service 1984) and ultimately 
to five pairs (Scott and Morrison 1990). The 
1989 population estimate increased to 12- 
20 birds (Matthews 1990). The shrike seems 
to be affected in part by habitat degradation 
and resulting loss of prey. Predation by 
Common Ravens, feral cats, and island fox- 
es (Urocyon littoralis) is also important, and 
mortality in young shrikes is higher than on 
the mainland (Scott and Morrison 1990). 

The Common Raven (Corvus corax) is a 
common resident on the five largest Chan- 
nel Islands. It was resident on San Miguel 
up to 1939, and may have been eliminated 
by poisoning or shooting by ranchers (Jones, 
pers. comm.). It is breeding again on San 
Miguel (B. Stewart, pers. comm.). Jones also 
reported that it may breed occasionally on 
Anacapa. It bred on Santa Barbara Island 
up to 1939, but in 1972 it was not recorded 
(Hunt and Hunt 1974). 

The resident Bewick’s Wren (Thryo- 
manes bewickii) has differentiated suffi- 
ciently to have races identified for several 
island populations: nesophilus on Santa 
Rosa, Santa Cruz, and Anacapa; catalinae 
on Santa Catalina; and leucophrys was on 
San Clemente. T. b. leucophrys disappeared 
from San Clemente about 1941 (Diamond 
and Jones 1980; Jorgensen 1984; Jones, pers. 
comm.), probably owing to habitat destruc- 
tion. 

The Orange-crowned Warbler (Vermi- 
vora celata) has long been a breeding resi- 
dent on Santa Rosa, Santa Cruz, Anacapa, 
Santa Catalina and San Clemente islands 
(Diamond and Jones 1980). Island popu- 
lations constitute a separate race, V. c. sor- 
dida. On San Miguel and San Nicolas it was 
not recorded as breeding until 1968 (Jones, 
pers. comm.). The population on Santa Bar- 
bara Island was absent for a time; Hunt and 
Hunt (1974) cite records for 1918, 1927, 
and 1939, but did not record it later, in- 
cluding during their 1972 survey. Hunt and 
Hunt surmise its loss may have been due to 
destruction of suitable nesting habitat by 
introduced rabbits and a fire in 1959. How- 
ever, breeding has been recorded since 1972 
(Jones, pers. comm.), so it has recovered on 
this island. Jones indicates variation in 
breeding from year to year. 

The Black-headed Grosbeak (Pheucticus 
melanocephalus) occurs only on Santa Cruz 
Island, where the first confirmed breeding 
was in 1968 (Jones, pers. comm.). 

The Phainopepla (Phainopepla nitens) was 
known to breed only on Santa Catalina (Di- 
amond and Jones 1980) until a pair was 
located on Santa Cruz in 1984 (Haemig 
1986). Because Santa Cruz has been fre- 

The House Finch (Carpodacus mexica- 
nus) occurred uninterruptedly on all eight 
of the Channel Islands until 20-25 years ago 
(Diamond and Jones 1980). On Santa Bar- 
bara Island, birds presumably of the island 
race C. m. clementis were last seen in 1968 
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TABLE 4. HUMAN-INDUCED INTRODUCTIONS TO THE 
BREEDING POPULATIONS OF THE CALIFORNIA CHANNEL 
ISLANDS OVER THE LAST 100 YEARS 

A. Introductions followed by extirpation 
Common Peafowl 

B. Successful introductions 
Cbukar 
Wild Turkey 
Common [Ring-necked] Pheasant 
Gambel’s Quail 
California Quail 
Rock Dove 
European Starling 
House Sparrow 

(Hunt and Hunt 1974), the loss being at- 
tributed to destruction of nesting habitat by 
introduced rabbits. House Finches of an un- 
known subspecies have recolonized Santa 
Barbara Island and were again breeding by 
1977. 

The Rufous-sided Towhee (Pipilo ery- 
throphthalmus) has differentiated into two 
recognizable races on the Channel Islands: 
megalonyx (the mainland race) on Santa 
Cruz and clementae on Santa Rosa, Santa 
Catalina, and San Clemente (Johnson 1972). 
The population on San Clemente was nearly 
extinct in 1968 (an immature bird was seen 
in 1975) and is presumed gone (Diamond 
and Jones 1980; Jorgensen 1984; Jones, pers. 
comm.). 

The island race of the Rufous-crowned 
Sparrow (Aimophila rujiceps obscura) is a 
breeding resident on Santa Cruz Island (Di- 
amond and Jones 1980), and seems to have 
colonized Anacapa in recent times (Johnson 
1972). It was first recorded in 1940 and was 
common by 1963 (Jones, pers. comm.) 

The Chipping Sparrow (Spizella passeri- 
na) is present only during the breeding sea- 
son and occurs on Santa Rosa, Santa Cruz, 
Santa Catalina, and San Clemente islands 
(Diamond and Jones 1980). It colonized 
Anacapa Island about 1940 (Jones, pers. 
comm.). 

The endemic San Clemente Sage Sparrow 
(Amphispiza belli clementeae) was common 
earlier in this century (Howell 19 17). Owing 
to habitat destruction by feral goats and 

sheep, and increased predation by island fox, 
it is now a federally “threatened” subspecies 
(Anon. 1980, Jorgensen 1984). Recent pop- 
ulation estimates range from 20-30 breed- 
ing adults in 1974 (Stewart et al. 1974), to 
90-l 10 adults in 1976 (Byers 1976, Sward 
1977), and 250-400 individuals in 1982 
(U.S. Fish and Wildlife Service 1984). 

The Song Sparrow (Melospiza melodia) is 
now a breeding resident only on San Miguel 
(micronyx) and Santa Rosa, and Santa Cruz 
(clementae) (Diamond and Jones 1980). Is- 
land populations on Santa Barbara (gra- 
minea) and San Clemente (clementae) have 
become extinct in this century (Jorgensen 
1984); the form on Santa Barbara Island 
was last seen in 1967 (Hunt and Hunt 1974). 

Dark-eyed Juncos (Junco hyemalis), win- 
ter visitors to the Channel Islands, were first 
recorded breeding on Santa Catalina in 1986 
(Collins 1987). 

The Western Meadowlark (Sturnella ne- 
glecta) is a breeding resident on all Channel 
Islands (Diamond and Jones 1980). It col- 
onized San Nicolas Island in this century, 
being first recorded from in 1945 (Jones, 
pers. comm:). 

INTRODUCTIONS IN THE LAST 
100 YEARS 

The final category of avifaunal change is 
species introduced directly onto the islands, 
such as for hunting, or of species introduced 
elsewhere in North America that subse- 
quently reached the islands on their own 
(Table 4). 

The Chukar (Alectoris graeca) was estab- 
lished in 1975 on San Nicolas Island after 
repeated introductions by the California 
Department of Fish and Game (Jones, pers. 
comm.). There was also a successful intro- 
duction on Santa Rosa Island in 1985-1986 
(P. Collins, pers. comm.). Releases on Santa 
Catalina (year unknown) and on San Cle- 
mente (1960) were not successful. 

A pair of Common (Ring-necked) Pheas- 
ants (Phasianus colchicus) was unsuccess- 
fully introduced on Santa Rosa Island in 
1988 (P. Collins, pers. comm.). A small flock 
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of Common Peafowl (Puvo cristatus) occurs 
around the main ranch of Santa Cruz Island 
(pers. obs.); a release on Santa Catalina in 
the 1960s was not successful (Jones, pers. 
comm.). The Wild Turkey (Meleagris gul- 
lopavo) was introduced on Santa Cruz Is- 
land in 1877 but was never established; 
however, it was successfully reintroduced 
sometime before 1968 (Jones, pers. comm.). 
Jones also reports it was successfully intro- 
duced on Santa Catalina in 1969. 

Gambel’s Quail (Cullipeplu gumbelii) was 
introduced on San Clemente Island about 
19 12 (Jorgensen 1984). The California Quail 
(Cullipeplu culifornicu) on Santa Catalina 
Island (cutulinensis) is larger and darker than 
its mainland counterpart (Johnson 1972) 
and may have been introduced by Native 
Americans, perhaps thousands of years ago. 
Quail from Santa Catalina were successfully 
introduced on Santa Rosa between 1935 and 
1940, and on Santa Cruz in 1946 (Jones, 
pers. comm.). California Quail of an un- 
known race were introduced about 1890 on 
San Clemente, but eventually disappeared 
(Jorgensen 1984). 

Rock Doves (Columbu liviu) are transient 
visitors to many of the Channel Islands (P. 
Collins, pers. comm.). They colonized the 
town of Avalon on Santa Catalina Island 
between 19 17 and 1968 (Diamond 1969). 

The European Starling (Sturnus vulgaris) 
was introduced in New York City in 1890 
(A.O.U. 1983) and arrived in California 
about 1942 (Small 1974). The first record 
from the Channel Islands (Santa Cruz) came 
in 1964 (Jones, pers. comm.). It is now a 
common resident on all the Channel Is- 
lands. 

The House Sparrow (Passer domesticus), 
introduced in New York City in 1850, 
with subsequent introductions elsewhere up 
to 1867 (A.O.U. 1983) was first seen on the 
Channel Islands (Santa Cruz) in 19 15 (Jones, 
pers. comm.). In this century it became a 
breeding resident on Santa Rosa (first re- 
corded in 1927) San Nicolas (colonized be- 
tween 1945 and 1959) Santa Catalina (first 
recorded in 1928) and San Clemente (first 

mentioned in 19 15; well established in 1968) 
(Jones, pers. comm.). Interestingly, a breed- 
ing population was never firmly established 
on Santa Cruz and it is now extirpated on 
Santa Rosa, both islands with extensive 
ranching operations, at least until recently 
(Jones, pers. comm.). 

DISCUSSION 

Tables l-4 summarize changes in the avi- 
fauna over the last 100 years. Groupings are 
only an approximation and are not used to 
summarize general trends. Also, the desig- 
nation of whether changes are “natural” or 
“human-induced” are based on published 
opinions; only in a few cases are they truly 
documented. 

Over the last 100 years, four species of 
marine birds seem to have increased in range 
or numbers, seven species first declined and 
later increased or recovered over at least 
part of their range, two species declined or 
are declining, and one species seems to have 
increased and is now declining. 

Six species of raptors have stayed con- 
stant or expanded their ranges to new is- 
lands, and another increased on some of the 
islands and declined on another. Two spe- 
cies of raptors were first extirpated and have 
been reintroduced (the Bald Eagle and Per- 
egrine Falcon). The Osprey is extirpated. 

Up to nine species of land birds may have 
colonized new islands. Two species have 
gained populations on new islands and seen 
declines or total losses on others. Eight spe- 
cies have suffered losses or had individual 
island populations lost, or presumed so. Two 
endemic races are extinct: San Clemente Be- 
wick’s Wren and Santa Barbara Island Song 
Sparrow. Populations of more widespread 
island races that are extirpated on at least 
one island include the San Clemente Ru- 
fous-sided Towhee and San Clemente and 
Santa Barbara islands’ populations of the 
Song Sparrow. One endemic island popu- 
lation was extirpated and was replaced with 
an unknown race: the Santa Barbara Island 
population of the House Finch. The Sage 
Sparrow on San Clemente decreased signif- 
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A CHRONOLOGY OF ORNITHOLOGICAL EXPLORATION 
IN THE HAWAIIAN ISLANDS, FROM COOK TO PERKINS 

STORRS L. OLSON AND HELEN F. JAMES 

Abstract. Although ornithological exploration of the Hawaiian archipelago began in 1778, more than 
a century elapsed before reasonably comprehensive avifaunal surveys were conducted in the 1880s 
and 1890s. We review the history of early bird collecting for each of the major islands, based on 
examination of specimen data, archives, and the published literature. An island-by-island approach 
shows that some islands were more favored for visits by early collectors, while others, especially Maui, 
were long neglected. Given the uneven collecting histories of individual islands, we speculate that 
additional species and populations may have become extinct after first European contact, but before 
specimens were preserved for science. 

Key Words: Hawaiian Islands; history of ornithological collecting; historical extinctions; museum 
collections. 

Compared to many parts of the world, 
ornithological exploration got an early start 
in the Hawaiian Islands, beginning with the 
third and final voyage of Captain James 
Cook in 1778, which expedition marked the 
first European contact with the islands. By 
way of contrast, the first bird to be collected 
for science in Panama, crossroads of world 
trade from the late 15th century onward, 
was not described until 65 years after Cook 
first landed in Hawaii (Gould 1843a). De- 
spite this promising beginning, over a cen- 
tury elapsed before serious efforts were made 
to survey the Hawaiian avifauna. 

We now know that human-caused deg- 
radation of Hawaiian ecosystems began with 
the arrival of Polynesians (Olson and James 
1982, 1991; James and Olson 1991) and 
was only accelerated by the increased hab- 
itat destruction and introductions of ani- 
mals, plants, and pathogens that followed 
with new waves of human settlers from 
abroad. The dominant theme in Hawaiian 
ornithology has therefore been a chronicle 
of extinction. 

The present survey, based on an extensive 
literature search and on specimen data from 
most of the museums housing significant 
collections of Hawaiian birds, emphasizes 
the degree to which our perception of the 
number and kinds of birds known histori- 
cally (as opposed to those known only from 
bones) in the islands may be biased by the 

manner and timing of ornithological col- 
lecting in the 19th century. Some species 
and island populations of birds probably 
survived undetected into the historic period 
but were overtaken by extinction before 
specimens could be collected. To identify 
possible biases of this nature, it is instruc- 
tive to examine the history of ornithological 
collecting on an island-by-island basis. 

In the century following Cook’s arrival, 
ornithological exploration in the Hawaiian 
Islands was sporadic at best, so that an ac- 
count of these years reads like a litany of 
missed opportunities, as noted a century ago 
by Newton (1892). Numerous exploring ex- 
peditions with naturalists aboard touched 
in the islands without adding much to or- 
nithology. We have tried to list all those that 
brought back at least a few specimens (Table 
1). Others that apparently did not may be 
found in Judd (1974). Explanations of mu- 
seum acronyms are in the Acknowledg- 
ments. 

In the late 1880s Scott B. Wilson, mo- 
tivated by the interest of his mentor Alfred 
Newton, of Cambridge University, under- 
took ornithological explorations of the ma- 
jor islands in 1887 and 1888. Wilson usually 
based himself in the mountain houses of 
island residents (Manning 1986: 13) not 
necessarily in the best places for collecting. 
In several instances his activities on a given 
island were decidedly perfunctory, so that 
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he overlooked numerous species. The re- 
sults of Wilson’s efforts were published over 
several years and summarized in his mag- 
num opus (Wilson and Evans 1890-1899). 
His itinerary has been pieced together partly 
from that source but mainly from specimen 
data. Wilson visited the islands in the 1890s 
as well. Although Newton remarked on Wil- 
son’s apparent lack of interest in further col- 
lecting at that time (Manning 1986: 18) a 
few of his specimens from this period are 
found scattered in various museums. 

Wilson’s original discoveries spurred 
Walter Rothschild to send his own collector, 
Henry Palmer, to the islands. The indus- 
trious Palmer, with assistants including 
George C. Munro and one Wolstenholme (? 
= Harry Wolstenholme-cf. Whittell 1954: 
780) scoured the archipelago with such 
avidity that he was often accused by Roth- 
schild’s rival, Newton, of pillaging the avi- 
fauna during his sojourn from December 
1890 to August 1893. An outline of Palm- 
er’s itinerary is given in Rothschild (1893) 
and Mearns and Mearns (1992). 

Meanwhile, Newton and colleagues co- 
ordinated a Joint Committee for the Zool- 
ogy of the Sandwich Islands that secured 
funding from the Royal Society, the British 
Association for the Advancement of Sci- 
ence, and eventually the Bishop Museum, 
to send another collector to the islands-R. 
C. L. Perkins, whose extensive labors in both 
ornithology and entomology spanned the 
period 1892 to 1897, after which his ener- 
gies were devoted almost exclusively to the 
latter. The history of this cooperative effort 
and Perkins’ itinerary are detailed by Man- 
ning (1986). Although Perkins’ collections 
added only a single new species, the Black 
Mamo (Dre~anis funerea Newton), to the 
then known avifauna, he was, fortunately, 
a very keen and intelligent observer who 
worked under field conditions of extreme 
deprivation and who left us with virtually 
all we will ever know about the habits of 
many now extinct species (Perkins 1893, 
1895, 1901, 1903, 1913). 

Although many of Wilson’s specimens 

went initially to UMZC, he also sold spec- 
imens rather widely (e.g., to Rothschild and 
RMNH). Palmer’s specimens went directly 
to Rothschild and the bulk was subsequent- 
ly conveyed to AMNH with the purchase 
of the Rothschild collection, although a siz- 
able portion went to BMNH with the Roth- 
schild bequest. Perkins’ specimens were di- 
vided mainly between UMZC, BMNH, and 
BPBM. Material of all three collectors has 
been extensively dispersed through ex- 
change and may now be found in many mu- 
seums around the world. 

The itineraries of Wilson, Palmer, and 
Perkins are summarized in Table 1. What 
follows is a short account of collecting in 
the islands prior to their more organized 
efforts, with notice of a few significant sub- 
sequent collections. 

HAWAII 

Cook’s third voyage brought back a num- 
ber of birds from Hawaii upon which 11 
new species were later based. The principal 
natural history forays of this expedition took 
place in January and February of 1779, when 
the vessels were anchored at Kealakekua Bay 
on the Kona (western) coast of the island of 
Hawaii. All Hawaiian specimens from the 
third voyage upon which new species were 
later founded came from this general area 
(Medway 198 1, Olson 1989~). Most ofwhat 
is known of the subsequent history of Cook 
voyage Hawaiian birds is dealt with in detail 
by Medway (198 1). Of the 11 species named 
from this expedition, only the rail Porzana 
sandwichensis was never taken in the Kona 
district again. 

Andrew Bloxam, naturalist of H.M.S. 
Blonde (see Oahu account), collected a sin- 
gle Elepaio (Chasiempis sandwichensis) on 
Hawaii in 1825 and reported the presence 
of what we now know to have been Dark- 
rumped Petrels (Pterodroma phaeopygia), 
but contributed little else to the island’s or- 
nithology (Bloxam 1827, 1925, MS notes). 

Between 1825 and 1840, only a few spec- 
imens of birds, mostly geese (Branta sand- 
vicensis) that presumably originated on the 
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TABLE 1. ISLAND-BY-ISLAND HISTORY OF COLLECXNG 
IN THE HAWAIIAN ISLANDS MORE OR LESS 
CHRONOLOGICALLY ORDERED BY DATE OF FIRST 
SIGNIFICANT ORNITHOLOGICAL ACTIVITY. THESE 
HISTORIES COVER THE PERIOD THROUGH THE 
EXPLORATIONS OF R. C. L. PERKINS, BUT ALSO INCLUDE 
A FEW SUBSEQUENT COLLECXONS OF NOTE. EACH ENTRY 
GIVES THE KNOWN TIME SPAN, COLLECTOR OR 
EXPEDITION, ANY PERTINENT LITERATURE, AND PRIN- 
CIPAL REPOSITORIES OF SPECIMENS (THE LAST Two 
OMITTED FOR WILSON, PALMER, AND PERKINS). THIS 
SUPPLEMENTS THE TABULATION IN OLSON AND JAMES 
(199 1 :TABLE 1) IN WHICH THE ENDEMIC LAND BIRDS OF 
THE ISLANDS ARE LISTED CHRONOLOGICALLY BY DATE 
OF ORIGINAL DESCRIPTION (WHICH WAS SOMETIMES 
LONG AFTER THE SPECIMENS WERE COLLECTED) 

HAWAII 

1779 Jan. Cook’s Third Voyage (Medway 198 1, Ol- 
son 1989~: LIV. RMNH. NMW) 

1825 June. H.M.S. blonde (Bloxam 1827, Olson 
1986; BMNH) 

1832 Sept. David Douglas sends Branta (Olson 
1989a; LIV, ANSP) 

1834. Lord Derby’s Brunta received (Olson 1989a) 
1836 Sept-Oct. Bonite (Eydoux and Souleyet 184 1; 

MNHN) 
Between 1837 and 1848. Rev. Forbes for J. K. 

Townsend (Peale 1848: 107) 
1840 Nov-184 1 Mar. U.S. Exploring Expedition 

(Wilkes 1845, Peale 1848, Cassin 1858; USNM, 
ANSP, MCZ) 

1846 Nov 2-l 2. Galathea (Steen Bille 1852; ZMUC, 
ZMB) 

185 l-1855. Jules RCmy (Wagner et al. 1990:table 8; 
MNHN. MCZ) 

1856 Mar. U.S. North Pacific Surveying & Exploring 
Expedition (Cassin 1862; ANSP) 

11852-18631. Andrew Garrett (oresent on Hawaii 
through years indicated-Thomas 1979; undated 
material at ANSP, 1857 and 1859 at MCZ) 

185Os-1860s. J. D. Mills [arrived Hilo 1851, d. 
1887, thought to have been most active collect- 
ing ca. 1859-18601 (Dole 1878, Manning 1978, 
1979; BPBM, RMNH) 

ca. 1863 or before. Specimens obtained for Ferdi- 
nand Gruber (Olson 1990; USNM, NMW) 

1864 or 1865. William T. Brigham (Olson 1992; 
MCZ) 

1872. Theodore Ballieu (Wagner et al. 1990:table 8; 
MNHN: Mearns and Mearns 1992) 

1875 Aug 14-19. Challenger Expedition (Sclater 
1878, 1881; BMNH) 

1876-1878. Theodore Ballieu (Wagner et al. 1990:ta- 
ble 8; MNHN, also MCZ, BMNH, RMNH) 

1887 May-1888 June. Wilson 
189 1 Apr. Aug. Wilson 
1891 Sept. Palmer 
1892 Jan-June. Palmer 
1892 June-Oct. Perkins 
1892 Apr, Nov. Wilson 
1894 July-Aug. Perkins 
1895 June-Sept. Perkins 

TABLE 1. CONTINUED 

1895 Apr 3, 8, May 29. Thos. C. White for Flood 
brothers (MCZ) 

1895 Dee-1896 Jan. Perkins 
1896 Mar, Aug-Sept, Nov-Dec. Perkins 
1896 May, June. Wilson 
1896. Schauinsland (UMB) 
1897 Feb-Mar. Perkins 
1898 Apr 9-1903 Aug 24. Henshaw (resident on Ha- 

waii from Dee 1894 to Feb 1904-Henshaw 
1919-1920, Nelson 1932; BPBM, USNM) 

OAHU 

1786 May-June. H.M.S. Queen Charlotte (Dixon 
1789; BMNH) 

1825 May. H.M.S. Blonde(Bloxam 1827, 1925, Ol- 
son 1986; BMNH) 

1834 Sept. M. Botta (MNHN) 
1835 Jan. Townsend and Nuttall (Townsend 1839; 

specimens not separable from those of 1837) 
1837 Jan. Townsend (Townsend 1839; ANSP, LIV, 

USNM, FMNH) 
1837 Jan. Deppe (ZMB, ZIL, NMW) 
1837 July. Feenus (Prevost and Des Murs 1849; 

MNHN, MCZ) 
1837 July, 1839 June. HMS Sulphur (Gould 1843b; 

BMNH) 
1840 Sept, Nov; 1841 Mar-Apr. U.S. Exploring Ex- 

pedition (Midshipman Henry Eld; ROM) 
1842. Specimens sent via Chile (Olson 1989b; SMF, 

BMNH) 

1845. Specimens obtained for I. G. Voznesensky 
(ZIL) 

1843. May Dan&de (M. Jaures [or Jaurer]; MNHN) 
1843. Specimens obtained for I. G. Voznesensky 

(ZIL) 

1846 Ott 7-3 1. Galathea (Steen Bille 1852; ZMUC, 
ZMB) 

1849 May, 1850 Oct. H.M.S. Herald (Capt. Kellett; 
BMNH, ZIL) 

1870 Feb 2 l-Mar 2. Austrian East Asian and Amer- 
ican Expedition (Pelzeln 1873; NMW) 

1873-1874. U.S. North Pacific Surveying Expedition 
(Streets 1877a, b; USNM) 

1888 Apr, Ott-Nov. Wilson 
1891 Oct. Wilson 
1892 Aug, Sept. Wilson 
1893 Jan. Wilson 
1893 Mar-June. Palmer 
1892 Mar-June, Ott-1893 May. Perkins 
1895 Apr, June, Nov. Perkins 
1895 Feb, May, June, July-Aug, Ott, Dee; 1896 Jan. 

M. J. Flood (especially Jul-Aug); some by John 
Seaburg, and James and Fred McGuire for 
Flood (MCZ) 

1896 Feb, July, Aug, Sept, Nov. Perkins 
1897 Jan. Feb. Mar. Perkins 
1901 Nov, Dec. Perkins 
1902 Ott, Nov. Perkins 

KAUAI 

1778 Jan. Cook’s Third Voyage [no significant speci- 
mens] 
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TABLE 1. CONTINUED 

1835 Feb. Townsend and Nuttall (Townsend 1839; 
ANSP, LIV, USNM) 

1840 Oct. U.S. Exploring Expedition [no specimens] 
(Wilkes 1845,-Peale-1848, Cassin‘ 1858) 

1866. Knudsen (Ridgway 1882, USNM) 
1886-1893. Knudsen (Stejneger 1887a, b, 1888, 

1890; USNM, ZMUO, BMNH) 
1888 Apr, Sept. Wilson 
1890 Dee-1 89 1 Jan-Apr. Palmer 
1891 Apr 29. Wilson 
1892 Feb, Nov. Wilson 
1893 Jan, Nov. Hans Isenberg (UMB) 
1893 Feb. Wilson 
1893 June-Aug. Palmer 
1894 May-June. Perkins 
1895 Apr-May, Ott-Nov. Perkins 
1895/1896. Hans Isenberg (UMB) 
1896 Apr. Wilson 
1896 July-Aug. Perkins 
1897 Jan-Feb. Perkins 

MOLOKAI 

1864 or 1865. Brigham (Olson 1992; MCZ) 
1888 June. Wilson 
1892 Dee-1893 Feb. Palmer 
1893 Mav-June, Julv-Sept. Ott-Nov. Perkins 
1894. R. Meyer’ . _ 
1894 Dee-1895 Feb. M. J. Flood (MCZ) 
1896 June. Perkins 
1896. Meyer (UMB) 
1898. Meyer (UMB) 
1902 Feb. Perkins 
1907 Apr-June. W. A. Bryan (Bryan 1908; BPBM) 

MAUI 

ca. 1850-1880. A single Vestiaria collected by a Mr. 
Chapin (CAS) 

1879 June 3Oduly. Finsch (Finsch 1880; ZMB, 
BMNH) 

1888 July. Wilson 
1892 July-Oct. Palmer 
1890s. Mathias Newell (Bryan 1901; BPBM, MCZ) 
1894 spring. Mathias Newell (Henshaw 1900; 

BPBM) 
1894 Mar, May. Perkins 
1896 Feb-Mar, Apr-May, Sept-Ott, Dec. Perkins 
1897 Jan. Perkins 
1900 June, July. Henshaw (BPBM) 
190 1 June, Aug. Henshaw (BPBM) 
1973 Sept. Melumprosops collected (Casey & Jacobi 

1974; BPBM, AMNH) 

LANAI 

1888 June. Wilson 
ca. 1888. Havselden (BPBM) 
1892 Nov. Pglmer ~ 
1893 Dee-1894 Feb. Perkins 
1894 June-July. Perkins 
[191 l-19341 1913 Feb 22. Munro [dates of residency 

and date Dysmorodrepanis collected] (Perkins 
19 19; BPBM) 

TABLE 1. CONTINUED 

NIIHAU 

1887 or 1888. Knudsen (Stejneger 1888; USNM) 
1893 July 15-28. Palmer 

KAHOOLAWE 

1892 Oct. Palmer (Rothschild 1893) 

NORTHWESTERN CHAIN 

1889 Jan. Wilson’s purchase of Telespiza (Wilson 
1890, Olson and James 1986; RMNH) 

189 1 May-June. Palmer 
1916 Feb. 12. Thetis (Bryan 1917; CAS) 
1923 June. Tanager Expedition (Wetmore 1924, 

1925; USNM, BPBM) 

island of Hawaii, found their way to Europe 
(e.g., Olson 1989a). J. K. Townsend was on 
Hawaii briefly in 1837, where he remarked 
on the paucity of birds and apparently did 
not collect any himself (Townsend 1839). 
Specimens were later sent to him from there 
by a missionary, Rev. Forbes, including 
those used later by Peale (1848) in the orig- 
inal description of the Hawaiian Crow (Cor- 
vus hawaiiensis). 

Vessels of the United States Exploring 
Expedition arrived in the islands in Septem- 
ber 1840, some staying until April 1841. 
The expedition ornithologist, Titian Peale, 
was in the archipelago for a only a short 
period before being dispatched to the south 
(Wilkes 1845) and it is not clear to what 
extent the few Hawaiian bird specimens that 
have survived from this expedition were the 
result of his efforts or those of others. One 
of the expedition’s two principal vessels, the 
Peacock, was wrecked at the mouth of the 
Columbia River, occasioning the loss of 
many specimens, including all those of the 
crow, as Peale (1848: 107) later lamented. 
Although members of the expedition were 
on Kauai and Oahu, all of the birds that 
survive from the expedition (Peale 1848, 
Cassin 1858), save for a few from Oahu 
preserved by Midshipman Henry Eld and 
now in the ROM, are certainly or probably 
from the island of Hawaii. 

Subsequent to the Exploring Expedition, 
collecting yielded little of interest for an- 
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other 35 years. Although amateur taxider- 
mist J. D. Mills was active in this period 
(Manning 1978, 1979) material from his 
important collections was not described un- 
til considerably later (Dole 1878). 

In 1875, the briefvisit ofthe British Chaf- 
lenger Expedition resulted in little other than 
securing the type of the Hawaiian Duck, 
Anus wyvilliana, though the species had been 
collected previously several times (at least 
on Oahu in 1837 and 1846). Theodore Bal- 
lieu, whose name has been almost invari- 
ably misspelled “Bailleu,” including in the 
specific name of the Palila, which commem- 
orates him (Loxioides “bailleui”), was 
French Consul at Honolulu from 1869 to 
1878 (Mearns and Mearns 1992). By col- 
lecting at higher elevations in the Kona dis- 
trict of Hawaii, he was able to secure the 
first specimens of Palila in 1876 as well as 
what are the earliest extant examples of Ak- 
iapolaau (Hemignathus wilsoni), although 
the species was not recognized as new at the 
time. 

The final few species to be added to the 
avifauna of Hawaii were collected by Wil- 
son and by Palmer; no others were added 
by Perkins, or through the long residence of 
H. W. Henshaw, who collected extensively 
on the island at the turn of the century. 

OAHU 

The first vessels to visit the Hawaiian Is- 
lands after Cook, H.M.S.S. King George and 
Queen Charlotte, captains Nathaniel Port- 
lock and George Dixon, called at various 
islands in 1786 and again in 1787. They 
returned with a few specimens of birds of 
which Dixon (1789) published a plate of 
what is clearly the Oahu 00 (Moho apicalis). 
The species was not recognized as distinct 
and named for another 70 years (Gould 
1860) and it was even later that its island 
of origin was determined. Nevertheless, 
Dixon’s plate is the earliest documentation 
of a bird specimen from Oahu. 

The year 1825 saw the arrival of H.M.S. 
Blonde on a political mission, Lord Byron, 
successor to the poet, in command. Serving 

as expedition naturalist was Andrew Blox- 
am, who at age 23 had recently graduated 
from Oxford, but with scant training in nat- 
ural history. To judge from his diary (Blox- 
am 1925) and the journal of the expedition’s 
horticulturalist (Macrae 1922) Bloxam did 
not exert himself unduly and collected birds 
on only a few days of his fairly lengthy stay 
on the island. 

An account of the expedition was com- 
piled by Maria Graham from various dia- 
ries and was published under Byron’s name 
(see Bloxam 1827). The appendix on nat- 
ural history was taken from Bloxam’s 
manuscript notes and so heavily edited and 
misinterpreted that Newton (1892:466) dis- 
missed it as “a disgrace . . . utterly unworthy 
of its reputed author.” Nevertheless, several 
scientific names date from this publication 
with Bloxam as author. Bloxam’s unpub- 
lished natural history notes (see Olson 1986) 
document that among the material that he 
turned over to the Lords of the Admiralty 
were 24 bird specimens from Oahu, all but 
two of which are present in the collections 
of the British Museum. 

Bloxam was the only collector ever to find 
the Oahu thrush (A4yade.ste.s). His two spec- 
imens, an adult and an immature, were long 
thought to have been lost, but we have stud- 
ied an immature in BMNH and an adult in 
ANSP that we believe most likely came from 
Oahu and that may well be Bloxam’s spec- 
imens. 

In 1835, John Kirk Townsend, accom- 
panied by Thomas Nuttall, collected birds 
on Oahu (Townsend 1839). Townsend re- 
turned in December 1836 and linked up 
with Ferdinand Deppe, a renowned collec- 
tor of Mexican birds. On 15 January 1837 
he and Deppe hired a house in “Nuano” (= 
Nuuanu) Valley where they were “very suc- 
cessful” at procuring “birds, plants &c.” 
(Townsend 1839:207). 

The fate of Townsend’s Hawaiian mate- 
rial was tangled and unfortunate (see Kauai 
account). Although none of his specimens 
from Oahu were ever described, new taxa 
based on Deppe’s material were named over 
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a span of years by Lichtenstein and Cabanis. 
Neither Townsend nor Deppe obtained any 
thrushes, despite their having collected in 
the same general area where Bloxam ob- 
tained them 12 years before. No collectors 
subsequent to Townsend and Deppe ob- 
tained either the Oahu Akialoa (Hemig- 
nathus lichtensteini) or the Oahu 00 (Moho 
apicalis), nor were any species discovered 
subsequently on Oahu that had not been 
taken by either Bloxam or Townsend and 
Deppe. 

KAUAI 

Specimens of Vestiaria coccinea were re- 
ceived in barter when Cook’s ships stopped 
at Kauai in 1778, but there is no evidence 
of any other birds having come from Kauai 
prior to 1835. J. K. Townsend, accompa- 
nied by Thomas Nuttall, arrived on Kauai 
on 11 February of that year and made “sev- 
eral long excursions over the hills and 
through the deep valleys, without much suc- 
cess. The birds are the same as those we 
found and collected at Oahu, but are not so 
numerous. They are principally creepers 
(Certhia) and honey-suckers (Nectarinia) . . . 
and some species are very abundant” 
(Townsend 1839:207-208). Although Nut- 
tall may have aided Townsend in collecting 
birds, he was mainly botanizing and his only 
published contribution to Hawaiian orni- 
thology is his passing mention of the Short- 
eared Owl (Asioflammeus) (Nuttall 1840). 

Townsend’s specimens were later scat- 
tered and their significance never appreci- 
ated. Some went to ANSP but a large por- 
tion went to J. J. Audubon to try to sell in 
Europe. In June 1838, Audubon offered for 
sale to the 13th Earl of Derby a large selec- 
tion of birds collected by Townsend, in- 
cluding 12 1 specimens of at least 13 species 
from the Sandwich Islands. The Earl made 
a manuscript list of the offering that was 
transcribed and discussed extensively by 
Medway (198 1). The Earl selected only a 
handful, most of which are now in the Liv- 
erpool museum, and the others were dis- 
persed. Such as still exist and can be iden- 

tified as of Townsend origin may be found 
in diverse collections in Europe and North 
America. 

Townsend’s birds from Kauai were the 
first other than the Cook Vestiaria to be 
taken on that island and he brought back 
species that remained undescribed for de- 
cades afterwards. For example, there is a 
Townsend specimen of Loxopsparvus in the 
collections of the Smithsonian Institution 
that had been received prior to 184 1 by its 
predecessor, the National Institute. Yet the 
species was not named until 1887, from ma- 
terial supplied by Valdemar Knudsen 
(Stejneger 1887a). 

The U.S. Exploring Expedition was on 
Kauai in 1840, where Peale (1848:149) 
mentions a bird that is certainly the endem- 
ic meliphagid Moho braccatus, although he 
confused it with Certhia (= Drepanis) pa- 
cifica. Although Peale says that some of these 
birds were killed at Hanalei, if they were 
preserved they must have been lost in the 
wreck of the Peacock. 

Moho braccatus was clearly illustrated by 
Reichenbach (1853) although he errone- 
ously regarded it as the female of Moho no- 
bilis. In all likelihood this figure was based 
on one of the birds collected by Townsend. 
The species was finally recognized and 
named by Cassin in 1855, based on a Town- 
send specimen in ANSP. 

Apart from the Exploring Expedition, 
which contributed nothing to knowledge of 
birds of the island, ornithology was essen- 
tially dormant on Kauai for the half century 
after Townsend, to be revived by Valdemar 
Knudsen, a Norwegian adventurer who set- 
tledonKauaiin 1857(Peppin 1956).Knud- 
sen forwarded birds to the Smithsonian In- 
stitution as early as 1866, though it was not 
until considerably later that any received 
attention (Ridgway 1886, 1888). These and 
additional specimens cataloged in 1886, 
1887, 1888, and 1889, were described by 
Stejneger (1887a, b, 1888, 1890). 

There is an interesting card in the bio- 
graphical file of C. W. Richmond at USNM 
that was sent to Richmond, probably about 
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19 12, by Augustus F. Knudsen, in which 
the latter states that he, too, “collected birds 
in 1885 & 86 -specimens sent in with Mr. 
V. Knudsen’s collection. Also in 1892-93- 
94. But again my father insisted on only his 
name going in as he had hoped to find new 
birds. I gave in. 4 new birds were found by 
me.” A number of Knudsen specimens dated 
1890 and 1893 were sent to Robert Collett 
in Norway (ZMUO), from which some were 
in turn sent to BMNH. Eleven specimens 
purchased 2 June 1887 by the Berlin Mu- 
seum (ZMB) from a dealer, J. Wentscher, 
are of obvious Knudsen make and some 
bear label annotations in English that can 
only have come from Knudsen’s original 
labels or notes. The most notable among 
this series is the holotype of Cabanis’ name 
Hemignathus procerus. 

In terms of ornithological knowledge, the 
Knudsen’s efforts put Kauai ahead of the 
other Hawaiian islands for a time. Wilson 
collected on the island in 1888, securing and 
naming Loxops caeruleirostris, which had 
eluded previous collectors. Because of the 
better comparative material available to 
him, he was also able to distinguish as new 
both the akialoa and the amakihi of Kauai, 
naming them both for Stejneger, who had 
reported Knudsen specimens of each but, 
in the absence of comparative material, had 
no way to separate them from the previ- 
ously described species from Hawaii. Palm- 
er made his first visit to Kauai from De- 
cember 1890 through April 189 1, by which 
time there was but one new bird left for him 
to find, the small Kauai thrush, Myadestes 
palmeri, leaving no new ornithological dis- 
coveries for Perkins to make. 

MOLOKAI 

Strangely, the avifauna of the much 
smaller and less populous island of Molokai 
was better documented by collections than 
its larger neighbor of Maui. We know from 
Dole (1869) that William T. Brigham re- 
corded and presumably collected a strange 
bird on Molokai in 1864 or 1865. What is 
believed to be Brigham’s small, dataless col- 

lection is in the MCZ and included two 
specimens of the extinct drepanidine Ciri- 
dops anna, which may have been Brigham’s 
puzzling bird (Olson 1992). 

Wilson visited Molokai in June 1888, but 
as on Maui, his activity must have been very 
limited and the number of specimens he 
procured were few, apparently including 
only Phaeornis lanaiensis, Loxops virens, 
and the types of Paroreomyza Jlammea. 

Palmer made a much more thorough job 
of his visit from December 1892 through 
February 1893, adding Palmeria dolei to the 
Molokai list and obtaining the first speci- 
mens ofMoho bishopi. Perkins followed hard 
on Palmer’s heels in May and June of 1893 
(he visited the island twice more during the 
same year), when he obtained the first spec- 
imen of Drepanis funerea, the only new spe- 
cies of Hawaiian bird that he personally was 
able to discover once Rothschild’s collec- 
tors had been through the islands. 

Milton J. Flood, who with his brother 
Oliver operated a commercial collecting 
business, was on Molokai from December 
1894 to February 1895 and preserved very 
large series of specimens of the commoner 
birds, most of which are at MCZ. The more 
desirable rarities seem to have eluded him, 
however, probably because he was denied 
permission to collect on Bishop Estate lands 
because he did not represent a “reputable 
scientific society” (Manning 1986: 16). 

Perkins revisited Molokai in 1896. Dur- 
ing this period, R. M. Meyer (Charles Bish- 
op’s ranch manager on Molokai-Manning 
1986: 15) and his family were host to most 
bird collectors visiting the island. Members 
of the Meyer family preserved birds about 
this time that are still in the possession of 
the family, including such rarities as Dre- 
panis jiinerea and Moho bishopi. Six spec- 
imens ofthe former were taken by Theodore 
Meyer in 1894 according to Bryan (1908). 
Specimens in UMB are attributed to R. 
Meyer in 1896 and 1898, acquired through 
then director Hugo Schauinsland. 

A substantial series of specimens was se- 
cured by William A. Bryan (1908) for the 
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Bishop Museum from 15 April to 15 June 
1907. After great exertion, he was able to 
collect three specimens of Drepanis finerea, 
but did not encounter Moho bishopi, which 
by that time may already have been extinct. 
Based on specimens he took, he named the 
Molokai thrush as a distinct species, 
Phaeornis rutha, after his wife. This has usu- 
ally been considered identical with Phaeor- 
nis (= Myadestes) lanaiensis of Lanai, al- 
though our comparisons indicate that it is 
probably subspecifically distinct. 

MAUI 

Maui is the second largest of the Hawai- 
ian Islands and home to the once busy whal- 
ing port of Lahaina. As extraordinary as it 
may seem, with one unimportant exception, 
we have found no record of any specimen 
of bird having been preserved from Maui 
prior to 1879, exactly a century after the 
departure of Cook’s expedition from the is- 
lands. Why this should be is unclear, but 
lack of convenient access to forest habitats 
in the steep mountains of West Maui that 
back Lahaina may have been a contributing 
factor. Regardless, the lack of early collect- 
ing has doubtless had an effect on our cur- 
rent perspective of the “historically” known 
avifauna of Maui. 

In June and July 1879, Otto Finsch vis- 
ited Maui and made desultory observations 
and collections in the lowlands and in forest 
near Olinda. Although he mentions several 
species that he did not collect (Finsch 1880) 
he brought back specimens of only 3 species 
of forest birds. He was thus the first collector 
to obtain specimens of Paroreomyza mon- 
tana, which he misidentified as Hemignathus 
obscurus (!), and Loxops coccinea ochracea, 
which he accurately described but unfor- 
tunately under a previously used name that 
proved to be a synonym of L. c. coccinea. 

Almost another decade then passed be- 
fore Scott Wilson arrived on Maui in July 
1888. His collecting effort seems to have 
been no more intense than that of Finsch 
and appears to have resulted in only a scant 
handful of specimens in the collections at 

UMZC, the only one of note being the single 
juvenile that became the type of what is now 
called Palmeria dolei (Wilson). 

Thus, the avifauna of Maui was never 
adequately sampled until Palmer’s sojourn 
from July through October 1892. Palmer 
obtained all the forest birds known histor- 
ically from Maui (except Melamprosops) and 
because of his efforts the privilege of naming 
the most new forms from Maui fell to Lord 
Rothschild. The taxa include four valid sub- 
species of drepanidines, the genus Palmeria, 
and the singular Maui Parrotbill, Pseu- 
donestor xanthophrys. 

Brother Mathias Newell, who resided on 
Maui, preserved a number of birds in the 
1890s though these had minimal data (Bry- 
an 1901). The most notable was the holo- 
type of Pujinus newelli (Henshaw 1900). 
Perkins, followed by Henshaw, collected ex- 
tensively on Maui, but neither discovered 
any new taxa there. No significant subse- 
quent collections of birds were made on 
Maui until the surprising discovery of Me- 
lamprosops phaeosoma in 1973 (Casey and 
Jacobi 1974). 

LANAI 

The much smaller and less populated is- 
land of Lanai was neglected by omitholo- 
gists for even longer than Maui. Scott Wil- 
son made the first bird collections we know 
of from the ornithologically depauperate is- 
land in June 1888. He stayed with F. H. 
Hayselden, who at about the same time sup- 
plied bird specimens from Lanai to the 
Bishop Museum. Henry Palmer visited La- 
nai in November 1892, when he obtained 
the only three specimens known of Hemig- 
nathus lanaiensis. Perkins collected birds on 
Lanai in 1893 and 1894. 

The experienced naturalist and collector 
George C. Munro occasionally collected 
birds on Lanai during his residence from 
1911 until 1934 (R. C. Munro 1957). Al- 
though the Hemignathus eluded him, he ob- 
tained the unique holotype of Dysmorodre- 
panis munroi (Perkins 19 19) on 22 February 
19 13, the validity of which has recently been 



HAWAIIAN ORNITHOLOGICAL EXPLORATION-Olson and James 99 

affirmed through anatomical studies (James 
et al. 1989). 

NIIHAU 

No native land birds have ever been re- 
corded from Niihau. The first specimens of 
birds from the island are a few waterbirds 
taken by Knudsen in 1887 or 1888. Palmer 
collected there in 1893 and likewise found 
only shorebirds and introduced mynas (Ac- 
ridotheres tristis). Only the fossil record of 
this paleontologically unexplored island can 
now tell us what species of native land birds 
once occurred here. 

KAHOOLAWE 

This smallest of the main Hawaiian Is- 
lands was ecologically degraded even in 
Cook’s time. Subsequent ranching did noth- 
ing to improve the environment, after which 
the island was used as a bombing range, 
beginning in 194 1. Palmer visited Kahoo- 
lawe briefly in October 1892, reporting that 
he found no land birds except introduced 
House Finches (Carpodacus mexicanus) and 
a few shorebirds (Rothschild 1893). Brief 
paleontological surveys of the island suggest 
that there is unfortunately little potential for 
obtaining much of a fossil record there. 

NORTHWESTERN CHAIN 

Extensive documentation of the history 
of ornithological collecting in the North- 
western Hawaiian Islands is available else- 
where (Amerson 197 1, Amerson et al. 1974, 
Clapp 1972, Clapp and &-idler 1977, Clapp 
and Wirtz 1975, Clapp et al. 1977, Ely and 
Clapp 1973, Woodward 1972) and need not 
be repeated here. Only those expeditions or 
collectors obtaining new species are listed 
in Table 1. The first endemic bird reported 
from these islands was the Laysan Finch 
(Telespiza cantans), which was described 
from a specimen that Wilson purchased alive 
in Honolulu (Olson and James 1986). Palm- 
er collected widely in the chain in 1891, 
obtaining all five endemic species of Laysan. 
He did not land at Nihoa, however, which 
held out its two endemic species until the 

next century. The types of the Nihoa Finch 
(Telespiza ultima) were brought off by the 
Thetis in 19 16, and the Nihoa Warbler (Ac- 
rocephalus kingi) was the prize of the Tan- 
ager expedition of 1923. 

CONCLUSIONS 

Vagaries in the history of ornithological 
collecting between different islands of the 
Hawaiian archipelago could have permitted 
a number of extinctions of species or island 
populations to have gone undetected during 
the historic period. Nowhere is this more 
likely to have been the case than on Maui, 
which was not adequately surveyed until 
1892. By this time Myadestes, Moho, and 
the akialoa (Hemignathus) had long since 
vanished on Oahu, and flightless rails (Por- 
zana) and the passerines Chaetoptila arz- 
gustipluma, Drepanis pacijca, and Ciridops 
anna had disappeared on Hawaii. Repre- 
sentatives of all of these genera save Ciri- 
dops are known from late Holocene bones 
on Maui (Olson and James 199 1, James and 
Olson 199 1). Indeed, Perkins (1903:378) al- 
ludes to a report that thrushes existed on 
Maui some 30 years prior to the mid- 1890s. 
Sabo (1982) refers to sight records of Moho 
on Maui from the early 1800s up to recent 
times. Perkins (1903:453) also reported na- 
tive observations of flightless rails on Mo- 
lokai in the 19th century. 

In conclusion, although many species of 
birds, particularly the larger flightless spe- 
cies and raptors, were probably extermi- 
nated long before the arrival of Cook, we 
would emphasize that any assessment of the 
the distribution and extinction of the his- 
torically known avifauna of the Hawaiian 
Islands should also take into account the 
potentially great bias that has been intro- 
duced by the differences in timing and in- 
tensity of collecting efforts on the individual 
islands. 
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AVIFAUNAL CHANGE IN THE HAWAIIAN ISLANDS, 
1893-1993 

H. DOUGLAS PRATT 

Abstract. The past century has witnessed more avifanal change in the Hawaiian Islands than in any 
other part of the United States. Two-thirds of the 68 species present in the main islands in 1893 are 
now extinct or endangered. Despite some early historical extinctions, a more or less intact native land 
and freshwater avifauna existed in 1893. The century began with rapid disappearances and declines 
of forest birds in large tracts of seemingly undisturbed habitat on the larger main islands, with a similar 
crash on Lanai following its settlement in 1920. A consensus has developed that these disasters resulted 
from alien bird diseases including avian pox and mosquito-borne avian malaria, although other causes 
such as the introduction of Rattus ruttus have been suggested. Today, the presence of vectors of avian 
malaria is the most significant limiting factor in the distributions of native birds, which are restricted 
to higher elevations. Slow declines of species that survived the 1890- 19 10 crash resulted from a variety 
of factors including habitat alteration by man and feral pigs and predation by introduced mongooses. 
Kauai retained all of its 1893 species, some in reduced numbers, into the 196Os, but has since 
experienced still unexplained declines and extinctions. Two recent hurricanes may have wiped out 
the remnants of several species. Outside the main islands, Laysan lost 3 of its 5 endemic species as a 
result of the introduction of rabbits. 

As a result of human disturbance, nesting seabirds had nearly disappeared from the main islands 
by 1893. With the decline of egg-gathering and legal protection of offshore islets, many colonies have 
been re-established. Those that attempt to nest on the main islands, including the endangered Hawaiian 
Petrel and threatened Newell’s Shearwater, still suffer from predation by mongooses and feral pets. 
Seabird colonies in the Northwestern Hawaiian Islands have recovered from the depredations of 
feather hunters around the turn of the century and are now protected in a national wildlife refuge. 

The Hawaiian Islands now harbor more alien bird species than any other place on earth, most of 
them introduced since 1893. They represent every zoogeographical realm and include game birds, 
ornamental species, common cage birds, and others. With the exception offreshwater birds, the lowland 
Hawaiian avifauna is now entirely artificial. Whether these aliens have a role in the restriction and 
decline of native birds is not known, but little direct competition has been documented for most 
species. They primarily inhabit areas no longer available to native birds due to the presence of disease 
vectors. However, the Japanese White-eye, now the most abundant bird in the islands, is widespread 
in montane forests and may compete with native birds and provide a disease reservoir. 

Key Words: Avian disease; extinction; feral pig; Hawaiian Islands; introduced birds; mongoose. 

The Hawaiian Islands have seen more 
change in their avifauna during the past cen- 
tury than any other part of the United States 
of America. In virtually every respect, the 
bird fauna that greets modern observers dif- 
fers drastically from that described by re- 
searchers of the the 1880s and 1890s when 
the first thorough studies of Hawaiian birds 
were conducted. Because of the work of such 
observers as Valdemar Knudsen (Stejneger 
1887, 1888, 1889) Scott Wilson (Wilson 
and Evans 1890-1899) Henry Palmer 
(Rothschild 1893-1900) R. C. L. Perkins 
(1903), Henry W. Henshaw (1902) Alvin 
Seale (1900) W. A. Bryan (1905, 1908) W. 
K. Fisher (1906) and George C. Munro 
(1960), we have a surprisingly complete pic- 

ture of the Hawaiian avifauna as it existed 
a century ago. The ensuing years saw the 
extinction of many species, the reduction of 
others to tiny remnant populations, and the 
purposeful introduction of more alien birds 
than in any other place on earth. The willy- 
nilly destruction of the indigenous avifauna 
is particularly unfortunate because, as the 
world’s most isolated archipelago, the Ha- 
waiian Islands are singularly important in 
the study of evolution and island biology. 
[Note: Scientific nomenclature as given in 
Tables 1 and 2 follows Pyle (1992b) except 
for the Hawaiian Coot which follows Pratt 
(1987) and the akialoas which follow James 
and Olson (1991). English names follow 
Pratt et al. (1987) and Pratt (1992b).] 
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FIGURE 1. Above: Remnant montanc ohia (hfc~tnsidcros pol~~morpha) rainforest at crest of ridge, eastern 
Molokai. Below: Lower elevation on south slope of same ridge showing a single ohia tree that has survived 
damage by feral goats. pigs. and deer. 
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THE HAWAIIAN AVIFAUNA IN 1893 

Land birds 

The forest and upland avifauna of the Ha- 
waiian Islands was much degraded even a 
century ago. Although unknown to observ- 
ers at the time, well over half of the archi- 
pelago’s indigenous birds were already ex- 
tinct. Henshaw (1902) attributed the absence 
of native forest birds from low elevations 
to the vagaries of island colonization, but 
recent fossil discoveries revealed that the 
first human inhabitants destroyed a rich and 
varied lowland forest avifauna (Olson and 
James 1982). New species described from 
skeletal remains, although undoubtedly an 
incomplete sample of the prehuman avifau- 
na, more than doubled the recent species 
list for the islands (Olson and James 1982, 
1991; James and Olson 1991). Following 
the first European contacts in the late 1700s 
a new era of avifaunal change ensued, char- 
acterized by numerous extinctions on is- 
lands with the most contact with the outside 
world. Oahu, still the islands’ political, eco- 
nomic, and population center, lost its 00, 
thrush, akialoa, and Nukupuu well before 
1893 (Wilson and Evans 1890-1899, Hen- 
shaw 190 1). Maui, site of the first capital of 
the Kingdom of Hawaii but not explored 
ornithologically until the 188Os, probably 
had already lost a thrush and the Black 
Mamo (James and Olson 199 1); its oo and 
the Poo-uli also had become so rare that 
their existence was not even known at the 
time (Wilson and Evans 1890-l 899, Hen- 
shaw 1902, Casey and Jacobi 1974). Ha- 
waii, the first island to be affected by Euro- 
peans, had lost the large meliphagid Kioea 
and a flightless rail by the 1860s and the 
Ula-ai-hawane barely survived in 1893 
(Rothschild 1893-1900, Henshaw 1902). 
Nevertheless, with the exception of Oahu, 
the historically known terrestrial avifaunas 
of the Hawaiian Islands were still more or 
less intact in 1893 (Wilson and Evans 1890- 
1899, Rothschild 1893-l 900). The original 
montane native forests still existed on most 
islands, although clearing for agriculture 

FIGURE 2. Hawaiian Stilt (Himanfopus mexicanus 
knudspni) in taro patch, Hanalei, Kauai. 

(Henshaw 1902) and grazing by feral cattle 
(Tomich 1986) were moving their lower 
limits inexorably upward (Fig. 1). 

Freshwater birds 

Freshwater habitats including marshes, 
taro farms, and fishponds were still an im- 
portant part of the Hawaiian lowland land- 
scape in 1893, and the native duck, coot, 
moorhen, and stilt (Fig. 2) were widespread 
and common (Henshaw 1902). On the other 
hand, the Nene or Hawaiian Goose, more 
of an upland bird than a waterfowl, had 
disappeared from Maui and was steadily de- 
clining on Hawaii as it had been since Eu- 
ropean contact (Baldwin 1945). 

Breeding seabirds 

Although most Hawaiian seabirds pre- 
sumably bred throughout the archipelago in 
prehuman times, only those that nested in 
protected sites still nested on the larger is- 
lands in 1893. Hawaiian Petrels (usually 
considered a subspecies of Pterodroma 
phaeopygia, but see Tomkins and Milne 
199 1) nested in the alpine zone on several 
islands, and Newell’s (Townsend’s) Shear- 
waters on forested ridges. Cliff-nesting 
White-tailed Tropicbirds and Black Nod- 
dies still nested commonly throughout the 
main islands (Henshaw 1902, Perkins 1903). 
Others bred only on the uninhabited and 



106 STUDIES IN AVIAN BIOLOGY NO. 15 

still relatively undisturbed Northwestern 
Hawaiian Islands or on inaccessible off- 
shore islets (Munro 1960). 

Introduced birds 

By 1893, the indigenous Hawaiian spe- 
cies and the aboriginal Red Junglefowl had 
been joined by several imported ornamen- 
tal and “game” species such as Wild Tur- 
key, Common Peafowl, California Quail, 
Common Pheasant, feral pigeon, and Spot- 
ted Dove as well as such passerines as Eur- 
asian Skylark, Common Myna, House Spar- 
row, House Finch, and Nutmeg Mannikin. 
Only the junglefowl penetrated far into na- 
tive forests (Henshaw 1902). 

CHANGES IN NATIVE BIRD 
POPULATIONS 1893-1993 

Forest bird crashes 

The past century in the Hawaiian Islands 
has been punctuated by sudden population 
crashes of native species. Unlike gradual de- 
clines that result from progressive events 
such as habitat alteration, these declines were 
rapid, obvious, and mysterious to contem- 
poraneous observers (Warner 1968, Atkin- 
son 1977). A wave of such extinctions oc- 
curred between 1893 and 19 10. The Hawaii 
00 was still common in 1893 but was “fast 
nearing extermination” (Henshaw 1902) a 
few years later. The Hawaii Akialoa, un- 
common but still widespread in the 1890s 
(Henshaw 1902) was never reliably report- 
ed in the 20th century (Greenway 1967). 
During the same period several species al- 
ready rare or with restricted distributions 
on Hawaii, including the Greater Amakihi, 
Hawaii Mamo, Ula-ai-hawane, both koa- 
finches, and the Kona Grosbeak disap- 
peared. On Molokai, Bishop’s 00, Akohe- 
kohe, and Black Mamo, all of which existed 
in moderate numbers in the 1890s (Perkins 
1903), were either extinct or nearly so by 
1907 (Bryan 1908). Lanai lost its akialoa 
before 1900 and the Lanai Hookbill was last 
seen in 1918 (Munro 1960). On Maui, the 
once abundant Ou disappeared before 1900 

and the Maui Parrotbill, Nukupuu, and 
Akohekohe became so rare that they were 
believed possibly extinct (Richards and 
Baldwin 1953, Banko 1968). Kauai lost no 
species, but its 00, akialoa, and Nukupuu 
were so reduced that their existence was un- 
certain until 1960 (Richardson and Bowles 
1964). Lanai, which had been nearly un- 
inhabited since 1900 experienced a wave of 
extinctions following the building of Lanai 
City in 1923. By 1940, seven oflanai’s orig- 
inal eight passerine species were extinct or 
very rare, with only the Apapane surviving 
in any numbers (Munro 1960). Table 1 lists 
species, subspecies, and populations that 
have become extinct or severely reduced 
since 1893. 

Another aspect of this phenomenon was 
that huge tracts of seemingly pristine forest 
became devoid of native birds almost over- 
night (Henshaw 1902). Eventually, native 
birds withdrew entirely from forests below 
600 m, and some disappeared from mid- 
elevation forests that even today appear 
nearly pristine (van Riper et al. 1986, pers. 
obs.). On eastern Molokai (Scott et al. 1977, 
pers. obs.), Kohala Mountain (van Riper 
1973) and the east flank of Mauna Loa (Co- 
nant 1975) on Hawaii, and West Maui (Scott 
et al. 1986), forests that have experienced 
little apparent degradation have lost all but 
the most common native birds, and even 
those are scarce. 

From the outset, disease had been hy- 
pothesized as a possible cause of the early 
20th century avian disaster (Henshaw 1902, 
Perkins 1903, Munro 1960). Few other sug- 
gested causes could account for the rapidity 
of the declines. The obvious lesions and 
swellings of avian pox, a viral disease spread 
by physical contact, were noticed by every 
collector in the 1890s and Henshaw (1902) 
remarked about the frequency with which 
dead birds were found in the forest. Nev- 
ertheless, evidence for epizootics remained 
circumstantial until Warner (1968) dem- 
onstrated not only that native birds are un- 
usually susceptible to diseases such as pox 
and avian malaria, but that the distributions 
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of native forest birds and mosquitoes are 
mutually exclusive. Both findings have been 
corroborated by more recent studies (Scott 
et al. 1986, van Riper et al. 1986). The mos- 
quito Culex quinquefasciatus, introduced on 
Maui in 1826, provided the vector for avian 
malaria as well as a ready means of trans- 
mission of avian pox. Warner (1968) failed 
to show conclusively that the spread of mos- 
quitoes was correlated with the observed 
population crashes of birds (Atkinson 1977) 
except on Lanai, and recent investigations 
(van Riper et al. 1986) revealed that avian 
malaria may not have been present in the 
islands during the turn-of-the-century wave 
of extinctions. But avian pox, which can 
spread by physical contact, could account 
entirely for that phenomenon (van Riper 
and van Riper 1985). Atkinson (1977) hy- 
pothesized that roof rats (Rat&s rat&s) were 
the main causative agent, but his hypothesis 
is based entirely on circumstantial evidence 
and suffers from a lack of contemporaneous 
observations of any unusual rat plague. In 
other examples of rat-caused population 
crashes of island birds, such as the one that 
occurred on Lord Howe Island, the cause 
was obvious at the time (McCulloch 192 1). 
Although rats may have contributed to some 
extinctions, they are not now regarded as a 
primary cause of the 1890-l 9 10 Hawaiian 
bird declines (Scott et al. 1986) which re- 
main enigmatic. However, the second wave 
of extinctions on Lanai as well as the gradual 
declines of populations such as the Oahu 
Alauahio, Kakawahie, Maui Akepa, Ka- 
mao, Iiwi on Oahu and Molokai, and Ou, 
which survived the 1890-l 9 10 plague in 
good numbers but were rare by the 1960s 
probably resulted from the presence of avi- 
an malaria after 1920 (van Riper et al. 1986). 
Little doubt remains that avian malaria is 
today one of the most important limiting 
factors in the distribution of Hawaiian na- 
tive birds (Scott et al. 1985, 1986). 

The Laysan disaster 

The avifaunal history of Laysan in the 
Northwestern Hawaiian Islands is indepen- 

dent of that of the main islands but equally 
disastrous. Its sad history has been recount- 
ed by numerous authors (for a detailed sum- 
mary see Berger 198 1). Previously undis- 
turbed Laysan was leased to phosphate 
miners in 1890. The removal of guano was 
probably not detrimental to the breeding 
seabirds and five endemic land and fresh- 
water birds, but the introduction of rabbits 
in 1903-l 904 proved the island’s undoing. 
By 1923, when the island was visited by the 
Tanager Expedition, the rabbits had de- 
stroyed all the vegetation; the Millerbird was 
extinct, and only two individuals of the Lay- 
san Rail and three of the Laysan Apapane 
could be found (Wetmore 1925). The ex- 
pedition witnessed the demise of the Apa- 
pane in a sandstorm and, even though the 
rabbits were exterminated, the rails disap- 
peared before the island was visited again. 
Of the endemics, only the Laysan Finch and 
Laysan Duck survived. (The story that the 
latter was reduced to a single gravid female 
is apparently apocryphal.) Laysan’s seabirds 
had been heavily harvested by Japanese 
feather collectors 1909-l 9 10, but none were 
wiped out and these populations recovered 
following the designation of the Hawaiian 
Islands Bird Reservation (now National 
Wildlife Refuge) in 1909. 

An interesting but tragic twist to the story 
is that the Laysan Rail might have been 
saved except for events associated with 
World War II. The rails had been intro- 
duced to Midway and became numerous 
there even as the parent population was dis- 
appearing. However, no attempt was made 
to reintroduce them to Laysan after its veg- 
etation had recovered, and they succumbed 
quickly after rats got ashore at Midway in 
1943. The last one was probably seen in 
June 1944 (Fisher and Baldwin 1946). The 
Laysan Rail is the only Hawaiian bird whose 
final demise can be unequivocally attrib- 
uted to rat predation. 

Efects of the mongoose 

Small Indian mongooses (Herpestes au- 
ropunctatus) were introduced by sugar 
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TABLE 1. EXTINCTIONS, NEAR EXTINCTIONS, AND EXTIRPATIONS OF HAWAIIAN BIRDS 1893-1993 

specm Range1 1893 status’ Last reported 
1993 population 

estimate4 

Laysan Rail 
Porzana palmeri 

Hawaiian Duck (populations) 
Anas wyvilliana 

Common Moorhen (populations) 
Gallinula chloropus sandvicensis 

Hawaiian Crow 
Corvus hawaiiensis 

Laysan Millerbird 
Acrocephalusf: familiaris 

Kamao 
Myadestes myadestinus 

Lanai Olomao 
Myadestes 1. lanaiensis 

Molokai Olomao 
Myadestes 1. rutha 

Puaiohi 
Myadestes palmeri 

Hawaii 00 
Moho nobilis 

Bishop’s 00 
Moho bishopi 

Ooaa (Kauai 00) 
Moho braccatus 

Kona Grosbeak 
Chloridops kona 

Greater Koa-Finch 
Rhodacanthis palmeri 

Lesser Koa-Finch 
Rhodacanthis/laviceps 

ou 
Psittirostra psittacea 

Lanai Hookbill 
Dysmorodrepanis munroi 

Kakawahie 
Paroreomyzaflammea 

Lanai Alauahio 
Paroreomyza m. montana 

Oahu Alauahio 
Paroreomyza maculata 

Kauai Nakupuu 
Hemignathus lucidus hanapepe 

Maui Nakupuu 
Hemignathus 1. afinis 

Kauai Akialoa 
Hemignathus stejnegeri 

Lanai Akialoa 
Hemignathus lanaiensis 

Hawaii Akialoa 
Hemignathus obscurus 

Common Amakihi on Lanai 
Hemignathus virens 

Greater Amakihi 
Hemignathus sagittirostris 

Ly/Md’ 

MO 
Ma 

MO 
Ma 
H 

Ko 

LY 

Ka 

La 

MO 

Ka 

H 

MO 
Ma 

Ka 

Ko 

Ko 

Ko 

Ka 
La 
Ma 
H 

La 

MO 

La 

0 

Ka 

Ma 

Ka 

La 

H 

La 

H 

A 

C 
C 

C 
C 
C 

C 

C 

A 

C 

C 

R 

C 

C 
R 

C 

U 

C 

R 

A 
C 
C 
A 

R 

C 

A 

C 

U 

U 

C 

U 

C 

C 

U 

1923/19443 0 

? 0 
? 0 

Cl950 0 
Cl950 0 
>1900 0 

1993 125 

1912 0 

1989 <5 

1931 0 

1988 <5 

1991 <lo 

>1900 0 

1904 0 
1980 <5 

1987 0 

1896 0 

1896 0 

1891 0 

1992? <5 
ca. 1931 0 
ca. 1900 0 

1983 <lo 

1918 0 

1963 0 

1937 0 

1985 <5 

1991? <5 

19906 <lo 

1969 0 

1902 0 

>1900 0 

1976 0 

1901 0 
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TABLE 1. CONTINUED 

1993 population 
Species Range] 1893 status Last reported estimate’ 

Maui Akepa 
Loxops coccineus ochraceus Ma R 1988 <lo 

Oahu Akepa 
Loxops c. wolstenholmei 0 R 1976? 0 

Ula-ai-hawane 
Ciridops anna H R 1892 0 

Laysan Apapane 
Himatione sanguinea freethii LY A 1923 0 

Akohekohe on Molokai 
Palmeria dolei MO C 1907 0 

Iiwi (populations) 
Vestiaria coccinea La A 1929 0 

MO A 1988 <50 
Hawaii Mamo 

Drepanis pacijica H U 1898 0 
Hoa (Black Mamo) 

Drepanis funerea MO U 1907 0 
Poo-uli 

Melamprosops phaeosoma Ma no data 1992?b <5 
’ Abbreviations: H = Hawaii (whole island), Ka = Kauai, Ko = Kona Region of Hawau, La = Lanai, Ly = Laysan. Ma = Maui, Md = Midway, 
MO = Molokai, 0 = Oahu. 
1 Abbreviatmns: A = abundant, C = common, U = uncommon, R = rare. Sources: Berger (1981), Henshaw (1902), Munro (19601, Perkins (1903). 
’ Introduced population. 
4 Estimates based on Berger (198 I); Scott et al. (1986); R. E. David, R. L. Pyle, pers. comm.; pus. ohs., and recent publicity of various environmental 
organizations. 
5 Plus I I in captivity. 
o Fide R. L. Pyle. 

planters during the 1880s on Hawaii, Maui, 
Molokai, and Oahu (Tomich 1986) and 
spread quickly throughout these islands. As 
a result, ground-nesting birds such as the 
Hawaiian Duck, Newell’s Shearwater (Ring 
and Gould 1967), and Red Junglefowl dis- 
appeared except on Kauai. Mongooses were 
probably an important factor in the decline 
of the Nene (Baldwin 1945) and continue 
to be a limiting factor that may ultimately 
preclude the successful recovery of that spe- 
cies on Hawaii and Maui (Scott et al. 1986, 
Tomich 1986). Mongoose predation (along 
with that of feral cats) also has a significant 
negative impact on the nesting of Hawaiian 
Petrels on Maui (Simons 1985). Mongooses 
may also be one of several inimical factors 
contributing to the current plight of the Ha- 
waiian Crow, the young of which spend sev- 
eral days on the ground after fledging (John- 
ston and Banko 1992). 

Changes wrought by feral pigs 

Pigs (Sus scrofu) arrived in the Hawaiian 
Islands with the first Polynesians. Aborigi- 

nal pigs were small and apparently did not 
penetrate far into native forests. Much larg- 
er and therefore more ecologically damag- 
ing pigs were introduced in historic times 
(Tomich 1986). Feral pigs are now the most 
significant modifiers of native forests (Scott 
et al. 1985). Their rooting destroys the shrub 
layer (Tomich 1986) spreads alien weeds 
into new areas (Scott et al. 1985), and fa- 
cilitates the spread of mosquitoes (Scott et 
al. 1986). For reasons that are not entirely 
clear, feral pigs have within the past two 
decades penetrated into remote native rain- 
forests not previously occupied where they 
may reach plague proportions locally (La- 
moureux and Stemmermann 1976). As a 
result of one such ongoing plague, the Poo- 
uli, an understory bird of unknown affinities 
(Pratt 1992a) discovered in East Maui in 
1973 (Casey and Jacobi 1974) by 1990 had 
disappeared from the type locality and sur- 
vived only in a small portion of its original 
range not yet devastated by pigs (Engilis 
1990). A thorough survey in August 1992 
failed to find any Poo-uli (R. David, pers. 
comm.). 
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FIGURE 3. The recently-extinct Kauai 00; Alakai 
Swamp, Kauai, July 1975. 

The fall and rise of the Nene 

The history of Hawaii’s State Bird has 
been largely independent of that of other 
native land and freshwater birds because of 
its unique ecology. In historic times Nene 
were definitely known only from Hawaii but 
probably also lived on Maui before it was 
explored ornithologically. Fossil remains 
show that Nene once inhabited all the main 
Hawaiian Islands (Olson and James 1991). 
It was long a popular food item on Hawaii 
and was often hunted. In 1893, although it 
still existed “in fair numbers” in the remote 
upper lava flows of Kona, Wilson consid- 
ered it “clearly doomed to extinction before 
many years are past” (Wilson and Evans 
1890-l 899). 

Baldwin (1945) estimated a late 19th cen- 
tury population of 25,000 birds which 
dropped precipitously around the turn of 
the century. The Nene has been rare 
throughout the 20th century (Baldwin 1945). 
By 195 1, the wild population may have been 
as low as 30 (Smith 1952). Fortunately, sev- 
eral flocks had been maintained in captivity, 
and a program of reintroduction of captive- 
reared birds was begun on Hawaii in 1960 
and on Maui in 1963 (Kear and Berger 
1980). Although successful in saving the 

species from extinction, this program has 
had only limited success in re-establishing 
self-sustaining Nene populations (Stone et 
al. 1983). Populations on Hawaii depend on 
continued release of captive-reared birds to 
maintain their numbers (Scott et al. 1985) 
but an apparently stable population of un- 
der 150 birds has been established in Ha- 
leakala National Park, Maui (Hodges 199 1). 
Nene that escaped from captivity on mon- 
goose-free Kauai in 1982 did so well that a 
second flock was purposely released at Ki- 
lauea Point National Wildlife Refuge in 199 1 
(Telfer 1991). The Kauai population now 
numbers over 100 and appears to be thriv- 
ing even in totally artificial habitats (Telfer 
1992). Reintroduction to the mongoose-free 
islands of Kauai and Lanai may be the key 
to long-term survival of the Nene. 

Collapse of KauaiS avifauna 

One of the most dismaying recent avi- 
fauna1 events in the Hawaiian Islands is the 
ongoing collapse of the endemic avifauna 
of Kauai. Although several species had be- 
come greatly reduced in numbers and range 
at the turn of the century, Richardson and 
Bowles (1964) found that all of the island’s 
historically known birds survived in 1960 
and that, at least on the Alakai Plateau, an 
essentially intact native avifauna still exist- 
ed. Thus Kauai was the only one of the main 
Hawaiian Islands not to have lost any bird 
species in historic times. It was not to re- 
main so. The ensuing years witnessed a pro- 
gressive withdrawal of native birds into the 
highest reaches of the Alakai (Scott et al. 
1986). The Kauai Akialoa was last reliably 
reported in 1969 (P. L. Brunei-, pers. comm.). 
The Kauai 00, which had crashed shortly 
after 1900 but maintained a small popula- 
tion in the Alakai into the early 1970s was 
reduced to a single known pair by 198 1 (Scott 
et al. 1986). The female disappeared after 
Hurricane Iwa in 1982 (Pyle 1983b) and the 
male was last seen in 1985. Except for an 
unconfirmed voice-only report in 1987, 
subsequent searches have failed to find the 
oo (Pyle 1989b). Because its vocalizations 
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are distinctive and audible at great distance 
(pers. obs.), the Kauai 00 must be presumed 
extinct (Fig. 3). The Kamao, once Kauai’s 
most abundant bird and still common in 
the Alakai in 1960 (Richardson and Bowles 
1964) declined to a few hundred individ- 
uals by 1973 (Sincock et al. 1984) and to 
about two dozen in 198 1 (Scott et al. 1986). 
A 1989 survey in the heart ofthe bird’s 198 1 
range located only a few individuals (Engilis 
and Pratt 1989, Pyle 1989b). The Ou main- 
tained a population in the low hundreds in 
the heart of the Alakai into the mid-1970s 
(pers. obs.), but 198 1 surveys estimated that 
fewer than ten remained (Scott et al. 1986). 
The 1989 survey observed only three. The 
Akikiki was still common to abundant in 
1960, but declines were apparent by the mid- 
1970s (Scott et al. 1986, pers. obs.). 
Thousands remained in the heart of the 
Alakai in 198 1 (Scott et al. 1986) but the 
species had disappeared from the Kokee 
area, where it could be found as recently as 
1978 (pers. obs.). In the 1980s it became 
increasingly difficult to find in the fringes of 
the Alakai region, and it is now uncommon 
to rare within it (pers. obs.). In contrast to 
these dismal trends, the Puaiohi, always 
considered rare (Richardson and Bowles 
1964) still existed in 1989 at approximately 
its 1960 levels (Scott et al. 1986, Engilis and 
Pratt 1989). Likewise, the Nukupuu, very 
rare in 1960, continued to be reported oc- 
casionally (Pyle 1992a), and the more com- 
mon species seemed to be holding their own 
into mid-1992 (pers. obs.). 

The causes of Kauai’s post- 1960 bird de- 
clines are unknown. Pratt et al. (1987) spec- 
ulatively attributed them to penetration of 
the Alakai by disease-bearing mosquitoes. 
Engilis and Pratt (1989) note that the Ou 
had disappeared from areas with high pig 
damage. By the 1980s the severely stressed 
populations had become particularly vul- 
nerable to natural disasters such as hurri- 
canes. Montane forest birds in the islands 
historically moved to the lowlands in great 
numbers to ride out storms. Henshaw (1902) 
reported finding “scores” of forest birds dead 

or dying in the lowlands of Hawaii after 
severe weather. Now, however, lowland 
valleys that once were safe havens have be- 
come pestilential death traps. Hurricane Iwa 
in November 1982 may have delivered the 
coup-de-grace to the Kauai 00 (Pyle 1983a, 
b). The Ou and Kamao, though still extant 
after the storm, never regained even their 
modest numbers of the previous decade. 
Class 5 Hurricane Iniki in September 1992 
caused even more serious island-wide dev- 
astation (Fig. 4). Populations of the com- 
mon species appeared greatly reduced six 
weeks afterward (pers. obs.), and Apapane 
and Iiwi were reported from several low- 
elevation sites where they would not nor- 
mally have been found. Surveys by state and 
federal biologists in the heart of the Alakai 
Plateau in early 1993 found much more se- 
rious damage to the habitat than had been 
apparent from aerial inspections. All re- 
maining habitat for native birds was dam- 
aged more or less severely and none of the 
critically endangered species were found in 
40 man-days of search (R. L. Pyle, pers. 
comm.). Only time will tell whether the Ka- 
mao, Puaiohi, Ou, and Nukupuu survived 
the ravages of Iniki. The prognosis is not 
hopeful. 

Other native bird declines 

In historic times, the Hawaiian Crow had 
an enigmatically restricted distribution in 
the Kona region and was absent from seem- 
ingly ideal habitats elsewhere on the island 
of Hawaii (Berger 198 1). Crows were still 
common in 1892 (Perkins 1903) but de- 
clined thereafter at least partly as a result of 
active persecution by ranchers (Munro 
1960). The population had reached danger- 
ously low levels by the mid- 1970s (Scott et 
al. 1986). A small captive flock established 
in the early 1970s is now highly inbred and 
has produced few young in the past decade. 
As of this writing, only 12 birds remain in 
the wild (Engbring 1992) and 11 in captivity 
(Duvall 1992). The Hawaiian Crow has re- 
cently been the center of considerable some- 
times heated controversy with regard to how 
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FIGURE 4. Former closed-canotw montane koa (Acacia km) forest badly damaged by Hurricane Iniki: Kokee, 
Kauai, October 1992. 

. . 

best to aid its recovery. A study by the Na- 
tional Research Council (1992) may bring 
some rationality to the effort, but prospects 
for the crow’s survival are not good. 

The Oahu Alauahio (= Oahu Creeper) is 
probably nearing extinction. Though com- 
mon at the turn of the century (Bryan 1905) 
it has been regarded as rare ever since (Mun- 
ro 1960, Berger 198 1) and has received scant 
attention from ornithologists. The last re- 
liable sighting was in 1985 (Bremer 1986) 
though one may have been seen in Halawa 
Valley in 1989 (Saito 1989). Surveys 
throughout the remaining habitat on Oahu 
in 199 1 (Conry 199 1) failed to find the alau- 
ahio, and also confirmed the recently sus- 
pected (Pyle 1990b, 199 1, 1992a) near dis- 
appearance of the Oahu Elepaio, once the 
commonest native bird on the island (Hen- 
shaw 1902). The Elepaio was still widely 
distributed and relatively abundant in the 
1960s (Conant 1977) and common in the 
1970s (Berger 198 1) but had been in a slow 
decline since the 1940s (Williams 1987). Its 
reduction is particularly troubling because 
the Elepaio had long been regarded as al- 

most extinction-proof. Henshaw (1902) 
thought that it would survive in “scarcely 
diminished numbers” long after most Ha- 
waiian birds were extinct “so long as any 
woodland at all is left.” Berger (198 1: 103) 
stated that the Oahu Elepaio had adapted 
to man-made environmental changes “as 
no other endemic land bird has been able 
to do.” Apparently even adaptable species 
can take only so much abuse. Because the 
Elepaio’s decline on Oahu only recently re- 
ceived much notice, its specific causes have 
not even been hypothesized. The decline 
coincided with the spread into native forests 
and increase of several potentially compet- 
itive alien species (Williams 1987, pers. 
obs.), most noticeably the Japanese White- 
eye, Japanese Bush-Warbler, and Red-vent- 
ed Bulbul, but whether these events are re- 
lated is not known. 

New natural arrivals 

Successful natural colonizations of re- 
mote islands are exceedingly rare and few 
have been observed in historic times. How- 
ever, in one of the few positive changes in 
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the indigenous Hawaiian avifauna, two new 
freshwater birds have arrived in the last de- 
cade apparently unaided by man. Pied-billed 
Grebes (Podilymbus podiceps) were long re- 
garded as only occasional stragglers to the 
islands (Berger 198 I), but in the early 1980s 
at least one pair began breeding at Aimaka- 
pa Pond in Kona on the island of Hawaii. 
By 1989,12 grebes were present on the pond 
and five active nests were recorded (Pyle 
1989a). In a similar development, a small 
group of Fulvous Whistling-Ducks (Den- 
drocygna bicolor) appeared at James Camp- 
bell National Wildlife Refuge on Oahu in 
1982. Although the operators of a nearby 
aquafarm have released a variety of orna- 
mental waterfowl, they claim not to have 
brought in the whistling-ducks (R. L. Pyle, 
pers. comm.). This species has undergone 
recent “explosive” expansions in North 
America and the West Indies (Palmer 1976) 
so a natural colonization is plausible. In 
February 1990, ten adults and ten juveniles 
were seen at the aquafarm and an adult with 
12 small chicks was found on the refuge 
(Pyle 1990a). 

Resurgence of seabirds 

In contrast to the dismal trends in native 
land birds, seabirds breeding in the Hawai- 
ian Islands have rebounded from centuries 
of persecution and appear to be in better 
condition today than in 1893. Ancient Ha- 
waiians and their commensals undoubtedly 
eliminated all but cliff-nesting seabirds from 
the lowlands of the main islands, and also 
raided offshore islets to capture birds for 
food (Harrison 1990). Since the turn of the 
century, several species have recolonized the 
main islands and colonies on islets have 
largely recovered (Berger 198 1). Red-footed 
Boobies returned to mainland Kauai and 
Oahu in the 1940s (Berger 1981) Laysan 
Albatrosses (Diomedea immutabilis) re- 
cently established a now thriving (pers. obs.) 
colony at Kilauea Point National Wildlife 
Refuge on Kauai (Byrd and Telfer 1979) 
and Wedge-tailed Shearwaters (Pujinus pa- 
czjkus) have established scattered colonies 

on Kauai (Byrd and Boynton 1979). Rela- 
tively accessible Manana Island off Oahu 
had no seabird colonies by 1893 (Harrison 
1990) but thousands of birds of five species 
nested there by the 1970s (Berger 1981). 
The Common Fairy-Tern (Gygis alba) was 
not known to have nested on the main is- 
lands in historic times (Munro 1960), but 
in 1961 colonized Koko Head, Oahu (Ord 
196 1) and subsequently expanded its range 
into the Honolulu area (Berger 198 1) where 
it is now a common sight in urban parks 
(pers. obs.). Seabirds on Midway Atoll suf- 
fered greatly during the Second World War 
(Fisher and Baldwin 1946) and in subse- 
quent years as a result of military activities. 
However, following destruction of antennas 
that killed many birds, the albatross colo- 
nies have recovered to previous levels (Ber- 
ger 1981). 

INTRODUCTIONS OF ALIEN BIRDS 

The relatively few species of introduced 
birds present in the Hawaiian Islands a cen- 
tury ago have been joined by a vast array 
of additional alien species (Table 2). These 
fall into three basic categories: accidental 
escapes from captivity; birds purposely in- 
troduced by private individuals for a variety 
of reasons; and game birds introduced by 
government agencies. Most of those in the 
second category were brought in by the Hui 
Manu (“Bird Club”), an organization 
founded in 1930 for the sole purpose of in- 
troducing alien birds to the islands. Many 
introductions, such as those of bulbuls and 
estrildids in the 1960s were illicit, but reg- 
ulations were rarely enforced with any vigor 
until very recently. The enthusiasm for in- 
troduced birds in the Hawaiian Islands is 
difficult for mainlanders to understand, but 
can be appreciated in light of the near total 
absence of native birds from the lowland 
areas where most people live. Perhaps in- 
troduced birds are better than no birds at 
all. Fortunately, most species that have be- 
come established have filled unoccupied 
niches and, except as potential disease res- 
ervoirs, are probably of relatively benign 
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TABLE 2. BIRDS INTRODUCED AND ESTABLISHED IN THE HAWAIIAN ISLANDS 1893-1993l 

First In native 
Speaes introduced Introduction site(s): Distribution 1992 forest?’ 

Cattle Egret 
Bubulcus ibis 

Black Francolin 
Francolinus francolinus 

Gray Francolin 
Francolinus pondicerianus 

Erckel’s Francolin 
Francolinus erckelii 

Chukar 
Alectoris chukar 

Japanese Quail 
Coturnix japonica 

Kalij Pheasant 
Lophura leucomelana 

Gambel’s Quail 
Callipepla gambelii 

Chestnut-bellied Sandgrouse 
Pterocles exustus 

Zebra Dove 
Geopelia striata 

Mourning Dove 
Zenaida macroura 

Rose-tinged Parakeet 
Psittacula krameri 

Barn Owl 
Tyto alba 

Island Swiftlet 
Aerodramus vanikorensis 

Red-vented Bulbul 
Pycnonotus cafer 

Red-whiskered Bulbul 
Pycnonotus jocosus 

Japanese Bush-Warbler 
Cettia diphone 

White-rumped Shama 
Copsychus malabaricus 

Greater Necklaced Laughing-thrush 
Garrulax pectoralis 

Gray-sided Laughing-thrush 
Garrulax caerulatus 

Melodious Laughing-thrush 
Garrulax canorus 

Red-billed Leiothrix 
Leiothrix lutea 

Northern Mockingbird 
Mimus polyglottos 

Japanese White-eye 
Zosterops japonicus 

Northern Cardinal 
Cardinalis cardinalis 

Red-crested Cardinal 
Paroaria coronata 

Yellow-billed Cardinal 
Paroaria capitata 

Yellow-faced Grassquit 
Tiaris olivacea 

Saffron Finch 
Sicalis flaveola 

Western Meadowlark 
Sturnella neglecta 

1959 Ka, 0, MO, Ma, H 

1959 Ka, MO, Ma, H 

1958 all main islands 

1957 all main islands 

1923 all main islands 

1921 all main islands 

1962 H 

1928 La, Kw, H 

1961 H 

1922 0 

1964 H 

? Ka, 0, H 

1958 Ka, 0, MO, H 

1962 0 

1965 0 

1966 0 

1929 0 

1931,194o Ka, 0 

19194 Ka 

1947 0 

1900 Ka, 0, MO, Ma, H 

1918 Ka, 0, MO, Ma, H 

1928 0, Ma 

1929 Ka, 0, Ma, H 

1929 Ka, 0, H 

1928 0 

ca. 1930 H 

ca. 1970 0 

> 1960 0, H 

1931 Ka, 0 

all main islands 

Ka, MO, Ma, H 

0, MO, Ma, H 

Ka, 0, MO, La, H 

MO, Ma, La, H 

Ka, Ma, H 

H 

La, Kw, H 

H 

all main islands 

H 

Ka, 0, H 

all main islands 

0 

0 

0 

Ka, 0, MO, Ma, La 

Ka, 0 

Ka 

0 

Ka, 0, MO, Ma, H 

Ka, 0, MO, Ma, H 

all main islands 

all main islands 

all main islands 

Ka, 0, MO, Ma, La 

H 

0 

0, H 

Ka 

no 

no 

no 

yes 

no 

no 

yes 

no 

no 

I10 

no 

no 

no 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

yes 

no 

yes 

yes 

no 

no 

no 

no 

no 
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TABLE2. CONTINUED 

Species 
First 

mtroduced Introduction site(s)’ Dwnbution 1992 
In native 
forest?’ 

Yellow-fronted Canary 
Serinus mozambicus 

Common Canary 
Serinus canaria 

Red-cheeked Cordonbleu 
Uraeginthus bengalus 

Lavender Waxbill 
Estrilda caerulescens 

Orange-cheeked Waxbill 
Estrilda melpoda 

Black-rumped Waxbill 
Estrilda troglodytes 

Common Waxbill 
Estrilda astrild 

Red Avadavat 
Amandava amandava 

Warbling Silverbill 
Lonchura malabarica 

Chestnut Mannikin 
Lonchura malacca 

Java Sparrow 
Padda oryzivora 

i 1965 0, H 

1910 Md 

< 1965 0, H 

< 1965 0, H 

< 1965 0, Ma, H 

11965 0, H 

i 1965 0 

1900 0,H 

> 1960 H 

1936 0 

i 1965 0 

0, H 

Md 

H 

H 

0, Ma 

H 

0 

Ka, 0, Ma, H 

all main islands 

Ka, 0 

Ka, 0, Ma, H 

yes 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

’ Sources: Bcrger (1981). Hawal’i Audubon SOCIC~V (1989). Moulton and Pimm (19X3), Pyle (1992a, b), Wdhams (1983). 
’ Abbrcviatlons as for Table I plus Kw = Kahoolawc. 
‘Sources: Berner(l981). Scottetal (1986). Prattetal. (1987) 

influence on native ecosystems (Moulton 
and Pimm 1983). A few, however, have 
spread deep into native forests and may be 
competing with native birds or contributing 
to habitat degradation. The Japanese White- 
eye is now the most abundant bird in the 
Hawaiian Islands and is found at all ele- 
vations and in all habitats (Scott et al. 1986). 
White-eyes compete for food with several 
native species (Mountainspring and Scott 
1985). The Red-billed Leiothrix and Me- 
lodious Laughing-thrush also are found 
throughout native rainforests at least on 
Maui and Hawaii, but they are understory 
birds that appear not to compete with any 
native species (Scott et al. 1986). The leio- 
thrix and the Kalij Pheasant probably con- 
tribute to habitat degradation by spreading 
seeds of banana poka (Passzjlora mollisi- 
ma,), an aggressive vine that has overgrown 
large areas of native forest on Hawaii (Lew- 
in and Lewin 1984, Scott et al. 1986). The 
Northern Cardinal occurs in a wide variety 
of habitats, including native rainforest, on 

the main Hawaiian Islands but is more 
common in disturbed areas (Scott et al. 
1986). The Red-vented Bulbul has become 
ubiquitous on Oahu (Williams and Gid- 
dings 1984) including forests at the highest 
elevations (pers. obs.), and the Japanese 
Bush-Warbler, now abundant in Oahu for- 
ests, is also increasing on Molokai, Lanai, 
Maui, and Kauai (Scott et al. 1986, pers. 
obs.). The effects, if any, of cardinals, bul- 
buls, and bush-warblers on native birds are 
as yet undetermined. 

THE MODERN HAWAIIAN 
AVIFAUNA 

Today, the avifauna of the Hawaiian Is- 
lands includes only tattered remnants of the 
avian community present a century ago. Of 
the 68 native land and freshwater species or 
subspecies known to have been present in 
1893,29 are now extinct or nearly so (Table 
l), and a further 17 are Endangered Species 
but not in immediate danger of extinction. 
Ongoing threats to endangered forest birds 
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include habitat damage by feral pigs, up- 
ward expansion of the range of disease-bear- 
ing mosquitoes, and natural disasters. Some 
species (Olomao, Kamao, Bishop’s 00, Ou, 
Nukupuu, Oahu Alauahio, and Poo-uli), if 
still extant, may not survive the 20th cen- 
tury. The surviving indigenous birds have 
been joined by a host of alien species, sev- 
eral of which are now significant elements 
of forest bird communities. The Hawaiian 
lowlands now have an entirely artificial land 
avifauna. 

The endemic freshwater birds are all En- 
dangered Species that survive primarily in 
a few small refuges maintained for their 
benefit. The Hawaiian Duck has been suc- 
cessfully reintroduced on Oahu and Hawaii 
but interbreeding with feral Mallards (Anus 
platyrhynchos) poses a new threat to the spe- 
cies, at least on Oahu (Engilis and Pratt 
1993). The Hawaiian moorhen no longer 
inhabits Maui or Hawaii, and 1983 rein- 
troductions on Molokai apparently were not 
successful (Engilis and Pratt 1993). The 
Nene, although saved from imminent ex- 
tinction, still depends on release of captive- 
reared birds to maintain its population, at 
least on Hawaii. On the positive side, the 
freshwater bird community has recently 
been augmented by two natural coloniza- 
tions, and populations of the endemics ap- 
pear to be more or less stable (Engilis and 
Pratt 1993). 

Hawaiian seabirds have largely recovered 
from a series of challenges and have reoc- 
cupied a few nesting sites abandoned since 
ancient times. Laysan Albatrosses and 
Common Fairy-Terns now nest successfully 
on Kauai and Oahu respectively. Newell’s 
Shearwaters and Hawaiian Petrels, though 
still imperiled, appear to be maintaining 
stable populations that benefit from pro- 
tected nesting areas and active public pro- 
grams to mitigate artificial losses. And nest- 
ing colonies in the Northwestern Hawaiian 
Islands are once again as large as they were 
in 1893. Seabirds provide the one bright 
spot in the rather pitiful present condition 
of the Hawaiian avifauna. 
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Population Trends 

SEABIRD POPULATION TRENDS ALONG THE WEST COAST OF 
NORTH AMERICA: CAUSES AND THE EXTENT OF 
REGIONAL CONCORDANCE 

DAVID G. AINLEY, WILLIAM J. SYDEMAN, SCOTT A. HATCH, AND ULRICH W. WILSON 

Abstract. We compared trends in breeding population size among cormorants, gulls, alcids, and 
others, among the Farallon Islands, and sites in northern California and Washington, Gulf of Alaska, 
and Bering Sea, but in most cases only during the last two decades. For a given species, trends were 
usually concordant within the same oceanographic domain, except for the Rhinoceros Auklet which 
increased across all domains in its northeastern Pacific range. Overall, humans and their domestic 
animals have had severe negative impacts to individual islands, but recent restoration efforts have 
had spectacular results. On the other hand, the California Current and the eastern Bering Sea now 
seem unable to support historic populations of natural, top-trophic predators. The major factor re- 
sponsible appears to be overfishing by humans of important seabird prey, especially, in a period when 
climate has been unstable. Notable trends indicating these general patterns were as follows: 1) The 
Ashy Storm-Petrel on the Farallon Islands, where 80% of this species breeds, may have decreased in 
response to the increase ofgulls in the storm-petrel breeding habitat. 2) Brandt’s and Pelagic cormorants 
in the central California Current declined radically owing to El Nifio and anthropogenic factors in the 
early 198Os, and have since failed to recover, contrary to trends in the 1970s; farther north, populations 
fluctuated slightly but at low levels during this period. 3) Large Lams gulls have increased. 4) Common 
Murres in the central and northern portions of the California Current exhibited a marked decline 
during the early 1980s and have since failed to recover. 5) Most Common Murre populations in the 
GulfofAlaska appear to be stable; whereas those in the eastern Bering Sea are decreasing. 6) Rhinoceros 
Auklet has increased throughout its range and has (re-)colonized new sites in the southern portion of 
it. 7) Tufted Puffin has ceased recovery in the California Current, but in Alaska it has continued to 
recover from former negative, anthropogenic impacts. 8) Cassin’s Auklet has declined in the central 
California Current region. 

Key Words: Alaska; California; climate stability; ecological scale; feral animals; Oregon; population 
trends; resource depletion; seabirds; Washington. 

A review of trends in seabird populations 
of western North America is a difficult task 
due to the paucity of information. On the 
one hand, the avifaunal richness of the Far- 
allon Islands, California, in close proximity 
to the large metropolis of San Francisco, has 
attracted the attention of ornithologists for 
over 100 years. Consequently, much is 
known of population trends for several spe- 
cies there since the 1850s (Ainley and Lewis 
1974, Ainley and Boekelheide 1990). Be- 
cause the Farallon populations contributed 
the majority of breeding birds to the marine 
avifauna of the central California Current, 
and to a lesser extent still do, their history 
takes on regional significance. On the other 
hand, such an historical perspective for a 
seabird fauna has few equals in western 

North America (Nisbet 1989, Wooller et al. 
1992). Comparable is the information 
available for the Brown Pelican (Pelecanus 
occident&) in southern California, where 
long-term censusing and research has doc- 
umented recent population growth (sum- 
marized in Ainley and Hunt 199 1). Thus, 
comparison of seabird population trends 
elsewhere along the West Coast is difficult, 
at best, except for data collected during the 
past 20 years and discussed herein. 

We will use the Farallon data as a focal 
point by first updating by ten years the in- 
formation in Ainley and Boekelheide (1990) 
and by then making comparisons with pop- 
ulations of similar species in Northern Cal- 
ifornia/Oregon, Washington, the Gulf of 
Alaska and Alaskan coast of the Bering Sea 

119 
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FIGURE 1. Map of the northeastern Pacific Ocean and Bering Sea showing localities discussed in the text: 1, 
Farallon Islands; 2, Islands near California/Oregon border; 3, Outer coast islands in Washington; 4, Islands in 
the Strait of Juan de Fuca: 5. Forrester Island: 6. Middleton Island; 7, St. Paul and St. George islands; 8, Cape 
Peirce; 9, St. Matthew Island; 10, Bluff, Alaska. 

(Fig. 1). Besides the review itself, another 
goal is to determine the degree and geo- 
graphic scale of concordance in trends 
among sites and regions. If trends agree 
above the coarse or local scale, patterns may 
indicate responses to climate change or oth- 
er large-scale factors. We will not elaborate 
on census methods, except as described in 
figure captions; interested readers may con- 
sult the original studies. The changing status 
of the Double-crested Cormorant (Phalu- 
crocorax auritus) is being reviewed else- 
where by H. Carter and collaborators. In 
addition, the trends and status of this and 
several other species have been detailed re- 
cently in Vermeer et al. (1993). Hatch (1993) 
has reviewed historical information, mostly 

anecdotal accounts, in Alaska dating back 
to the 1800s. 

SEABIRD POPULATION TRENDS 
IN THE CENTRAL CALIFORNIA 
CURRENT 

Population growth among Farallon sea- 
birds over the past two decades exhibits great 
annual variability, a pattern characteristic 
of marine avifaunas in eastern boundary 
currents (Duffy 1983, Ainley and Boekel- 
heide 1990). At longer temporal scales other 
patterns are discernible. During the 1970s 
many species were showing recovery from 
human activities, such as disturbance from 
over-population of these islands (e.g., > 200 
persons housed in more than two dozen 
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buildings during WW II), introduction of 
exotic vertebrates, oil spills, commercial 
egging, and changes in prey availability 
(Ainley and Lewis 1974). In the Gulf of the 
Farallones region many of these detrimental 
impacts had diminished significantly by the 
beginning of the 1970s leading to increased 
numbers of virtually all Farallon species 
(Ainley and Boekelheide 1990). More re- 
cently, however, startling changes have oc- 
curred. 

The Ashy Storm-Petrel (Oceanodroma 
homochroa), an endemic species to the Cal- 
ifornia Current, is more abundant at the 
Farallones than elsewhere (80% of the world 
population) but is also at the extreme north- 
ern edge of its breeding range (Ainley and 
Boekelheide 1990). One line of evidence in- 
dicates a severe decline from the early 1970s 
to the late 1980s. Two mark-recapture, mist- 
netting studies showed a decrease in the adult 
population of about 50% (cf. Ainley and 
Lewis 1974, Carter et al. 1992). On the other 
hand, annual (semi-quantitative) observa- 
tions in Monterey Bay, 80 km south, where 
perhaps the entire world population of Ashy 
Storm-Petrel congregates during autumn, 
have not indicated such a radical change, if 
any, during the past 15 years (R. Stallcup, 
pers. comm.). 

In eastern boundary currents (e.g., the 
California Current), breeding populations 
of cormorants, especially, can fluctuate dra- 
matically year-to-year in response to fish 
availability (Ainley and Boekelheide 1990). 
The Brandt’s Cormorant (P. penicillatus) 
population at the Farallones, in the center 
of a range confined largely to the California 
Current, varied between 15,000 and 25,000 
breeders until the early 1980s (Fig. 2A), 
when El Niiio 1982-1983 severely restrict- 
ed food resources, reproduction failed, and 
many birds died (Ainley et al. 1986, Ainley 
and Boekelheide 1990). To date, the breed- 
ing population has shown little recovery, 
and now ranges from 3000 to 10,000 birds. 

An even more erratic pattern is evident 
in the Pelagic Cormorant (P. pelagicus; Fig. 
2B), which at the Farallones is in the south- 

FIGURE 2. Trends in seabird breeding populations 
at the South Farallon Islands, 1972-1992; see Ainley 
and Boekelheide (1990) for details on census tech- 
niques. A) The number of breeding Brandt’s Cormo- 
rants and Common Murres. The murre estimates for 
1972-1979 are based on extrapolations from a single 
reference colony and back calculations of annual growth 
rate from the 1980 census figure when all murres on 
the island were counted (see Ainley and Boekelheide 
1990, fig. 8.1). An island-wide census conducted in 
1972 (see Ainley and Lewis 1974) counted 20,500 
murres compared to the back-calculated estimate of 
22,049. Counts after 1979 are based on island-wide 
censuses. B) The number of breeding Pelagic Cormo- 
rants and Western Gulls. Counts for cormorants are 
inflated by a factor of ten so that the scale, suitable for 
the gull numbers, does not hide fluctuations in the 
cormorant population. No gull censuses were made 
between 1972 and 1980; the population varied little 
during this period (Ainley and Boekelheide 1990). C) 
The number of Rhinoceros Auklets and Tufted Puffins 
breeding on the South Farallon Islands, 1972-1992. 

ern portion of its distribution. In this spe- 
cies, the entire population may forgo breed- 
ing as a response to restricted food (Ainley 
and Boekelheide 1990). Maximum popu- 
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lation size increased from about 1000 
breeding birds in 197 1 to 1600 by the early 
1980s then, following El Niiio 1982-1983 
dropped by half and is still decreasing. 

The Farallon breeding population of the 
Western Gull (Larus occident&is), another 
California Current endemic in the center of 
its range, was stable at about 23,000 birds 
from the 1960s until El Niiio 1982-1983 
(Ainley and Boekelheide 1990; Fig. 2B). 
Numbers then fluctuated until El Niiio 1986, 
after which they began to decline. Overall 
in California, however, the population re- 
mained stable, because many small colonies 
have been newly founded in the San Fran- 
cisco Bay Area (see Carter et al. 1992). 

The Common Murre (Uris ualge), anoth- 
er species at the southern extreme of its 
range, showed the pattern similar to that 
exhibited by the cormorants (Fig. 2A). 
Murres in the PRBO census increased an- 
nually by 7.8% through the 1970s until 
1982-1983 (Ainley and Boekelheide 1990). 
Suffering simultaneously from El Nifio re- 
strictions on food supply, oil spills, and in- 
tense gill netting, which was then greatly 
restricted (Salzman 1989) the murre breed- 
ing population crashed in 1983 to its 1972 
level, and two small colonies south of the 
Farallones virtually disappeared (Takekawa 
et al. 1990). Since then the Farallon popu- 
lation has increased by only l-2% per yr. 

The Cassin’s Auklet (Ptychoramphus 
aleuticus), a small, cavity-nesting species, 
which at the Farallones is within the south- 
ern third of its range, decreased by 50% be- 
tween 197 1 (Manuwal1974) and 1989, when 
Carter et al. (1992) estimated 40,000 breed- 
ing birds. Because methods and personnel 
differed between the two estimates, we are 
uncertain about the magnitude of the de- 
crease. That a significant decrease has oc- 
curred is indicated by a severe contraction 
in extent of nesting habitat used since the 
early 1970s (PRBO, unpub. data). This is 
significant because 30% of auklets in Cali- 
fornia nest on the Farallones, the only 
breeding population along a 600 km stretch 
of coast between San Miguel Island and is- 

lands near the Oregon/California border 
(Carter et al. 1992). 

Finally, contrasting rates of increase were 
exhibited by the two “puffins,” Rhinoceros 
Auklet (Cerorhincu monocerutu) and the 
Tufted Puffin (Fruterculu cirrhutu), both at 
the southern extreme of their breeding rang- 
es. During the early 1970s the Tufted Puffin 
increased gradually from 50 to 80 breeding 
birds (Fig. 2C), but after 1977, the popu- 
lation remained stable. The Rhinoceros 
Auklet recolonized the islands in 1972, fol- 
lowing the extermination of cavity dwelling, 
feral hares (Oryctolugus cuniculatus) (Ain- 
ley and Lewis 1974). Subsequently, auklet 
numbers exploded at a rate of about 50% 
per yr, a pattern interrupted only by El Niiio 
1982-1983. Numbers stabilized at about 
550 breeding birds by 1988. 

TRENDS IN SEABIRD POPULATIONS 
OF THE NORTHERN CALIFORNIA 
CURRENT 

Waters from northern California to cen- 
tral Washington comprise the northernmost 
portion of the California Current. Carter et 
al. (1992) suggested that Brandt’s and Pe- 
lagic cormorant populations for northern 
California were slightly lower in 1989 than 
in 1980, but the lack of annual census data 
makes comparison risky. Wilson (199 1, un- 
pub. data) noted a slight increase among 
Brandt’s Cormorants in Washington, in a 
series of censuses 1979-1992, but total pop- 
ulation size is so small (153-265 nests, 1979- 
1985; 132-578 nests, 1986-1992) that the 
trend has little regional significance. Wil- 
son’s unpublished data for Pelagic Cor- 
morants along Washington’s outer coast in- 
dicate an increase from 1200 nests in 198 5 
to 2200 in 1992. On the inner coast (i.e., 
Strait of Juan de Fuca), numbers of Pelagics 
fluctuated between 800 and 1200 nests, 1983 
to 1992. With a longer time scale, Speich 
and Wahl (1989) summarized all available 
census data in Washington over the past few 
decades, and found no consistent trends 
among Pelagic or Brandt’s cormorants. 

For Common Murres, five major Cali- 
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forma colonies near the Oregon border (ca. 
550 km north of the Farallones) during five 
non-consecutive years 1979-l 989, showed 
similar but less extreme trends as did Far- 
allon murres (cf. Figs. 2, 3; Takekawa et al. 
1990, Carter et al. 1992). Northern Cali- 
fornia populations did not experience oil 
spills or intense gill-netting, which probably 
explains why their decrease during El Niiio 
1982-l 983 was minimal. The Farallon pat- 
tern of crash-and-no-recovery, however, was 
repeated farther north among all murre col- 
onies in Washington (to 1000 km north of 
the Farallones). There, a series of oil spills 
coincided with El Niiio 1982-1983 (Wilson 
1991, unpub. data; Fig. 3). 

Rhinoceros Auklet populations increased 
markedly in Oregon during the 1970s (Scott 
et al. 1974) and in central and northern 
California during the 1980s including the 
founding of 22 new colonies (Carter et al. 
1992). The increase was coincident with re- 
colonization on the Farallones, indicating a 
regional expansion. In Washington, popu- 
lations also increased to the extent that nest- 
ing habitat may have been saturated on De- 
struction Island (26,000-32,000 birds, 
Speich and Wahl 1989) though perhaps not 
Protection Island. Beginning in the late 
1960s the population on Protection Island 
increased 4-5 fold to about 3 1,400 birds by 
the late 1970s (Wilson and Manuwal 1986) 
and 40,600 birds by 1983 (Thompson et al. 
1985). Unused nesting habitat remains 
(Wilson, unpub. data). During the same pe- 
riod, Tufted Puffins in Washington have 
been gradually declining (Speich and Wahl 
1989); in the Juan de Fuca Strait and in the 
San Juan Islands the decline has been pre- 
cipitous, from 1070 birds in the 1950s to 
about 100 at present (Wilson, unpub. data). 

CAUSES OF SEABIRD POPULATION 
TRENDS IN THE CALIFORNIA 
CURRENT 

The population trends at the Farallones 
and at other sites in the central and northern 
California Current were concordant for a 
number of species. 

FIGURE 3. The number ofbreeding Common Murres 
in five California colonies near the Oregon border (data 
from Takekawa et al. 1990, Carter et al. 1992) and 28 
colonies on the outer coast of Washington, 1979-1990 
(data from Wilson 199 1, unpub. data). California counts 
are reduced by a factor of 10 to complement the y-axis 
scale, fitted to the Washington counts. 

The Rhinoceros Auklet was the only non- 
larid seabird species that significantly in- 
creased during the past 30 years. The in- 
crease in Washington (and farther north; see 
below) preceded that in California (see 
Speich and Wahl 1989) indicating that pop- 
ulations in the Pacific Northwest were the 
source of southward dispersal. The floating 
population (i.e., adults that do not breed 
because space is lacking; sensu Manuwal 
1974) was so large near the Farallones, as 
evidenced by the remarkable rate of in- 
crease, the quick recovery from El Niiio 
1982-1983, and the high densities of this 
species at sea in central California (Briggs 
et al. 1987, Ainley and Allen 1992) that the 
species rapidly took over the deserted rabbit 
warrens. This invasion may have blocked, 
or at least severely slowed, the recovery of 
Tufted Puffins at the Farallones, as both 
“puffins” are cavity-nesting species of sim- 
ilar size and each is aggressive toward the 
other (Ainley and Boekelheide 1990). The 
Tufted Puffins at the Farallones were re- 
covering from impacts attributed to hu- 
mans, but recovery had been slow due to 
the presence of rabbits and, perhaps, changes 
in the food web, i.e., loss of an important 
prey, the Pacific sardine (Sardinops coeru- 
lea; Ainley and Lewis 1974). At the Faral- 
lones, the availability of cavities suitable for 
both puffins apparently reached saturation 
in 1988. In Washington, the decline of Tuft- 
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FIGURE 4. The number of California Sea Lions and 
Northern Elephant Seals hauling out on the South Far- 
allon Islands during April and May, the seabird egg- 
laying and incubation periods, 197 1-1992; data are 
based on censuses conducted weekly year round (PRBO, 
unpub. data). 

ed Puffins is likely the result of human dis- 
turbance to nesting islands: farming, real 
estate development, Coast Guard activities, 
and feral animals. 

In contrast, other factors affected trends 
in other seabird species. Predation and in- 
terference by Western Gulls may be re- 
sponsible for the decrease among Ashy 
Storm-Petrels on the Farallones. In the early 
1970s few gulls nested in the optimal storm- 
petrel nesting habitat. Gulls are now spread 
everywhere and, besides eating storm-pe- 
trels, often nest in the sheltered positions at 
the entrance to petrel burrows. A dense, ex- 
otic grass introduced in the 1800s appears 
to be spreading over the talus and also blocks 
crevice entrances. 

By the early 1980s the Western Gulls had 
colonized densely all available terrain on 
the island and a “floating” gull population 
was evident (Spear et al. 1987). The de- 
crease in recent years, beginning about 1986, 
involves at least two factors: 1) a large in- 
crease in numbers of Elephant Seals (Mi- 
rounga angustirostris) and California Sea 
Lions (Zalophus californianus) along the 
seaward edges of the islands (Fig. 4; fig. 1.4 
in Ainley and Boekelheide 1990), and 2) 
increased mortality due to disease (Spear et 
al. 1987; PRBO, unpub. data). The fact that 
the total California population did not 
change between 1980 and 1989 indicates 
that emigration from the huge population 
on the Farallones may also have increased. 

The decrease in Cassin’s Auklets on the 
Farallones may also involve several factors. 
1) Different census methods could be in- 
volved, as discussed above, especially as 
cavity-nesting seabirds are difficult to esti- 
mate. Yet, auklets clearly nest less densely 
than they did in the early 1970s. 2) Preda- 
tion by Western Gulls and Peregrine Fal- 
cons (Falcoperegrinus) may have increased. 
Wintering falcons “recolonized” the island 
in the early 1970s reaching maximum 
numbers (ca. 5) about 1980 (Pyle and Hen- 
derson 1990). Auklets are so numerous, 
however, that a measurable population ef- 
fect seems unlikely, in contrast to effects 
among the many fewer auklets on Tatoosh 
Island, Washington (see Paine et al. 1990). 
3) Most importantly, oceanographic factors 
may have changed food availability. In the 
early 1970s a large floating population was 
evident (Manuwal 1972) and it may have 
been maintained by double-brooding, a rare 
phenomenon among seabirds. Since the 
mid- 1970s however, warm-water condi- 
tions have prevailed leading to a switch in 
diet composition, perhaps lower breeding 
success and certainly no second chicks 
fledged successfully (Ainley and Boekel- 
heide 1990; PRBO, unpub. data). Ainley 
and Lewis (1974) noted that auklets were 
also much reduced in number during the 
late 19th century when another prolonged 
warm-water period occurred. 

Populations of Pelagic and Brandt’s cor- 
morants and Common Murre at the Far- 
allones and in Washington have recently be- 
gun to fluctuate within levels lower than 
those previous to El Niiio 1982-1983. These 
species are largely piscivorous, feeding prin- 
cipally on juvenile rockfish (Sebastes) dur- 
ing the breeding season (Ainley and Boe- 
kelheide 1990). The principal prey that 
sustains reproduction is the juvenile short- 
belly rockfish (S. jordani), which during 
mid-summer settles to depths beyond the 
foraging capabilities of seabirds. During the 
non-breeding season, these seabirds then 
feed on the early year-classes of other rock- 
fish (those that settle to shallow depths) and 
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of Pacific whiting (Merlucciusproductus), as 
well as all year-classes of anchovies (En- 
graulis mordax), Pacific herring (Clupea 
harengus), market squid (Loligo opalescens) 
and euphausiids (Baltz and Morejohn 1977, 
PRBO, unpub. data). Historically, when one 
prey species has been unavailable the sea- 
birds have been able to switch to alternative 
species (Ainley and Boekelheide 1990). Sea- 
bird populations at the Farallones (and far- 
ther north) are depressed enough from his- 
torical levels (see Ainley and Lewis 1974, 
Ainley and Boekelheide 1990) that the spring 
surge in availability of rockfish juveniles is 
sufficient to produce high chick production 
(PRBO, unpub. data, see also Sydeman et 
al. 199 1). Declines in reproductive success 
are too small to explain the trends (PRBO, 
unpub. data), in contrast to resource levels 
during the non-breeding season and effects 
on adult survival, juvenile recruitment or 
both. 

The pattern exhibited by the three pis- 
civores is closely similar to that shown by 
Peruvian guano birds before the crash of 
their prime prey species, the anchovetta 
(Engraulis ringens) (cf. Tovar et al. 1987). 
Documented since the time of the Incas, 
over a 30-year period beginning in the 1950s 
the guano birds recovered from successive 
El Niiio events to lower and lower popu- 
lation levels concomitant with the increase 
in the commercial harvest of anchovetta. 
Ultimately, the anchovetta was lost due to 
over-fishing of a climatically stressed re- 
source (Glantz and Thompson 198 1). The 
birds and the fishery have yet to recover. 

Similarly, commercial fisheries in Cali- 
fornia, except for anchovies and euphau- 
siids, have been expanding greatly. In cen- 
tral and northern California, expansion of 
both pelagic (Fig. 5) and groundfish fisheries 
(Fig. 6) duplicates the pattern elsewhere in 
the California Current (see Pacific Fisheries’ 
Management Council 1992, and previous 
annual reports). Although the seabirds do 
not eat the adult groundfish (i.e., rockfish 
and whiting), reduction in spawning bio- 
mass of adults and curtailment of strong 

year-classes by the fisheries (or other fac- 
tors), indirectly reduces the abundance of 
young fish available to seabirds and other 
predators. At present, no fishery exists for 
Shortbelly Rockfish, but proposals for de- 
velopment have been made. Among the pe- 
lagic fisheries, which compete directly with 
the birds, only the small one for anchovies 
has not greatly expanded (due to market 
conditions; Fig. 5A). Anchovies are abun- 
dant in southern California, where they are 
important to seabirds and other top-trophic 
predators (e.g., Anderson et al. 1982, An- 
tonellis and Fiscus 1980, Hunt and Butler 
1980); in central and northern California, 
anchovies are relatively unimportant to sea- 
birds, except during summer (Ainley and 
Boekelheide 1990). In contrast, pelagic fish- 
eries for Pacific herring (Fig. 5B) and market 
squid (Fig. SC), centered in central Califor- 
nia, have grown enormously. 

We hypothesize that growth of fisheries 
for seabird prey species has been so dra- 
matic, extensive, and coincident in time and 
region to the decrease in seabirds that a 
cause-effect process is involved. Prey 
switching may no longer be a viable alter- 
native to seabirds (or individual fishermen) 
as virtually the entire suite of important prey 
species are now fished to their maximum. 
Annually extracting from this food web the 
amount and type of fish now accomplished 
by commercial fisheries cannot occur with- 
out consequences to the food web, and es- 
pecially top carnivores (see Ludwig et al. 
1993). Indeed, commercial catch rates for 
individual species have declined, specific 
fisheries in the California Current region re- 
cently have been closed (e.g., willow rock- 
fish S. entomelas, Pacific Fishery Manage- 
ment Council 1992; Pacific herring, Calif 
Dept. Fish and Game, results of 1993 Fish 
Commission hearings), and others have been 
severely restricted (e.g., rockfish, Pacific 
Fisheries Management Council 1992). For 
both reasons (fewer fish and more restric- 
tions), commercial catches have declined 
(Fig. 6A). Moreover, as discussed above, the 
physical environment has been changing, 
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FIGURE 5. Annual landings (tons x 1000) in central 
and northern California of principal seabird prey by 
human, “pelagic” fisheries (i.e., mid-water species) over 
the previous few decades: A) northern anchovy; B) 
Pacific herring; and C) market squid, with about 40% 
of the squid landings from central California and the 
remainder from the vicinity of the northern Channel 
Islands (data from McAllister 1975, 1976; Oliphant 
1979; Oliphant et al. 1990; Pinkas 1974, 1977). 

but fishery management has been too slow 
to respond to the change; since 1976, sea 
temperatures have been warmer and annual 
variability of climate has been more severe 
than at any period in historical times (Kerr 
1985, 1992). Many of the fish prey species 
have a zooplankton diet similar to the Cas- 
sin’s Auklet, whose diet and population size 
have changed likely in response to ocean- 
ographic anomaly. Thus, the same phenom- 
ena that wrecked the Peruvian anchovy fish- 
ery appear to be in place: intense fishing 
coincident with climatic stress. 

The increase in California Sea Lions in 
the central and northern part of the Cali- 

FIGURE 6. Annual landings (tons x 1000) of prin- 
cipal seabird prey by human fisheries in California wa- 
ters over the previous few decades-groundfish whose 
juveniles are pelagic (although seabirds also eat year- 
old fish): A) rockfish, all species, with most of the catch 
taken in central and northern California; B) Pacific 
whiting, with most of the total taken in northern Cal- 
ifornia (data from Calif. Dept. Fish and Game 1992); 
(McAllister 1975, 1976; Oliphant 1979; Oliphant et al. 
1990; Pinkas 1974, 1977; Calif. Dept Fish & Game, 
R. Lea, pers. comm.). 

fornia Current (Fig. 4) may in a way rep- 
resent still another “fishery” competing in- 
directly with seabirds. The sea lions feed 
heavily on Pacific whiting older than one 
year and, when such prey are not available, 
rockfish and anchovies (Jones 198 1, Bailey 
and Ainley 198 l/l 982, Antonellis et al. 
1983). Like the human fishery, the sea lions 
may reduce the spawning biomass and ul- 
timately the availability of one-year-old and 
younger fish. Growth rates of this sea lion’s 
population have changed in concert with 
harvest levels of whiting (Ainley et al. 1982). 
Overall population levels, however, may or 
may not have reached their historical levels, 
following recovery from persecution (Bo- 
veng 1988). In the 1800s the same or a 
greater number of sea lions and, with the 
Farallon history as a gauge (Ainley and Lewis 
1974), a population of seabirds an order of 
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magnitude greater than now co-existed in 
the California Current. For what ever rea- 
son, the system no longer appears capable 
of supporting close to the former levels of 
upper trophic-level predators. 

SEABIRD POPULATION TRENDS 
IN THE GULF OF ALASKA AND 
BERING SEA 

The major oceanographic region north of 
the California Current is the Gulf of Alaska 
(Subarctic Current system) and father north, 
separated by a series of complex currents 
among the Aleutian Islands, is the Bering 
Sea Gyre (Favorite et al. 1977). As a result 
of the Outer Continental Shelf Environ- 
mental Assessment Program (OCSEAP) es- 
tablished in 1975, permanent plots at a 
number of sites in the Gulf of Alaska, Bering 
Sea and Chukchi Sea, have been censused 
periodically. The result is a time series of 
censuses spanning 15 + years for a few com- 
mon and easily-studied species. 

On Middleton Island, in the Gulf of Alas- 
ka, a large colony of Pelagic Cormorants 
(2000-4500 pairs) has fluctuated widely 
since 1974, but on average is much larger 
now than in 1956 (Rausch 1958, pers. 
comm). In Chiniak Bay (Kodiak Island), 
censuses of 13 mixed colonies of Pelagic and 
Red-faced cormorants (P. z&e) between 
1975 and 1991 indicate stable populations 
(D. R. Nysewander and D. B. Irons, unpub. 
data). No data are available in the Bering 
Sea, but at Cape Thompson, southeastern 
Chukchi Sea, Pelagic Cormorants decreased 
in the late 1970s to a level 20% lower than 
in the early 1960s (Springer 1993). 

Among large Lams species north of the 
California Current, only the Glaucous- 
winged Gull (L. glaucescens) has been stud- 
ied sufficiently. In Washington, at the tran- 
sition between California Current and Gulf 
of Alaska systems, Glaucous-winged Gulls 
increased appreciably during the past few 
decades (Speich and Wahl 1989). Farther 
north, on the Alaid-Nizki island group 
(western Aleutians), the species increased 
from 200 to 1300 pairs within a few years 

following eradication of feral foxes in 1976 
(C. F. Zeillemaker and J. L. Trapp, unpub. 
data). The greatest documented change oc- 
curred on Middleton Island, where this spe- 
cies grew from none in 1956, to 500-700 
pairs by the mid- 1970s to more than 7000 
pairs by 1990 (S. A. Hatch, unpub. data). 
Thus, the increase is consistent among 
widely spaced sites in the region. A decline 
in the Glaucous-winged Gull population of 
Prince William Sound since the early 1970s 
(Vermeer and Irons 199 1, Laing and Klo- 
siewski 1993) probably reflects the local clo- 
sure of some canneries and canning regu- 
lations that have reduced availability of offal 
(M. E. Isleib, pers. comm.). 

In recent years Common Murres have 
been well studied in Alaska (Byrd et al. 
1993) but historic data are rare. Elliot (188 1) 
described “hundreds of thousands” of 
Common and Thick-billed murres (U. Zom- 
via) on Walrus Island, Bering Sea. As re- 
cently as 1953, Peterson and Fisher (1955) 
estimated more than 1 million murres there; 
yet, by 1976 almost all had vanished (Hunt 
1976). In partial explanation, Steller Sea Li- 
ons (Eumetopias jubatus) had moved onto 
the island’s plateau, which had formerly 
been dominated by murres. At other sites 
in the Bering Sea monitored since the 1970s 
most study colonies have declined (Fig. 7) 
but not due to competition with pinnipeds 
(see below). At Cape Thompson, in the 
southeastern Chukchi Sea, murres have de- 
clined as well (Springer 1993). Elsewhere in 
Alaska, trends among Common Murre pop- 
ulations have been inconsistent with those 
in the Bering Sea Gyre. For example, in 
1956 on Middleton Island, Rausch (1958) 
counted only about 400 murres, mostly 
Thick-billed. Today the island supports a 
similar number of Thick-billed Murres but 
6000-8000 Common Murres as well (Fig. 

7). 
Cassin’s Auklets formerly nested in abun- 

dance on Sanak Island (Bendire 1895) but 
foxes were introduced and the auklets be- 
came scarce by the late 1930s (Murie 1959). 
Murie also learned of probable declines or 
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FIGURE 7. The number ofbreeding Common Murres 
at A) two reference colonies in the northeastern portion 
of the Bering Sea Gyre, Alaska, 1976-1991; B) three 
colonies in the southeastern Bering Sea Gyre, 1976- 
1992; and C) a colony in the Gulf of Alaska: Middleton 
Island, 1974-l 99 1. Sources of the data are as follows: 
Middleton Island (Rausch 1958, Nysewander et al. 
1986, S. Hatch, unpub. data); Cape Peirce (Haggblom 
and Mendenhall 1993); St. George Island (Dragoo et 
al. 1990, unpub. data); St. Paul Island (Dragoo et al. 
1989, L. Climo, pers. comm.); St. Matthew Island 
(Murphy et al. 1987, A. L. Sowls, pers. comm.); Bluff 
(Murphy et al. 1986, Murphy 1993). 

extirpations on other Aleutian Islands in- 
cluding Keegaloo, Adugak, Amlia (nearby 
islets) and Ilak. 

Particularly susceptible to foxes is the 
Tufted Puffin. Murie (1937) recommended 
that Kaligagan Island should be managed as 
a fox farm because of the paucity of breeding 
seabirds (i.e., no impact evident). Foxes 
eventually died out, however, and today 
Kaligagan has one of the largest Tufted Puf- 
fin colonies in Alaska (> 100,000 birds; Ny- 
sewander et al. 1982)! 

Most of the Alaskan population of Rhi- 
noceros Auklets breeds on Fort-ester Island, 
which is likely the world’s largest colony of 
this species (> 54,000 pairs; DeGange et al. 
1977). The only site that has been closely 
censused, however, is Middleton Island 
where one of four small colonies located in 
1976-l 978 had increased from about 50 to 
more than 900 burrows by 1992 (Hatch et 
al. 1979, Hatch, unpub. data). Farther south 
in the Gulf of Alaska, in British Columbia, 
Rhinoceros Auklet populations also in- 
creased substantially during the past few de- 
cades (Rodway et al. 1992). 

CAUSES OF SEABIRD POPULATION 
TRENDS IN THE GULF OF 
ALASKA AND BERING SEA 

In Alaska, it is clear that many local pop- 
ulations of seabirds have undergone marked 
changes during recent decades. Given the 
enormity and environmental complexity of 
the region, we can rarely posit whether any 
species’ population is changing throughout 
its range. An exception is the downward 
trend among murre colonies in the eastern 
Bering Sea, where changes are concordant 
among widely-spaced sites. 

Alaskan seabirds are killed in large num- 
bers in high seas gill nets (DeGange et al. 
1993) although effects on local breeding 
populations are difficult to ascertain, and oil 
at sea poses a significant threat, as dem- 
onstrated by the Exxon- Valdez spill (Piatt 
et al. 1990, Nysewander et al. 1992). There 
is little doubt, however, that the introduc- 
tion of exotic animals to islands-especially 
foxes, but other mammals as well-has been 
the most potent anthropogenic factor af- 
fecting Alaskan and other seabirds during 
recent centuries (Croxall et al. 1984). Intro- 
duced by Russian colonists late in the 1700s 
the heyday of fox farming occurred between 
1885 and 1930 and included 450 islands 
from southeastern Alaska to the western 
Aleutians (Bailey 1993). Fox trappers re- 
garded seabirds as “feed,” and not surpris- 
ingly, some of our richest seabird islands 
supported the most successful, if short-lived, 



SEABIRD POPULATION TRENDS--Ainley et al. 129 

fox farms (e.g., Middleton Island). Fox in- 
troductions were locally disastrous (Murie 
1959, Bailey 1993) but this damage has been 
reversed in most cases. Fox farming ceased 
in the 1930s and today, foxes remain on 
only about 50 islands (Bailey 1993). Some 
of these islands are large, however, and im- 
possible to rid of foxes unless restrictions 
on the use of toxicants are lifted. 

The trends among sites in the eastern Be- 
ring Sea indicate other than local, coarse- 
scale effects as with fox introductions. The 
regional decline in Common Mm-i-es, as well 
as in pup production of Northern Fur Seals 
(Cullorhinus w-sinus) and adult populations 
of Harbor Seals (Phoca vitulina) and Steller 
Sea Lions (York and Kozloff 1987, Merrick 
et al. 1987, Pitcher 1990) brings to issue 
whether fisheries are altering the marine 
ecosystem to the detriment of top-trophic 
predators (Murphy et al. 1986, Springer 
1992). Since the 1960s walleye pollock 
(Theragra chalcogramma) have supported 
the world’s largest single-species fishery 
(Lloyd and Davis 1989; Fig. 8) and are also 
important to pinnipeds (Lowry et al. 1989) 
and piscivorous seabirds (Hunt et al. 198 1, 
Dragoo 199 1). Any cause-effect explana- 
tion, however, must address both the ap- 
parent increase of planktivorous auklets 
(Aethia spp.) in the region (Pribilof Islands, 
St. Lawrence Island; Springer 1993) and the 
decline of murres and kittiwakes (Rissa spp.) 
(Pribilof Islands, St. Matthew Island, etc.; 
Hatch et al. 1993). Auklets presumably 
compete with juvenile pollock for euphau- 
siids and other zooplankton, whereas murres 
and kittiwakes take juvenile pollock, es- 
pecially during the breeding season (Spring- 
er and Byrd 1989). The role of fishing in 
this scenario is unclear, because the adult 
pollock (age 2+) taken in the fishery are 
important predators on juvenile pollock and 
other seabird prey such as herring, mycto- 
phids, capelin (Mallotus villosus), and sand- 
lance (Ammodytes hexapterus; Straty and 
Haight 1979, Livingston 199 1, Springer 
1992). Thus, this fishery could theoretically 
benefit piscivorous birds as was the case in 
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FIGURE 8. Annual landings of pollock from the 
eastern Bering Sea (data from Bakkala 1984; Pacific 
Fisheries Information Network, R. Kinoshita, pers. 
comm.). 

the large-scale fisheries of the North Sea 
(Furness and Barrett 199 1). The issue in 
Alaska, as in the California Current, re- 
quires critical information on seabird de- 
mography and trophic relationships during 
winter. Experience has shown us (e.g., Glantz 
and Thompson 198 1) that understanding 
the whole system, both prey and predators, 
ultimately benefits man’s commercial in- 
terests in the long-term perspective (see also 
Cairns 1992, Ludwig et al. 1993). 

CONCLUSIONS 

1. Trends in population size of seabirds 
at breeding sites along the western coast of 
North America have been concordant with- 
in different oceanographic regimes, e.g., the 
California Current or the eastern Bering Sea 
Gyre (continental shelf). The best example 
is given by the Common Murre, a species 
exhibiting two sets of concordant trends, 
one within the California Current and the 
other in the eastern Bering Sea Gyre. 

2. At larger spatial scales (i.e., > 1000 km) 
less concordance was apparent, although 
marked changes within one species, the 
Rhinoceros Auklet, was consistent across 
oceanographic boundaries. Its spectacular 
increase and southward colonization appear 
to have been fueled by factors initially op- 
erating in the Gulf of Alaska. From there, 
surplus breeders dispersed southward. 

3. Seabird populations along the west 
coast of North America have been greatly 
affected by two general classes of factors: 
encroachment of humans and especially 



130 STUDIES IN AVIAN BIOLOGY NO. 15 

their animals on breeding. islands. and ex- BAILEY, K. M., AND D. G. AINLEY. 1981/1982. The 

ploitation of the prey base by human fish- dynamics of California sea lion predation on Pacific 

cries (in concert with climatic stress). 
hake. Fisheries Research 1: 163-l 76. 
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A CENTURY OF POPULATION TRENDS OF WATERFOWL IN 
WESTERN NORTH AMERICA 

RICHARD C. BANKS AND PAUL F. SPRINGER 

Abstract. In the mid-1800s waterfowl in the West, particularly in the Central Valley of California in 
winter, were said to have numbered in the millions. Because of hunting for urban markets, the killing 
of birds to protect crops, and the loss of habitat as a result of land use changes, local populations of 
some waterfowl species reportedly had been reduced to 1% or less of former numbers by the early 
1900s. Midwinter population surveys indicate that the total duck population in the Pacific Flyway 
has declined from levels in 1955, when such surveys became standardized. The decline is led by 
reduced numbers of the Northern Pintail (Anus acuta). Hunting and habitat loss, compounded at 
times by drought, have been responsible for most of the decline. On the other hand, man has been 
the primary benefactor of waterfowl by restricting the harvest through regulations and by setting aside 
refuges in areas of good habitat. Case histories show that proper management has led to recovery of 
some species or subspecies that were greatly reduced in numbers, and provide hope for better days 
for all species. 

Key Words: Waterfowl; Pacific Flyway; California; populations; habitat modification; Aix sponsa; 
Anas acuta; Branta canadensis leucopareia. 

As Dawson (1923: 1753) said, “It is dif- 
ficult to convey. . . any accurate conception 
of the former abundance of waterfowl in 
America.” We may be awed now by the 
number of birds in occasional flocks of geese 
or ducks flushed from a refuge or manage- 
ment area, but it is difficult to realize that 
once there were such flocks in appropriate 
habitat throughout the West, not just on 
isolated protected marshes. Anecdotal in- 
formation in early writings about the west- 
ern United States, particularly California, 
suggests that waterfowl occurred in num- 
bers that we can hardly imagine today. In 
the mid- 18OOs, when the human population 
influx into California began in earnest, res- 
idents of the Sacramento Valley could com- 
plain about being “greatly annoyed by the 
almost deafening, tumultuous, and con- 
fused noises of the innumerable flocks of 
geese and ducks which were continually fly- 
ing to and fro and at times blackening the 
very heavens with their increasing numbers 
. . . ” (McGowan 1961:354). Most of the 
available information on early populations 
of waterfowl is from California, particularly 
the Central Valley, but we have no reason 
to believe that large flocks did not also exist 
originally in the great intermontane valleys 
of Oregon and Washington, along the coast, 

and in the less continuous habitats of the 
Great Basin, with each region being of sea- 
sonally different importance. In 1824, when 
Jim Bridger drifted down the Bear River, 
he reported “millions of ducks and geese” 
at its marshy mouth along the shore of Great 
Salt Lake, Utah (Nelson 1966). 

EARLY DECLINE 

The abundance of waterfowl and other 
game was a mixed blessing to the settlers as 
California and the rest of the West began to 
develop in the 19th century. The rapid hu- 
man population growth of the mid-century 
depended on it to some extent. Hunting for 
the urban market became a big business in 
the gold rush days, and increased through 
the last half of the 1800s. Ducks and geese 
reaching the market in San Francisco, and 
certainly the other growing cities, were mea- 
sured by the thousands, wagonloads, and 
tons (McGowan 1961:365). Grinnell et al. 
(19 18) presented data showing that hun- 
dreds of thousands of birds reached markets 
in San Francisco each year, with numbers 
not tapering off until after the first decade 
of the 1900s. Some market hunting contin- 
ued into the mid-20th century. 

Despite the large kill for the market, geese 
and ducks remained so numerous that with 
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the development of agriculture in the Cen- 
tral Valley of California they became major 
crop depredators. Geese would land on a 
grain field at night and leave stubble in the 
morning. Men were hired as herders to keep 
geese off grain fields, mainly by shooting as 
many as they could. Often thousands ofgeese 
per year would be killed on a single farmer’s 
holdings. Many of these birds, of course, 
found their way to the markets, as did hun- 
dreds of pounds of feathers for mattresses. 
Later, as rice replaced wheat as the main 
grain crop, ducks replaced geese as the ma- 
jor depredators (McGowan 196 1). 

Agricultural and other development did 
more than change prime waterfowl habitat 
to crop land where birds were unwelcome; 
it often changed it to land where waterfowl 
could not exist. More than 90% of Califor- 
nia’s historical natural wetlands have been 
lost by conversion to other land uses (Dahl 
1990), although some converted land has 
alternative waterfowl values. Habitats for 
breeding, migrant and wintering birds have 
been affected. 

Eventually, a major decline in the number 
of waterfowl was evident. Letters of inquiry 
to responsible observers throughout Cali- 
fornia in 1913 almost uniformly drew re- 
ports of a population decline of waterfowl, 
with estimates ranging from 25 to 99% in 
some areas. Snow Geese (Chen caerules- 
tens) were particularly affected. According 
to Grinnell et al. (19 18:214), “There has 
been a more conspicuous decrease in the 
numbers of [Snow] geese than in any other 
game birds in the state. Many observers tes- 
tify that there is only one goose now for each 
hundred that visited the state twenty years 
ago, and some persons aver that in certain 
localities there is not more than one to every 
thousand which formerly occurred here.” 

MODERN DATA AND TRENDS 

No one was making population counts in 
those early days and, except for the infor- 
mation on the number of birds reaching the 
markets tabulated by Grinnell et al. (19 18) 
the figures on either the number of birds 

present or the number killed are estimates 
and guesses, and cover only a small part of 
the range of the species involved. There were 
some Christmas Bird Counts in California 
and Oregon in the early 1900s but we have 
not found any with sufficient continuity from 
appropriate localities to provide data on 
long-term trends. Some studies of individ- 
ual species, such as the Brant (Bran& ber- 
nicla), were made (Moffitt 1943) but over 
relatively short periods. 

The U.S. Bureau of Biological Survey be- 
gan inventorying winter waterfowl popula- 
tions in 1935, and a private organization 
“More Game Birds in America” initiated a 
breeding census in prime prairie breeding 
habitat (Bellrose 1980: 17). It took many 
years for reliable techniques to be developed 
and standardized. Since 1955, the U.S. Fish 
and Wildlife Service has provided compa- 
rably produced data-based indices of win- 
tering and breeding populations over much 
of the United States, Canada and Mexico, 
and has conducted harvest surveys. These 
studies are conducted by federal, state, pro- 
vincial, and Ducks Unlimited biologists, and 
the data are reported in various publications 
of these agencies. 

For the purposes of revealing trends in 
western North America, we illustrate some 
of the population indices during January 
1955-1992 as measured by the Midwinter 
Waterfowl Survey in the Pacific Flyway. 
Winter indices are obtained from coverage 
of most waterfowl concentration areas in 
states or portions of states west of the Con- 
tinental Divide, exclusive of Alaska. Data 
are available by state and by species, but 
our analysis is limited to the broader picture 
ofall ducks and geese and the few individual 
species numerically most important. 

The Northern Pintail (has acuta) main- 
tained relatively constant January popula- 
tion indices in 1955-1970 (Fig. 1). These 
indices increased to highs in the 1970s but 
declined in the 1980s reaching record lows 
(see case study beyond). The trend for “total 
ducks” mirrors that for the pintail because 
that species comprised 36% of the 38-year- 
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average index. This indicates that other duck 
species have generally fared better than the 
pintail. However, numbers of the Mallard 
(Anus platyrhynchos) have been lower than 
the long-term average for about 20 years, 
and American Wigeons (Anus americana) 
have been decreasing gradually over most 
of the survey period. Among important 
dabblers not shown, Northern Shovelers 
(Anas clypeata) have reflected pintail trends 
since about 1970. 

Numbers of Canada Geese (Branta cana- 
densis) decreased substantially after 1963, 
but have increased again since about 1984 
(Fig. 1). Much of that increase is due to 
successful management of the western (B. 
c. mofitti) and cackling (B. c. minima) sub- 
species, as well as of the once-endangered 
Aleutian (B. c. leucopareia) subspecies (see 
case study beyond). Conversely, the dusky 
(B. c. occidentalis) subspecies has declined 
since 1979 due to a combination of negative 
habitat modification following the Alaskan 
earthquake in 1964, increased predation, 
and continued hunting. “White” geese, Snow 
and Ross’ (Chen rossii) geese undifferen- 
tiated in aerial surveys, have fluctuated 
widely in the past 38 years but show no 
trend during the January surveys. Greater 
White-fronted Geese (Anser al&from), on 
the other hand, declined markedly after 
about 1970 but have been recovering since 
198 5. Brant have decreased in winter along 
the coast of the United States, but greater 
numbers now winter along the west coast 
of Mexico and the combined total of birds 
has declined relatively slightly. 

FACTORS LEADING TO DECLINES 

Excessive harvests, epizootics, unusual 
long-term weather conditions, poor recruit- 
ment, and adverse alterations of habitat are 
usually blamed for declines of waterfowl 
populations. Although sport hunting is the 
most visible, readily measured, and easily 
controlled cause of mortality among fledged 
waterfowl, it is (perhaps surprisingly) the 
major mortality factor in only a few species. 
During the period 1950-l 970 when hunting 

regulations ranged from restrictive to fairly 
liberal, about one in two deaths of adult 
Mallards was due to hunting, averaged over 
the entire country (Anderson 1975). Under 
restrictive regulations in 19 8 8- 199 1, the 
mortality due to hunting in the Pacific Fly- 
way ranged from about 1 in 3 to 1 in 8 
deaths for adult Mallards and only 1 in 10 
to 1 in 11 deaths for adult Northern Pintails 
(J. C. Bartonek, pers. comm.). These figures 
are based on recoveries of banded birds. 

The estimated retrieved harvest (excludes 
birds shot and lost) of certain waterfowl spe- 
cies in the Pacific Flyway in 19 5 5- 199 1 is 
shown in Figure 2. Waterfowl harvests tend 
to follow hunter numbers to a greater extent 
than either the abundance or availability of 
the species being hunted (Bartonek 198 1). 
Hunter numbers, in turn, are influenced in 
large part by distribution, abundance and 
availability of birds, and by regulations. An 
exception occurs among some geese whose 
numbers have been adversely affected in the 
past not only by sport hunting along the 
Pacific Flyway but also by subsistence hunt- 
ing on their breeding grounds in Alaska. 
Adoption of more restrictive regulations in 
the mid- 198Os, however, has permitted in- 
creases in numbers of Greater White-front- 
ed and Cackling Canada geese (Pamplin 
1986). 

The average number of ducks (all species) 
taken in California in the period 196 l-l 99 1 
was close to 1.4 million; the highest annual 
take was about 2.5 million, in 1967, and the 
lowest was just over 0.5 million, in 1988 
(Bartonek 1992). The number of birds sold 
in San Francisco markets in the 19 1 O-l 9 11 
season was about 0.19 million (Grinnell et 
al. 19 18: table 6) but adjusting that by a 
factor of ten (a factor with no basis outside 
of guess) to account for other California 
markets plus sport and subsistence harvest 
yields 1.9 million, not out of line with more 
recent average harvests. Despite the fact that 
total duck numbers were vastly greater 80 
years ago, market hunting has been partly 
blamed for the major population decrease 
at the turn of the century. Perhaps the pre- 
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sumed detrimental effects of market hunt- 
ing should be reexamined, at least for per- 
spective, as should the effects of modem 
sport hunting relative to less direct mortal- 
ity factors. 

Indirectly, man has been responsible for 
the loss of unknown numbers of waterfowl 
by poisoning or polluting their environ- 
ment. One of the most pernicious pollutants 
has been lead. By using lead shot for hunt- 
ing, and by shooting over favorable feeding 
areas, hunters seeded wetlands with pellets 
that waterfowl could ingest with food or as 
grit, with fatal or debilitating results. Lead 
poisoning in waterfowl has been known since 
the 1890s affecting an estimated 2-3% of 
the fall and winter population (Bellrose 
1980) but it has been only within the past 
decade that the use of non-toxic shot rather 
than lead has been mandated. 

Man has also contaminated the environ- 
ment with a wide variety of pesticides now 
known to have numerous, sometimes slow- 
ly accumulating biological effects on birds 
(White and Stickel 1975). Pesticide use in- 
creased enormously after World War II (San 
Joaquin Valley Drainage Program [SJVDP] 
1990), the amount, type, and kind of ap- 
plication varying according to what crop was 
to be protected. In 1980, over 120 million 
pounds of pesticide were used in California, 
70 million pounds in the Central Valley 
alone (SJVDP 1990). This is about 10 
pounds for each of the 8-10 million water- 
fowl migrating through or wintering in the 
state (California Department of Fish and 
Game 1983). Recently, the accumulation of 
selenium in irrigation drain water has caused 
embryonic deformity in nesting waterfowl 
in some areas (Heitmeyer et al. in Smith et 
al. 1989). 

Almost without a doubt, the most im- 
portant factor influencing populations of 
most species of waterfowl in the West has 
been the modification or loss of suitable 
habitat as a result of human settlement and 
land use. Wetlands were drained or filled 
and levees and dams were constructed for 
agriculture, urbanization, and industrializa- 

tion. Many of these activities destroyed the 
areas needed by nesting, migrant and win- 
tering waterfowl. From the 1780s to the 
1980s wetland habitat loss within states in 
the Pacific Flyway ranged from 30% in Utah 
to 9 1% in California (Dahl 1990). However, 
some of the land use changes provided new 
habitat for waterfowl in the form of agri- 
cultural crops, ponds and reservoirs. 

An extreme example of habitat modifi- 
cation that resulted in reduced waterfowl 
populations is found in the Tulare Basin at 
the southern end of the San Joaquin Valley 
of California. Tulare Lake, once the largest 
freshwater lake west of the Mississippi Riv- 
er, and three smaller lakes covered 1200 
square miles and had 2100 miles of shore- 
line. With extensive associated marshes, the 
basin provided the largest single block of 
wetland habitat in California, and also stored 
abundant groundwater. It was an important 
breeding/migration/wintering area for wa- 
terfowl and other wildlife. Decline in the 
wetlands began early, well before the begin- 
ning of the present century. Water for irri- 
gation was diverted from tributary streams 
in the 1850s reducing flow to the basin. 
Land was converted to agricultural use, and 
ground water pumping began. With less 
standing water, more land could be con- 
verted to agriculture, which demanded more 
water for irrigation, in a vicious cycle. By 
the 1940s Tulare Lake was reduced to 36 
square miles. Today the lake is essentially 
gone and wetlands in the basin occupy only 
6000 acres, less than 1% of the original ex- 
tent. When flooded in the early fall, the for- 
mer lake is still an important concentration 
area for ducks, especially Northern Pintails, 
but most of the wildlife value of the basin 
is gone (Jones and Stokes Assoc. 1987, U.S. 
Fish and Wildlife Service 1978). 

Natural population regulating factors have 
been at work on waterfowl populations, also. 
These are not always easily differentiated 
from human-related mortality factors. Pre- 
dation by other wild creatures was always 
a challenge for waterfowl, but a dynamic 
adaptive balance had evolved through mil- 
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lennia. Landscape and agricultural changes 
made by man have modified predator as 
well as waterfowl habitat, actually facilitat- 
ing predation in some areas of formerly high 
waterfowl production by reducing cover and 
concentrating nesting birds. This has led to 
expanded predator research and manage- 
ment programs as well as programs to rees- 
tablish waterfowl habitat. 

At times, disease can affect large numbers 
of waterfowl. In 19 10, tremendous mortal- 
ity among ducks, reputed to be in the mil- 
lions, occurred in Utah and California (Bell- 
rose 1980). Eventually the cause was 
determined to be botulism produced by a 
toxin from the bacterium Clostridium bot- 
ulinum, type C. Outbreaks have occurred 
irregularly throughout the West. Conditions 
that favor the development of the bacterium 
are often the result of man-caused fluctua- 
tions of water level. Similarly, manipulation 
of water levels is a tool that can be used to 
fight outbreaks when they are detected. An- 
other disease of increasing concern is avian 
cholera, which killed more than 70,000 wa- 
terfowl in California in outbreaks in the 
winter of 1965-1966 (Bellrose 1980). 

Another influence on waterfowl is ex- 
tremes of rainfall patterns resulting in 
drought or flooding. These have had peri- 
odic effects on productivity and may be re- 
lated to some extent to man-invoked land 
use patterns. Drought can be especially im- 
portant in the prairies and has been largely 
responsible for the recent decline in the dab- 
bling duck populations there. 

POSITIVE ACTIONS TO COUNTER 
MORTALITY FACTORS 

One of the first positive actions taken by 
man was the passage of laws to regulate, or 
reduce, the number of birds killed. In Cal- 
ifornia, the first legislation was passed in 
1852 and established an open season for 
Mallards and Wood Ducks (Aix sponsa; see 
case study beyond) of 20 September to 1 
March in some counties (Grinnell et al. 
19 18). With no laws providing open or 
closed seasons before that, the effect of that 

law would seem to be merely prohibiting 
the take of those two species for five and a 
half months and leaving the season open all 
the time for everything else. Other species 
of game bird and other counties were added 
to, or subtracted from, the list as the law 
was amended through the years. Aside from 
Brant, geese are not mentioned in the Cal- 
ifornia legislation until 19 15 (Grinnell et al. 
19 18). Other states also enacted protective 
regulations. Passage of the Federal Migra- 
tory Bird Law, which included waterfowl, 
came in 19 13. The signing of the migratory 
bird treaty with Canada in 19 16 and passage 
of the Migratory Bird Treaty Act in 1918 
provided a new basis for protective regu- 
lations for game and nongame species alike. 
Seasons and bag limits are now based on 
the analysis of data obtained in waterfowl 
breeding and production surveys, midwin- 
ter population surveys, reports of harvest in 
previous years, and other factors, and are 
made by federal and state government in- 
teraction. 

Another positive action was the estab- 
lishment of refuges or protected areas where 
waterfowl could not legally be hunted or 
killed. Lake Merritt in Oakland and its 
shores were declared a bird sanctuary in 
1867 and a game preserve in 1870. Twenty 
areas containing about 1.5 million acres were 
set aside as refuges in California between 
1913 and 1921 (McGowan 1961). Gray 
Lodge state game refuge was established in 
193 1, the first in the Sacramento Valley, and 
Joice Island Refuge in the Suisun marshes 
was begun that same year. The first federal 
waterfowl refuges in the Pacific Flyway were 
Lower Klamath National Wildlife Refuge 
in California and Oregon, Malheur NWR 
in Oregon, both established in 1908. Now 
there are 88 national wildlife refuges en- 
compassing 1.3 million acres in the Pacific 
Flyway (exclusive of Alaska) that have wa- 
terfowl as a primary management objective. 
These complement a greater number of state, 
provincial, and private refuges and man- 
agement areas. Some of this land is pur- 
chased with funds from the sale of migra- 
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tory bird hunting and conservation stamps 
(duck stamps) and other hunter-funded rev- 
enue sources. 

CASE STUDIES 

Wood Duck 

Uniquely among waterfowl, the Wood 
Duck breeds primarily within the United 
States, hence its early name “summer duck.” 
Its western nesting population, distinct from 
that to the east, was said to have extended 
from southern British Columbia and Al- 
berta to California. Early writers reported it 
as common to abundant in California 
(Grinnell et al. 19 18, Naylor 1960). In the 
Sacramento Valley “as many as a hundred” 
were shot in a single day. By the early 1900s 
however, the species had become rare in 
California and in some areas to the north 
(Bellrose in Fredrickson et al. 1990). Where- 
as 440 birds were sold in the markets of San 
Francisco and Los Angeles in 1895-1896, 
only 6 were recorded in San Francisco in 
19 1 O-l 9 11. One of the main reasons for the 
decline was excessive hunting. The birds 
were highly sought, not only as food by sport 
and market hunters, but also for use in mil- 
linery, taxidermy art, and fishing flies. An- 
other cause of the bird’s demise was habitat 
destruction. Clearing of woodlands adjoin- 
ing streams and ponds for agricultural pur- 
poses and firewood, as well as dredging for 
gold along rivers in California, removed the 
cavity-bearing trees the Wood Ducks de- 
pended upon for nesting. In addition, drain- 
age of swamps and marshes, accompanied 
by beaver trapping, destroyed or reduced 
the bird’s feeding, brood rearing, and resting 
areas. 

By 19 13, the Wood Duck was reported 
to be on the verge of extinction in California 
(Dawson 1923). It was not until federal pro- 
tection in 19 18, which included regulations 
for complete prohibition of hunting of Wood 
Ducks (Lawyer 19 19) that the bird’s for- 
tune changed. A marked increase was noted 
in California by the 1930s (Naylor 1960), 
and the species was said to have become 

exceedingly common along the wooded riv- 
er bottoms of Oregon (Gabrielson and Jew- 
ett 1940). Hunting in states in the Pacific 
Flyway was not permitted again until 1942, 
when numbers had increased to the level 
that one bird was allowed in the daily bag 
and possession limit (Bartonek et al. in 
Fredrickson et al. 1990). There have been 
no special restrictions since 1967, with, de- 
pending on the year, 4-7 being allowed in 
the daily bag. 

While cessation of hunting from 19 13 un- 
til 1942 increased the Wood Duck popu- 
lation appreciably, destruction of its habitat 
continued through reservoir construction, 
timber harvest, livestock grazing, and stream 
channelization. By 1979 it was estimated 
that nearly 90% of the land originally cov- 
ered by riparian vegetation in the Central 
Valley of California had been lost (Gilmer 
et al. 1982). In recognition of the unabated 
reduction of nesting sites a program of nest 
box construction was undertaken, begin- 
ning in Illinois in the late 1930s and spread- 
ing to other parts of the bird’s breeding range 
(Soulliere in Fredrickson et al. 1990). Al- 
though nest box programs in the Pacific Fly- 
way have been scattered and of various de- 
grees of magnitude, studies have shown that 
they have been effective in expanding local 
breeding populations where there is a sat- 
isfactory food base but where shortage of 
natural nesting sites is a limiting factor. 

Not only has the Wood Duck increased 
within its historical breeding range, but it 
apparently has expanded eastward in west- 
ern Montana and into central Arizona and 
along the lower Colorado River (Bartonek 
et al. in Fredrickson et al. 1990). By the late 
1980s the breeding population in the Pacific 
Flyway was estimated to range between 
67,000 and 80,000 birds, an amazing re- 
covery for a species that less than a century 
earlier was said to be on the verge of ex- 
tinction there. 

Aleutian Canada Goose 

The Aleutian Canada Goose is an insular- 
nesting bird. Originally it bred in North 
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America from near Kodiak Island through 
the Semidi and Aleutian islands and win- 
tered primarily in California (Byrd et al. 
1991). A population in Asia that bred on 
the Commander and northern Kurile is- 
lands is thought to comprise the birds that 
wintered in Japan. No numerical records 
exist of former abundance, other than they 
nested in the thousands on Agattu Island in 
the western Aleutian Archipelago. 

Starting as early as the 1750s but prin- 
cipally between 19 15 and 19 3 9, Arctic foxes 
(Alopex Zagopus) and, to a lesser extent, red 
foxes (Vulpes vulpes) were introduced on the 
larger Aleutian Islands for fur-farming pur- 
poses (Byrd et al. 199 1). They preyed on the 
eggs and flightless geese. Additional birds 
were taken by Alaskan natives on the breed- 
ing and migration areas and by commercial 
and sport hunters on the wintering grounds. 
By the early 1930s only birds nesting on 
5000-acre Buldir Island in the western 
Aleutians were thought to have survived. 
This island had been spared because of its 
isolation and lack of a good harbor. In 1967, 
the goose was placed on the federal endan- 
gered species list. 

A program for fox eradication was un- 
dertaken on the Aleutian Islands National 
Wildlife Refuge in 1949 to benefit the de- 
pleted bird life (Byrd et al. 199 1). This, sup- 
plemented by translocation of captive-reared 
geese initially and wild adults and their 
young later, beginning in 197 1 and con- 
tinuing to the present, resulted in the rees- 
tablishment of nesting geese on three is- 
lands. In addition, relict populations were 
found on two more islands, and geese pio- 
neered to two other islands. Translocation 
apparently proved unsuccessful on one is- 
land, and one large and 14 small islands 
were rid of foxes but still await translocation 
or natural pioneering of wild geese. 

Recoveries and resightings of geese band- 
ed on Buldir plus observations of unbanded 
birds revealed that the geese migrate east in 
the fall along the Aleutian Islands before 
apparently making a transoceanic flight to 
northern coastal California and sometimes 

southern coastal Oregon (Springer and Lowe 
1994). Others bypass the coastal areas to 
stop in the central Sacramento Valley before 
wintering in the northern San Joaquin Val- 
ley. A relict subpopulation in the Semidi 
Islands south of the Alaskan Peninsula win- 
ters along the northern Oregon coast. Based 
on these findings, closures on all Canada 
Goose hunting were instituted in the Aleu- 
tian Islands west of Unimak in 1973, in the 
California areas in 1975, and in the Oregon 
coastal areas in 1982. These have continued 
to date with slight modification. 

Concurrent with the restoration of breed- 
ing populations and establishment of hunt- 
ing closures on key migration and wintering 
areas, about 18,000 acres of habitat have 
been acquired or protected as national wild- 
life refuges and state wildlife areas in Cali- 
fornia and Oregon. The Aleutian Islands and 
Semidi national wildlife refuges, now part 
of the Alaska Maritime National Wildlife 
Refuge, were established previously, in 19 13 
and 1932, respectively. 

Counts of the Aleutian Islands population 
revealed a total of 790 geese in California 
in spring 1975 (Springer and Lowe 1994). 
Aided initially by protection afforded by the 
hunting closure areas and more recently by 
production from reestablished nesting is- 
lands, the population wintering in Califor- 
nia rose to 7900 in spring 1992 (Ann Dahl 
and Roy Lowe, pers. comm.), a lo-fold in- 
crease. During the period from spring 1980 
to spring 1992 the Semidi Island population 
wintering in Oregon doubled from 63 to 126 
(Springer and Lowe 1994). In recognition 
of this growing population, the Aleutian 
Canada Goose was downlisted in 199 1 from 
endangered to threatened. 

The recovery plan (Byrd et al. 199 1) calls 
for consideration of complete delisting if (1) 
the overall population includes at least 7500 
geese and the long-term trend appears up- 
ward, (2) at least 50 nesting pairs are estab- 
lished in each of three geographic parts of 
the historic range in North America: west- 
ern Aleutians other than Buldir, eastern 
Aleutians, and Semidi Islands, and (3) a to- 
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tal of 25,000-35,000 acres of migrating and 
wintering habitat have been secured and 
managed for the geese. To date the program 
has made good progress in attaining these 
goals, and the Aleutian Canada Goose ap- 
pears well on its way to recovery. 

Northern Pintail 

The Northern Pintail is a species whose 
nesting habitat is characterized by short 
vegetation and shallow water (Ducks Un- 
limited 1990). Over halfthe pintails in North 
America migrate to the Pacific Flyway, with 
contributions extending from Alaska in the 
west to Saskatchewan in the east (Bellrose 
1980). The species winters primarily in Cal- 
ifornia, where it has been the most abun- 
dant duck during that season. Large num- 
bers also winter on the west coast of the 
Mexican mainland. No one knows the his- 
toric Flyway wintering population, but it 
undoubtedly was much greater than the peak 
winter index of 4.6 million measured in Jan- 
uary 1980 (J. C. Bartonek, pers. comm.). 

The first real threat to the species in Cal- 
ifornia was market hunting. Sport hunting 
also became a common activity, and duck 
clubs were organized beginning in Califor- 
nia in 1879 (Heitmeyer et al. in Smith et al. 
1989). Until 190 1, when a daily limit of 50 
ducks per day went into effect in California 
and spring and night hunting were prohib- 
ited (Grinnell et al. 19 1 S), there were few 
restrictions, and many paired and breeding 
birds were shot. Unfortunately, law enforce- 
ment then was far from adequate. Market 
hunting and duck club records in California 
show that pintails were generally the most 
abundant duck (Grinnell et al. 19 18, Moffitt 
1938) out of the estimated 800,000 to 1 
million taken annually (Phillips 1922-l 923). 
By the late 19 1 OS, Grinnell et al. (19 18) stat- 
ed of the pintail that “sportsmen have noted 
a distinct decrease in its numbers during the 
past ten years.” According to Phillips (1922- 
1923) enactment of restrictive regulations 
following passage of the Migratory Bird 
Treaty Act perhaps resulted in a reduction 
of one-half in the annual waterfowl kill in 

the United States and probably benefitted 
the pintail more than any other species. 

Habitat modification and destruction, 
predation, agricultural pollutants, lead poi- 
soning and disease all have had effects on 
pintail populations. Agriculture has had both 
a positive and negative impact. On the one 
hand it provided food in the form of rice, 
barley, and wheat, as well as nesting cover 
in stubble and hay fields (Ducks Unlimited 
1990). However, the monocultures of grain 
attracted hordes of birds, which in turn led 
to depredation control measures including 
shooting (formerly) and hazing (Heitmeyer 
et al. in Smith et al. 1989). In addition, till- 
age of summer fallow fields, harvest of crops, 
and mowing of hayfields destroyed nests and 
sometimes injured or killed incubating birds 
(Ducks Unlimited 1990). Mowing, burning 
of crop residues, and overgrazing made nests 
more visible and subject to predation, and 
these practices and fall plowing reduced ear- 
ly nesting cover for the following year. Con- 
version of native grasslands and aspen park- 
lands to agriculture in prairie Canada and 
Montana have been significant factors in the 
population decline and likely will hinder re- 
covery even in wet years. Construction of 
ponds for stock watering and of reservoirs 
for water supply, flood control, and power 
generation has likewise destroyed former 
pintail habitat but in turn has provided new 
sites for nesting, feeding, and roosting. 

A third major factor in the life of the pin- 
tail is weather. Because its breeding is as- 
sociated with shallow wetlands, it is strongly 
influenced by lack of precipitation and run- 
off. Major droughts occurred in the late 
1920s and early 30s late 50s to early 60s 
and most recently in the late 70s extending 
to the present, with only an occasional year 
of relief (Heitmeyer et al. in Smith et al. 
1989, Ducks Unlimited 1990). Pintail num- 
bers have fluctuated with long term weather 
conditions in key nesting areas. Since in- 
ception of standardized midwinter surveys 
in 1955, they have achieved high levels only 
in the 1970s (Bartonek 1992). By 1992, the 
midwinter survey population in the Pacific 
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Flyway (excluding Mexico) was 774,000, 
81% less than the 4.0 million in 1980 and 
65% less than the 1955-199 1 average of 2.2 
million. In surveyed breeding areas con- 
tributing to the Pacific Flyway the popula- 
tion in 1992 had decreased 54% from the 
1955-199 1 average. As a result, the pintail 
has lost its title as the principal wintering 
duck in the Pacific Flyway and now ranks 
below the Mallard. 

During periods of drought, some pintails 
have flown north to Alaska, the Yukon, and 
the Northwest Territories to breed where 
nesting success is less than that in the prai- 
ries in years of good water (Bellrose 1980, 
Ducks Unlimited 1990). This displacement 
has provided some production that proba- 
bly would have been lower if the birds had 
remained and attempted to breed in the 
drought-stricken areas. Northern produc- 
tion areas provide a relatively stable base 
for pintail production, albeit not of the po- 
tential of the prairies and parklands during 
the best of conditions. 

Modem-day hunting can also affect pin- 
tail numbers, but currently the harvest rate 
ofadults is believed to be less than 3% (Bort- 
ner et al. 1992). Since 1988, federal regu- 
lations in the United States have allowed 
one pintail per day and two in possession. 
While further reduction in the harvest rate 
may increase survival, particularly at low 
population levels, the increase would be 
small (J. C. Bartonek, pers. comm.) and 
some biologists contend that any restriction 
has to be balanced against habitat conser- 
vation programs supported by the hunting 
public (Ducks Unlimited 1990). 

In summary, the pintail population has 
decreased greatly since comprehensive 
breeding and wintering surveys were initi- 
ated in 1955. Habitat destruction com- 
pounded by drought has reduced numbers 
since the mid- 1980s to their lowest recorded 
levels. Return to a period of greater precip- 
itation and runoff will undoubtedly cause 
the pintail population to rise again. How- 
ever, because of continuing loss and deg- 
radation of habitat, it is uncertain if it will 
ever attain the level of the 1970s. 

WHAT OF THE FUTURE? 

Waterfowl populations in the next cen- 
tury will, as in the past, be the product of 
opposing human forces-those leading to 
decline and those preventing decline and/ 
or resulting in growth. There is likely to be 
at least one species in trouble at any given 
time, probably one that is relatively un- 
important in the harvest and that will de- 
cline to precarious levels before anyone no- 
tices, as has happened recently to Spectacled 
(Somateriajischeri) and Steller’s (Polysticta 
stderi) eiders (Kessel and Gibson, 1994). 

As the human population of the United 
States becomes more urban, waterfowl 
hunting pressure will decrease. There has 
been a decrease of 60% in the sale of duck 
stamps and of hunters in the Pacific Flyway 
since 1970 (Bartonek 1992). As a result, 
conservation and management activities by 
hunter-supported wildlife agencies and or- 
ganizations may decline because of de- 
creased financial and political support. 

More of the already reduced wetland not 
in public ownership will be lost, polluted or 
converted because of need or greed. Breed- 
ing, migrant, and wintering habitats will be 
reduced. Breeding areas of the more north- 
erly birds will be less affected than those of 
the Pacific coastal states or prairie prov- 
inces, but the more northerly birds will find 
a decrease in adequate wintering areas. More 
of the habitat they do find will be in refuges 
and other highly protected areas. There are 
likely to be fewer areas where waterfowl may 
be hunted, but more areas where they will 
be unwelcome because of the threat to crops 
or other human interests. 

The authorization of the North American 
Waterfowl Management Plan in 1986 by the 
United States and Canada provided a new 
avenue to safeguard the continent’s water- 
fowl and their significant habitats. The Joint 
Venture concept was adopted to foster part- 
nerships among federal, state, provincial and 
local governments, conservation organiza- 
tions, private corporations and individuals 
to carry out the program. Objectives include 
securing long-term protection for 11 million 
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acres of habitat on public and private land 
in the most important breeding, staging and 
wintering areas, restoring waterfowl popu- 
lations to levels of the 1970s and attaining 
specific population goals for geese and swans. 
The North American Wetlands Conserva- 
tion Act in 1989 broadened the program to 
include Mexico and provided a federal 
funding base of about $35 million that was 
to generate a similar amount or more an- 
nually through matching fund require- 
ments. In the first 5 years, total spending by 
all partners exceeded $500 million for wa- 
terfowl and wetland conservation projects 
affecting more than 2 million acres (H. K. 
Nelson, pers. comm.). 

Although the populations of many species 
have declined during the last 100 years, wa- 
terfowl have a long evolutionary history and 
in all probability will be on earth at least as 
long as man. To a great extent, their future 
depends on how man treats them-and 
himself 
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SHOREBIRDS IN WESTERN NORTH AMERICA: 
LATE 1800s TO LATE 1900s 

GARY W. PAGE AND ROBERT E. GILL, JR. 

Abstract. Only anecdotal information is available to assess whether populations of the 47 shorebird 
species that breed or winter west of the Rocky Mountains changed in size or distribution during the 
past century. Unregulated hunting from 1870 to 1927 reduced populations of several species, at least 
temporarily, and was a factor in bringing the Eskimo Curlew (Numenius borealis) close to extinction. 
Large scale transformation of native grasslands and wetlands for agriculture and other purposes resulted 
in population declines and nesting range contractions of several temperate-zone breeders. In general, 
upland species were affected more than wetland species, breeding ranges contracted westward, and 
alteration of breeding habitat was the factor most responsible for range contractions and population 
declines. A ranking system assessing shorebird susceptibility to habitat alteration also predicted tem- 
perate breeders to be among the most vulnerable species to environmental change. The few estimates 
for current population sizes of western North American shorebirds range from fewer than 50 Eskimo 
Curlews to a few million Western Sandpipers (Calidris maw-i), the most abundant species. Concen- 
trations of at least 1000 shorebirds occur on migration at over 120 western North American sites and 
of 100,000 to 1 ,OOO,OOO shorebirds at 18 sites. Whether populations are limited by conditions on 
breeding, wintering or migration ranges is unknown for most species. Expansion of ongoing programs 
coupled with economical new census efforts could be useful for monitoring the majority of western 
North American shorebirds during the next century. 

Key Words: Shorebird; status; habitat; population; western North America; twentieth century. 

The growth of human population in west- 
ern North America has been accompanied 
by significant alteration of wetlands (Dahl 
1990) and grasslands (Knopf 1994). Shore- 
bird populations have undoubtedly been af- 
fected; however, because assessments of 
populations have only been initiated within 
the last 25 years most of what can be re- 
ported comes from anecdotal accounts. In 
this paper we describe western North Amer- 
ican shorebird populations by geographical 
range and habitat preference. We outline the 
most apparent threats during the past cen- 
tury, and identify species most likely to have 
been affected. Finally, we summarize avail- 
able information on their responses to these 
changes, and identify ongoing or upcoming 
census programs for measuring future pop- 
ulation trends. 

WESTERN NORTH AMERICAN 
SHOREBIRDS 

We include all taxa with breeding or win- 
tering populations in the Pacific Flyway 
(west of Rocky Mountains from Sinaloa, 
Mexico, north through the Yukon Territory 
to Alaska). Because this region includes a 

vast area of arctic and subarctic habitat, links 
North America to the east-Asian fauna1 re- 
gion, and has over 75,000 km of coastline, 
it supports a large and diverse shorebird 
fauna (see Table 1 for scientific names). All 
but 3 of 50 shorebird species that breed reg- 
ularly in North America occur commonly, 
and 8 breed only within this portion of the 
continent (Pitelka 1979). 

Among the 47 species of western North 
American shorebirds, 32 (68%) breed only 
in arctic and subarctic habitats (Table 1). 
Eleven species (23%) are temperate breeders 
and 4 (9%) span both boreal and temperate 
zones. Wetlands are a key component of the 
breeding habitat of 11 of the 15 temperate 
breeders, including the Snowy Plover (Cha- 
radrius alexandrinus), Wilson’s Plover (C. 
wilsonia) and American Oystercatcher 
(Haematopus palliatus), which nest pri- 
marily along sandy shores but feed in wet- 
lands. Mountain Plovers (C. montanus), 
Long-billed Curlews (Numenius america- 
nus), and Upland Sandpipers (Bartramia 
longicauda) nest primarily on uplands. The 
Black Oystercatcher (H. bachmani) is the 
only temperate breeder on rocky shores. 
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TABLE 1. SEASONAL USE OF HABITATS BY WESTERN NORTH AMERICAN SHOREBIRDS 

Species 

Breeding Wintering 

Temperate Interior COaStal 
Arctic 
habi- Wet- Sand Rock UP- Wet- UP- Wet- Sand Rock Up- Habitat 
tats’ lands shore shore lands lands lands lands shore shore lands score’ 

North American wintering group) 

Haematopus bachmani 
Recurvirostra americana 
Charadrius alexandrinus 
Charadrius montanus 
Numenius americanus 
Limosa fedoa 
Arenaria melanocephala 
Calidris mauri 
Calidris ptilocnemis 
Calidris alpina pacifica 
Limnodromus scolopaceus 

Bicontinental wintering group 

Haematopus palliatus 
Pluvialis squatarola 
Charadrius semipalmatus 
Charadrius wilsonia 
Charadrius vocifeus 
Tringa melanoleuca 
Tringa jlavipes 
Catoptrophorus semipalmatus 
Actitis macularia 
Aphriza virgata 
Calidris canutus 
Calidris pusilla 
Calidris minutilla 
Calidris himantopus 
Limnodromus griseus 
Gallinago gallinago 

South American wintering group 

Pluvialis dominica 
Tringa solitaria 
Bartramia longicauda 
Numenius borealis 
Limosa haemastica 
Calidris fuscicollis 
Calidris bairdii 
Calidris melanotos 
Tryngites subrujicollis 
Phalaropus tricolor 
Phalaropus lobatus 
Phalaropus fulicaria 

Oceania-Asia wintering group 

Pluvialis fulva 
Numenius tahitien.vis 
Limosa lapponica baueri 
Calidris alpina articola 

P 
P 
P 
P 
P 
P 

P 
P 

P 
P 

P 
P 
P 
P 
P 
P 
P 
P 

P 
P 
S 
P 
P 
P 
P 
P 
P 

P 
P 

P 
P 
P 
P 

BicontinentaVOceania-Asia wintering group 

Himantopus mexicanus 
Heteroscelus incanus 
Numenius phaeopus 
Arenaria interpres 
Calidris alba 

P 
P 
P 
P 

P4 

P 
P 
P 
P 

P 

P 
S S 

S 
S 

P 

P 
S 

0 

S 

P 
P 

P 
S 

P 
P 
P 
0 
P 

S 
P 
P 

P 

P 
P 
0 

0 
P 
P 
P 
S 
P 

P 

0 

P 
P 

P 

P 

S 

P 

0 
P 

0 

P 
P 

P 
P 

P 
P 
P 
P 
S 
P 
P 

P 
P 
P 
P 
P 
P 
P 
P 
P 

P 
P 
P 
P 
P 
P 

P 
P 
P 
S 
P 
P 
P 
S 

S 
S 
S 

P 
P 
P 
P 

P 
S 
S 
P 
P 

P 

P 
P 
S 
S 
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P 
P 
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S 

P 
P 
S 

0 

0 

0 

S 
0 

0 

P 
S 

S 

P 

P 

S 

P 

0 

0 
S 
P 

mostly pelagic 
mostly pelagic 

P 0 P 
P P s 
P 
P 

P 
P s 
P P 
P s 

6 
12 
14 
18 
7 

14 
5 
7 
4 
7 
7 

4 
4 
5 

15 
15 
4 
4 

13 
3 
4 
4 
5 
-I 
6 
7 

12 

6 
4 

11 
6 
6 
6 
6 
6 
6 

10 
5 
5 

5 
5 
5 
5 

12 
4 
5 
4 
4 

Arctic habitats are as described by Kessel(l979); wetlands include fresh and brackish marsh, estuarine marsh, and intertidal flats [in part modified 
from Burger (I 984). Myers (I 980), Myers and Myers (I 979), and Morrison and Ross (I 989)]; sand and rock shores include those in or adjacent to 
littoral zone; uplands mclude pampas, grasslands, and agricultural lands. 
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Western North American shorebirds ex- 
hibit a wide array of wintering patterns (Ta- 
ble 1). Ten species (21%) winter primarily 
in North America and 12 (26%) in South 
America; 16 (34%) have bicontinental win- 
tering ranges, 3 (6%) winter only in Oceania 
or Asia, and 5 (11%) have both bicontinen- 
tal and Oceanic or Asiatic wintering distri- 
butions. The Dunlin (Calidris alpina) has 
discrete populations, one wintering in Asia 
and the other in North America (Gill and 
Handel 1990). While many species use a 
greater variety of habitats in winter than 
during summer, wetlands are of primary 
importance in winter to the majority (8 1%) 
of species. Rocky shorelines provide the pri- 
mary winter habitat for 7 species, including 
Black Oystercatcher, Surfbird (Aphriza vir- 
gata), Wandering Tattler (Heteroscelus in- 
canus) and Rock Sandpiper (Calidris ptiloc- 
nemis), which generally are not found 
elsewhere. Uplands provide important win- 
tering habitat for 9 species, particularly Es- 
kimo Curlew (Numenius borealis), Moun- 
tain Plover and Buff-breasted Sandpiper 
(Tryngnites subrujkollis). All species use one 
or more coastal habitats in winter and 66% 
of the species also use interior habitats. 
Fourteen species (30%) are restricted to the 
coast and 2 species, Phalaropus lobatus and 
P. fulicaria, are primarily pelagic. 

MAJOR FACTORS INFLUENCING 
POPULATION SIZE 

HUNTING 

Unregulated hunting between 1870 and 
1927 significantly reduced populations of 
Red Knot (Calidris canutus) and species of 
the genera Pluvialis, Numenius, Bartramia, 
Limosa, and Limnodromus in eastern North 
America (Cooke 19 10, Forbush 19 12, Wet- 
more 1926). Faced with concomitant wide- 
spread loss of habitat along the spring mi- 

gratory route some species, including 
Eskimo Curlew, Hudsonian Godwit (Li- 
mosa haemastica) and Lesser Golden Plo- 
ver (Pluvialis dominica), have never recov- 
ered to their former abundance. All available 
evidence suggests shorebirds were also 
hunted heavily throughout the western 
United States. Whimbrels (Numenius 
phaeopus), Long-billed Curlews, Marbled 
Godwits (Limosa fedoa) and dowitchers 
(Limnodromus spp.) in particular were ac- 
tively procured for the California markets 
and declined in numbers (Grinnell et al. 
1918). 

The unregulated killing of shorebirds in 
North America declined dramatically with 
the passage of the Migratory Bird Treaty Act 
in 19 18 and subsequent conventions with 
Mexico, Japan and Russia. Currently only 
Woodcock (Scolopax minor) and Common 
Snipe (Gallinago gallinago) are legally hunt- 
ed. About 500,000 of each species are shot 
annually (Banks 1979); 17% of the snipe are 
taken in the Pacific Flyway (USFWS, un- 
publ. data). Indigenous peoples of Alaska 
take small numbers of shorebirds and their 
eggs but this is not currently a threat to pop- 
ulations. Subsistence hunting of shorebirds 
south of the United States, however, may 
be more serious, but its extent and effects 
remain undocumented (Senner and Howe 
1984). 

HABITAT ALTERATION 

The alteration of native wetlands and 
grasslands for agriculture and other pur- 
poses has had the most profound effect on 
shorebirds since North America was settled 
by Caucasians. Settlement has destroyed 35- 
89% (median = 48%) of the native wetlands 
in Great Plains states, including 57% of the 
pothole wetlands in North and South Da- 
kota (Dahll990). West of the Rocky Moun- 
tains statewide wetland losses range from 

t 
2 Higher score (range 3-18) indicates habitats used by species are more vulnerable to alteration or destruction given current conditions. See text for 
derivation and discussion of scores. 
’ Wintering group designations modified from Boland (1991). 
4 P = principal habitat used, S = secondary use, 0 = occasional use. 



150 STUDIES IN AVIAN BIOLOGY NO. 15 

30-9 1% (median = 37%) including 5 1% of 
the wetlands associated with Pyramid Lake, 
Winnemucca Lake, and the Carson and 
Humboldt sinks in Nevada; 60% of the del- 
ta marshes and intertidal areas of Puget 
Sound; 30% of the estuarine flats, marshes 
and swamps in the Columbia River Estuary; 
85% of similar habitats in Coos Bay; and 
9 1% of the wetlands in California (Peters 
1989, Dahl 1990). Conversion of native 
grasslands has been just as extensive (Knopf 
1994). By contrast, over 99% of the wet- 
lands in Alaska remain pristine (Dahl 1990). 

It is difficult to outline the full response 
of shorebirds to wetland and grassland 
modification during the past century be- 
cause of the complexity of the changes and 
the paucity of information on shorebird 
abundance. Many surviving wetlands have 
been degraded with toxic chemicals or the 
erection of power lines, which lower repro- 
ductive success or increase shorebird mor- 
tality. Not all wetland alterations have been 
detrimental. For example, the conversion 
of salt marsh to salt ponds has created hab- 
itat for phalaropes and stilts in San Fran- 
cisco Bay (Harvey et al. 1992). Some shore- 
birds also benefit when uplands are turned 
into wetlands. In recent decades winter 
mortality and possibly population sizes of 
shorebirds may have fluctuated inversely 
with avian predator populations, which 
plummeted from the 1950s to 1970s due to 
organochlorine poisoning and recovered in 
the 1980s partly in response to conservation 
efforts (White 1994). A recent change of un- 
known consequence is the predominance of 
introduced invertebrates in shorebird diets 
in some west coast estuaries (Carlton 1979). 

POPULATIONS AT RISK 

Risk assessments are useful for ranking 
vulnerability of populations to environ- 
mental change. Ranking systems, which dif- 
fer in variables selected, precision within 
variables and manner of computation, are 
often tailored to specific taxonomic or re- 
gional requirements (Mace and Lande 199 1). 
Since habitat alteration has had the greatest 

effect on shorebirds during the last century, 
we developed a habitat-based ranking sys- 
tem to assess the vulnerability of species. 

For each species we first calculated a se- 
ries of breeding (B) and wintering (W) area 
scores for each combination of habitat and 
region. For breeding areas B = bn where b 
= breeding region score (Arctic = 1, Tem- 
perate = 3) and n = breeding habitat score 
(all arctic habitats = 1; temperate habitats 
include: uplands = 3, sandy shore = 3, wet- 
lands = 2, rocky shore = 1); for wintering 
areas W = ws, where w = wintering region 
score (North America = 3, pelagic = 1, and 
all other regions = 2); and s = wintering 
habitat score (uplands = 3, wetlands = 2, 
sandy shore = 2, rocky shore = 1, pelagic 
= 1). For each species we then calculated 
an overall habitat ranking score H = B + 
W, where B = average breeding area score 
and W = average wintering area score. 

We placed higher values on breeding hab- 
itats in temperate latitudes because they have 
been more altered than arctic habitats. For 
similar reasons, upland habitats (especially 
native prairies, grasslands and pampas) were 
assigned higher values than wetlands. Sandy 
shore in temperate regions was scored high 
because of extensive recreational use, par- 
ticularly along the California coast. Habitat 
degradation was assumed to have been more 
extensive in North America than in other 
wintering regions. 

Based on these criteria, habitat vulnera- 
bility scores ranged from 18 for the Moun- 
tain Plover to 3 for the Spotted Sandpiper 
(A&is macularia, Table 1). The mean for 
all species was 7.0 (SD = 3.7). Species win- 
tering in North America had the highest 
mean score (9.2, SD = 4.5) followed by the 
bicontinental group (7.0, SD = 4.2) South 
American group (6.3, SD = 2.2) Americas/ 
Oceania-Asia group (5.8, SD = 3.5) and Oce- 
ania-Asia group (5.0, SD = 0.0). Species as- 
sociated with uplands overall had higher 
rankings (e.g., Mountain Plover, Killdeer 
(Charadrius vocijkus), Marbled Godwit, and 
Upland Sandpiper). We emphasize that this 
ranking system is limited to the selection of 
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breeding and wintering habitats. If other 
factors were considered, such as extent of 
breeding and wintering areas, population 
size, and dependency on limited migratory 
staging areas, scores for arctic breeders such 
as the Eskimo Curlew and many of the cali- 
dridine sandpipers may have been higher. 

CHANGES IN DISTRIBUTION 
AND ABUNDANCE 

TEMPERATE BREEDERS 

There have been notable changes in the 
abundance and distribution of several tem- 
perate breeders during the past 150 years. 
In general, upland species have been affect- 
ed more than wetland species and breeding 
ranges have contracted westward. Alter- 
ation of nesting habitat is believed to have 
been the dominant factor for range con- 
traction and population declines. 

Mountain Plover 

This species historically nested on short 
grass prairie where bison (Bison bison) and 
prairie dog (Cynomys spp.) activity kept 
vegetation sparse (F. Knopf, pers. comm.). 
Plovers were abundant enough to be an im- 
portant game bird prior to 1900, but by 19 14 
were reported as declining due to hunting, 
eradication of bison and prairie dogs, cul- 
tivation of the prairies, and degradation of 
traditional wintering areas (Graul and Web- 
ster 1976, Knopf 1992). Mountain Plovers 
continue to breed in Alberta, Saskatchewan, 
Colorado, Montana, Wyoming, Kansas, 
Nebraska, Oklahoma, New Mexico and 
Texas, but have been extirpated from North 
and South Dakota. Their range has con- 
tracted in Colorado, Kansas and New Mex- 
ico, and numbers have declined in Alberta 
and Saskatchewan (Leachman and Os- 
mundson 1990; Knopf 1992, pers. comm.). 
In California the decline has been marked 
by the disappearance of wintering plovers 
from most valleys of the central coastal 
ranges and by decreasing numbers on 
Christmas Bird Counts in the Sacramento 
Valley, Salton Sea and coastal Orange 
County (Jurek 1973, Leachman and Os- 

mundson 1990). The continental popula- 
tion, currently between 5000-l 5,000 birds 
(F. Knopf, pers. comm.), has declined sig- 
nificantly during the past quarter century 
due primarily to habitat degradation on the 
wintering grounds (Knopf 1992, 1994). 

Long-billed Curlew 

Hunting in the late 19th and early 20th 
centuries, and cultivation of grasslands, 
caused the Long-billed Curlew population 
to decline and the breeding range to shrink 
(Bent 1929, Palmer 1967, Redmond 1984). 
Today Long-billed Curlews breed in short 
grass habitats, especially pastures and un- 
cultivated range lands, from British Colum- 
bia to California in the west, and Saskatch- 
ewan to Texas in the east. Formerly their 
range extended farther east into Manitoba, 
Minnesota, Iowa, Wisconsin and Illinois 
(DeSante and Pyle 1986) and was more ex- 
tensive in Saskatchewan (Renaud 1980) 
North Dakota (Johnsgard 198 l), Colorado 
(McCallum et al. 1977) the Great Basin 
(Sugden 1933) and Washington (Yocom 
1956). Long-billed Curlews ceased breeding 
in Illinois before 1880 (Bent 1929) and in 
Minnesota by 1900 (Roberts 1932). Ac- 
cording to Palmer (1967) the Long-billed 
Curlew population was dangerously low for 
several decades but increased appreciably 
beginning in the 1950s. Data collected for 
the U.S. Fish and Wildlife Service Breeding 
Bird Survey during the past quarter century 
(credited hereafter as FWS, unpubl. data) 
suggest a declining population in the eastern 
portion of the range and an increasing one 
in the western portion. 

Upland Sandpiper 

Enormous numbers of Upland Sandpip- 
ers once bred on grasslands in the Great 
Plains. With conversion of forest to agri- 
cultural fields their range expanded east to 
the Atlantic coast (Bent 1929, Palmer 1967). 
Then extensive hunting in North and South 
America and cultivation of the prairies dur- 
ing the late 19th and early 20th centuries 
caused a steep and widespread population 
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decline (Bent 1929, Roberts 1932, White 
1983). Numbers increased after the prohi- 
bition of shorebird hunting in North Amer- 
ica but expanded cultivation of grasslands 
probably has prevented full population re- 
covery (Palmer 1967, White 1983). Upland 
Sandpipers now breed fairly commonly to 
commonly in the western Great Plains and 
uncommonly as far east as Maine and Vir- 
ginia and as far west as Utah and eastern 
Oregon (DeSante and Pyle 1986). Disjunct 
populations also breed in Alaska and the 
Northwest Territories (Johnsgard 198 1). In 
Illinois the population was estimated at 
283,000 birds in 1907-1909 and 177,000- 
208,000 birds in 1957-1958 (Graber and 
Graber 1963). Stewart and Kantrud (1972) 
estimated 9 1,000-l 83,000 breeding pairs 
for North Dakota in 1976. Since numbers 
have increased during the past 25 years 
(Knopf 1994), and the species is currently 
a fairly common to common breeder in 10 
states or provinces including North Dakota 
(DeSante and Pyle 1986), the North Amer- 
ican population likely numbers between 
several hundred thousand and a few million 
birds. 

Marbled Godwit 

According to Palmer (1967) the Marbled 
Godwit had a larger breeding range and a 
much larger population before 1900. It no 
longer breeds in Wisconsin, Iowa and Ne- 
braska and its range has shrunk in Minne- 
sota (Roberts 1932, DeSante and Pyle 1986). 
Marbled Godwits now breed chiefly in the 
prairie pothole country of the U.S. and Can- 
ada, and have small isolated populations in 
Alaska, the Northwest Territories, Ontario 
and Colorado (Johnsgard 198 1). Godwits 
depend on both grasslands and wetlands for 
breeding. Fire and grazing, formerly by bi- 
son and currently by cattle, are necessary to 
maintain the short upland vegetation and 
the open areas at wetland edges they prefer 
(Ryan et al. 1984). Godwits have suffered 
from conversion of native grasslands to ag- 
ricultural crops. Additionally, wildlife man- 
agement on the northern prairies is directed 

at producing tall, dense nesting cover for 
waterfowl and upland game- habitat not fa- 
vored by nesting godwits (Ryan et al. 1984). 
Stewart and Kantrud (1972) estimated 
37,000 pairs of breeding godwits in 1967 in 
North Dakota, one of six states or provinces 
where breeders are categorized as fairly 
common to common (DeSante and Pyle 
1986). Surveys between 1990 and 1992 in- 
dicate around 100,000 wintering godwits 
along the Pacific coast of North America 
(Table 2). Since Marbled Godwits winter 
chiefly on the Pacific coast of North Amer- 
ica (Palmer 1967, Root 1988) the conti- 
nental population is probably currently few- 
er than 200,000 birds. There has been no 
evidence of a decline in breeding numbers 
during the past 25 years (FWS, unpubl. data). 

Willet 

The western subspecies of the Willet (Ca- 
toptrophorus semipalmatus inornatus) 
breeds in the prairie pothole and Great Ba- 
sin regions ofwestern North America (AOU 
1983). On the prairies they exploit short, 
sparse cover in wetlands and grasslands. 
Their population has declined because of 
the conversion of wetlands and uplands to 
small grain and row crops (Ryan and Ren- 
ken 1987). Willets no longer breed in Min- 
nesota and Iowa (DeSante and Pyle 1986) 
and their range has shrunk in North Dakota 
(Ryan and Renken 1987). There were an 
estimated 41,000 breeding pairs in North 
Dakota in 1967 (Stewart and Kantrud 1972). 
The current winter population in the Pacific 
Flyway is at least 70,000 birds (Table 2). 
There has been no distinct trend in breeding 
numbers during the past 25 years (FWS, 
unpubl. data). 

Snowy Plover 

The subspecies west of the Rockies, Cha- 
radrius alexandrinus nivosus, breeds along 
coastal beaches and at interior saline and 
alkaline wetlands (Page et al. 199 1). Surveys 
of Washington, California, Oregon and Ne- 
vada from 1977-1980 indicated 10,200 
breeders; about 2300 were on the coast (Page 
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et al. 199 1). Breeders were absent at 33 of 
53 California coastal sites with records prior 
to 1970 (Page and Stenzel 198 1). Christmas 
Bird Counts from the early 1960s to the 
mid- 1980s also indicated declining num- 
bers in winter along the southern California 
coast (Page et al. 1986, Butcher and Lowe 
1990). The situation in the interior was un- 
clear since breeding habitat had been lost at 
some locations, especially in the Central 
Valley, but gained elsewhere such as the Sal- 
ton Sea (Page and Stenzel 198 1). A repeat 
breeding season survey in the same states 
during 1988-1989 indicated only 7900 
Snowy Plovers, a 20% decline from a decade 
earlier both on the coast and in the interior 
(Page et al. 199 1). By 1990 the number of 
historical coastal breeding sites had de- 
clined from 29 to 6 in Oregon (C. Bruce, 
pers. comm.) and from 6 to 2 in Washington 
(E. Cummins, pers. comm.). Plants intro- 
duced to stabilize dunes, expanding recre- 
ational use of beaches, and heavy nest pre- 
dation by feral foxes (Vulpes vulpes) threaten 
to reduce coastal nesting populations even 
further. The discovery of up to 10,000 
breeding Snowy Plovers at Great Salt Lake 
in 1992 would put the current U.S. popu- 
lation west of the Rockies at about 18,500 
birds (Page et al. 199 1, Paton and Edwards 
1992). 

Black-necked Stilt (Himantopus 
mexicanus) 

Stilts breed at ephemeral fresh to brackish 
water pools, salt meadows, rice fields, ag- 
ricultural waste water ponds, coastal la- 
goons, and salt evaporation ponds (Johns- 
gard 198 1). Their western North American 
range includes the western Great Plains, the 
Great Basin, California’s Central Valley, the 
central and southern California coast, the 
Texas coast, Mexico, and the Hawaiian Is- 
lands (AOU 1983). During the last two de- 
cades stilts have expanded their western 
range, at least temporarily, northward into 
Washington, Montana, Alberta and Sas- 
katchewan, in response to drought in their 

traditional range (Rohwer et al. 1979, Salis- 
bury and Salisbury 1989). Within the last 
century stilts have colonized the salt evap- 
oration ponds of San Francisco Bay (Shu- 
ford et al. 1989) and the Salton Sea. The 
degree to which these gains offset losses in 
the Central Valley, where over 90% of the 
historic wetland habitat has been destroyed 
(Frayer et al. 1989), is unknown. Numbers 
of stilts breeding on the North American 
continent are probably much reduced over 
former times, based on the amount of wet- 
land habitat lost during the past 200 years 
in western states where they currently breed 
(range for 11 states 27-9 1%; median = 38%; 
Dahll990). The population wintering in the 
Pacific Flyway has recently been estimated 
at about 25,000 birds (Table 2). Hunting 
and loss of lowland wetland habitat caused 
the Hawaiian population of stilts to decline 
to possibly as few as 200 birds in 1944 
(Monroe 1976). Stilts were protected in 1939 
following a prohibition on hunting. By 1949 
the population had rebounded to 1000 birds 
(Swartz and Swartz 1949) and currently 
fluctuates around 1000 birds (Engilis and 
Pratt 1993). 

American Avocet (Recurvirostra 
americana) 

Avocets breed at alkaline lakes and ponds, 
coastal lagoons, and salt and waste water 
evaporation ponds over a range including 
the western Great Plains; the intermountain 
region of the U.S. west of the Rockies; Cal- 
ifornia’s Central Valley and central and 
southern coast; and Mexico (AOU 1983). 
Historically they bred farther north through 
Alberta to the Northwest Territories (AOU 
1983). Wetland loss has been extensive dur- 
ing the past 200 years in states where avo- 
cets currently breed (range 27-9 1%; median 
= 42%; Dahl 1990). Such losses must have 
caused a shrinkage of population size (Grin- 
nell and Miller 1944) despite habitat gains 
such as creation of the salt ponds in San 
Francisco Bay and the Salton Sea. Current- 
ly, about 100,000 avocets winter in the Pa- 
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cific Flyway (Table 2). Unless there are sub- 
stantially more avocets throughout the 
remainder of the winter range in southern 
Texas and Mexico (Palmer 1967, Root 
1988), the continental population must be 
in the low hundreds of thousands. Although 
breeding bird surveys indicate a decline in 
the western breeding population during the 
past 10 years (FWS, unpubl. data), lower 
numbers may only reflect fluctuations in re- 
sponse to a recent widespread drought in 
the west (Alberico 1993). 

Wilson’s Phalarope (Phalaropus tricolor) 

Wilson’s Phalaropes breed abundantly in 
ephemeral wetlands and are able to respond 
to droughts with large population shifts (M. 
Colwell, pers. comm.). Because of the high 
rate of wetland loss during the past two cen- 
turies on the phalarope’s Great Plains and 
Great Basin breeding grounds (Dahl 1990) 
the continental population most likely has 
declined. During the past 50 years, how- 
ever, the breeding range has expanded north 
into the Yukon Territory; south into Ari- 
zona, New Mexico, Oklahoma and Texas; 
and east into the Canadian maritime prov- 
inces and Maine (Jehl 1988, McAlpine et 
al. 1988). An abundant breeder in Minne- 
sota prior to 1900, the Wilson’s Phalarope 
inexplicably nearly disappeared for 20 years 
beginning in 1900. Although numbers in- 
creased steadily thereafter, by 1930 it was 
still not nearly as abundant as in the pre- 
1900s (Roberts 1932). Wilson’s Phalaropes 
are now described as fairly common breed- 
ers in Minnesota (DeSante and Pyle 1986). 
Jehl (1988) makes a gross estimate of 1.5 
million birds for the current size of the con- 
tinental population in fall. Breeding bird 
surveys indicate a decline in numbers in the 
Great Plains over the past 10 years, a period 
too short to reveal much about population 
trends (FWS, unpubl. data). Jehl (pers. 
comm.) has not noted any overall decline 
in Wilson’s Phalarope numbers at major fall 
staging areas during the past decade, al- 
though local reductions have been large at 
some localities. 

Other temperate breeders 

Little has been reported on other tem- 
perate breeders to indicate a change in pop- 
ulation size or breeding range. The Com- 
mon Snipe likely has lost breeding habitat 
and declined in the west because its breed- 
ing range includes the Great Plains and Great 
Basin, where there have been significant 
wetland losses. The continental population 
showed a decline over the last 10 years but 
not over the past 25 years of breeding bird 
surveys (FWS, unpubl. data). Spotted Sand- 
pipers and Killdeers are likely to have been 
less affected by change on their breeding 
grounds than most other temperate breed- 
ers because of their broad ranges, diverse 
nesting habitats and affinity for altered hab- 
itats (Grinnell et al. 19 18, Johnsgard 198 1). 
Spotted Sandpipers have shown no evi- 
dence of decline over the past 25 years in 
the central or western portions of their U.S. 
breeding range. Killdeers, in contrast, have 
declined over the past 25 years in the west- 
em range and over the past 10 years in the 
western and central range (FWS, unpubl. 
data). The range of the Black Oystercatcher 
is restricted to the rocky shoreline of the 
Pacific coast, where there is minimal human 
impact. The only other temperate breeders 
in western North America are the American 
Oystercatcher and Wilson’s Plover, which 
nest in the extreme southern part of the Pa- 
cific Flyway. The beaches and wetlands that 
they use are likely little altered and dis- 
turbed compared to those farther north. 

ARCTIC BREEDERS 

Our ability to assess change in arctic and 
subarctic shorebird populations is extreme- 
ly limited. Remoteness of breeding areas, 
broad distributions, and limited life history 
observations have resulted in a paucity of 
information on which to assess population 
trends, with one notable exception, the Es- 
kimo Curlew. As of 1989 the Eskimo Cur- 
lew population was thought to be about two 
dozen individuals (Alexander et al. 1991). 
There have been no authenticated sightings 
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in North America since 1989 or in South 
America since 1939 (Wetmore 1939). Es- 
kimo Curlews formerly nested in the 
McKenzie District, Northwest Territories 
eastward to Hudson Bay and possibly west- 
ward throughout northern Alaska (Banks 
1977, Gollop et al. 1986, Houston 1994). 
Aside from reference to the species as a 
common spring and fall migrant in western 
Alaska (Nelson 1883, Murdoch 1885, 
McLenegan 1887), there are no records west 
ofthe Rocky Mountains (Gollop et al. 1986). 

Although anecdotal accounts suggest a 
historic population of millions of Eskimo 
Curlews (Gollop et al. 1986), numbers may 
not have exceeded hundreds of thousands 
of birds (Gollop 1989). Although the cur- 
lew’s decline was dramatic and well docu- 
mented, the causes are still uncertain (Banks 
1977, Gollop et al. 1986). Market hunting 
from 1880-1890 on both the South Amer- 
ican wintering grounds and on migration 
staging areas in North America is frequently 
mentioned as the most important factor. 
Concomitantly, however, there was wide- 
spread conversion of curlew habitat from 
native grasslands to croplands and pasture. 
Banks (1977) speculated that a combination 
of factors was responsible for the decline 
including: hunting, habitat alteration, mor- 
tality during autumn migration caused by 
severe Atlantic storms in the 1880s and 
volcanic eruptions between 1883 and 1907, 
which produced extensive atmospheric dust 
and prolonged winter conditions on the 
breeding grounds. Still lacking, however, is 
an explanation for why other species such 
as Lesser Golden Plover and Hudsonian 
Godwit, which nested at the same latitudes, 
shared the same migration routes and win- 
tering areas, and were excessively hunted, 
rebounded from suppressed population lev- 
els whereas the curlew did not. 

Changes in populations of other arctic 
breeders during the past century are not 
readily apparent because of the absence of 
data on historical abundance. Fortunately, 
recent studies are beginning to generate 
baseline information on population sizes. 
The population of Black Turnstones (Ar- 

enaria melanocephala) breeding in Alaska 
was estimated at about 95,000 birds in the 
early 1980s (Handel and Gill 1992) and the 
Bristle-thighed Curlew (Numenius tahitien- 
sis) population in the early 1990s was es- 
timated at about 7000 breeding birds (Gill 
and Redmond 1992; C. Handel and R. Gill, 
unpubl. data). Less precise information has 
also been obtained for the Surfbird. The 
50,000-70,000 birds that stage in western 
Prince William Sound, Alaska, during spring 
migration are suspected to include the ma- 
jority of the continental population (Norton 
et al. 1990). Studies on a more regional level 
include those of Troy (1992) who has 
amassed a IO-year data set on population 
trends of breeding shorebirds on the arctic 
coastal plain of Alaska; Connors and Rise- 
brough (1978) who studied shorebird de- 
pendency on littoral habitats in Alaska; and 
Gill and Handel (198 1, 1990) and Woodby 
and Divoky (198 3) who studied postbreed- 
ing shorebird concentrations along the coast 
of western Alaska. 

POPULATION SIZES AND 
LIMITING FACTORS 

The few crude population estimates 
available for North American shorebirds 
range widely in size from a handful of Es- 
kimo Curlews to 1.5 million Wilson’s Phal- 
aropes (Table 2). Probably the most abun- 
dant western North American species is the 
Western Sandpiper (Calidris mauri). Over 
6 million reportedly passed through the 
Copper River Delta during the 1973 spring 
migration (Isleib 1979), but this estimate 
may be too high since it assumed complete 
population turnover every three tidal cycles. 
About 1.3 million were counted in Pacific 
Flyway wetlands south of Alaska over a 
week-long period at the peak of spring mi- 
gration in late April 199 1 (PRBO, unpubl. 
data). 

Very little is known about the factors that 
have affected population size in shorebirds. 
The anecdotal information on temperate 
breeders suggests the amount and quality of 
available breeding habitat may have been 
the most important limiting factor in the 
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FIGURE 1. Sites of concentrations of shorebirds in spring and fall throughout the Pacific Flyway. Numbers 
represent total birds of all species (after Page et al. 1992; Morrison et al. 1992; Gill, unpubl. data). 

recent past. Ranges have shrunk and pop- 
ulations have declined as grasslands and 
wetlands have been converted to croplands, 
or as beaches have been engulfed by urban 
and recreational development. Mountain 
Plover populations are believed to be de- 
clining now, however, due to deteriorating 
conditions on their wintering grounds 
(Knopf 1994). Eskimo Curlews have not 
been able to recover from the excessive 
hunting and habitat alteration around the 
turn of the century. Whether other arctic 
breeders are limited by conditions on their 
breeding, staging or wintering grounds is 
unknown. Information emerging from long- 

term studies in Europe suggests that some 
arctic species may be limited by conditions 
on the wintering grounds and others by con- 
ditions on the breeding grounds (Goss-Cus- 
tard and Moser 1988, Moser 1988). 

CAPACITY TO DETECT FUTURE 
POPULATION CHANGE 

While there is little precise information 
on changes in western North American 
shorebird populations during the past cen- 
tury, expansion of ongoing programs, cou- 
pled with new efforts, could provide the in- 
formation needed to monitor some 
populations during the next century (Table 
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TABLE 3. MONITORING SCHEMES BEST SUITED FOR 
DETECXNG TRENDY IN POPULATION OF SELECTED SPE- 
CIES OF SHOREBIRDS DURING THE NEXT CENTURY 

Species 

Monitoring scheme> 

BBS CBC ISS sss 

Pluvialis squatarola 
Charadrius alexandrinus 
C. semipalmatus 
C. vocifeus 
C. montanus 
Haematopus bachmani 
Himantopus mexicanus 
Recurvirostra americana 
Catoptrophorus semi- 

palmatus 
Actitis macularia 
Bartramia longicauda 
Numenius phaeopus 
N. tahitiensis 
N. americanus 
Limosa fedoa 
Arenaria melanocephala 
Aphriza virgata 
Calidris alba 
C. mauri 
C. minutilla 
C. alpina 
Limnodromus griseus 
Gallinago gallinago 
Phalaropus tricolor 

x 
x 

x 
x 

x 
x 
x 

X 

X 

x 

x (W2> 3 
x X 

x (F, S) 
X 

X 
X X 

x0-9 
x (F, W 

x F, W) 

x (S) 
X 

x (F, W 
x (W, f-3 

X X 
X 

X 
x w, 3 
x (F> W 
x (W, 9 
x (V 

X 
x(F) 

’ BBS = U.S. Fish and Wildlife Service Breeding Bird Survey, CBC = 
National Audubon Society Christmas Bird Count, ISS = International 
Shorebird Survey (Howe et al. 1989), SSS = Species Specific Survey. 
2 S = spring, F = fall, W = winter. 

3). The Breeding Bird Survey of the U.S. 
Fish and Wildlife Service could prove useful 
for identifying future population trends of 
10 temperate breeders. Christmas Bird 
Counts of the National Audubon Society 
could be used for wintering populations of 
at least six species. Recently completed spe- 
cies-specific breeding season surveys could 
be periodically replicated for six species. At 
least eight additional species that breed in 
the arctic could be monitored by adapting 
the methods of the International Shorebird 
Survey (Howe et al. 1989) to the Pacific 
Flyway. New information on the key staging 
and wintering areas for shorebirds in west- 
ern North America (Fig. 1) could be used 
to identify monitoring sites that would be 
representative of the total Pacific Flyway 
population. Work still needs to be done to 
develop economical monitoring methods for 
the remaining species. 
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POPULATION TRENDS AND CURRENT STATUS OF 
SELECTED WESTERN RAPTORS 

CLAYTON M. WHITE 

Abstract. The term status can reflect either numbers or inherent biological characteristics (e.g., sen- 
sitivity to environmental conditions). The Ferruginous Hawk (Buteo regalis), for example, may undergo 
wide fluctuations that may follow, in part, changes in prey abundance. Thus, numbers of breeders 
change annually, although this indicates little about the hawk’s future population size. Brief case 
studies are given for selected raptors, e.g., Bald Eagle (Hdiueetus leucocephalus), Peregrine Falcon 
(Falco peregrinus), several species of hawks (Buteo and Accipiter), and the Saw-whet Owl (Aegolius 
acadicus) and Flammulated Owl (Otusjlummeolus). A few species are stable, some are declining for 
various reasons, and several are increasing mainly due to human-caused habitat alterations. In the 
future conservation efforts should emphasize species that can co-exist with humans. 

Key Words: Raptors; birds of prey; population trends; status; habitat alteration. 

Status goes beyond population size at any 
particular moment; it also includes trends 
in abundance. For raptors, a confounding 
effect is the fact that tens of thousands were 
shot during the first half of this century. It 
is not known what effect this had on the 
population structure of these largely “K-se- 
lected” species, the very sort of species that 
lend themselves to rarity or endangerment. 
Another complication is that we do not fully 
understand the ecological relationships that 
may drive status change, although one 
seemingly well documented case is that of 
the Bald Eagle (Huliaeetus leucocephalus) in 
Glacier National Park (Spencer et al. 199 1). 
Eagles had been studied for more than two 
decades as they gathered there during mi- 
gration. Apparently, the introduced opos- 
sum shrimp (Mysis relecta) reduced or elim- 
inated zooplankton necessary to sustain a 
reproductive population of kokanee salmon 
(Oncorhynchus nerka). Dying salmon, the 
principal food for eagles, attracted several 
hundred eagles annually since their first rec- 
ord in 1939. There was a cascading inter- 
action and once the salmon were gone so 
were the eagles, which did not decline but 
simply shifted to new locations. By contrast, 
non-breeding Bald Eagles are increasing in 
southeast Alaska (Hansen and Hodges 1985) 
but the reasons for this change are not clear. 

Some species undergo natural numerical 
oscillations over time and this may affect 

our judgment of their status. For example, 
in the Ferruginous Hawk (Buteo regalis), 
numbers appear outwardly to be related to 
cyclicity of prey (e.g., rabbits, ground squir- 
rels). Overall, however, hawk numbers may 
change but not in accordance with prey 
numbers. Thus, focussing on current num- 
bers or directional trends does not neces- 
sarily provide an accurate understanding of 
the species. 

Some species are stable but have reached 
that point following historical increases or 
declines. Others are stable and have “al- 
ways” been so historically. In many cases, 
however, we know little about change be- 
cause a historical baseline is essentially non- 
existent. Most recent authors (e.g., Johns- 
gard 1988, 1990; Voous 1988; Snyder and 
Snyder 199 1) summarize population status, 
but there were earlier and more detailed at- 
tempts at assessing numbers of some west- 
ern diurnal raptors (Porter and White 1975, 
Evans 1982). More thorough reviews of cur- 
rent trends and status are in Ladd and 
Schempf (1982), Glinski et al. (1988) and 
National Wildlife Federation (1989). In the 
latter, trends are listed for five medium-sized 
owls in nine western states. In general, spe- 
cies were stable except for the Burrowing 
Owl [Athene (Speot~to) cuniculuria], which 
tended to be declining. Of 36 western rap- 
tors summarized (National Wildlife Fed- 
eration 1989) 13 were too poorly studied 
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to reveal trends. Eleven were recorded as 
stable, six were increasing, and five were 
either decreasing or decreasing/stable. From 
one decade to the next the status of some 
raptors is likely to change quickly, even by 
several orders of magnitude [see comments 
under Peregrine Falcon (F&o peregrinus)]. 
Thus, current allocation to categories is ten- 
tative. In Table 1, I evaluate 48 species of 
western raptors based on the literature, per- 
sonal communications and observations. 
Note that 24 (50%) are considered to be 
either in jeopardy or potentially so (Table 2). 
Interestingly, the percentage of those listed 
changed little over the past two decades (cf. 
White 1974, LeFranc and Millsap 1984). 

HISTORICAL FRAMEWORK 

Raptors have been revered as emblems 
of justice, power, and nations and appear 
on coinage; athletic teams carry their names. 
At the same time, they have been persecuted 
and abused for economic gain or for other 
human “needs”. In fact, our national em- 
blem, the Bald Eagle, was subject to a boun- 
ty for several decades. Until the 1960s rap- 
tors were generally viewed as “vermin”, 
even in North America (cf. White 1990). To 
detect changes in perceptions I reviewed a 
sample of 54 papers in The Condor over the 
past century (see Table 3). The most per- 
sonally-exciting paper, in Volume 1, re- 
ported eggs of the Peregrine Falcon taken 
from an eyrie on a very small 11 m cliff in 
northern Utah (Johnson 1899) about 20 
km from my home. The small cliff of easy 
access was of a type often used by Peregrines 
at the turn of the century, and indicated a 
large and numerically healthy population. 
Today, such nest sites, except in arctic and 
sub-arctic regions, would be viewed as mar- 
ginal or unacceptable. 

The “vermin” image of raptors in the first 
half of this century was not portrayed in any 
of the articles (Table 3) which simply re- 
flected the sort of science conducted at that 
time. One article in 1955 even anticipated 
the forthcoming conservation movement by 
heralding the rarity of the White-tailed Kite 

(E/anus leucurus) in California. In the 1950s 
such names as “chicken hawk”, Big and Lit- 
tle Blue Darter, Bullet Hawk and Prairie 
Falcon (F&o mexicanus) appeared as un- 
protected species on the hunting procla- 
mation in Utah. Attitudes have changed 
dramatically, even to the extent that raptors 
are sometimes considered to be environ- 
mental barometers (see Morrison 1983, and 
Temple and Wiens 1989 for a discussion). 
The Bald Eagle represents an excellent ex- 
ample of this shift in attitude. Up to 1952, 
over $133,000 was spent on bounty pay- 
ments (about 130,000 eagles killed). Fol- 
lowing the eagle’s protection and its decla- 
ration as an endangered species, millions of 
dollars have been spent on protection and 
restoration. 

APPARENT TRENDS AND PATTERNS 

Most species of western raptors declined, 
independent of agricultural biocides, as a 
simple consequence of human encroach- 
ment and use of the landscape. Prime ex- 
amples are the Bald Eagle (also affected by 
biocides), Swainson’s Hawk (Buteo swain- 
soni), and Golden Eagle (Aquilu chrysuetos) 
(locally). For example, early in this century 
flocks of over 2000 Swainson’s Hawks were 
still together when they reached the north- 
ern tier of states during spring migration 
(Cameron 1907, see also Bendire 1877). To- 
day such large single aggregations are only 
seen in autumn as they reach the lower part 
of the U.S. or Latin America. Contempo- 
rary declines in local breeding areas also 
have been extensive, such as in California 
with a 90% loss (Risebrough et al. 1989) 
and Oregon (Littlefield et al. 1984). These 
changes seem to be related to breeding 
ground habitat alterations, although changes 
in the Latin American non-breeding habitat 
cannot be ruled out (cf. White et al. 1989). 

Notable exceptions to earlier general de- 
clines may be the Red-tailed Hawk (Buteo 
jumuicensis), American Kestrel (Fulco 
spurverius) and perhaps the Great-horned 
Owl (Bubo virginianus). All seem to have 
benefited from landscape modifications be- 
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TABLE 1. SUMMARY OF SOME EVENTS CAUSING OR REFLFLTED IN THE CURRENT STATUS OF WESTERN RAPTOR 
SPECIES OVER THE PAST CENTURY. DATA ON MOST SPECIES ARE CURRENT ONLY TO 1990 

Species Status/trend Event/condition 

Black Vulture (Corugyps atrutus) 
Turkey Vulture (Cuthartes aura) 

California Condor’ (Gymnogyps 
californianus) 

Osprey (Pundion hulieutzzs) 

White-tailed Kite (Elunus leucu- 
rus) 

Mississippi Kite* (Ictiniu missis- 
sippiensis) 

Bald Eagle (Huliueetus leucocephu- 
IuS) 

Northern Harrier (Circus cyuneus) 

Sharp-shinned Hawk (Accipiter 
striutus) 

Cooper’s Hawk (Accipiter coopen] 

Northern Goshawk (Accipiter gen- 
tilis) 

Common Black-Hawk*,’ (Buteo- 
gallus anthracinus) 

Harris Hawkz,’ (Purubuteo uni- 
cinctus) 

Gray Hawk2.3 [Buteo (Asturinu) 
nitidus] 

Red-shouldered Hawk (Buteo lin- 
eutus) 

Broad-winged Hawk (Buteo plu- 
typterus) 

Swainson’s Hawk (Buteo swuin- 
soni) 

Zone-tailed Hawk’J (Buteo albono- 
tutus) 

Hawaiian Hawk4 (Buteo solitar- 
ius) 

Red-tailed Hawk (Buteo jumui- 
censis) 

Ferruginous Hawk (Buteo regulis) 

Rough-legged Hawk (Buteo lugo- 
Pus) 

Golden Eagle (Aquilu chrysuetos) 

Stable/increasing 
Increasing 

Extinct in wild 

Variable by region, 
fluctuating? 

Increasing 

Increasing 

Increasing 

Variable, may be 
decreasing? 

Undetermined- sta 
ble? 

Undetermined 

Undetermined 

Stable 

Stable/increasing 

Increasing 

Increasing 

Increasing? 

Declining4 

Stable? 

Currently stable? 

Stable-increasing? 

Variable 

Not analyzed - sta- 
ble?4 

Stable? 

Range expansion; increased in west in past century. 
Unknown cause of response; perhaps weather 

related? 
Expansion of livestock industry? 
Last wild condor taken into captivity 1987. Cap- 

tive breeding for reintroduction into wild.’ 
Increasing in response to regional habitat altera- 

tions (newly created habitat); was affected by ag- 
ricultural biocides. 

Severe population loss in first third of century and 
current recovery and range expansion; perhaps 
recurring local losses? 

Range expansion.2 

Earlier depression of populations because of boun- 
ty shooting, habitat alterations or loss, and agri- 
cultural biocides. 

Populations may be impacted because of habitat 
alterations (wetlands loss). 

Information unclear; possible recent (post 1980) in- 
creases as suggested from migration data. 

Information unclear; earlier in century heavily per- 
secuted and affected by agricultural biocides. Mi- 
gration data suggest increases. 

Recently (1990) said to be seriously declining local- 
ly because of habitat alterations (see text for dis- 
cussion); earlier heavily persecuted. 

Status appears stable; sensitive riparian habitats 
mandate close monitoring.2,3 

May be affected by habitat alterations (urbaniza- 
tion) but no clear trend, highly adaptable; proba- 
bly lost some range earher in century; increasing 
locally in Arizona thornscrub.*,’ 

Riparian habitats becoming increasingly protected; 
may have increased locally early in century due 
to habitat alteration.*,’ 

Positive local adjustments to urbanization. 

Newly determined migration patterns; western oc- 
currence recently clarified and expanding range 
westward. 

Apparent significant (regional) reductions perhaps 
related to habitat alterations; agricultural chemi- 
cals often suggested as reason for decline; status 
in question. 

Apparent habitat loss locally but may also be un- 
dergoing local range expansion.3.5 

Earlier loss of range; now breeds on only one is- 
land. 

May be increasing locally. 

Recently petitioned for U.S. Fish and Wildlife 
threatened listing (see text for discussion); range 
expanding eastward. 

No historical data. 

Earlier heavily persecuted (mainly by domestic 
livestock owners); local losses; currently stable(?) 
in some areas, declining(?) in others. 
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Species 
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Status/trend Event/condition 

Crested Caracara) (Polyborus 
plan@ 

American Kestrel (Falco sparver- 
ius) 

Merlin (Falco columbarius) 

Peregrine Falcon (Falco peregri- 
nus) 

Aplomado Falcon (Falco femoral- 
is) 

Prairie Falcon (Falco mexicanus) 
Gyrfalcon (Falco rusticolus) 

Declining6 

Stable4 
Stable4 

Common Barn-Owl (Tyto alba) Stable?“ 

Flammulated Owl (Otusflam- 
meolus) 

Stable? 

Western Screech-Owl (Otus ken- 
nicottii) 

Whiskered Screech-Owl (Otus tri- 
chopsis) 

Great Homed Owl (Bubo virgini- 
anus) 

Snowy Owl (Nyctea scandiaca) 

Stable4 

Not analyzed 

Stable/increasing 

Northern Hawk Owl (Surnia ulu- 
la) 

Northern Pygmy-Owl (Glaucid- 
ium gnoma) 

Ferruginous Pygmy-Owl (Glau- 
cidium brasilianum) 

Elf Owl3 (Micrathene whitneyi) 

Not analyzed - sta- 
ble? 

Not analyzed 

Stable? 

Burrowing Owl [Athene (Speotyto) 
cunicularia] 

Declined’ 

Not analyzed 

Declining4 

Spotted Owl (Strix occidentalis) 

Barred Owl (Sfrix varia) 
Great Gray Owl (Strix nebulosa) 

Declininguncer- 
tain? 

Increasing? 
Not analyzed 

Long-eared Owl (Asio otus) 
Short-eared Owl (Asiojlammeus) 

Boreal Owl (Aegolius funereus) 

Saw-whet Owl (Aegolius acadicus) 

Stable? 

Stable/increasing4 

Increasing 

Increasing 

Increasing 

Stable 

Some local losses early in century, probably not af- 
fecting populations in southwest.’ 

Increases seem to be regional or local. 

Recent positive effects of habitat alterations and re- 
sponses to reduced agricultural chemicals. Local 
positive responses to urbanization. 

Drastic decrease by 1950 because of agricultural 
chemicals. Subsequent and remarkable recovery 
aided by human manipulation and captive 
breeding for release to wild (see text). 

Essentially extirpated from U.S. range. Habitat al- 
terations in Mexican range.6 

Perhaps very local losses? 
Wide fluctuations in breeding numbers with food 

cycles. 
Heavy local and temporary winter loss but no de- 

clining trend. 
Recent advances in population knowledge; com- 

mon and widespread with “clumped” breeding 
populations. 

Recent clarification of systematic status; separation 
from Eastern Screech Owl. 

Status unknown? 

Occupies wide variety of habitats. 

No census data; undergoes wide fluctuations fol- 
lowing food cycles. 

No census data. 

No reported losses; inadequate surveys. 

Severe declines in U.S. range since early in centu- 
3 

Ap%ars to have decreased in extreme western part 
of range.3 

Habitat alterations and other human impacts; hu- 
man intervention and manipulation (nest site 
improvements) locally. 

Treated elsewhere in this volume (Gutitrrez 1994). 

Recent range expansion. 
Reportedly vulnerable in Canada; at risk to habitat 

alterations in southern part of range in U.S. 
Some local losses in far west.l 
Apparent recent reductions because of habitat loss; 

difficult to assess because of large oscillations in 
numbers. 

Recent southern range expansions (Johnson, this 
volume). 

Apparent recent population increase and range ex- 
pansions in north (see text). 

’ Snyder and Snyder 1989; 2 R. L. Glinski, pas. comrn., 1993; 1 Glinski et al. 1988; 4 National Wildlife Federation 1989; s Snyder and Snyder 1991; 
6 Hector 1987. 
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TABLE 2. STATUS OF WESTERN NORTH AMERICAN RAmo~s SUGGESTED BY DIFFERENT ORGANIZATIONS. CATEGORY 
2 IS GIVEN TO SPECIES FOR WHICH THERE ARE NOT ENOUGH DATA TO INDICATE A THREATENED OR ENDANGERED 

DFSIGNATION 

Species List/organization status 

Northern Harrier 1. Blue List, American Birds1 “Down” 

Bald Eagle 1. T&E List, U.S. Fish and Wildlife Service* Endangered 

Northern Goshawk 1. Candidate List, U.S. Fish and Wildlife Service) Category 2 
2. Sensitive List, U.S. Forest Service4 Sensitive 

Cooper’s Hawk 1. Blue List “Down” 
2. Jeopardy List, Canadian Wildlife Service5 Vulnerable 

Sharp-shinned Hawk 1. Blue List “Down” 

Harris’ Hawk 1. Sensitive List Sensitive 

Ferruginous Hawk 1. Blue List “Down” 
2. Sensitive List Listed 
3. Jeopardy List Threatened 
4. Candidate List Category 2 

Swainson’s Hawk 1. Blue List “Down” 
2. Sensitive List Sensitive 

Zone-tailed Hawk 1. Sensitive List Sensitive 

Gray Hawk 1. Candidate List Category 2 

Hawaiian Hawk 1. T&E List Endangered 

Crested Caracara 1. Sensitive List Sensitive 

Merlin 1. Blue List “Down” 

Aplomado Falcon 1. T&E List Endangered 

Prairie Falcon 1. Sensitive List Sensitive 

Peregrine Falcon 
race pealei 1. Sensitive List Sensitive 

2. Jeopardy List Vulnerable 

race tundrius 1. Jeopardy List Vulnerable 
2. T&E List Threatened 

race anatum 1. Jeopardy List Endangered 
2. T&E List Endangered 

Common Barn-Owl 1. Blue List “Down” 

Burrowing Owl 1. Blue List Declining 
2. Sensitive List Sensitive 
3. Jeopardy List Vulnerable 

Spotted Owl 1. Blue List In trouble 
2. Sensitive List Sensitive 
3. Jeopardy List Threatened 
4. T&E List Threatened 

Great Gray Owl 1. Sensitive List Sensitive 
2. Jeopardy List Vulnerable 

Ferruginous Pygmy-Owl 1. Sensitive List Sensitive 

Elf Owl 1. Sensitive List Sensitive 

Flammulated Owl 1. Sensitive List Sensitive 
2. Jeopardy List Vulnerable 

Boreal Owl 1. Sensitive List Sensitive 

’ Tate 1986; 2 U.S. Department of Interior 1992~; ’ U.S. Department of Interior 1991; ’ Rath, M., U.S. Forest Service, Region 4, Threatened and 
Endangered Species program, per?.. comm. 1993; i Steenhof 1993. 

cause they are so ecologically versatile, and tion. With the general protection of raptors 
all adapt well to urbanization. Other rap- over the past three decades, there is some 
tors, such as the Merlin (F&o columbarius) suggestion of increase in most species ana- 
in Canada (Oliphant and Haug 1985, James lyzed in Breeding Bird Surveys from 1965 
1988) have recently adapted to urbaniza- to 1979 (Robbins et al. 1986). Migration 
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TABLE 3. SURVEY OF Condor RAFTOR ARTICLES BY 
P~I~DI~~NTER~AL_~ 

Total 
articles Raptor 

in articles 
Year volume W) General content 

1899 83 8 (10) Mainly egg collecting or oc- 
currence records (includ- 
ing capture methods for 
the California Condor). 

1925 90 4 (4) Mainly notes on food habits, 
distribution or status, and 
behavior (does not include 
the bird banding section 
or “Birds of. . . ” articles). 

1955 89 8 (9) Taxonomic, status/records 
of occurrence, physiology, 
ecology (including one 
lengthy annotated list 
“Birds of Mexico” with 
extensive raptor data), 
rare species. 

1975 109 13 ( 12) Several were notes, physiol- 
ogy (2) ecology (2), be- 
havior (3), rare species, 
general biology, distribu- 
tion. 

1991 181 11 (6) Migration, energetics, be- 
havior, ecology, environ- 
ment/conservation, mo- 
lecular systematics, 
distribution. 

data for the west started being collected some 
two decades ago (Hoffman 1985) and may 
prove valuable in detecting trends (Hussell 
1985). To date most of the 15 species an- 
alyzed from migration data between 1977 
and 199 1 either were stable or showed an 
upward trend (Hoffman et al. 1992). 

Generally, grassland and wetland species 
may have been more severely impacted than 
woodland species because of greater habitat 
loss. A decline in the Burrowing Owl may 
also reflect the loss of prairie dog towns. 
With alterations of wetlands one would also 
expect the Northern Harrier (Circus cy- 
aneus) to have declined but current migra- 
tion numbers do not indicate this. The 
White-tailed Rite’s post-settlement decline 
in California (May 1935) was a classic ex- 
ample of the multiple negative effects of 
landscape alterations (Waian and Stendell 
1970, Pruett-Jones et al. 1980). Reasons for 
the decline were not fully documented but 

shooting, habitat alterations and subse- 
quent reductions in the food base for this 
food specialist seem to have been involved. 
The kite represents an even more interesting 
example since currently, in the face of con- 
tinued habitat alterations from native hab- 
itats to agriculture, it has conspicuously in- 
creased in the west in the past several 
decades and is also expanding its range (cf. 
Palmer 1988). Agricultural lands that re- 
placed native habitats provided, however, 
stable habitats and their stability in turn 
seemingly provided the necessary elements 
for the increase of kites (Pruett-Jones et al. 
1980). 

CASE HISTORIES 

To follow are sketches of population 
trends and changes in status of selected rap- 
tors over the past century. Most statements 
rely on data from the past three to four de- 
cades since intensive studies were not gen- 
erally available prior to that time. These 
examples illustrate the diversity of factors 
affecting status. 

Saw- whet Owl (Aegolius acadicus) 

Early in this century the Saw-whet Owl 
was found only in the southeastern portion 
of Alaska (Gabrielson and Lincoln 1959). 
In adjacent British Columbia the species is 
still little known (perhaps rare) outside the 
southern half of the province (Campbell et 
al. 1990). Kessel and Gibson (1978) listed 
it as a probable breeder in the vicinity of 
Anchorage, Alaska. Over the past eight years 
Ted Swem (pers. comm. 1992) erected 110 
owl nest boxes around Anchorage of which 
25 different boxes were used by Saw-whet 
Owls. Annual use gradually increased over 
the eight years and 11 boxes were occupied 
in 1992. 

Flammulated Owl 
(Otus flammeolus) 

This owl, once thought to be rare, has 
proven to be rather common in appropriate 
habitats (see Johnsgard 1988). Its apparent 
increase probably resulted from greater 
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search effort and better techniques. There is 
no evidence for a real population change 
and numbers can be sporadic. Marshall 
(1957) for example, found five singing males 
one season and 14 the next in the same area. 
Fortunately, they respond well to playback 
of recorded calls of their own and other spe- 
cies. While using playback calls and search- 
ing for Spotted Owls (Strix occident&s) on 
the Dixie National Forest, Utah in 1990- 
199 1, S. E. Rinkevich (pers. comm.) found 
that six owl species gave 280 independent 
responses. Flammulated Owls responded 
116 times (4 I %) of the total, indicating their 
commonness. 

Osprey, eagles and falcons 

Several taxa, among them the Osprey 
(Pandion haliaetus), Bald Eagle, and at least 
three falcons, of which the Merlin and Per- 
egrine are mentioned here, were all affected 
to some degree by synthetic agricultural bio- 
tides in the I95Os-1970s. All are now show- 
ing increases (Bird 1983, Cade et al. 1988). 
In western North America the Osprey was 
least affected, especially in Baja California 
(Henny and Anderson 1979) where, on the 
other hand, the Peregrine suffered severe 
declines (Cade et al. 1988). Ospreys re- 
sponded well to artificial nest platforms, a 
fact that aided in their recovery and expan- 
sion (Poole 1989). Their increase in the west 
is reflected in migration counts at several 
observation stations between 1983-l 99 1 
(Hoffman et al. 1992). 

The Bald Eagle suffered large losses from 
habitat alterations, bounties in Alaska, and 
biocide poisoning. The recovery plan for the 
“Pacific” population set a goal of 800 pairs 
(Steenhof 1990). Over the decade of the 
1980s the numbers of pairs doubled in many 
states (e.g., Washington 99 to 398 pairs, 
Wyoming 19 to 49) and by 1990 there were 
861 pairs (Steenhof 1990). 

While the Merlin may be contracting from 
the southern portion of its range (e.g., Wy- 
oming, pers. obs.) it has increased in some 
other areas (e.g., Alberta, R. Fyfe, pers. 
comm.) and spread into urban situations 

(Oliphant and Haug 1985). With popula- 
tions having been somewhat depressed be- 
cause ofbiocides (Cade 1982), their increase 
was detectable in migration data at western 
localities (Hoffman et al. 1992). This in- 
crease was also seen on the nonbreeding 
grounds. In Utah, for example, the western 
prairie-parkland subspecies (F. c. richard- 
soni) (see Temple 1972) was represented by 
only three or four specimens before 1968. 
Many Merlins were seen or trapped each 
winter by competent observers between 
1945 and 1968 (pers. obs.). None was rich- 
ardsoni. Then in 1968, an adult female was 
found near Salt Lake City. Now, about 30% 
of all observations or specimens in Utah 
(1975-l 992) are richardsoni. This may be 
a function of increasing populations, or may 
reflect a shift in the non-breeding range. Such 
shifts are not unknown and the occurrence 
and subsequent increase in wintering Bald 
Eagles in Utah since the 1930s represents 
an example (Palmer 1988, J. R. Murphy, 
pers. comm.). 

The Peregrine Falcon may represent the 
best documented case of a decrease and sub- 
sequent increase. The species’ decline in 
North America (Hickey 1969, Cade and Fyfe 
1970) and recovery (White 1984, Cade et 
al. 1988) is well chronicled. Because pre- 
decline numbers were not known (cf. Bond 
1946, Beebe 1960, and Cade 1960) several 
studies have tried to reconstruct that base- 
line (cf. Enderson 1965, Beebe 1969, Her- 
man et al. 1970, Porter and White 1973, 
and Henny and Nelson 198 1). However, 
their success in determining accurate num- 
bers against which to measure recovery is 
debated. 

The following numbers reflect the recov- 
ery: California, 38 pairs (198 1) to 123 (1992) 
aided by reintroduction (Kirven and Wal- 
ton 1992); Arizona, 17 (1980) to 179 (1992) 
by natural increase but also reflecting more 
extensive survey coverage (T. Tibbits, pers. 
comm.); and Colville River, arctic Alaska, 
15 (1973) to 57 (1992) by natural increase 
(T. Swem, pers. comm.). Numbers have not 
increased proportionately in Alberta (West- 



168 STUDIES IN AVIAN BIOLOGY NO. 15 

ern Raptor Technical Committee 1988) and 
perhaps interior British Columbia (Camp- 
bell et al. 1990). 

In addition to a residual wild population 
in the west, the recovery was aided by re- 
leasing captive bred falcons by The Pere- 
grine Fund, the Canadian Wildlife Service, 
and other peregrine breeders. The Peregrine 
Fund (1992) released over 2200 young per- 
egrines in the west between 1974 and 199 1. 
There are approximately 5 50 known or sus- 
pected pairs currently (1992) in 12 western 
states (Recovery Team 1992) representing 
nearly 150 more pairs than thought neces- 
sary for down listing and about 100 more 
than had been documented historically for 
this same region. 

Hawks 

Three western hawks allegedly showed 
sufficient declines in the past two decades 
to receive special attention by the U.S. Fish 
and Wildlife Service. The Swainson’s Hawk, 
mentioned earlier in connection with local 
declines in California and Oregon, was list- 
ed by a special designation in 1982 (U.S. 
Department of Interior 1982). It was not, 
however, on any U.S. Fish and Wildlife list 
in 199 1 (U.S. Department of Interior 199 1) 
because insufficient data indicated that it 
was threatened. 

The Ferruginous Hawk, which also ap- 
peared on the 1982 list, was petitioned in 
May 199 1 for listing as endangered. Wide- 
spread declines were believed to be human- 
caused: 1) by increased disturbance, 2) di- 
rect mortality, and 3) habitat alterations that 
reduced prey or nesting substrate (cf. Olen- 
dorff 1993). Some local populations have 
been entirely lost in the last two decades 
(Woffinden and Murphy 1989). However, 
almost 2000 more pairs than had been es- 
timated for the species in 1979 were found 
recently (U.S. Department of Interior 
1992a). The increase seems to be accounted 
for by denser populations in Canada (es- 
pecially Alberta but also Manitoba) that 
more than offset losses elsewhere (U.S. De- 
partment of Interior 1992a). 

In 199 1 the Northern Goshawk (Accipiter 
gentilis) was believed to be seriously de- 
clining in Arizona, New Mexico, and south- 
em Utah because of habitat loss or alter- 
ation and was petitioned for emergency 
listing (Silver 199 1). Much of the petition 
was based on Cracker-Bedford (1990) who 
claimed a decline greater than 80% over pre- 
settlement populations. But goshawk pop- 
ulations, especially in the northern part of 
their range, fluctuate widely with oscilla- 
tions of prey (e.g., rabbits, ground squirrels 
and grouse). There may have been local de- 
clines (cf. U.S. Department of Interior 
1992b) and slight reductions generally over 
pre-settlement times, but increasing data 
suggest that the species is stable over most 
of its southern range. 

Broad- winged Hawk (Buteo platypterus) 

Although generally a species of the mid- 
west and east, prior to the 1960s it was 
known to extend westward into Alberta (Salt 
and Wilk 1958, Godfrey 1966). It was nei- 
ther recorded in Washington (Jewett et al. 
1953), Oregon (Gabrielson and Jewett 1940), 
nor California (Grinnell and Miller 1944) 
nor mentioned in raptor literature for Ne- 
vada (Herron et al. 1985) Utah (Eyre and 
Paul 1973) and Wyoming (Williams and 
Matteson 1948). The first records for Ari- 
zona (1956) New Mexico (1951) and Ne- 
vada (1973) were of single specimens (Phil- 
lips et al. 1964, Hubbard 1970, Alcom 
1988). It was first recorded on the west coast 
in 1966 (McCaskie 1968) and was found 
with increasing frequency through the 1980s 
on Great Basin migration routes (Hoffman 
et al. 1992). This increase corresponded with 
an apparent population upswing in British 
Columbia, where first recorded in 1965, and 
by the 1980s was seen regularly in local ar- 
eas (Campbell et al. 1990). 

THE FUTURE 

Senner et al. (1986) and Jehl (1986) at- 
tempted to predict future trends for North 
American birds, a difficult task. Some trends, 
however, seem likely. Some taxa may go 
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extinct in the face of human impact and 
landscape use, as happened with the Gua- 
dalupe Caracara (Carucara lutosus) at the 
turn of the century. We know well the fate 
of the California Condor (Gymnogypus cal- 
ifornianus). One wonders about the security 
of the Hawaiian Hawk (Buteo solitarius) if 
the brown tree snake (Boiga irregularis), 
which has caused havoc with birds in Guam, 
successfully reaches Hawaii. Perhaps most 
species will show declines because of con- 
tinued habitat alterations. Habitat altera- 
tions may also increase the risk of predation 
by mammals (e.g., foxes and raccoons which 
increase as a result of those alterations). 
Burrowing and Short-eared Owls (Asio 
fkzmmeus) may be especially vulnerable. In 
spite of the recovery of the Bald Eagle, con- 
tinued habitat deterioration may cause an- 
other decline (K. Steenhof, pers. comm.). 
Habitat alterations are viewed as the main 
threat to the Northern Goshawk and Spot- 
ted Owl (GutiCrrez 1994). The Peregrine 
Falcon, Osprey, Bald Eagle and White-tailed 
Kite are examples of significant recovery, 
following very severe declines, even to the 
point of expanding their ranges and over- 
shooting their presumed historical levels 
(e.g., Peregrine). Some raptors viewed as real 
“wilderness” species are adapting to human 
use of the environment; Prairie Falcons use 
power transmission towers and Gyrfalcons 
(F&co rusticolus) occupy oil pipelines for 
nesting (Roppe et al. 1989, Ritchie 199 1). 

An optimistic future, however, seems to 
lie with raptors that can adapt to urbaniza- 
tion within the human matrix (e.g., Amer- 
ican Kestrels, Red-tailed Hawk, Merlins [in 
Canada] and Red-shouldered Hawks (Buteo 
lineatus) [in California]). The latter example 
has involved behavioral changes and small- 
er territory sizes in highly urbanized areas 
(Bloom et al. 1993) beyond those reported 
by Wiley (1975). In addition to breeding of 
Peregrine Falcons in many major cities in 
North America, the Cooper’s Hawk (Accip- 
iter cooperii) now nests in a busy city park 
in the center of Salt Lake City, Utah. Ifthese 
two species can breed in cities, then we can 

expect others to follow. There is no reason 
why raptors could not be as “common” in 
urban situations as reported by Galushin 
(197 l), who found an average density in 
Delhi, India to be approximately 19.3 pairs/ 
km2. For this to happen, however, the most 
important ingredient, in addition to food 
and nesting sites, will be, as Galushin found, 
the good will of people toward raptors. 
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POPULATION TRENDS IN THE LANDBIRDS OF 
WESTERN NORTH AMERICA 

DAVID F. DESANTE AND T. LUKE GEORGE 

Abstract. We examined avifaunal literature of the states and provinces of western North America to 
gather evidence of population changes in landbirds over the past 100 years, and we analyzed population 
trend ranks (PTRs) developed by Carter and Barker for migratory landbirds from 26 years of North 
American Breeding Bird Survey (BBS) data for western states. We identified 75 native landbird species 
whose breeding populations decreased substantially in at least one state or province in the past 100 
years and 65 species that increased. Destruction of riparian habitat, destruction ofgrasslands, shooting, 
overgrazing, logging and clearing of forests, and cowbird parasitism were the major factors responsible 
for the decreases, while increased agricultural, suburban, and urban development and irrigation were 
the major factors responsible for the increases. We identified 58 species of migratory landbirds that 
showed decreasing population trends in either the past 26 or past 13 years, 44 species that showed 
increasing trends, and 35 species that showed no trends. Significantly more short-distance migrants 
decreased during the past 26 years than increased (P < 0.001) but no such relationship existed for 
long-distance migrants, which generally showed fewer and smaller decreasing trends and more in- 
creasing trends than short-distance migrants. Populations of most short- and long-distance migrants 
generally fared better during the past 13 years than during the past 26 years. Our results qualitatively 
agree with other analyses of BBS data that do not include information on the magnitude or uncertainty 
of the population trends, but quantitatively tend to show more and stronger negative trends. Finally, 
we discuss limitations of BBS data and suggest key elements for an integrated population monitoring 
system for western landbirds. 

Key Words: Population trends; landbirds; western North America; BBS. 

The Centennial Year of the Cooper Or- 
nithological Society, 1993, marks the mile- 
stone of 100 years of organized study of 
birds in western North America. As such, 
it is a fitting time to review what is known 
of the population changes in the landbirds 
of western North America, particularly in 
light of the extensive human-caused envi- 
ronmental changes that have occurred over 
the past century. Moreover, attention has 
been focused recently on populations of 
Neotropical migratory landbirds that ap- 
pear to be declining, at least in eastern North 
America (Robbins et al. 1989, Terborgh 
1989, Askins et al. 1990). The Neotropical 
Migratory Bird Conservation Program, 
“Partners in Flight,” was established in 199 1 
to reverse these apparent population de- 
clines. Many federal and state agencies and 
private organizations have become in- 
volved with this program and are commit- 
ted to its goal. 

In this paper, western North America is 
defined as all states west of Montana, Wy- 

oming, Colorado, and New Mexico inclu- 
sive, along with Alberta, British Columbia, 
Yukon Territory, and Alaska. This area thus 
includes all of continental North America 
west of and including the Rocky Mountains 
(except for the mountains of western Texas 
and a portion of the Black Hills of South 
Dakota and Nebraska), along with the west- 
ern edge of the Great Plains. 

Despite the fact that this huge area in- 
cludes much of the least populated portions 
of North America, the human-caused en- 
vironmental changes wrought on this region 
have been enormous. Most of the water- 
sheds have been dammed, diverted, or oth- 
erwise managed; most of the grasslands and 
even much of the forests, scrublands, and 
deserts have been grazed (or overgrazed) by 
cattle, sheep, and horses, and a great pro- 
portion of the native perennial grasses has 
been replaced by introduced annuals; vir- 
tually all of the forests have been harvested 
at least once and most have undergone many 
years of attempted fire suppression; and the 
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natural habitats of the valleys and surround- 
ing hills of many areas have been converted 
to agriculture, industry, and housing. 

Two basic types of avifaunal changes 
could accompany these human-induced en- 
vironmental changes. First are population 
changes in which the numbers of birds of 
any given species increase or decrease dur- 
ing the breeding season, nonbreeding sea- 
son, or migration periods; second are dis- 
tribution (range or habitat) changes in which 
species appear or disappear from certain ar- 
eas or habitats. Both types are intimately 
related: when population size for a given 
species in a given area decreases to (or in- 
creases from) zero, a distributional change 
has taken place. Despite this inter-related- 
ness, the two types of changes do not always 
occur in parallel. It is possible, for example, 
for a species to be undergoing major pop- 
ulation declines over much of its range and 
still be expanding its range elsewhere. 

Here we concentrate on population 
changes in western landbirds, especially 
those changes that may be anthropogeni- 
tally caused. Distributional changes in 
western landbirds, particularly those caused 
by “natural” climatic changes, are the focus 
of a paper by Johnson (1994). Population 
changes were assessed by two methods. First, 
we perused the avifaunal literature for gen- 
eral evidence of population changes over 
the past 100 years. Second, for quantitative 
evidence, we analyzed population trend 
ranks developed by Carter and Barker (1993) 
from 26 years of data from the North Amer- 
ican Breeding Bird Survey’ (BBS) (Robbins 
et al. 1986) and compared our results to 
those obtained recently by Sauer and Droege 
(1992) and Peterjohn and Sauer (1993). We 
discuss these population changes in terms 
of their possible causes, general population 
dynamic considerations, and the adequacy 
of the data. Finally, we suggest key elements 
for an integrated population monitoring 
scheme for western landbirds. 

METHODS 

We reviewed major state-level literature 
on the distribution and abundance of birds 

in western North America for evidence of 
population changes in landbirds (Gabriel- 
son and Jewett 1940, Grinnell and Miller 
1944, Munro and McTaggert-Cowan 1947, 
Jewett et al. 1953, Gabrielson and Lincoln 
1959, Ligon 1961, Phillips et al. 1964, Bai- 
ley and Niedrach 1967, Burleigh 197 1, Behle 
and Perry 1975, Salt and Salt 1976, Alcom 
1988, Campbell et al. 1990). In general, these 
sources provided information on landbird 
population changes only when the distri- 
bution of a given species expanded or con- 
tracted over a substantial portion of the state 
or when population changes were so pro- 
nounced as to command attention. Very lit- 
tle mention was made of more subtle pop- 
ulation trends, simply because no 
quantitative data existed from which such 
trends could be extrapolated. We also com- 
pared abundance designations provided by 
these sources with those compiled by 
DeSante and Pyle (1986) for each state and 
province for additional evidence of popu- 
lation changes, as well as the USFWS list 
of species of management concern (Office 
of Migratory Bird Management 1987). 

The BBS, begun in 1965 (1968 in western 
North America), is the only quantitative 
source of information regarding regional 
changes in the breeding populations of west- 
ern landbirds. The BBS consists of more 
than 2000 randomly located permanent sur- 
vey routes established along secondary roads 
throughout the continental United States 
and southern Canada that are surveyed an- 
nually during the height of the breeding sea- 
son, usually in June (Robbins et al. 1986). 
Each route is 39.4 km long and consists of 
50 stops spaced at 0.8-km intervals. Ob- 
servers start 0.5 hr before local sunrise and 
at each stop count all birds detected within 
a 0.4-km radius circle during a 3-min pe- 
riod. For each species, the total number of 
individuals recorded at all stops along the 
route is used as an index of relative abun- 
dance. Long-term population trends for each 
of about 370 species are provided by the 
BBS for every state and province in North 
America by a route-regression method. 
Route trends are estimated using a linear 
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regression of the log-transformed counts on 
year, with observer data included as covari- 
ables. The slope of the year variable, when 
back-transformed, provides the estimate of 
route trend for a species. Regional trends 
are estimated from weighted averages of the 
route trends (Sauer and Droege 1992, Pe- 
terjohn and Sauer 1993). 

Using these population trend data, Carter 
and Barker (1993) derived a population 
trend rank (PTR) and population trend un- 
certainty rank (PTUR) for each migratory 
landbird species in each of the 11 western 
states. The PTUR was based on the number 
of routes in a state on which a species was 
recorded, the number of routes with a sta- 
tistically significant trend for the species, 
and the proportion of routes with trends 
that agreed with the overall state trend for 
the species. The PTR was based upon the 
magnitude and direction of the trend and 
the associated PTUR. Carter and Barker’s 
PTR indices are as follows: 1 = definite in- 
crease-moderate increase (> 1% but < 5% 
annually) with very low uncertainty, or large 
increase (> 5% annually) with low or very 
low uncertainty; 2 = increasing trend-small 
increase (< 1% annually) with low or very 
low uncertainty, moderate increase with 
moderate or low uncertainty, or large in- 
crease with moderate uncertainty; 3 = trend 
unknown-small increase or decrease (< 1% 
annually) with moderate uncertainty or any 
increase or decrease with high uncertainty; 
4 = decreasing trend-small decrease with 
low or very low uncertainty, moderate de- 
crease (> 1% but < 5% annually) with mod- 
erate or low uncertainty, or large decrease 
(> 5% annually) with moderate uncertainty; 
and 5 = definite decrease-moderate de- 
crease with very low uncertainty or large 
decrease with low or very low uncertainty. 
Carter and Barker calculated these PTRs 
separately for the entire 26-year period that 
the BBS has been in operation (1966-l 99 1; 
actually only 1968-199 1 in western North 
America) and for the most recent 13 years 
(1979-1991). 

We examined Carter and Barker’s PTRs 
and identified those species that exhibited 

consistently decreasing (more than 50% of 
the states for which data were sufficient to 
calculate trends showed decreasing trends 
or definite decreases, and no more than 25% 
of the states showed increasing trends or 
definite increases) or increasing (vice versa) 
trends in either time period. We then ex- 
amined these lists for overall patterns with 
regard to the migratory status of the species. 
Because the data from the 13-year period 
are included within the 26-year data set, the 
two data sets are not independent. Thus, it 
is invalid to use inferential statistics to an- 
alyze differences in trends between these pe- 
riods (Sauer and Droege 1992). Therefore, 
we compared the trends between the 26- 
year and 13-year periods in a qualitative 
manner to determine whether or not there 
were consistent changes between the two 
periods. Finally, we compared these results 
to other analyses of BBS data and to other 
data sets and to the general historical in- 
formation that we assembled. 

RESULTS 

A review of the major state-level avifau- 
nal literature produced a list of 75 native 
landbird species whose breeding popula- 
tions were known to have decreased sub- 
stantially in at least one state or province 
in western North America in the past 100 
years (Table 1; see Appendix for scientific 
names). Although these species were nearly 
equally divided between passerines (4 1, 
55%) and non-passerines (34,45%), the most 
severe and widespread declines were gen- 
erally among the larger non-passerine spe- 
cies, particularly various grouse (especially 
grassland species), Yellow-billed Cuckoo, 
and Burrowing Owl. Except for (Masked) 
Northern Bobwhite in Arizona, these were 
the only landbird species to have been ex- 
tirpated from any of the western states or 
provinces. Shooting was a major contribu- 
tor to the decline of some of these larger 
non-passerines, although habitat loss and 
overgrazing were probably more important 
and pervasive factors. Some of these species 
have mostly recovered or at least stabilized 
since shooting was regulated earlier in this 
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TABLE 1. NATMZ SPECIES OF LANDBIRDS KNOWN TO HAVE DECREASED IN WESTERN NORTH AMERICA OVER 
THE P.UT 100 YEARS, STAT- (OR PROVINCES) WHERE THEY HAVE DECREASED, AND PROBABLE CAUSES FOR THEIR 
DECREASES. UNDERLINED STATES (OR PROVINCES) ARE AREAS WHERE MAJOR DECREAES (> 50% POPULATION 
DECLINES) HAVE OCCURRED; * = EXTIRPATED 

Species Where decreased Probable causes 

Spruce Grouse 
Blue Grouse 

White-tailed Ptarmigan 
Ruffed Grouse 
Sage Grouse 

Greater Prairie-Chicken 
Lesser Prairie-Chicken 
Sharp-tailed Grouse 

Wild Turkey 
Montezuma Quail 
Northern Bobwhite 
Scaled Quail 
California Quail 

Mountain Quail 
Band-tailed Pigeon 
Yellow-billed Cuckoo 

Greater Roadrunner 
Northern Hawk-Owl 
Ferruginous Pygmy-Owl 
Elf Owl 
Burrowing Owl 

Spotted Owl 

Long-eared Owl 
Short-eared Owl 
Lesser Nighthawk 
Common Nighthawk 
White-throated Swift 
White-eared Hummingbird 
Belted Kingfisher 

Lewis’ Woodpecker 

Gila Woodpecker 
Ladder-backed Woodpecker 

Northern (Gilded) Flicker 
Pileated Woodpecker 

Olive-sided Flycatcher 
Willow Flycatcher 

Buff-breasted Flycatcher 
Vermillion Flycatcher 
Cassin’s Kingbird 
Homed Lark 
Purple Martin 

AK AB WA 
BC WA OR CA NV ID CO --- - 

AZNM -- 
WYNM 
WA OR CA 
BC*ABWAORCANVID __---- 

MT UT NM* -- 
AB* MT* CO --- 
CO NM -- 
AK BC AB WA OR* CA* ----- 

NV* ID MT WY UT CO _----- 
NM* 

COAZNM --- 
AZNM -- 
WYAZ*NM -- 
AZNM -- 
CA 

CA 
WA OR CA 
BC* WA* OR* CA NV ID __----- 

UTAZ 
CA - 
AB 
AZ - 
CA - 
BC AB* CA NV ID MT CO -_-- - 

AZNM - 

BCCAAZ 

CA NV -- 
CA NM -- 
NM 
AB 
CAAZ 
AZ 
ORCAAZ --- 

BC OR CA UT - 

CA - 
AZ 

CAAZ - 
CA 

CA 
CAAZ -- 

AZ - 
CA NV -- 
CA 
AZ 
WAORCAAZ - 

Shooting, clearing of forests 
Shooting, clearing of forests 

Unknown 
Shooting 
Shooting, overgrazing, destruction of 

grasslands 
Shooting, destruction of grasslands 
Shooting, destruction of grasslands 
Shooting, overgrazing, destruction of 

grasslands 

Shooting 
Overgrazing 
Overgrazing, hunting 
Overgrazing, destruction of grassland 
Shooting (essentially recovered at pres- 

ent) 
Shooting (mostly recovered at present) 
Shooting (mostly recovered at present) 
Destruction of riparian habitat 

Agricultural development, urbanization 
Clearing of forests 
Destruction of riparian habitat 
Destruction of riparian habitat 
Destruction of grasslands, elimination of 

fossorial mammals, agricultural devel- 
opment, urbanization 

Logging, particularly of old-growth for- 
ests 

Destruction of riparian habitat 
Destruction of grasslands 
Pesticide use? 
Pesticide use? 
Unknown 
Unknown 
Shooting by fisherman (entirely recov- 

ered at present) 
Cutting of old oak woodlands and snags, 

competition with starlings 
Destruction of riparian habitat 
Unknown (destruction of mesquite 

woodlands?) 
Destruction of riparian habitat 
Logging (partially recovered because of 

increasing adaptation to second-growth 
forests) 

Destruction of wintering habitat? 
Destruction of riparian habitat, cowbird 

parasitism 
Overgrazing of woodland habitat 
Destruction of riparian habitat 
Unknown 
Destruction of grasslands 
Competition with starlings, snag removal 

(some increases recorded early in the 
century) 
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TABLE 1. CONTINUED 

Snmx-r Where decreased Probable causes 

Bank Swallow 

Chihuahuan Raven 
Common Raven 

Cactus Wren 
California Gnatcatcher 
Western Bluebird 

Mountain Bluebird 
Crissal Thrasher 
LeConte’s Thrasher 
Sprague’s Pipit 
Loggerhead Shrike 
Bell’s Vireo 

Gray Vireo 
Lucy’s Warbler 
Yellow Warbler 

Common Yellowthroat 

Yellow-breasted Chat 

Summer Tanager 
Lazuli Bunting 
Painted Bunting 
Dickcissel 
Botteri’s Sparrow 
Rufous-winged Sparrow 
Chipping Sparrow 
Vesper Sparrow 
Black-throated Sparrow 
Lark Bunting 
Baird’s Sparrow 
Grasshopper Sparrow 
Song Sparrow 

McCown’s Longspur 
Chestnut-collared Longspur 
Tricolored Blackbird 
Yellow-headed Blackbird 

CA 

co - 
OR CA 

CA - 
CA - 
NVAZ 

AB NV 
CA 
CAAZ 
AB - 
CA 
CAAZ -- 

CAAZ - 
CAAZ 
ORCAAZ -- 

CAAZ 

CA NV - 

CAAZ 
UT 
AZ 
AZ 
AZ - 
AZ - 
BC WA OR 
WA OR 
NV - 
CA NV 
ABAZ -- 
BC WA NV UT CO 
x2 

-- 

ABAZNM --- 
ABAZNM - - 
CA 
CA 

Channelization and bank stabilization of 
rivers 

Unknown 
Unknown (local reductions, now increas- 

ing?) 
Urbanization 
Urbanization 
Competition with starlings, overgrazing 

of woodland habitat 
Competition with starlings 
Destruction of riparian mesquite habitat 
Loss of habitat to agriculture? 
Destruction of grasslands 
Pesticides? 
Cowbird parasitism, destruction of ripar- 

ian habitat 
Cowbird parasitism? 
Destruction of riparian mesquite habitat 
Cowbird parasitism, destruction of ripar- 

ian habitat 
Drainage of marshes and loss of riparian 

habitat, cowbird parasitism? 
Destruction of riparian habitat, cowbird 

parasitism? 
Destruction of riparian habitat 
Unknown 
Unknown 
Degradation of wintering habitat? 
Overgrazing, destruction of grasslands 
Overgrazing 
Unknown (cowbird parasitism?) 
Destruction of grasslands? 
Unknown 
Destruction of grasslands 
Destruction of grasslands 
Unknown 
Destruction of marshes and riparian 

habitat 
Destruction of grasslands 
Destruction of grasslands 
Drainage of marshes, pesticides? 
Drainage of marshes 

century, although Burrowing Owls and 
grassland grouse continue to decline and 
Yellow-billed Cuckoos only persist in very 
small numbers. 

Destruction of riparian habitat was im- 
plicated as a cause of decline for the largest 
number of species (16); destruction of grass- 
land habitat was a close second (15 species), 
followed by shooting (13), overgrazing (9), 
logging and clearing of forests (7) cowbird 
parasitism (7), destruction of marshes (4) 
urbanization (4), competition with starlings 

for nest holes (4) possible pesticide use (4) 
possible degradation of tropical wintering 
habitat (2) agricultural development of des- 
ert habitat (2), streambank channelization 
and stabilization (1) and elimination of fos- 
sorial mammals (1). Permanent resident 
species comprised the largest proportion 
(38.7%) of the 75 decreasing species, fol- 
lowed by short-distance (32.0%) and long- 
distance (29.3%) migrants. 

A list of 65 landbird species whose breed- 
ing populations were known to have in- 
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TABLE2. SPECIES~FLANDBIRDSKNOWNTO HAVE~NCREA~EDIN WESTERNNORTHAMERICAOVERTHEPAST 
~~OYEARS,STATES(ORPROVINCES)WHERETHEYHAVEINCREASED,ANDPROBABLECAUSESFORTHURINCREASES. 
UNDERLINEDSTATES(ORPRO~CES)PWAREASWHEREMAJORINCREASES(>~O%POPULATIONINCREASES)HAVE 
@XXJRRED 

Species Where increased Probable cawes 

Rock Dove 

Band-tailed Pigeon 
Mourning Dove 

Inca Dove 
Common Ground-Dove 
Barn Owl 

Western Screech-Owl 

Barred Owl 

Whip-poor-will 
White-throated Swift 
Berylline Hummingbird 
Violet-crowned Hummingbird 
Magnificent Hummingbird 
Black-chinned Hummingbird 
Anna’s Hummingbird 
Allen’s Hummingbird 
Red-headed Woodpecker 

Williamson’s Sapsucker 
Hammond’s Flycatcher 
Black Phoebe 
Brown-crested Flycatcher 
Tropical Kingbird 
Thick-billed Kingbird 
Western Kingbird 
Scissor-tailed Flycatcher 
Rose-throated Becard 
Cliff Swallow 
Cave Swallow 

Barn Swallow 
Blue Jay 
Black-billed Magpie 
American Crow 
Common Raven 
Verdin 
Bushtit 
White-breasted Nuthatch 
American Robin 
Northern Mockingbird 

Brown Thrasher 
Bendire’s Thrasher 
Curve-billed Thrasher 
White Wagtail 
American Pipit 
European Starling 

Warbling Vireo 
Townsend’s Warbler 
Grace’s Warbler 
Red-faced Warbler 

BC AB WA OR CA NV ID ------- 
MTWYUTCOAZNM ------ 

BC 
BC WA OR 

NVAZNM -- 
CAAZ 
BC CA 

CA 

BC WA OR CA ID ----- 

CA NV UT --- 
BC OR 
AZ - 
AZ 
Co 
BC 
BC WA OR CA ---- 
CA 
NM 

BC 
AK 
NM 
NV 
AZ 
AZ - 
WA 

UT 

NM 
AZ 
AK AB WA OR CA 
AZ NM- 

- 

AK AB WA OR CA 
MT WY- 
AK AB 
AB WA OR CA NV NM 
AK AB 
AZ 
BC CA 
AB 
CA 
AB OR CA NV - 

AB 
AZ 
AZ 
AK 
CA NV -- 
AK BC AB WA OR CA NV ------- 

IDMTWYUTCOAZ _----- 
NM 

BCX WA OR 
OR 
NVCO 
AZ 

Range expansion, urbanization, agricul- 
tural practices, development 

Northward range expansion 
Clearing of forests, agricultural practices, 

urbanization 
Urbanization, range expansion 
Agricultural practices, irrigation 
Agriculture, increased nesting sites, range 

expansion 
Logging, settlement of grassland (recent 

decreases have occurred) 
Westward and southward range expan- 

sion 
Northward range expansion 
Range expansion 
Northward range expansion 
Northward range expansion 
Northward range expansion 
Plower gardens and feeders 
Plower gardens and feeders 
Plower gardens and feeders 
Westward range expansion (following 

telephone poles?) 
Westward range expansion 
Northward range expansion 
Agricultural practices, irrigation 
Northward range expansion 
Northward range expansion 
Northward range expansion 
Settlement of grasslands 
Settlement of grasslands 
Northward range expansion 
Increased nesting sites 
Northward range expansion, increased 

nesting sites 
Increased nesting sites 
Westward range expansion 
Range expansion following development 
Increased agriculture and urbanization 
Range expansion following development 
Increase in brushlands 
Increased development and urbanization 
Northward range expansion 
Increased development and urbanization 
Increased development and urbanization, 

northward range expansion 
Northward range expansion 
Agricultural practices and development 
Development and urbanization 
Range expansion 
Westward range expansion 
Range expansion, agricultural practices, 

development, urbanization 

Increased adaptation to towns 
Unknown 
Northward range expansion 
Northward range expansion 
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TABLE 2. CONlWUED 

Species Where increased Probable causes 

Painted Redstart 
Hepatic Tanager 
Northern Cardinal 
Indigo Bunting 
California Towhee 
Song Sparrow 
Bobolink 

Red-winged Blackbird 
Western Meadowlark 
Brewer’s Blackbird 
Great-tailed Grackle 

Bronzed Cowbird 

Brown-headed Cowbird 

Hooded Oriole 

House Finch 

American Goldfinch 
House Sparrow 

NV - 
CA NV -- 
AZ 
AZ - 
CA 
CA 
AB WA OR CA 

CA - 
AB WA OR CA 
CA 
CANVUTCOAZNM --_--_ 

AZ 

BCWAORCANVAZ ------ 

CAAZ -- 

BC AB WA OR CA - -- 

WA 

Northward range expansion 
Northward range expansion 
Range expansion 
Range expansion 
Development and urbanization 
Agricultural practices (irrigation) 
Westward range expansion, agricultural 

practices, irrigation (more recently, 
numbers have decreased) 

Agricultural practices, irrigation 
Agricultural practices, irrigation 
Development, urbanization 
Range expansion, agricultural practices, 

development 
Range expansion, livestock, agricultural 

practices 
Livestock, agricultural practices, range 

expansion 
Planting of palm trees, urbanization, 

range expansion 
Development, urbanization, agricultural 

practices 
Development, spread of agriculture 
Range expansion, urbanization, agricul- 

tural practices, development 
BC AB WA OR CA NV ID 

MTWVUTCOAZNM ------ 

creased substantially in at least one state or 
province in western North America in the 
past 100 years is presented in Table 2. In 
contrast to the decreasing species, the ma- 
jority (47, 72%) were passerines; moreover, 
six of the 18 increasing non-passerine spe- 
cies were hummingbirds. The most frequent 
cause for population increase was range ex- 
pansion (38 species), particularly northward 
range expansion (18 species; see also John- 
son 1994). 

Increased agriculture was implicated as a 
cause for the next largest number of increas- 
ing species (17) followed by increased de- 
velopment (14) urbanization (14), irriga- 
tion (5) increases in nesting sites (4) 
settlement of grassland (3) flower gardens 
and hummingbird feeders (3), clearing of 
trees (2) livestock practices (2) increases in 
brushland (1) planting ofpalm trees (1) and 
adaptation to towns (1). Three introduced 
species that arrived by range expansion from 
the east, Rock Dove, European Starling, and 
House Sparrow, showed the largest and most 
widespread increases. The next largest and 

most widespread increases were shown by 
American Crow, Great-tailed Grackle, 
Brown-headed Cowbird, House Finch, Barn 
and Cliff swallows, and the rapidly expand- 
ing Barred Owl. All but the owl are closely 
tied to agricultural practices and urban de- 
velopment and adapt well to human mod- 
ification of the environment. In contrast to 
decreasing species, long-distance migrants 
comprised the largest proportion (40.0%) of 
increasing species, followed by permanent 
residents (32.3%) and short-distance mi- 
grants (27.7%). 

We used data on population trends for 
130 migratory landbird species in western 
United States, as compiled by Carter and 
Barker (1993), to investigate recent pop- 
ulation changes. An additional 56 migratory 
landbird species that have bred in the west- 
em states but are too local or rare to be 
sampled effectively by the BBS and another 
91 primarily resident species were not in- 
cluded in this analysis. We identified 5 8 mi- 
gratory species that decreased in either the 
past 26 or 13 years (Table 3) 44 that in- 
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TABLE 3. SPECIES OF MIGRATORY LANDBIRDS FOR WHICH OUR ANALYSIS OF BBS DATA INDICATES A DECREASING 
POPULATION TREND IN THE WESTERN UNITED STATES DURING EITHER THE PAST 26 OR PAST 13 YEARS (SEE TEXT) 

Past 26 yrs (19664991) Past 13 yrs (1979-1991) 

Species 
Mig. 

status1 Trend’ 
Number 

states 
MeaIl 
PTR’ Trend2 

Number 
states 

Meall 
PTR’ 

Band-tailed Pigeon S 
Mourning Dove S 
Black-billed Cuckoo L 
Burrowing Owl S 
Short-eared Owl S 
Common Poorwill S 
Vaux’ Swift L 
White-throated Swift S 
Black-chinned Hummingbird L 
Anna’s Hummingbird S 
Rufous Hummingbird L 
Allen’s Hummingbird L 
Belted Kingfisher S 
Lewis’ Woodpecker S 
Williamson’s Sapsucker S 
Northern Flicker S 
Olive-sided Flycatcher L 
Say’s Phoebe S 
Eastern Kingbird L 
Homed Lark S 
North. Rough-winged Swallow L 
Bank Swallow L 
Rock Wren S 
Golden-crowned Kinglet S 
Veery* L 
Swainson’s Thrush L 
Sprague’s Pipit S 
Loggerhead Shrike S 
Bell’s Vireo L 
Red-eyed Vireo* L 
Nashville Warble? L 
Lucy’s Warbler L 
Yellow-rumped Warbler S 
Black-throated Gray Warbler* L 
American Redstart* L 
MacGillivray’s Warbler L 
Wilson’s Warbler L 
Lazuli Bunting L 
Chipping Sparrow S 
Brewer’s Sparrow S 
Black-chinned Sparrow L 
Black-throated Sparrow S 
Baird’s Sparrow* S 
Grasshopper Sparrow L 
Fox Sparrow S 
Song Sparrow S 
White-crowned Sparrow S 
Dark-eyed Junco S 
Bobolink L 
Eastern Meadowlark S 
Western Meadowlark S 
Brewer’s Blackbird S 
Bronzed Cowbird S 
Hooded Oriole L 
Scott’s Oriole* L 
Pine Siskin S 
Lesser Goldfinch S 
Lawrence’s Goldfinch S 

- 

D 
D 
- 

D 
- 

d 

& 
I 
D 
D 
- 

- 
D 
D 
D 
D 

(A, 
D 
D 
d 
D 
D 
D 
D 
D 
- 

D 
D 
- 

D 
D 

3 4.00 
11 3.27 

1 4.00 
5 3.40 
1 4.00 
1 4.00 
3 4.33 
3 3.67 
1 5.00 
1 4.00 
2 5.00 
1 5.00 
6 3.67 
1 4.00 
1 5.00 

10 3.70 
4 4.25 

10 3.70 
5 2.80 

11 3.73 
9 2.78 
4 3.25 

11 4.18 
4 4.00 
3 2.00 
5 3.80 
1 4.00 
9 3.11 
1 3.00 
2 1.50 
4 3.25 
1 4.00 
7 3.43 
3 3.67 
1 2.00 
5 3.60 
5 4.40 
7 2.86 

10 4.30 
7 4.57 
1 5.00 
5 4.60 
1 2.00 
6 3.67 
1 4.00 
8 3.88 
5 3.40 
5 3.80 
1 4.00 
1 4.00 

10 3.90 
8 4.12 

- - 
1 4.00 
4 4.25 
7 3.71 
4 4.00 
1 5.00 

D 
D 
D 
d 
d 
- 
- 

D 
- 
- 

D 
- 
- 
- 
D 
d 
D 
- 

D 
D 
d 
- 

D 
- 

D 
- 

D 
D 
D 
D 
I 
- 
- 

I 
D 
- 
- 

d 
D 
D 
D 
- 

D 
- 
- 
- 

d 
D 
D 
D 
- 
- 
D 
- 

I 
D 
- 

D 

3 4.00 
11 3.73 

1 4.00 
5 3.20 
4 3.25 
3 3.00 
3 3.33 
4 3.75 
4 3.75 
1 3.00 
2 4.50 
1 3.00 
7 3.43 
2 3.50 
1 5.00 

11 3.36 
6 4.00 

10 3.10 
6 3.67 

11 3.91 
11 3.36 
6 3.00 

11 3.55 
4 3.50 
4 3.75 
6 2.83 
1 4.00 
9 4.00 
2 4.00 
2 4.00 
4 2.00 
1 3.00 
8 2.88 
3 1.67 
1 4.00 
7 3.14 
6 2.83 
8 3.50 

11 4.36 
7 4.00 
1 5.00 
5 3.40 
1 5.00 
6 3.17 
2 2.50 
8 3.50 
7 3.43 
7 4.00 
1 5.00 
1 4.00 

11 3.27 
9 3.56 
1 4.00 
2 2.50 
4 2.25 
8 4.00 
6 3.17 
1 4.00 
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creased in either of the two time periods 
(Table 4), and 35 for which trends could be 
identified in neither of the two time periods 
(Table 5). 

The mean (*SD) PTR of all 125 species 
under consideration during the 26-year pe- 
riod (1966-1991) was 3.20 + 0.85, sug- 
gesting a small decreasing trend. Sixty-eight 
of these 125 species (54.4%) showed evi- 
dence of decreasing or increasing popula- 
tion trends over the 26 years. Of these 68 
species, the proportion of decreasing species 
(66%) was significantly greater than the pro- 
portion ofincreasing species (34%, P = 0.0 1, 
binomial test). When we examined the 130 
species under consideration during the 13- 
year period (1979-l 99 l), we found that the 
mean PTR (3 .O 1 k 0.8 1) indicated virtually 
no trend whatsoever. Of the 64 species that 
showed evidence of population trends over 
these 13 years, the proportion of decreasing 
species (50%) was the same as the propor- 
tion of increasing species (50%, P B 0.95). 
Thus, when all species are considered, there 
was a declining trend in the abundance of 
migratory birds in the western United States 
over the past 26 years, but no trend over 
the past 13 years. 

We next divided the species into two 
groups based on the location of their major 
wintering grounds: short-distance migrants 
that winter extensively in the temperate ar- 
eas of North America and long-distance mi- 
grants that winter primarily in the tropics 
(Tables 3,4, and 5). Ofthe 34 short-distance 
migrants that showed evidence of popula- 
tion trends over the past 26 years, 27 (79%) 
declined while only seven (2 1%) showed in- 

creasing trends (P = 0.0008); their mean 
PTR over this period was 3.3 1 2 0.78. This 
pattern was still evident, but was not sta- 
tistically significant, for short-distance mi- 
grants during the the past 13 years, when 
20 (59%) of 34 declined and 14 (4 1%) in- 
creased (P = 0.39); their mean PTR for this 
period was 3.09 k 0.77. The proportion of 
decreasing and increasing species did not 
differ among the long-distance migrants for 
either time period (proportion of declining 
species = 53% for last 26 years [P = 0.861 
and 40% for last 13 years [P = 0.361) sug- 
gesting that these species as a group did not 
undergo any significant population trends 
in the western United States in the past 26 
or 13 years. Their mean PTRs over these 
two periods were 3.07 k 0.92 and 2.93 k 
0.77. 

The mean PTRs for most species groups 
generally decreased somewhat between the 
past 26 years and the past 13 years (Table 
6). For decreasing species, there was a con- 
sistent tendency for the rate of decline to be 
lower over the past 13 years than over the 
entire 26 years. For increasing species, there 
was a tendency for the rate of increase to be 
higher over the past 13 years than over the 
past 26 years, at least for short-distance mi- 
grants. For species that showed no trends 
in the past 26 or 13 years, there was also a 
tendency for the mean PTRs to be more 
positive. Thus, there is no evidence for an 
increasing rate of decline in western migra- 
tory landbirds as has been observed in many 
species of Neotropical migrants in the east- 
em United States (Robbins et al. 1989, Sauer 
and Droege 1992). 

’ Miaration status: S = short-distance mierant: substantial numbers winter in temperate North America. L = long-distance migrant; virtually all 
indiciduals winter in the tropics. 
? D = strone decreasine trend: more than 50% of the states showed decreasine trends WTR = 41 or definite decreases WTR = 5). not more than 25% 
of the stat&showed &reasi& trends (FTR = 2) or definite increases (F’TR- . 

,_ 
I), and the mean PTR was greater than 3.50. d = weak decreasing 

trend; same as D except mean FTR not greater than 3.50. (D) = local decreasing trend; less than 50% of the states showed decreasing trends or 
definite decreases, or more than 25% of the states showed increasing trends or defimte increases, but the mean PTR was greater than 3.50. I = strong 
increasing trend; more than 50% of the states showed increasing trends or definite increases, not more than 25% of the states showed decreasing 
trends or definite decreases, and the mean FTR was less than 2.50. i = weak increasing trend; same as I except mean FTR not less than 2.50. (I) = 
local increasing trend; less than 50% of the states showed increasing trends or definite increases, or more than 25% of the states showed decreasing 
trends or definite decreases, but the mean FTR was less than 2.50. 
’ Mean FTR = mean population trend ranking (see text). 
l Included on both the decreasing and increasing lists. 
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TABLE 4. SPECXES OF MIGRATORY LANDBIRDS FOR WHKH OUR ANALYSIS OF BBS DATA INDICATES AN INCREAS- 
ING POPULATION TREND IN THE WESTERN UNITED STATES DURING EITHER THE PAST 26 OR PAST 13 YEARS (SEE 
TEXT) 

Species 
Mig. 

status 

Past 26 yrs (19664991) 

NUlIlkI Mean 
Trend’ slates PTR’ 

Past 13 yTs(1979-1991) 

NUlllblX Meall 
Trend’ slates mR’ 

Lesser Nighthawk 
Costa’s Hummingbird 
Red-naped Sapsucker 
Red-breasted Sapsucker 
Western Wood-Pewee 
Willow Flycatcher 
Least Flycatcher 
Hammond’s Flycatcher 
Dusky Flycatcher 
Gray Flycatcher 
Ash-throated Flycatcher 
Brown-crested Flycatcher 
Western Kingbird 
Violet-green Swallow 
Cliff Swallow 
House Wren 
Blue-gray Gnatcatcher 
Townsend’s Solitaire 
Veery* 
Hermit Thrush 
Cedar Waxwing 
Phainopepla 
Solitary Vireo 
Warbling Vireo 
Red-eyed Vireo* 
Orange-crowned Warbler 
Nashville Warbler* 
Black-throated Gray Warble? 
American Redstart* 
Northern Waterthrush 
Common Yellowthroat 
Yellow-breasted Chat 
Black-headed Grosbeak 
Blue Grosbeak 
Rufous-sided Towhee 
Cassin’s Sparrow 
Clay-colored Sparrow 
Savannah Sparrow 
Baird’s Sparrow* 
Lincoln’s Sparrow 
McCown’s Longspur 
Chestnut-collared Longspur 
Scott’s Oriole* 
Purple Finch 

L 
S 
S 
S 

S 
L 
S 
L 
S 
S 
S 
L 
L 
L 
S 
L 
L 
L 
L 
S 
L 
L 
L 
S 
L 
L 
S 
S 
S 
S 
S 
L 
S 

I 
- 

I 
I 
I 
- 
- 
- 
- 
- 

I 
I 

0 
I 
- 
- 
- 
I 

- 
- 
- 
I 
I 
I 

: 
D 
I 

- 
- 
1 
I 
I 

- 

I 
I 

- 
I 
I 
I 
I 

D 
- 

2 1 so 
1 3.00 
3 1.33 
3 2.00 
9 2.44 
6 3.17 
1 3.00 
4 3.00 
6 2.50 
2 3.00 
6 2.17 
1 1.00 

11 2.9 1 
11 2.36 
11 2.45 
7 2.86 
2 3.00 
4 2.75 
3 2.00 
5 2.60 
5 3.40 
2 2.50 
6 2.33 
7 2.29 
2 1.50 
4 2.75 
4 3.25 
3 3.67 
1 2.00 

- - 

7 2.86 
6 2.33 
9 1 .I8 
4 2.25 

10 3.30 
2 2.00 
2 1.50 
6 3.00 
1 2.00 
1 2.00 
1 1.00 
1 2.00 
4 4.25 
3 3.00 

I 
I 

- 
I 

- 
I 
I 
I 
I 
I 
I 
I 
I 
- 

I 
I 
I 
I 

: 
I 
I 

- 
I 
D 
- 

I 
I 

D 

(:I 
- 
I 
I 
i 

- 

2 2.00 
1 2.00 
5 2.40 
3 1 .oo 

10 3.20 
7 2.14 
1 2.00 
4 2.25 
7 2.00 
2 2.00 
6 2.17 
1 1 .oo 

11 2.36 
11 3.00 
11 2.45 
8 2.12 
4 2.00 
5 2.00 
4 3.75 
6 2.33 
5 2.40 
2 1.50 
9 3.00 
7 2.29 
2 4.00 
4 3.25 
4 2.00 
3 1.67 
1 4.00 
1 2.00 
7 2.43 
6 3.17 

10 2.40 
5 2.20 

11 2.64 
2 3.00 
2 2.50 
7 2.50 
1 5.00 
3 2.33 
2 1 so 
1 2.00 
4 2.25 
3 2.33 

’ See Table 3 for definitions. 
2 See Table 3 for definitions. 
’ See Table 3 for definitions. 
* Included on both the decreasing and increAsing lists. 

Table 6 also indicates that the mean PTRs PTRs for short-distance migrants, however, 
of short-distance and long-distance mi- tended to be higher than those for long-dis- 
grants did not differ much or were lower for tance migrants for decreasing species and 
short-distance migrants for increasing spe- for total species, again confirming the ten- 
ties and for species with no trends. Mean dency for greater decreases among short- 
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TABLE 5. SPECIES OF MIGRATORY LANDBIRDS FOR WHICH OUR ANALYSIS OF BBS DATA INDICATES A DECEASING 
OR INCREASING POPULATTON TREND IN THE WESTERN UNITED STATFS DURING NEITHER THE P~sr 26 OR P~sr 13 
YEARS (SEE TEXT) 

Species 
Mig. 

slam 

Past 26 yrs(1966-1991) Past 13 yTs (1979-1991) 

Number MEIn Number Mean 
Trend’ states I?-RJ Trend’ states F-TR’ 

White-winged Dove 
Common Nighthawk 
Black Swift 
Calliope Hummingbird 
Broad-tailed Hummingbird 
Cassin’s Kingbird 
Purple Martin 
Tree Swallow 
Barn Swallow 
Brown Creeper 
Marsh Wren 
Ruby-crowned Kinglet 
Wesiem Bluebird _ 
Mountain Bluebird 
American Robin 
Gray Catbird 
Northern Mockingbird 
Sage Thrasher 
Bendire’s Thrasher 
Virginia’s Warbler 
Yellow Warbler 
Townsend’s Warbler 
Hermit Warbler 
Western Tanager 
Green-tailed Towhee 
Vesper Sparrow 
Lark Sparrow 
Sage Sparrow 
Lark Bunting 
Red-winged Blackbird 
Yellow-headed Blackbird 
Brown-headed Cowbird 
Northern Oriole 
Cassin’s Finch 
American Goldfinch 

L 

L 

L 
L 
L 
L 
L 
L 
L 
S 
S 
S 
S 
S 
S 
L 
S 
S 
L 
L 
L 
S 
L 
L 
L 
S 
S 
S 
S 
S 
S 
S 
L 
S 
S 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

2 
10 

2.50 
3.10 

- 

3 
2 
4 
1 
8 

10 
3 
2 
7 
5 

10 
11 
3 
6 
6 

3.33 
3.50 
3.50 
3.00 
2.15 
3.30 
3.33 
3.00 
2.71 
3.20 
2.70 
3.00 
2.67 
2.67 
2.83 

- - 
- - 

8 3.00 
2 3.00 
2 3.00 
I 3.00 
5 2.80 

10 3.00 
9 3.22 
4 2.75 
3 3.00 

11 3.18 
8 3.00 

11 3.00 
10 3.00 
7 3.43 
7 3.14 

- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 

1 3.00 
11 2.91 
2 3.50 
4 2.75 
4 3.00 
4 3.00 
2 3.50 
8 2.15 

11 3.00 
3 3.00 
2 3.00 
7 2.71 
6 2.83 

10 2.60 
11 2.91 
4 3.50 
6 2.61 
6 2.83 
3 3.33 
1 3.00 
8 3.12 
2 2.50 
2 2.50 

11 2.64 
8 2.50 

10 3.00 
11 3.18 
4 2.50 
4 3.25 

11 3.09 
8 3.12 

11 2.64 
11 3.18 
8 2.88 
I 3.00 

’ See Table 3 for definitions. 
1 See Table 3 for definitions. 
’ See Table 3 for definitions. 

distance than among long-distance mi- 
grants. None of the differences, however, 
were significant. 

There was relatively little comparability 
between the decreasing species found on lists 
generated from BBS data versus those gen- 
erated from long-term avifaunal informa- 
tion on population changes in the various 
states. Of 58 migratory landbird species 
identified as decreasing from relatively re- 
cent BBS data, 20 also occurred on the long- 
term decreasing list while 13 occurred on 
the long-term increasing list. The situation 

was even more disparate for the 44 migra- 
tory species identified as increasing from 
BBS data, as only five were on the long- 
term increasing list while seven were on the 
long-term decreasing list. This suggests that 
the major factors affecting populations of 
migratory landbirds are different today than 
they were more than half a century ago. 

DISCUSSION 

Our indices of population trends from BBS 
data involve three factors: the magnitude of 
the trend over the census period in a par- 
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TABLE 6. MEAN PTR’ VALUES FOR WESTERN MIGRATORY SPECIEZS IN THE WESTERN UNITED STAT= FOR THE 
PAST 26 YEARS (1966-1991) AND THE PAST 13 YEARS (1979-1991) 

Past 26 years Past 13 years 
Number PTR’ Number 
species (mean + SD) species (rnea~: SD) 

Decreasing specie? 

Short-distance migrants 32 3.88 + 0.55 33 3.65 -t 0.54 
Long-distance migrants 25 3.66 + 0.97 25 3.38 zk 0.84 
Total 57 3.78 k 0.76 58 3.53 + 0.69 

Increasing species3 

Short-distance migrants 17 2.49 + 0.67 17 2.34 + 0.85 
Long-distance migrants 26 2.45 f 0.73 27 2.47 2 0.71 
Total 43 2.47 f 0.70 44 2.44 + 0.76 

Species with no trends4 

Short-distance migrants 18 3.01 * 0.22 18 2.87 + 0.23 
Long-distance migrants 14 3.03 Ifr 0.30 17 3.01 + 0.32 
Total 32 3.02 f 0.25 35 3.94 f 0.28 

Total species5 

Short-distance migrants 66 3.31 * 0.78 67 3.09 k 0.77 
Long-distance migrants 59 3.07 k 0.92 63 2.93 + 0.77 
Total 125 3.20 + 0.85 130 3.01 + 0.77 

’ PTR = population trend ranking: 5.00 = definite decrease, 4.00 = decreasing trend, 3.00 = no trend or trend unknown, 2.00 = increasing trend, 
1.00 = definite increase (see text). 
’ Species identified as decreasing in either the past 26.year or 13-year period. 
’ Species identified as increasing in either the past 26.year or 13-year period. 
’ Species showing a decreasing or increasing trend in neither the past 26-year or 13-year period. 
’ Total species does not equal the sum of the decreasing, increasing, and no trend species because seven species (identified by l in Tables 3 and 4) 
decreased in one period and increased in the other and, consequently, were placed on both the decreasing and increasing species lists. 

ticular state, the uncertainty of the trend 
within the state, and the consistency of the 
trend across all western states (see Carter 
and Barker [in press] for a discussion of the 
first two factors). Thus, our index only al- 
lows us to detect changes that are more or 
less consistent in most of the western states. 

Peterjohn and Sauer (in press) provide a 
summary of 26 years (1966-199 1) of BBS 
data for North America as a whole, for three 
major geographical regions (Eastern, Cen- 
tral, Western), and for various species guilds 
based on migratory status, breeding habitat, 
and nest location. They found that the pro- 
portion of increasing species among all spe- 
cies with sufficient sample size was higher 
in the Western Region (56.5%; differs from 
the expected value of 50.0% at P < 0.10) 
than in either the Eastern (52.7%; P > 0.10) 
or Central (36.8%; P < 0.01) regions. They 
also found that the proportion of increasing 
species in the Western Region was exactly 
50.0% for both permanent resident and 
short-distance migrant species, but was 

62.1% (differs from the expected value of 
50.0% at P < 0.10) for long-distance mi- 
grants. Their results echo those of Sauer and 
Droege (1992) who found that 65% (P < 
0.05) of 48 long-distance migrant species 
had increasing trends in the Western Region 
over the long-term (1966-l 988) whereas 
68% (P < 0.05) of 47 species had increasing 
trends in a more recent time period (1978- 
1988). Moreover, they also found differ- 
ences in the proportion of increasing species 
among the Eastern, Central, and Western 
regions in the latter time period (P < 0.06), 
primarily because of a higher proportion of 
increasing species in the West. 

Our analyses of BBS data from the west- 
ern states, based upon Carter and Barker’s 
(1993) population trend ranks (PTRs), pro- 
vide qualitatively similar but quantitatively 
different results. Like Peterjohn and Sauer 
(1993) we suggest that long-distance mi- 
grant species fared better in the West during 
the last quarter-century than did short-dis- 
tance migrants. But, in contrast to their re- 
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sults, we suggest that long-distance migrants 
as a whole showed no trend while short- 
distance migrants showed a decreasing trend. 
Peterjohn and Sauer suggest that long-dis- 
tance migrants showed an increasing trend 
(as did Sauer and Droege [ 19921) while 
short-distance migrants (and permanent 
residents) showed no trend. Like Sauer and 
Droege (1992) however, our results suggest 
that population trends for long-distance mi- 
grants (and short-distance migrants) im- 
proved somewhat during the more recent 
13 years compared to the entire 26-year 
period. 

America has been the destruction of ripar- 
ian habitat. Because the key to human ac- 
tivity in arid lands is water, the most im- 
portant management strategy that should be 
implemented immediately in western North 
America is the complete protection and, as 
possible, the restoration of riparian habi- 
tats. Such areas provide critical breeding 
habitat for a number of declining species, 
important habitat for wintering populations 
of many species, and stop-over locations for 
most long- and short-distance migrants. 

We explain differences between our re- 
sults and those of Peterjohn and Sauer (1993) 
and Sauer and Droege (1992) by our use of 
data (PTRs generated by Carter and Barker 
[ 1993]), which included measures of both 
the magnitude and the uncertainty of the 
trends, rather than data limited only to the 
number of species undergoing decreasing or 
increasing trends. The results of analyses 
that include information on the magnitude 
and uncertainty of the trends appear to be 
less optimistic than the results of analyses 
that do not include this information. 

Our results also agree well with data on 
passage migrants from Southeast Farallon 
Island (SEFI) over the past 25 years (Pyle 
et al. 1994). They showed that nocturnal 
migrant arrivals to SEFI decreased overall 
between 1968 and 1992, and that this de- 
crease was significant in spring but not in 
fall. They also showed that species and 
groups of species showing declines outnum- 
bered those showing increases 28 to 16, and 
that significant decelerating declines during 
the 25year period were detected in 21 spe- 
cies and 5 groups, whereas accelerating de- 
clines were detected in only one species and 
no group. Virtually all analyses of BBS data, 
including ours, also show smaller decreases 
(or larger increases) over the last 12-l 3 years 
than over the entire 25-26 year period in 
western North America. 

A second point is that short-distance mi- 
grants, particularly species associated with 
grasslands and shrublands, appear to be de- 
clining in western North America. The his- 
torical record implicates the destruction of 
grasslands and overgrazing as the second 
and fourth most important causes of pop- 
ulation declines of western landbirds during 
the past century, and BBS data suggest that 
the declines are continuing. Arguments to 
stop the extensive grazing of public lands in 
western United States deserve a fair hearing. 
The possibility that the declines in a number 
of western sparrows (Table 3) may be linked 
to habitat degradation on their wintering 
grounds in southwestern United States and 
northwestern Mexico also deserves study. 
Moreover, a probable connection between 
grazing on public lands and increased cow- 
bird parasitism is obvious. 

A third point is that accelerating declines 
in forest-inhabiting, long-distance migrant 
species, recently documented from eastern 
and central North America (Robbins et al. 
1989, Terborgh 1989, Askins et al. 1990, 
Sauer and Droege 1992) do not seem to be 
occurring in western North America. This 
is not to say that western populations of 
such species are not being affected by de- 
forestation and forest fragmentation on both 
their temperate breeding grounds and trop- 
ical wintering grounds; rather, the effects are 
not yet as acute as in eastern North Amer- 
ica. 

Some major points emerge from these re- Forest-inhabiting long-distance migrants 
sults. First, the most important cause of the from eastern North America winter pri- 
decline of landbird species in western North marily in the Caribbean Basin (eastern Mex- 
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ice, Central America, extreme northern 
South America, and the West Indies), a very 
small land area compared to the area of their 
breeding grounds. In contrast, forest-inhab- 
iting long-distance migrants from western 
North America winter primarily in western 
and southern Mexico, an area that equates 
to a relatively larger proportion of their 
breeding grounds. As a result, eastern spe- 
cies may winter in higher densities so that 
degradation of winter habitat may have a 
relatively greater effect on eastern than on 
western species. Moreover, the wintering 
habitat for forest-inhabiting Neotropical 
migrants is likely more intact overall for 
western species than for eastern ones (Hutto 
1988). Still, it should be noted that signifi- 
cant declines were found on SEFI, at least 
in spring, for species wintering in western 
Mexico (Pyle et al. 1994). A similar situa- 
tion may also exist on the breeding grounds. 
Despite massive deforestation, forest frag- 
mentation, and destruction of old-growth 
forests in the past quarter-century, the for- 
ests of western North America are still more 
intact than those over much of eastern North 
America, where both old growth and large 
tracts of forested land are becoming van- 
ishingly small. 

Another change is the increased occur- 
rence rates of vagrant, out-of-range species 
in western North America. From 10 years 
of unbiased data from SEFI (1968-1978) 
DeSante (1983) suggested that the increase 
in vagrants was a real phenomenon and not 
an artifact of increased observation. This 
was confirmed by Pyle et al. (1994) who 
showed that eastern forest-inhabiting spe- 
cies had increasing trends on SEFI over the 
past 25 years in both spring and fall. This 
is especially noteworthy because 1) most 
other landbird species showed decreasing 
trends on SEFI and 2) overall populations 
of eastern forest-inhabiting species appear 
to be decreasing, particularly in the past 1 O- 
12 years. These results suggest that the 
proportion of vagrant individuals is increas- 
ing in populations of these eastern forest- 
inhabiting species. DeSante (1983) hypoth- 

esized that this increase could be caused by 
a selective increase in both the proportion 
of dispersing individuals and the dispersal 
distances of those individuals (vagrants be- 
ing merely the extremes of dispersal) in re- 
sponse to increased rates of habitat change 
and disturbance. 

Inferences about population trends in 
western landbirds are constrained by the 
limited and anecdotal nature of historical 
data and by deficiencies of BBS data (Hagan 
et al. 1992). First, the quarter-century from 
which BBS data are now available is very 
short. It is possible that patterns in landbird 
populations are much more cyclic than we 
believe and reflect weather phenomena (and 
associated changes in food supply, breeding 
success, and survivorship) that are not well 
understood and that may be changing be- 
cause of natural or human-caused changes 
in global climate. It may not be a coinci- 
dence that the proportion of increasing spe- 
cies among all long-distance migrants de- 
creased significantly in eastern North 
America from the decade of the seventies 
to the eighties, when it tended to increase 
in western North America (Sauer and Droege 
1992; see also DeSante 1992, 1993 for fur- 
ther discussion). 

Second, the BBS can provide reliable in- 
formation only for relatively common spe- 
cies. Of the 75 species that we identified 
from historical accounts as decreasing in the 
past century and the 65 species we identified 
as increasing, 23 (3 1%) and 20 (310/o), re- 
spectively, were too rare or local in the west 
to be sampled effectively by the BBS. In- 
deed, the Monitoring Working Group (1992) 
suggested that the BBS was unable to mon- 
itor effectively 31% (79 of 256 species) of 
Neotropical migratory species. 

Third, BBS data are limited to roadsides, 
which often include a large proportion of 
fragmented and edge habitats. This may 
cause biases both in the kinds of species that 
are detected on BBS routes and in the counts 
of these species (O’Connor 1992). Further- 
more, roadside biases could be positive for 
some species and negative for others. A re- 
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lated problem with BBS data is that they 
are not habitat specific, thereby making it 
difficult to relate population trends to spe- 
cific habitat changes in any particular hab- 
itat type or to large-scale habitat changes in 
general. 

A final shortcoming of BBS data, and of 
all census or survey data, is that they only 
provide information on secondary popula- 
tion parameters (e.g., population size, den- 
sity, age structure) and not on primary pa- 
rameters (e.g., productivity, fecundity, 
survivorship, dispersal). Primary parame- 
ters may be more useful than secondary pa- 
rameters in determining the causes of pop- 
ulation change because environmental 
variation affects primary parameters di- 
rectly and can be observed over a short time 
period (Hutto 1988, Temple and Wiens 
1989). Because of buffering effects of floater 
individuals and density-dependent re- 
sponses of populations, there may be sub- 
stantial time lags between changes in pri- 
mary parameters and resulting changes in 
population size or density as measured by 
census or survey methods (Temple and 
Wiens 1989). Thus, a population could be 
in trouble long before it becomes evident 
from survey data. Finally, because of the 
vagility of most bird species, local varia- 
tions in secondary population parameters 
may often be masked by recruitment from 
a wider region (George et al. 1992) or ac- 
centuated by lack of recruitment from a 
wider area (DeSante 1990). 

Substantially greater monitoring and re- 
search efforts than are currently underway 
will be required to obtain the data necessary 
to manage western landbird populations ef- 
fectively in the face of the challenges that 
will be presented by human population 
growth and development in the twenty-first 
century. We recommend the establishment 
of a continent-wide “integrated avian pop- 
ulation monitoring system,” patterned after 
the scheme pioneered in Great Britain (Bail- 
lie 1990), that should include the following 
elements: 

1. Increased coverage of existing and 

proposed BBS routes, especially in the West 
where coverage in many areas is inconsis- 
tent and incomplete. 

2. Implementation of a systematic pro- 
gram of habitat-specific, off-road surveys, 
perhaps concentrating on public lands. 

3. Implementation of a program of in- 
tensive surveys of rare species that cannot 
be surveyed adequately by large-scale, 
broad-based programs. 

4. Increased and improved analyses of 
existing population trend data. Few analy- 
ses of BBS data at a local or regional scale 
exist for western North America, and only 
cursory analyses of trends within habitat 
types have been attempted (Carter and 
Barker 1993, Petejohn and Sauer 1993). 
Moreover, most analyses of BBS data, in- 
cluding ours, have used relatively long time 
periods. James et al. (1990, 1992) showed 
that exploratory analyses of short-term 
trends using nonparametric, nonlinear route 
regression may provide insights that are not 
evident from linear route regression that is 
used in most BBS analyses. 

5. Increased efforts to monitor primary 
demographic parameters through programs 
such as the Monitoring Avian Productivity 
and Survivorship (MAPS) program, coor- 
dinated by The Institute for Bird Popula- 
tions, and the Breeding Biology Research 
Database (BBIRD) program, coordinated 
by T. E. Martin. 

6. A concerted effort, using DNA finger- 
printing and increased analysis of banding 
recoveries, to determine, on as fine a scale 
as possible, the wintering localities for local 
populations of breeding migratory land- 
birds. Marshall (1988) suggested that the 
disappearance of certain populations of long- 
distance migratory birds in California may 
have been caused by the destruction of their 
wintering grounds in a relatively limited area 
of Central America. 

We further recommend that the opera- 
tion of an effective integrated avian popu- 
lation monitoring system should: (1) allow 
the standardized collection of data on both 
primary and secondary population param- 
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eters; (2) allow the interpretation of these 
data using population-modelling techniques 
capable of describing interrelationships 
between population variables and readily- 
measured environmental covariables; (3) 
assist in establishing action thresholds for 
management and/or further research; (4) 
facilitate identification of changes caused by 
anthropogenic factors by comparing ob- 
served population trends with those pre- 
dicted from environmental data and from 
preceding population levels; and (5) lead to 
the testing and refining of current models 
for population processes and the develop- 
ment of new ones. 

In summary, the past 100 years have wit- 
nessed pronounced changes in the charac- 
teristics of avian habitats in western North 
America, substantial changes in the popu- 
lations of landbirds associated with those 
habitats, the beginning of effective efforts to 
monitor and understand the causes of those 
changes, and the first coordinated resolve 
to prevent further decreases in landbird 
populations. Today, western landbird pop- 
ulations are facing a growing number of en- 
vironmental problems of ever increasing se- 
verity, including accelerating habitat loss, 
global climate change, and widespread toxic 
pollution. It is generally agreed that these 
threats could bring about rates of avian ex- 
tinction and avian range change that could 
exceed the highest rates ever recorded in the 
fossil record. Indeed, the next 100 years (or 
considerably less) will provide a real test of 
the resolve to prevent further decreases in 
landbird populations. 
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APPENDIX. Scientific names of species mentioned in 
the text or tables. 

Spruce Grouse (Dendragapus canadensis), Blue Grouse 
(Dendragapus obscurus), White-tailed Ptarmigan (La- 
gopus leucurus), Ruffed Grouse (Bonasa umbellus), Sage 
Grouse (Centrocercus urophasianus), Greater Prairie- 
Chicken (Tvm~~~nuchus cuoidol, Lesser Prairie-Chick- ~. - . , 
en (Tympanuchus pallidicinctus), Sharp-tailed Grouse 
(Tympanuchus phasianellus), Wild Turkey (Meleagris 
gallopavo), Montezuma Quail (Cyrtonyx montezu- 
mae), Northern Bobwhite (Colinus virginianus), Scaled 
Quail (Callipepla squamata), California Quail (Calli- 
pepla cal$ornica), Mountain Quail (Oreortyx pictus), 
Rock Dove (Columba liviu), Band-tailed Pigeon (Co- 
lumba fasciata), White-winged Dove (Zenaida asia- 
tica), Mourning Dove (Zenaida macrouru), Inca Dove 
(Columbina inca), Common Ground-Dove (Colum- 
bina passerina), Black-billed Cuckoo (Coccyzus ery- 
thropthalmus), Yellow-billed Cuckoo (Coccyzus amer- 
icanus), Greater Roadrunner (Geococcyx californianus), 
Barn Owl (Tytoalba), Western Screech-Owl (Otus ken- 
nicottii), Northern Hawk-Owl (Surnia ululu), Ferru- 
ginous Pygmy-Owl (Glaucidium brasilianum), Elf Owl 
(Micrathene whitneyi), Burrowing Owl (Athene cuni- 
culariu), Spotted Owl (Strix occidentalis), Barred Owl 
(Strix varia), Long-eared Owl (Asio otus), Short-eared 
Owl (Asio jLzmmeus), Lesser Nighthawk (Chordeiles 
acutipennis), Common Nighthawk (Chordeiles minor), 
Common Poorwill (Phalaenoptilus nuttallii), Whip- 
poor-will (Cuprimulgus vociferus), Black Swift (Cyp- 
seloides niger), Vaux’s Swift (Chaetura vauxi), White- 
throated Swift (Aeronautes sax&a/is), White-eared 
Hummingbird (Hylocharis leucotis), Berylline Hum- 
mingbird (Amaziliu beryllina), Violet-crowned Hum- 
mingbird (Amazilia violiceps), Magnificent Humming- 
bird (Eugenes fulgens), Black-chinned Hummingbird 
(Archilochus alexandri). Anna’s Hummingbird (Cu- 
iypte anna), Costa’s Hummingbird (Calyite cosiae), 
Calliope Hummingbird (Stellula calliope), Broad-tailed 
Hummingbird (Selasphorus platycercus), Rufous 
Hummingbird (Selasphorus rufus), Allen’s Humming- 
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bird (Sehzsphorus sasin), Belted Kingfisher (Ceryle al- 
cvon). Lewis’ Woodpecker (Melanerpes lewis), Red- 
headed Woodpecker (Melanerpes etythrocephalus), Gila 
Woodpecker (Melanerpes uropygialis), Red-naped 
Sapsucker (Sphyrupicus nuchalis), Red-breasted Sap- 
sucker (Sphyrupicus ruber), Williamson’s Sapsucker 
(Sphyrapicus thyroideus), Ladder-backed Woodpecker 
(Picoides scalaris), Northern (Gilded) Flicker (Coluptes 
auratus), Pileated Woodpecker (Dryocopus pileatus), 
Olive-sided Flycatcher (Contopus borealis), Western 
Wood-Pewee (Contopus sordidulus), Willow Flycatch- 
er (Empidonax trailhi), Least Flycatcher (Empidonax 
minimus), Hammond’s Flycatcher (Empidonax hum- 
mondii). Duskv Flycatcher (Empidonax oberholseri), 
Gray Flycatcher (kmpidonax wrightii), Buff-breasted 
Flycatcher (Empidonaxfulvifons), Black Phoebe (Suy- 
ornis nigricans), Say’s Phoebe (Suyornis saya), Ver- 
milion Flycatcher (Pyrocephalus rubinus), Ash-throat- 
ed Flycatcher (Myiarchus cineruscens), Brown-crested 
Flycatcher (Myiarchus tyrunnulus), Tropical Kingbird 
(Tyrannus melancholicus), Cassin’s Kingbird (Tyrun- 
nus vociferuns), Thick-billed Kingbird (Tyrannus crus- 
sirostris), Western Kingbird (Tyrannus verticalis), East- 
ern Kingbird (Tyrannus tyrannus), Scissor-tailed 
Flycatcher (Tyrannusforficutus), Rose-throated Becard 
(Pachyrumphus aglaiae), Homed Lark (Eremophila al- 
pestris), Purple Martin (Progne subis), Tree Swallow 
(Tachycineta bicolor), Violet-green Swallow (Tachyci- 
neta thalassina), Northern Rough-winged Swallow 
(Stelgidopteryxserripennis), Bank Swallow (Riparia ri- 
paria), Cliff Swallow (Hirundopyrrhonota), Cave Swal- 
low (Hirundo fulva). Barn Swallow (Hirundo rustica), 
BlueJay (Cyunocittacristata), Black-billed Magpie (Pica 
pica), American Crow (Corvus brachyrhynchos), Chi- 
huahuan Raven (Corvus cryptoleucus), Common Ra- 
ven (Corvus corux), Verdin (Auriparusflaviceps), Bush- 
tit (Psaltriparus minimus), White-breasted Nuthatch 
(Sittu carolinensis), Brown Creeper (Certhia ameri- 
cana), Cactus Wren (Campylorhynchus brunneicapil- 
lus), Rock Wren (Salpinctes obsoletus), House Wren 
(Troalodvtes aedon). Marsh Wren (Cistothorus palus- 
&is),-Golden-crowned Kinglet (Regtdus satrupa), kuby- 
crowned Kinglet (Regulus culendula), Blue-gray Gnat- 
catcher (Polioptila caerulea), California Gnatcatcher 
(Polioptila calzfornica), Western Bluebird (Sialia mex- 
icunu), Mountain Bluebird (Siuliu currucoides), Town- 
send’s Solitaire (Myudestes townsendi), Veery (Catha- 
rusfuscescens), Swainson’s Thrush (Catharus ustulatus), 
Hermit Thrush (Cutharus guttutus), American Robin 
(Turdus migrutorius), Gray Catbird (Dumetellu caro- 
linensis), Northern Mockingbird (Mimus polyglottos), 
Sage Thrasher (Oreoscoptes montanus), Brown Thrash- 
er (Toxostoma rufum), Bendire’s Thrasher (Toxostoma 
bendirei), Curve-billed Thrasher (Toxostoma curvi- 
rostre), Crissal Thrasher (Toxostoma crissale), Le- 
Conte’s Thrasher (Toxostoma lecontei), White Wagtail 
(Motacilla albu), American Pipit (Anthus rubescens), 
Sprague’s Pipit (Anthus spragueii), Cedar Waxwing 
(Bombvcillu cedrorum). PhainODeDla (Phainovevla ni- 
tens), Loggerhead Shhke (La&s ludovicianus), Eu- 
ropean Starling (Sturnus vulgaris), Bell’s Vireo (Vireo 

belli), Gray Vireo (Vireo vicinior), Solitary Vireo (Vireo 
solitarius), Warbling Vireo (Vireo gilvus), Red-eyed 
Vireo (Vireo olivaceus), Orange-crowned Warbler (Ver- 
mivora celata), Nashville Warbler (Vermivora rufica- 
pilla), Virginia’s Warbler (Vermivoru virginiae), Lucy’s 
Warbler (Vermivora luciae), Yellow Warbler (Den- 
droica petechia), Yellow-rumped Warbler (Dendroica 
coronata), Black-throated Gray Warbler (Dendroica 
nigrescens), Townsend’s Warbler (Dendroica townsen- 
di), Hermit Warbler (Dendroica occidentalis), Grace’s 
Warbler (Dendroica gruciae), American Redstart (Se- 
tophaga ruticilla), Northern Waterthrush (Seiurus no- 
veborucensis), MacGillivray’s Warbler (Oporornis tol- 
miei), Common Yellowthroat (Geothylpis trichas), 
Wilson’s Warbler ( Wilsonia pusilla), Red-faced War- 
bler (Cardellina rubrifrons). Painted Redstart (Mvio- 
borus pictus), Yellow-breasted Chat (Zcteria kens), 
Hepatic Tanager (Pirangafhzva), Summer Tanager (Pi- 
ranga rubru), Western Tanager (Piranga ludoviciana), 
Northern Cardinal (Cardinalis cardinalis), Black-head- 
ed Grosbeak (Pheucticus melanocephalus), Blue Gros- 
beak (Guiraca caerulea), Lazuli Bunting (Passerina 
amoena), Indigo Bunting (Pusserina cyanea), Painted 
Bunting (Pusserina ciris), Dickcissel (Spiza ameri- 
cana), Green-tailed Towhee (Pipilo chlorurus), Rufous- 
sided Towhee (Pipilo erythrophthalmus), California 
Towhee (Pipilo crissalis), Botteri’s Sparrow (Aimophila 
botterii), Cassin’s Sparrow (Aimophila cassinii), Ru- 
fous-winged Sparrow (Aimophila carpalis), Chipping 
Sparrow (Spizeha passerina), Clay-colored Sparrow 
(Spizella pallida), Brewer’s Sparrow (Spizella breweri), 
Black-chinned Sparrow (Spizella atroguluris), Vesper 
Sparrow (Pooecetes gramineus), Lark Sparrow (Chon- 
destes grammacus), Black-throated Sparrow (Amphi- 
spiza bilineata), Sage Sparrow (Amphispiza belli), Lark 
Bunting (Calamospiza melanocorys), Savannah Spar- 
row (Passerculus sandwichensis), Baird’s Sparrow (Am- 
modrumus bairdii), Grasshopper Sparrow (Ammodra- 
mus savannarum), Fox Sparrow (Passerella iliaca), Song 
Sparrow (Melospiza melodia), Lincoln’s Sparrow (Mel- 
ospizu lincolnii), White-crowned Sparrow (Zonotrichiu 
leucophrys), Dark-eyed Junco (Junco hyemalis), 
McCown’s Longspur (Culcarius mccownii), Chestnut- 
collared Longspur (Culcarius ornutus), Bobolink (Dol- 
ichonyx oryzivorus), Red-winged Blackbird (Ageluius 
phoeniceus), Tricolored Blackbird (Agelaius tricolor), 
Eastern Meadowlark (Sturnella magna), Western 
Meadowlark (Sturnellu neglecta), Yellow-headed 
Blackbird (Xanthocephalus xunthocephalus), Brewer’s 
Blackbird (Euphagus cyanocephalus), Great-tailed 
Grackle (Quiscalus mexicanus), Bronzed Cowbird 
(Molothrus aeneus), Brown-headed Cowbird (Molo- 
thrus ater), Hooded Oriole (Zcterus cucullutus), North- 
ern Oriole (Zcterus gulbulu), Scott’s Oriole (Zcteruspar- 
isorum), Purple Finch (Curpodacus purpureus), Cassin’s 
Finch (Carpodacus cassinii), House Finch (Carpodacus 
mexicanus), Pine Siskin (Carduelis pinus), Lesser 
Goldfinch (Carduelis psaltria), Lawrence’s Goldfinch 
(Carduelis luwrencei), American Goldfinch (Carduelis 
tristis), House Sparrow (Passer domesticus). 
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CHANGES IN DISTRIBUTION PATTERNS OF SELECT WINTERING 
NORTH AMERICAN BIRDS FROM 190 1 TO 1989 

TERRY L. Rook AND JASON D. WECIGTEIN 

Abstract. Range and abundance patterns of birds change with time. We used National Audubon 
Society’s Christmas Bird Count data and similar census data recorded in the Canadian Field Naturalist 
to examine such changes in select birds by comparing distribution and maps from 1901-1940 with 
those from 1960-l 989. For both time periods, we plotted average winter abundances within each of 
the 48 conterminous United States and eight southern-most provinces in Canada for all species 
examined. Many more birds exhibit range expansions than contractions. Introduced and managed 
species show the most dramatic expansions. Although changes are less extensive, native non-managed 
birds also show expansions that apparently are linked to environmental modifications by humans. 
For example, water management programs provide winter habitat for the prey of Bald Eagles, and, 
coincidentally, the eagle expanded its winter range into these areas. In addition, abundance patterns 
changed over time for most species. The locations of the highest abundances shifted and the number 
of states and provinces with maximum abundance changed. Due to extensive habitat alterations over 
the past century, most of the observed avian distributional changes appear to be linked either directly 
or indirectly to human causes. 

Key Words: Conservation biology; Christmas Bird Counts; landscape ecology; range expansions; 
range contractions; abundance shifts. 

Biogeographic patterns of species are dy- 
namic, not static; ranges expand and con- 
tract, and abundance patterns shift over 
time. Such changes can be precipitated by 
factors intrinsic to populations (e.g., dis- 
persal of juveniles), by factors extrinsic to 
populations (e.g., habitat modification), or 
by a combination of both. Species exist in 
habitats where the environment provides at 
least minimum requirements for survival. 
Ranges and abundances can expand when 
suitable new habitat develops, or when sur- 
plus individuals from nearby areas contin- 
ually immigrate into habitats unsuitable for 
sustained survival (Pulliam 1988, Pulliam 
and Danielson 199 1). Ranges can contract 
when population sizes decline and individ- 
uals abandon less-than-ideal habitats (Fret- 
well 1972) which are often at the edges of 
ranges. Environmental modifications can 
render habitats unsuitable for survival, 
causing localized extirpations, which along 
with stochastic, demographic, or genetic 
changes can also result in range contrac- 
tions. Abundance patterns can shift when 
less extreme cases of any of the above sit- 
uations occur inside the ranges of species. 

In addition, changes in species abundances 
can have cascading effects on abundances 
of other species, by changing, for example, 
competitive or predator/prey interactions 
(e.g., Terborgh 1986, Spencer et al. 199 1, 
Flecker 1992). Introductions of exotic spe- 
cies can have a similar effect, thereby re- 
ducing abundances of native species (e.g., 
Savage 1987, Coblentz 1990). Hunting can 
also reduce abundances, but the enactment 
and enforcement of various laws (e.g., Mi- 
gratory Bird Act) have ameliorated its im- 
pact in most cases (Williams and Novak 
1987). Management of species for hunting, 
however, has dramatically changed the 
ranges and abundance patterns of game spe- 
cies by changing the carrying capacities of 
habitats (see below). Therefore, changes in 
distributional patterns of birds wintering 
throughout North America can be due to 
habitat modifications, immigration among 
populations, and indirect effects such as 
changing competitive interactions. 

The purpose of this paper is to compare 
historical and recent distributional patterns 
of selected wintering North American birds 
to determine if shifts occurred in the ranges 
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and abundance patterns, and, if so, what 
type of changes they were and to speculate 
on possible causes. We found that the ma- 
jority of birds examined exhibit range 
changes; most species expanded their ranges 
and only a very few showed range contrac- 
tions. Some shift in abundance patterns oc- 
curred in almost all species. 

METHODS 

We used data collected by volunteers for 
the National Audubon Society’s Christmas 
Bird Counts and similar census data re- 
corded in the Canadian Field Naturalist 
from 1924 through 1939. Wing (1947) sum- 
marized data from 190 1 to 1940 (from win- 
ter 1900/l 90 1 to winter 1939/ 1940) which 
included 6853 censuses. We obtained data 
for 32,167 censuses from U.S. Fish and 
Wildlife Service for 1960 through 1989, ex- 
cluding those for 1969, which were missing. 
All data were collected on a day around 
Christmas and, for each species, observers 
recorded all individuals seen. Count effort 
was recorded as total number ofcensus hours 
(total census hours) for the earlier (190 1 to 
1940) data, and as total number of census 
hours per censusing party (total party hours) 
for the later (1960 to 1989) data. 

For each species Wing (1947) calculated 
the average number of individuals seen per 
total census hour in each state or province. 
We attempted to analyze the later data in a 
similar manner: for each species we calcu- 
lated the average number of individuals seen 
per total party hour in each state or prov- 
ince. The absolute abundances from the two 
time periods cannot be compared directly 
because count efforts were recorded in two 
different ways. Consequently, we converted 
all state and province averages for each spe- 
cies into proportions of the maximum av- 
erages for each time period. This normal- 
ization forced the value to run between 0 
and 1, which we then plotted by state or 
province. The use of political boundaries is 
not biologically meaningful, but is unfor- 
tunately necessary due to the way Wing 

compiled the earlier data. Because we used 
states and provinces as plotting units, ranges 
appear larger than they actually are; we plot- 
ted species as “present” in an entire state 
or province, even if its distribution was lim- 
ited to a small portion of that unit. This is 
of little consequence in this comparative 
study, given that we plotted data for both 
time periods similarly. More census sites 
and more participants with better equip- 
ment during the later time period, however, 
may have biased the observed distribution- 
al patterns. For example, our analysis could 
indicate an apparent range expansion if a 
bird occurred only in a part of a state or 
province, and a census site was not estab- 
lished at that location until after 1940. Con- 
sequently, we noted expansions only when 
individuals were recorded in states and 
provinces beyond those neighboring the 
earlier range. 

Because we were looking for shifts in dis- 
tributions, we identified 58 wintering North 
American species or subspecies that we ex- 
pected would show such changes. This in- 
cluded 27 non-passerines and 3 1 passerines. 
Very rare or extremely gregarious species 
are poorly represented by these types of cen- 
suses (Bock and Root 198 1). Thus, we ig- 
nored those taxa. Additionally, we disre- 
garded difficult to distinguish species (e.g., 
Black-capped and Carolina chickadees, 
Parus atricapillus and P. carolinensis, re- 
spectively). Although House Sparrows 
(Passer domesticus) and European Starlings 
(Sturnus vulgaris) are gregarious, we includ- 
ed them in our analysis because the range 
and abundance patterns of these introduced 
birds have not only changed dramatically 
(Forbush 1929, Robbins 1973), but those 
changes have affected greatly the patterns of 
native birds (Zeleny 1976, Robbins et al. 
1986, Ehrlich et al. 1988:459-463). 

RESULTS 

As we expected, given the biased manner 
in which we selected the species examined, 
most of these birds exhibit some type of 
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change in their winter ranges and abun- 
dance patterns. 

RANGE CHANGES 

Range expansions were much more com- 
mon than contractions. This is true even 
though we recorded expansions only when 
individuals were present in states beyond 
those neighboring their 190 1-I 940 range. 
The most extreme expansions are evident 
in introduced and managed species. These 
include Mute Swan (Cygnus o/or), Wild 
Turkey (Meleagris gallopavo; Fig. l), Eu- 
ropean Starling (Sturnus vulgaris), and 
House Finch (Carpodacus mexicanus). Sev- 
eral birds moved into the northeastern re- 
gion: Northern Harrier (Circus cyaneus), 
Mourning Dove (Zenaidu macrouru; Fig. 
l), Tufted Titmouse (Parus bicolor), and 
Northern Cardinal (Cardinalis cardinalis). 
A couple of species expanded into the north- 
western region: Ferruginous Hawk (Buteo 
regalis) and Barred Owl (Strix varia; Fig. 
1). No species expanded south except ir- 
ruptive species (see below), perhaps because 
most wintering North American species 
have southerly ranges. The Golden Eagle 
(Aquila chrysaetos; Fig. 2) and red-shafted 
race of the Northern Flicker (Colaptes au- 
ratus) moved east, whereas the yellow- 
shafted race expanded west. The Bald Eagle 
(Haliaeetus leucocephalus; Fig. 2) expanded 
its range into the center of the continent. 

Irruptive species irregularly expand their 
winter ranges south (Bock and Lepthien 
1976, Widrlechner and Dragula 1984). 
Consequently, we expected differences in 
these species’ southern range limits between 
the two different time periods. Red Crossbill 
(Loxia curvirostra) and Evening Grosbeak 
(Coccothraustes vespertinus; Fig. 2) fit this 
expectation. The other irruptive species we 
examined, Boreal Chickadee (Parus hud- 
sonicus), Pine Siskin (Carduelis pinus), 
Common Redpoll (Curduelisflammea; Fig. 
3), White-winged Crossbill (Loxia leucop- 
tera), and Pine Grosbeak (Pinicola enucle- 
ator), do not. 

We found relatively few species with con- 
tracted ranges. Of these, most associate with 
water and only one is a passerine: Pied- 
billed Grebe (Podilymbus podiceps), North- 
em Pintail (Anas acuta), Common Mergan- 
ser (Mergus merganser), and Brown-headed 
Cowbird (Molothrus ater; Fig. 3). The cow- 
bird, which benefits from habitat fragmen- 
tation (Brittingham and Temple 1983, May 
and Robinson 1985, Ehrlich et al. 1988:495- 
50 l), has expanded its winter range into the 
northeastern region (Maine and Nova Sco- 
tia), but has contracted its range elsewhere, 
particularly along its northern border 
(Pennsylvania, Michigan, Wisconsin, Iowa, 
Montana and Washington). 

SHIFTING ABUNDANCE PATTERNS 

Abundance patterns of most species 
changed. The areas of peak abundances for 
many species shifted into the northeastern 
region. These include: Bufflehead (Buceph- 
ala albeola), Hairy Woodpecker (Picoides 
villosus), Blue Jay (Cyanocitta cristata), 
Brown Creeper (Certhia americana), White- 
breasted Nuthatch (Sitta carolinensis), Red- 
breasted Nuthatch (S. canadensis), and 
Evening Grosbeak (Fig. 2). Other species 
have become more abundant toward the 
center of the continent in recent years. Some 
of these are managed and/or introduced; 
Northern Bobwhite (Colinus virginianus; 
Fig. 3), Ring-necked Pheasant (Phasianus 
colchicus), House Sparrow (Passer domes- 
ticus); others are native and non-managed; 
Northern Harrier, Ferruginous Hawk, and 
Red-headed Woodpecker (Melanerpes 
erythrocephalus). The data, unfortunately, 
do not allow us to know if these shifts were 
due to increases or decreases in absolute 
abundances. 

Another measure of changing abundance 
patterns is a difference in the absolute num- 
ber of states and provinces with very high 
abundances. This number decreased in 
roughly three times as many species (e.g., 
Fig. 3, bottom) as it increased (e.g., Fig. 1, 
middle). About half of the birds examined 
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have the same number of states and prov- 
inces with maximum abundance peaks (e.g., 
Figs. l-3). 

DISCUSSION 

North America has experienced dramatic 
changes over the last 100 years that have 
strikingly altered its natural resources and 
environment. The human population in 
Canada and the United States has increased 
from about 150 million at the end of World 
War II to around 280 million in 199 1 (Ehr- 
lich et al. 1992). Along with habitat frag- 
mentation (Wilcove et al. 1986) air and wa- 
ter pollution have greatly degraded the 
environment by affecting the productivity 
of our forests, lakes and streams (Bormann 
1985). Furthermore, we have been draining 
our wetlands at an alarming rate (WRI 
1992), and climatic change has the potential 
to disrupt communities due to differential 
relocation of species’ ranges (Peters 1992, 
Root and Schneider 1993). All of these al- 
terations have had and will probably con- 
tinue to have major impacts on the biogeo- 
graphic patterns of birds. 

RANGE EXPANSIONS 

Along with introduced species that have 
strong dispersal abilities (e.g., House Spar- 
row and European Starling), successfully 
managed birds show extensive range ex- 
pansions. Up to 1940 the Mute Swan was 
recorded only in Pennsylvania and Michi- 
gan. Since that time, programs to introduce 
and establish it-primarily in parks-have 
allowed it to spread to 19 states and three 
provinces. The Wild Turkey (Fig. 1) shows 
even a more dramatic change. Its original 
range covered all the states east of the 100th 
meridian, except for North Dakota and most 
of Minnesota. Additionally, Merriam’s sub- 

species (M. g. merriami) ranged throughout 
New Mexico, Texas and Arizona (Schorger 
1966). Hunting pressures, habitat loss, and 
disease spread by domestic poultry all con- 
tributed to a dramatic range contraction 
(Schorger 1966, Hewitt 1967, Lewis 1973). 
From 190 1 to 1940 it was recorded in only 
ten states. According to Schorger (1966) 
turkeys were reintroduced into all but three 
states within its original range, and intro- 
duced into all the states outside its original 
range. Additionally, individuals were intro- 
duced into Alberta, Saskatchewan, Mani- 
toba and probably Ontario (AOU 1983). 
Obviously, management has had a major 
impact on the distribution of the Wild Tur- 
key, because it is now found in 52 states and 
provinces. 

Supplemental feeding of birds by humans 
has also contributed to a change in both the 
presence and abundances of various seed- 
eating birds in the northeastern region. On 
average, a third of the households in North 
America provide about 60 pounds of sup- 
plemental feed a year, with the average be- 
ing even higher in New England (Ehrlich et 
al. 1988:349). Feeders apparently have con- 
tributed strongly to both the expansion of 
winter ranges (e.g., Mourning Dove, Fig. 1) 
and increased winter densities (e.g., Blue Jay; 
White-breasted Nuthatch; Tufted Tit- 
mouse; Northern Cardinal; and Evening 
Grosbeak, Fig. 2). Birds that frequent feed- 
ers are attracted to a steady food supply at 
feeders, and by urbanized habitats with 
thickets and shrubbery that ornamental 
plantings often provide (Eaton 1959, Bed- 
da11 1963,Kircher 1981,Ehrlichetal. 1988: 
349-353). 

Habitat manipulation, albeit of another 
sort, may have contributed to the extensive 
distributional changes of the Barred Owl 
(Fig. 1). This owl has moved into the north- 

+ 
FIGURE 1. Top: Map showing distributional pattern of Wild Turkey. The data from 190 1 to 1940 are provided 
on the left-hand side of the rectangle, while those from 1960 to 1989 (except 1969) are on the right-hand side. 
The six different symbols (open squares with dashed margins, open square, diagonal line, crossed lines, asterisk, 
and filled square) correspond respectively with the following proportion of the maximum value: 0.0, 0.01 to 
0.10, 0.11 to 0.25, 0.26 to 0.45, 0.46 to 0.70, and 0.71 to 1.00. Question marks indicate that no data were 
available. Middle: Mourning Dove. Bottom: Barred Owl. 
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FIGURE 2. Top: Map showing distributional pattern of Golden Eagle. Middle: Bald Eagle. Bottom: Evening 
Grosbeak. See Figure 1 for key. 
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FIGURE 3. Top: Map showing distributional pattern of Common Redpoll. Middle: Brown-headed Cowbird. 
Bottom: Northern Bobwhite. See Figure 1 for key. 
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western region relatively recently (Holt and 
Hillis 1987, Sharp 1989, Taylor and Fors- 
man 1976). From 1963 to 1972 no northern 
populations were reported west of the 100th 
meridian, and only one individual was re- 
corded north of the 50th parallel-in Pina- 
wa, Manitoba (Root 1988). Logging and as- 
sociated activities in the northwestern region 
may have facilitated invasions (T. E. Ham- 
er, unpubl. data). 

The Barred Owl expansion is of major 
interest, because its range is now partly sym- 
patric with that of the endangered Northern 
Spotted Owl (Strix occidentalis occidenta- 
/is). The consequences of interspecific com- 
petition between these two species have not 
yet been quantified, but nesting sites, for- 
aging activities, and diet are similar, partic- 
ularly in the Northwest (Taylor and Fors- 
man 1976). Anecdotal evidence suggests that 
the larger, more aggressive Barred Owl may 
be able to displace the smaller Spotted Owl; 
on the Olympic Peninsula in Washington, 
territories previously held by Spotted Owls, 
which have strong territory fidelity, have 
been taken over by Barred Owl pairs (Sharp 
1989). This range expansion provides an 
excellent opportunity to quantify the effects 
of invasion. Given the endangered status of 
the Northern Spotted Owl, such research 
will not only help us understand basic bi- 
ological problems but it could help in the 
assessment of different forestry policies. 

Other raptors, specifically the two North 
American eagles, have significantly expand- 
ed their ranges; the Golden Eagle (Fig. 2) 
has moved east, while the Bald Eagle (Fig. 
2) has spread into the center of the conti- 
nent. The Golden Eagle is uncommon 
throughout its newly established range in 
the east. Higher abundances occur in the 
west, even though ranchers previously 
hunted them from small planes. This prac- 
tice began in the late 1930s and for over 20 
years people killed between 1000 and 2000 
individuals each year in west Texas and 
southeastern New Mexico (Spofford 1969). 
The location of peak abundance, Wyoming, 
remained unchanged (Fig. 2). 

Over the years humans have strongly in- 
fluenced the expansion of the Bald Eagle’s 
range by implementing various water man- 
agement programs. Historically, birds were 
forced to move south during unusually cold 
winters because they need open water for 
hunting. This could help explain the high 
abundance recorded in Florida in 1901- 
1940. Large lakes and impoundments built 
in the 1930s locks placed on major water- 
ways, and numerous hydroelectric plants 
built with cooling ponds provide open water 
in winter. For example, core wintering areas 
adjacent to parts of the Mississippi, Illinois, 
and Missouri rivers accounted for 30% of 
the sightings in Millsap’s study (1986). Dams 
on these and other rivers create sloughs and 
are therefore indirectly responsible for the 
open water used by eagles for feeding 
(Southern 1963). The turbines in the dams 
also kill or stun fish, thereby allowing the 
eagle easy access to food (Spencer 1976). 

The winter abundance of the Bald Eagle 
throughout most of the contiguous United 
States dropped by about a third from 1957 
to 1970 due to the use of persistent insec- 
ticides (e.g., DDT) and habitat destruction 
(Brown 1975). Since World War II, popu- 
lation declines in the East have been blamed 
on habitat destruction due to human dis- 
turbances in the form of waterfront housing 
and outdoor recreation (Sprunt 1969). 
Shooting by ranchers from small planes from 
the late 1930s to the early 1960s could have 
depressed the abundance during this time 
period, and for sometime after (Sprunt 
1969). 

Winter distributions of irruptive, boreal, 
seed-eating birds are highly variable from 
year to year (Benkman 1987, Bock and Lep- 
thien 1976). The availability of seeds is as- 
sumed to be the primary factor driving the 
movements of the irruptive fringillids (Bock 
and Lepthien 1976) and perhaps even the 
Boreal Chickadee (Root 1988). For most 
species that we examined, however, long- 
term averages show little change, even when 
censuses are separated by 30 years (e.g., 
Common Redpoll, Fig. 3). This implies that 
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the response of these birds, and perhaps the 
factors driving their irruptive behavior, have 
been fairly constant over the past century. 
The average ranges of two species (Red 
Crossbill and Evening Grosbeak; Fig. 2) are 
quite different between the early and later 
part of the century; both species expanded 
their ranges much farther south. Dietary 
preferences might help explain why we found 
distributional changes in some species, but 
not in others. 

RANGE CONTRACTIONS 

Given the amount of habitat modifica- 
tion that has occurred over the past century, 
we expected the ranges of many birds to 
contract significantly. Of the species ex- 
amined, fewer than 10% showed such a pat- 
tern. This low percentage could have been 
partly an artifact of our sample, because we 
avoided species that have very restricted 
ranges. The plotting unit (state or province) 
may also have artificially decreased the in- 
stances of detectable range contractions, be- 
cause individuals had to vacate entire states, 
not just part of them, before a contraction 
would be recorded. Of the four species 
showing range contractions, three of them 
depend on open water: Pied-billed Grebe, 
Northern Pintail and Common Merganser. 
The contraction of the Northern Pintail is 
particularly disconcerting. This game spe- 
cies has been extensively managed, yet es- 
timates of its breeding population have 
shown a five-fold decrease since the mid- 
1900s (Migratory Bird Management Office 
1992; also Banks and Springer 1994). The 
reasons for this large decline are not yet un- 
derstood. 

The fourth species with a contracted win- 
ter range is the Brown-headed Cowbird (Fig. 
3). This result was unexpected, because this 
cowbird has reportedly expanded its range 
due to clearing of eastern forests and in- 
creased cattle grazing (Mayfield 1965, May 
and Robinson 1985, Ehrlich et al. 1988:495- 
497). Indeed, the percentage of Christmas 
Bird Counts east of Texas, and south of the 
37th parallel reporting Brown-headed Cow- 

birds, increased from near zero to over 80%, 
suggesting this bird has been steadily in- 
creasing its numbers in this area (Britting- 
ham and Temple 1983). Maps of average 
winter abundance do not show this large 
increase, except perhaps in Louisiana, and 
small increases in Mississippi and Georgia. 
This is because relative, not absolute, abun- 
dances are plotted in this study. A compar- 
ison of the relative data suggests that the 
absolute abundances throughout most of its 
range may have increased. This is not the 
case in the upper mid-west where the cow- 
bird range has contracted. The reasons for 
this are undoubtedly complex, but one con- 
tributing factor may be that during the 
breeding season the U.S. Fish and Wildlife 
Service and Michigan Department of Nat- 
ural Resources trap and remove cowbirds 
from Michigan. Its parasitism on the en- 
dangered K&land’s Warbler (Den&&a 
kirtlandii) is extensive (over 70% in the 
1960s) (Mayfield 1978). By 1980 they had 
removed over 40,000 cowbirds (Walkin- 
shaw 1983). 

SHIFTING ABUNDANCE PATTERNS 

Shifts in abundance patterns could indi- 
cate whether changes in habitats had sig- 
nificantly increased or decreased the car- 
rying capacity of species in various areas. If 
an increase in carrying capacity occurred, 
then more individuals could survive in the 
area, thereby forming a new peak. A new 
peak could also be formed by decreasing 
carrying capacity in areas around a partic- 
ular habitat. 

Due to feeders, the carrying capacity in 
the northeastern region has presumably in- 
creased. Besides ranges of species expanding 
into this region, abundance patterns of birds 
attracted to feeders also have shifted so that 
higher relative densities are reported in this 
region (e.g., Evening Grosbeak, Fig. 2). 
Consequently, feeding stations have appar- 
ently had major impact on the winter dis- 
tribution patterns of select wintering birds. 

Another common change in abundance 
pattern is toward the center of the country, 
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which corresponds to regions where the most 
winter wheat is grown (USGS 1970). Spe- 
cies such as Northern Bobwhite (Fig. 3) are 
apparently attracted to waste grain, unhar- 
vested areas along fence rows, and open 
fields. In the Great Plains, populations have 
increased as humans suppressed fires and 
brushy cover became established, and as 
farmers built more fence rows (De Vos 
1964). 

CONCLUSION 

The National Audubon Society’s Christ- 
mas Bird Count data and similar census data 
recorded in the Canadian Field Naturalist 
provide an excellent source for examining 
distribution patterns of wintering North 
American birds over both broad-spatial and 
long-temporal scales. We found extensive 
changes in the ranges and abundance pat- 
terns ofthe birds we examined. The primary 
cause of these shifts, directly or indirectly, 
was human activity. Although these include 
activities specifically designed to manifest 
a change (e.g., management of the Wild Tur- 
key), most were not purposeful (e.g., water 
management programs and the Bald Eagle). 
Subsequent studies are needed to focus on 
possible factors regulating the distributional 
shifts we begin to explore here. One obvious 
approach would be to include more species, 
examine breeding-season data, and inves- 
tigate directly possible effects of climate. 
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HISTORICAL CHANGES IN POPULATIONS AND PERCEPTIONS 
OF NATIVE PEST BIRD SPECIES IN THE WEST 

JOHN M. MARZLUFF, RANDALL B. BOONE, AND GEORGE W. Cox 

Abstract. A wide variety of native bird species are considered pests because they damage agriculture, 
present health hazards, damage structures, create a nuisance, or damage natural resources. Damage 
to agriculture is the most costly and most frequently reported pest problem. However, nuisance 
problems and damage to natural resources, especially endangered species, are becoming increasingly 
common. Review of the literature and analysis of BBS, BBC, and CBC survey data showed that 
wintering and breeding populations of most pests have increased over the last century, despite frequent 
eradication campaigns against them. Great-tailed Grackles have increased most rapidly and have 
spread throughout the west. Gulls have increased rapidly, but have shown only minor range expan- 
sions. Corvids have increased moderately, and invaded agricultural and urban habitats. Woodpecker, 
Golden Eagle, Red-winged and Yellow-headed Blackbird, and Northern Mockingbird populations 
have remained steady or increased slightly. Tri-colored Blackbirds have declined in abundance. A key 
to the development of pest problems is the initial removal or conversion of natural habitat to urban 
or agricultural sites. These changes displace native birds and provide supplemental feeding and nesting 
locations for those species destined to become pests. Flocking and generalized diets are important 
traits that may have preadapted pest species to exploit humans. 

Key Words: Distribution; abundance; pest; agriculture; breeding bird survey; Christmas Bird Count. 

When humans began to manage their en- 
vironment to provide food and shelter the 
animals that successfully competed with 
them became known as “pests.” To the stu- 
dent of avian populations, familiar pests are 
introduced exotics like the European Star- 
ling (Sturnz.4~ vulgaris) and House Sparrow 
(Passer domesticus; Johnston and Garrett 
1994). However, native species also are se- 
rious competitors with humans, inflicting 
heavy monetary losses on societies in in- 
dustrialized nations and threatening human 
survival in some underdeveloped countries 
(DeGrazio 1989). 

Native birds are considered pests if they: 
1) damage agricultural products, 2) present 
health hazards, 3) damage human struc- 
tures, 4) create a nuisance or reduce aes- 
thetics, or 5) damage natural resources. 

Damage to agriculture is the most fre- 
quent and most costly complaint. Fifteen 
native birds are commonly cited as agri- 
cultural pests in the west and many others 
are occasionally implicated (Table I). Most 
of these species eat a variety of mature crops 
and newly sprouted seeds. However, the 
larger corvids and Golden Eagles (Aquila 

chrysaetos) also prey upon poultry and live- 
stock. A few notable examples include 
American Crows (Corvus brachyrhynchos) 
consuming $85,000 worth of almonds in 
California in 1965 (Simpson 1972), Red- 
winged Blackbirds (Agelaius phoeniceus), 
Yellow-headed Blackbirds (Xanthocephalus 
xunthocephalus), and Common Grackles 
(Quisculus quiscula) damaging $7.9 million 
worth of sunflowers in North Dakota, South 
Dakota and Minnesota in 1980 (Hothem et 
al. 1988), House Finches (Carpoducus mex- 
icanus) damaging $3 million worth of Cal- 
ifornia wine grapes in 1974 (DeHaven 1974), 
Golden Eagles killing $48,000 worth of 
lambs in Montana in 1975 (O’Gara 1978), 
and Black-billed Magpies (Pica pica) de- 
stroying $10,000 worth of pollination bees 
in Idaho in 1989 (United States Department 
of Interior 1989). California leads all west- 
em States in total agricultural damage caused 
by birds (an estimated $12.75 million in 
1976; DeGrazio 1978). 

Three health hazards are created by na- 
tive birds; neurosis, spread of disease, and 
collisions with aircraft. Aggregation of many 
individual birds, especially at communal 

202 
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TABLE 1. NATIVE BIRD SPECIES IN THE WESTERN U.S. 
THAT ARE CONSIDERED IMPORTANT AGIUCULTURAL 
PESTS 

Species Type of product damage& 

Primary pests 
House Finch 

American Crow 

Black-billed Magpie 

Red-winged Blackbird 

Brown-headed Cowbird 
Scrub Jay 

Common Grackle 
Yellow-headed Black- 

bird 
Brewer’s Blackbird 
Common Raven 
Great-tailed Grackle 
T&colored Blackbird 
Mallard 
Northern Pintail 
Golden Eagle 

Secondary pests 
Western Meadowlark 
Franklin’s Gull 
Blue Jay 
Killdeer 
Water Pipit 
Mourning Dove 
Western Bluebird 
American Goldfinch 

American Robin 
California Quail 
White-crowned Sparrow 

Homed Lark 

Acorn Woodpecker 
Lewis’ Woodpecker 
Northern Flicker 
White-winged Dove 
Sandhill Crane 
Northern Mockingbird 
California Thrasher 
Catbird 
Rufous-sided Towhee 
Turkey Vulture 
Western Kingbird 
Western Tanager 
Great-blue Heron 
Great Egret 
Double-crested Cormo- 

rant 
California Gull 

Grain, fruit, sunflower, 
grapes, sugar beets, 
truck crops, buds/flow- 
ers 

Grain, fruit, peanuts, tree 
nuts, feedlots, poultry 

Grain, fruit, tree nuts, 
feedlots, potatoes, poul- 
try, livestock, apiary 

Grain, sunflower, pea- 
nuts, feedlots 

Grain, peanuts, feedlots 
Grain, fruit, tree nuts, 

grapes 
Grain, sunflower, peanuts 
Grain, sunflower, feedlots 

Grain, fruit, feedlots 
Grain, poultry, livestock 
Grain, fruit 
Grain, feedlots 
Grain 
Grain 
Livestock 

Peanuts, feedlot 
Peanuts, feedlot 
Peanuts, feedlot, grapes 
Feedlot 
Feedlot 
Feedlot, grapes 
Wine grapes 
Sunflower, grapes, buds/ 

flowers 
Grapes 
Grapes 
Grain, fruit, grapes, flow- 

ers 
Truck crops, buds/flow- 

ers, sugar beets 
Tree nuts, grapes 
Tree nuts, grapes 
Tree nuts, grapes 
Grain 
Grain, potatoes 
Grapes 
Grapes 
Grapes 
Grapes 
Grapes 
Grapes 
Grapes 
Fish 
Fish 
Fish 

Fruit 

TABLE 1. CONTINUED 

Species Type of product damaged* 

Canada Goose Grain 
Snow Goose Grain 
White-fronted Goose Grain 

’ References: Cottam 1935, Stockdale 1967, Larsen and Dietrich 1970, 
Palmer 1970, DeHaven 1971, 1974, Mott et al. 1972, Simpson 1972, 
Clark 1975, Crase and DeHaven 1976, Crave et al. 1976, Knit& and 
Guarino 1976, DeGrazio 1978,O’Gara 1978, AveryandDeHaven 1982, 
Baser and Brady 1982, Baser 1985, Hothem et al. 1988, Knittle and 
Porter 1988, Phillipsand Blom 1988, Stickleyand Andrew 1989, Pochop 
et al. 1990. 

roosts, is a common denominator. The 
noises associated with large roosts of several 
million blackbirds have been known to drive 
humans crazy, and fecal deposits under 
roosts can act as a vector for disease trans- 
mission and promote the growth of other 
local pathogens, such as Histoplasmosis 
capsulatum (Garner 1978). 

Bird collisions with aircraft are typically 
local, but deadly and expensive problems. 
The first human fatality occurred in San Di- 
ego, CA in 19 10, but research into this prob- 
lem began in earnest in 1960 when a small 
plane collided with a flock of starlings and 
killed 62 people (Pearson 1967). In 1965 
the U.S. Air Force estimated that 839 col- 
lisions caused $10 million of damage to their 
aircraft (Pearson 1967). Large birds or 
flocking species that feed, or roost near air- 
fields pose the greatest problems; these in- 
clude Snow Geese (Chen caerulescens), 
Tundra Swans (Cygnus columbianus), 
Common Loons (G&a immer), Red-tailed 
Hawks (Buteojumaicensis), gulls, waterfowl 
and blackbirds. 1 

Human structures, principally buildings, 
transmission lines, and utility poles, are 
damaged by several species of woodpeckers 
and communally roosting gulls, blackbirds, 
and corvids. R,ed-headed Woodpeckers 
(Melanerpes erythrocephalus), Northern 
Flickers (Colaptes auratus) and Pileated 
Woodpeckers (Dryocopus pileatus) dam- 
aged $250,000 worth ofutility poles in Mis- 
souri from 1981-1982 (Stemmerman 1988). 
Acorn Woodpeckers (Melanerpes formici- 
vorus) use utility poles in the southwest as 
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graneries, causing extensive damage (Pope 
1974). Lewis’ Woodpeckers (Melanerpes 
lewis), Acorn Woodpeckers and Northern 
Flickers damage buildings, water tanks and 
fence posts in California (Clark 1975). 
Damage to house siding by woodpeckers is 
typically a local problem, but can cause sub- 
stantial monetary loss to individual land- 
owners ($1000 to one Idaho home in 1982). 
Fecal deposition by Common Ravens (Cor- 
vus corax) roosting above transmission line 
insulators enables electricity to arc between 
lines and cause expensive power outages 
(Young and Engel 1988). Feces from black- 
birds, gulls, or Cliff Swallows (Hirundo pyr- 
rhonota) damage houses and automobiles 
(e.g., Gorenzel and Salmon 1982). 

Nuisance complaints against native birds 
are diverse. Defecation by waterfowl, no- 
tably Mallards (Anas platyrhynchos), Can- 
ada Geese (Branta canadensis), and Amer- 
ican Coots (Fulica americana), on lawns, 
golf courses, and water treatment plants is 
a problem in the eastern U.S. and in parts 
ofthe west (Conover and Chasko 1985, Wo- 
ronecki et al. 1990). The noise associated 
with urban corvids and blackbird roosts is 
often objectionable, as is the nocturnal sing- 
ing ofNorthern Mockingbirds (Mimuspoly- 
glottos; Fitzwater 1988). Mississippi Kites 
(Ictinia mississippiensis) vigorously defend 
their nests and occasionally harm humans 
walking nearby (Peterson and Brown 1985). 

Complaints of damage to natural re- 
sources have typically implicated nest pred- 
ators, particularly corvids. In the late 1800s 
and early 1900s “jay shoots” were orga- 
nized by sportsmen in California to kill the 
“vermin” that were believed to be lowering 
the productivity of California Quail (Cal- 
lipepla californica; Erickson 1937). More 
recently, avian nest predators have been im- 
plicated in the decline of other native ani- 
mals. For example, Pinyon Jay (Gymnorhi- 
nus cyanocephalus) productivity has 
declined in Flagstaff, AZ, partly because of 
increased predation by crows and ravens 
(Marzluff and Balda 1992). Several endan- 
gered species [Marbled Murrelet (Brachy- 

ramphus marmoratus), Desert Tortoise 
(Xerobates agassizii) and California Least 
Tern (Sterna antillarum)] may be suffering 
similar fates at the hands of corvids and 
other predators [e.g., American Kestrel 
(Falco sparverius) and Burrowing Owl 
(Athene cunicularia); Butchko 1990, Singer 
et al. 19911. 

Most pests present more than one prob- 
lem. Blackbirds, for example, consume ag- 
ricultural crops, spread disease and disturb 
residents near their roosts, choke airplane 
engines, and damage structures with their 
feces. Gulls and corvids present hazards near 
airfields, damage structures with their feces, 
prey upon the eggs and nestlings of a variety 
of species, and consume large quantities of 
agricultural products. 

HISTORICAL DEVELOPMENT OF 
PEST PROBLEMS 

As soon as Europeans began to settle 
North America they encountered problems 
with some of the abundant, granivorous na- 
tive birds. The first documented problem 
was in 1717, when blackbirds in Connect- 
icut destroyed settlers’ crops (DeHaven 
197 1). The problem must have been sub- 
stantial because all men were required to 
kill 12 birds per day during the summer to 
curb the damage. They were fined if their 
quota was not met! The first settlers moving 
west met with similar problems (Stockdale 
1967) but most problems in the western 
U.S. began after the transcontinental rail- 
way was completed in the 1860s and settle- 
ment of the west grew at exponential rates. 

The development of early pest problems 
followed a consistent three phase pattern; 
1) human settlement and agriculture in- 
creased, 2) native foods or nest sites were 
reduced, then supplemented or replaced by 
human agricultural crops and structures, and 
3) locally abundant birds capitalized upon 
new feeding or nesting opportunities. The 
drainage of the wetlands and establishment 
of agribusiness in California is a classic ex- 
ample. Currently less than 10% of the state’s 
historical wetlands remain (Cowan 1970). 
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Gone with them are traditional breeding and 
nesting sites for blackbirds and waterfowl. 
However, man has provided abundant food 
and habitat in the irrigated croplands of the 
state’s interior valleys. Red-winged, Yel- 
low-headed, and Tri-colored Blackbirds 
(Ageluius tricolor), Mallards, and Canada 
Geese have taken advantage of this bounty 
and wreaked havoc on agriculture (Knittle 
and Porter 1988). 

A key to the development of such a pest 
problem is the initial removal or conversion 
of natural habitat. Damage rarely develops 
if natural resources are abundant. For ex- 
ample, losses of sheep to Golden Eagles and 
peanuts to corvids were greatly reduced in 
years of abundant native prey (jackrabbits 
and acorns, respectively; Mott et al. 1972, 
O’Gara 1978). 

Pest problems appear to have persisted 
once native species began to exploit human 
agriculture because large populations of pests 
were sustained and they could quickly switch 
to feed on each new crop. Blackbirds sur- 
viving on cereal grains quickly became pests 
on sunflower crops (Hothem et al. 1988). 
House Finches, sustained by a variety of 
agricultural crops in the early 1900s quickly 
adapted to blueberries in 1958, figs in 1970, 
wine grapes in 1973, and sunflowers in 1982 
(Palmer 1970, DeHaven 1974, Avery and 
DeHaven 1982). 

CHANGING PERCEPTIONS OF 
NATIVE BIRD PESTS 

As human settlement of the west in- 
creased and our uses of the land multiplied, 
conflicts with native birds diversified (Fig. 
1). From the late 1800s to approximately 
1960, most concerned consumption of ag- 
ricultural products. This has continued to 
be the major complaint, expanding greatly 
from 1960 to 1990 as many new crops were 
planted (e.g., wine grapes, sunflowers, and 
wild rice). However, during the last 30 years, 
birds have come into conflict with man in- 
creasingly for nonagricultural reasons, es- 
pecially as nuisances in urban settings and 
as predators on threatened species (Fig. 1). 

2 8 
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FIGURE 1. Historical changes in problems caused 
by native bird pests. Each pie diagram covers a specific 
range of dates (listed above each pie) and presents the 
percentage of published papers addressing the five ma- 
jor types of damage caused by pests (see text for defi- 
nition of types and key for corresponding shading). The 
actual number of papers in each damage category is 
listed outside the pie. All issues of The Condor and 
Proceedings of the Vertebrate Pest Conference through 
1992 were surveyed. 

CHANGES IN THE ABUNDANCE 
AND DISTRIBUTION OF 
NATIVE BIRD PESTS 

METHODS 

We searched the ornithological literature 
for documentation of avian populations 
early in the century and discussions of re- 
cent changes in populations of native bird 
pests. General trends in population size and 
distribution can be obtained from such ac- 
counts, but quantification is difficult. There- 
fore, we supplemented our literature review 
by examining annual Breeding Bird Surveys 
(BBS) and Christmas Bird Counts (CBC). 
These counts have been conducted each year 
and the results have been computerized for 
most of the past three decades (e.g., Droege 
1990). 

We used BBS surveys from 1966-1990. 
Only “type 1” surveys, those with no known 
problems and experienced observers, were 
used. We avoided biases in raw trends, 
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caused by variable observers and missing 
censuses, by calculating Bailey indices. This 
index (Bailey 1967) only uses censuses sur- 
veyed in successive years by the same ob- 
server. Changes from year to year are there- 
fore proportional and unbiased. We assessed 
the occurrence of “random walk” error in 
Bailey indices with a test developed by Moss 
(1985). Nonsignificant correlations between 
raw census counts and the Bailey indices 
indicate random walk (a rare event in our 
analyses; only three correlations were not 
significant and the maximum P-value was 
only 0.25). Each index wasi truncated to re- 
move annual indices for years with few 
paired censuses (Boone 199 1). 

We used CBC surveys from 1961-1989. 
We treated census circles that overlapped 
in area by 50% or more as replicates of the 
same circle with center coordinates equal to 
the center ofthe most frequently used circle. 
Counts were adjusted for variable observer 
effort by using several modifications of the 
Butcher and McCulloch (1,990) procedure: 
1) The exponent relating survey party-hours 
to the number of birds counted was calcu- 
lated on a state-by-state, rather than “na- 
tional”, scale. 2) The effect of observer effort 
was calculated without including counts de- 
rived from fewer than 30 party-hours. 3) 
Each count’s contribution to the total vari- 
ance between observed and predicted counts 
was computed. If this contribution exceed- 
ed lo%, the modified count was considered 
suspect and the unmodified count was used 
in its place. 

To understand which factors influenced 
changes in the numbers of birds counted we 
used a nonparametric classification and re- 
gression tree (CART) approach (Breiman et 
al. 1984) to relate the natural log of the count 
total to the following variables: 1) Year; 2) 
Long-term (1966-1990) means of January 
temperatures, July temperatures, and pre- 
cipitation; 3) Annual deviations in mean 
January temperatures, July temperatures, 
and precipitation from the long-term mean 
temperatures and precipitation; 4) Distance 
from the start of the route to the nearest 

coastline (+ 25 km); 5) Latitude and longi- 
tude for the start of the route; 6) USFWS 
physiographic stratum assigned to each route 
or circle (Robbins et al. 1986); 7) Proportion 
of farmland in the county containing most 
of the route determined by the 1987 Census 
of Agriculture; 8) People per square mile in 
the county containing most of the route de- 
termined by the 1990 population census; 
and 9) Total number of species observed on 
the route for the year surveyed. 

We used breeding bird census (BBC) data 
to investigate changes in corvids in Cali- 
fornia. We selected surveys for single years 
from each of the available locations to re- 
duce bias due to the peculiar characteristics 
of individual survey sites, procedures, or 
observers. We considered 196 survey areas 
covering the period from 1937 through 1990 
(54 years). 

For sites with breeding surveys in more 
than one year, we selected the one year that 
overlapped least with annual coverage by 
other surveys to minimize bias from any 
unusual weather conditions. Nevertheless, 
in 28 cases, two or more sites were surveyed 
by the same observers in the same year; 17 
of these cases involved two sites, 11 others 
from three to six sites. Many of these mul- 
tiple surveys were in desert habitats, where 
observer differences were probably less ex- 
treme than in closed vegetation types. 

Ten independent variables were used in 
statistical analyses: 1) Year in which the sur- 
vey was carried out; 2) Latitude of the sur- 
vey site to the nearest 0.1 degree; 3) Direct 
eastward distance of the site from the Pacific 
Ocean; 4) Altitude of the site in meters; 5) 
Plot area in hectares; 6) Number of non- 
raptorial breeding land bird species record- 
ed; 7) Number of pairs of non-raptorial 
breeding land birds per 40.5 ha; 8) Mois- 
ture/temperature Index; 9) Vegetation 
Structure Index; 10) Human Impact Index. 

The three index variables were ratings of 
survey plot conditions on a lo-point scale. 
These ratings were assigned on the basis of 
information given in the description of the 
survey site, or determined from the geo- 
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graphical location of the survey plot. The 
moisture-temperature ranking ranged from 
an index of 1 .O for Sonoran Desert sites with 
2-8 inches of annual precipitation and 280- 
345 frost-free days to 10.0 for alpine tundra 
sites with 25-35 inches of annual precipi- 
tation and possible freezing conditions any 
time. The vegetation structure ranking 
ranged from an index of 1.0 for low, ho- 
mogeneous, herbaceous, seasonal vegeta- 
tion types, such as annual grassland, to 10.0 
for tall, heterogeneous, arboreal, aseasonal 
vegetation types, such as mixed hardwood- 
conifer riparian forest. The human impact 
ranking ranged from 1 .O for sites with neg- 
ligible direct human influences, such as eco- 
logical preserves with controlled access and 
non-manipulative research and monitoring 
practices, to 10.0 for sites with intensive 
urban, agricultural, industrial, or vehicular 
use characteristics. 

We used stepwise multiple regression to 
test whether year was correlated with bird 
abundance after the variability in the de- 
pendent variable due to geographical, cli- 
matic, vegetational, and human impact dif- 
ferences among the locations had been 
considered. Power, root, and logarithmic 
transformations were examined for certain 
variables. Number of species and number 
of breeding pairs were considered indices of 
general productivity or “richness” of hab- 
itat conditions. In these analyses, we set the 
critical F-value for inclusion or retention of 
an independent variable in the multiple re- 
gression analysis to 4.0. For resulting re- 
gression equations that contained year, we 
estimated the long-term change in numbers 
of pairs per 40.5 ha by examining the slope 
of the regression of year on the residuals of 
multiple regression analyses with the re- 
maining independent variables. 

RESULTS 

Pest species can be characterized by the 
change in abundance within their historic 
ranges and the shifts in their distribution 
(Fig. 2). Most pests are increasing within 
their historic ranges and invading nearby 

Shifl in Historic Range 

PlGURE 2. Changes in the abundance and distri- 
bution of native bird pests in the west. The position 
of each species is indicated by the start of its name and 
is plotted relative to other pests. The x-axis presents a 
continuum from no shift in range to large shifts in 
range. The y-axis presents a continuum from declines 
in population size (-) through stable population size 
(0) to progressively larger increases in population size 
(+). 

urban or agricultural developments. How- 
ever, some species are not or have declined; 
others have expanded their ranges signifi- 
cantly across the west. Several case histories 
illustrate this variety. 

The only pest species that appears to be 
declining throughout its historic range is the 
Tri-colored Blackbird. It was extremely 
abundant in California and southern Ore- 
gon during the late 1800s and early 1900s 
although patchily distributed because of its 
colonial habits (Grinnell 1915, Neff 1937). 
Tri-colored Blackbird populations suffered 
from market hunting and marsh draining in 
the late 1800s but they capitalized on in- 
creased habitat and food created in the ex- 
tensive rice farms of California’s Central 
Valley beginning in 19 10 (Neff 1942). They 
were considered a serious pest in the Sac- 
ramento Valley in the 1930s. Yet, despite 
poisoning campaigns (McCabe 1932) the 
populations flourished through the 1950s. 

Colonies including 25,000 or more pairs 
were frequently noted early in the century, 
but rarely late in the century. Extensive sur- 
veys from 1969-l 972 indicated that the dis- 
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tribution of the breeding colonies remained 
unchanged for 35 years, but that the pop- 
ulation size began to decline in the 1960s 
perhaps reducing the Central Valley popu- 
lation by as much as 50% (DeHaven et al. 
1975). Populations declined to perhaps 10% 
of their historic levels during the 1970s and 
1980s (Beedy et al. 1991), prompting the 
species’ removal from the pest list in 1989 
and addition to the California list of species 
of special concern and the federal endan- 
gered species candidate list. Surveys in 1992 
revealed many birds in nontraditional up- 
land habitats, suggesting that the population 
may not have declined as greatly as thought 
(R. Bowen, pers. comm.). 

A group of pests including Black-billed 
Magpies, Red-winged and Yellow-headed 
Blackbirds, Northern Mockingbirds, Gold- 
en Eagles, Acorn Woodpeckers and North- 
em Flickers have changed only slightly in 
abundance and distribution (Fig. 2). Flick- 
ers, mockingbirds and Acorn Woodpeckers 
have maintained abundant and constant 
breeding populations. However, their win- 
tering populations have all tended to in- 
crease, especially in the Rocky Mountain 
States (e.g., Fig. 3). Wintering populations 
of Golden Eagles have also increased 
throughout the west, possibly by as much 
as 29% (Phillips and Blom 1988). 

Black-billed Magpies maintained high 
populations during the 20th century. They 
expanded their range east in the early 1900s 
into Oklahoma and Kansas (Tate 1927) and 
increased in abundance in western riparian 
locations that border agriculture (Rickard 
1959). Recently, populations of breeding 
birds remained relatively stable (Robbins et 
al. 1986) but wintering populations, es- 
pecially in Texas and Utah, have increased. 
CART analyses of BBS counts suggested that 
populations were declining in the Plains 
States, and least abundant in human dom- 

inated habitats. However, in the Coastal and 
Mountain States, magpies were positively 
correlated with human density and farm- 
land. Winter densities were positively cor- 
related with farmland. 

Red-winged and Yellow-headed Black- 
birds were noted as common by the earliest 
explorers of the western marshes (Grinnell 
19 15). They have both changed their abun- 
dance and distribution slightly by invading 
agriculture whenever breeding sites were 
close to human population centers (e.g., 
Howell 1922). As with all marsh dwelling 
birds, Red-winged and Yellow-headed 
Blackbird populations in the west declined 
periodically during the 1930s in response to 
urban sprawl and the draining of marshes 
(Davis 1935). Population growth also was 
checked from the 185Os-1930s by market 
hunters who killed hundreds of thousands 
of them (Neff 1942). Red-wings remained 
common throughout the western U.S. and 
Canada into the 1960s (e.g., Gullion 195 l), 
and were first observed breeding in Alaska 
in the late 1950s (Shepherd 1962). 

Recently, breeding populations of both 
species have remained stable or increased 
slightly throughout the western U.S. and 
Canada (Twedt et al. 1991, Erskine et al. 
1992) while increasing significantly in the 
Plains States (Robbins et al. 1986). How- 
ever, Red-wings in the Dakotas declined by 
as much as 41% from 1965-1981 due to 
drought and tilling of wetlands (Besser et al. 
1984). Winter population trends are diffi- 
cult to interpret. 

Two species, Cliff Swallows and House 
Finches, have exhibited moderate range ex- 
pansions and increases in population size. 
Cliff Swallows have increased throughout 
the west, but the major change has been in 
California, where increases in foraging and 
nesting habitat provided by irrigation and 
bridge building have facilitated the spread 

+ 
FIGURE 3. Recent trends in the population size of Northern Flickers throughout the western U.S. Counts 
during the breeding season (BBS) are given on the left half of the graph and counts during the winter (CBC) are 
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of a large population throughout the Central 
Valley since the late 1950s (Gorenzel and 
Salmon 1982). 

House Finches spread to the north from 
their center of abundance in California and 
the southeastern deserts (Edwards and Stir- 
ling 1961, Paul 1964). In 1910, they only 
occurred from Oregon, Idaho, and Wyo- 
ming south. By 1928 they were common in 
California, central Idaho and central Wash- 
ington and began to spread into British Co- 
lumbia in 1935, reaching 130 km north of 
the U.S. border by 1948. In the early 1960s 
they were common throughout the lower 
half of British Columbia. They also spread 
west to coastal Oregon in 1940 and east to 
Montana in 1968 (Hand 1969). Recently, 
the numbers of breeders have remained sta- 
ble for the west as a whole, but declined 
slightly in the Mountain West and Great 
Plains (Fig. 4; Robbins et al. 1986). Win- 
tering populations have increased (Fig. 4). 

The four principal species of gulls in the 
western U.S. have exhibited large increases 
in population size, with modest changes in 
range. Western and Glaucous-winged gulls 
bred on islands off the Pacific Coast early 
in the century (Grinnell 19 15, Dickey and 
Van Rossem 1925). Both species are now 
much commoner in coastal urban areas. 
CBC surveys indicate that wintering pop- 
ulations of Western Gulls have increased 
approximately 10 x in the last 30 years. 
Glaucous-winged Gulls began to increase in 
British Columbia in the 1930s (Woodberry 
and Knight 195 1) and have increased by 
2.6% per year from 1960-1980 (Vermeer 
1982). In the last 30 years, CBC data do not 
suggest that winter populations of Glau- 
cous-winged Gulls in the U.S. are increas- 
ing. 

California and Ring-billed gulls increased 
2.7 x and 22 x , respectively, from approx- 
imately 1930-1980 (Conover 1983). The 
expansion of California Gulls came prin- 
cipally from increased colony establishment 
in Washington, Montana and North Dakota 
(Conover 1983) and Canada. A similar pat- 
tern, but with greater expansion of colonies 

in Idaho and Oregon, was noted for Ring- 
billed Gulls (Conover 1983). Both species 
have continued to increase into the 1990s 
(Fig. 5; Blokpoel and Tessier 1986, Yochem 
et al. 1991). 

Spring (BBS) and winter (CBC) surveys 
conducted over the last 30 years have de- 
tected sustained increases in California 
Gulls. Counts during the breeding season 
have increased more consistently in the 
Coastal States than in the Mountain States. 
Moreover, CART analyses indicated that 
populations in the Mountain States were 
more closely associated with agriculture than 
coastal populations. Wintering populations 
were greatest in areas of high human density 
and were less closely correlated with farm- 
land. 

CBC and BBS surveys suggest that Ring- 
billed Gulls have increased dramatically in 
the spring and winter throughout the west- 
em U.S. (Fig. 5). Counts in Plains States 
were strongly, positively associated with 
farmland and deviations from mean Janu- 
ary temperature, and negatively correlated 
with the abundance of humans. Coastal 
counts were more strongly associated with 
plot species richness. Wintering populations 
throughout the west were positively asso- 
ciated with farmland and human density. 

The principal waterfowl and corvid pests 
have sustained large increases in population 
size and moderate shifts in density within 
their historic ranges (Fig. 2). Waterfowl 
populations likely declined during the first 
third of the century in response to increased 
wetland drainage and severe droughts in the 
Prairie States (Banks and Springer 1994). 
Populations were lowest in the mid- 1930s 
but during the last 30 years, the principal 
pest species (Canada Geese and Mallards) 
increased substantially in the Plains States 
(Fig. 6; Conover and Chasko 1985, Robbins 
et al. 1986). Increases during the winter are 
partially due to overwintering in the breed- 
ing range by many urban and suburban pop- 
ulations that were once migratory. 

Ravens were conspicuous but sparsely 
distributed permanent residents in the early 



NATIVE BIRD PESTS-Murzlufet al. 

House Finch AOU: 5 19.0 

___ ._- 
A. 

100 - 

- . . 

10 - - 50 

L 0 

F. 
. . . . 

_.: 

100 

10 

,000 , 150 

B. -1 
70 

60 

. 50 
. 

.: . . 40 

G. . . . . I . . 

w-J---l 100 

. . . 

LOO 100 

:..:. 

1 50 

. . . 

H. 
I .- 50 

- 40 

- 30 
. . .* 

. . 
. . . 

- 20 

. . . 
- 10 

I. 

. . :... 40 
: . N-w--u-l 

__ 
30 . . 

. . .:. 

20 

I 
70 80 9o” 

Year 

1 . 
65 71 83 Ho 

Year 

FIGURE 4. Recent trends in the populations of House Finches throughout the western U.S. See legend in 
Figure 3 for details. 



212 STUDIES IN AVIAN BIOLOGY NO. 15 

Ring--billed Gull AOT-J: 054.0 

1000 - 30 

B. 

100 - - 20 

$ IO- - 10 

a 
G . .:. . . 

-3 . 

’ 
. 

0 
h 
9) 1000 

z 
25 

C. 

- 20 

- 15 

- 10 

-5 

0 

3 

D. 

,I’ 
,000 I 60 

E. 70 

74 83 92" 

Year 

1000 I50 

F. 

100 100 

* . 
. . 

10 . . 50 . . 

. ...* 

1 0 

,000 , (60 

- 30 
. . . . 

- 20 

. ..*.. 
- LOO 

: 

...:. 
;; 

. . - 50 .$ 
. . 0 

d 

100 *$ ,s---;; pI 

. . . - 40 
.:. 

..* - 20 

11 IO 
.__ 

J. 
: 

- 300 
100 - 

- 200 . . 

10 - . . . . . 
. . . . - 100 

'60 ,o 60 90" 

Year 

FIGURE 5. Recent trends in the populations of Ring-billed Gulls throughout the western U.S. See legend in 
Figure 3 for details. 



NATIVE BIRD PESTS-Marzlufet al. 213 

Canada Goose 

lODO ) , 25 

7oo-A~ +MlQ 1:: 
- LO 

10 - 
*. : . 

. . 
. . -5 

. . . 

I 0 

1000 .:‘;. x : ji; . . . 0 . -10 h 
.-: d 

I . 
. .““; 0 0 cc 

1000 4 *- 

D. d 

,000 , ( 100 

100 .E-Jw&J-+ 1:; 
. . * - 40 

10 - . . . . 
. . . . 

- 20 

. . . * 

I 
65 74 83 92O 

Year 

AOU: 172.0 

,000 , , 150 

F. . . . . 

. . . . . 
100 - - 100 

10 - . * . - 50 

. . . . . 
. . 

1 0 

~ ‘y/y+;; 
.: . 

d :: 
e . . . . 

.rl 

2 ,000 200 
.3 

ii 

H. 
. . . 

. . 

- . - I50 

y LOO 
. . 

1” I-“““” : 

. . . 

i 
100 4 

(j I0 . . . . . 
z 

50 ‘; 

; ... 
.“I 1 0 7 
a 

,000 80 ,$ 

/-.;_+:; pc 
$ 10- . ../. .. 

- 30 

- 20 

. . . 
- 10 

1 0 

__.. ___ 
“J. 

:. . .- . 400 

100 - 
- 300 

- 
IO .- 

2.00 
- . 

. . 
. . . 

- - . . . 100 

I ” 

60 70 80 90” 

Year 

HGURE 6. Recent trends in the populations of Canada Geese throughout the western U.S. See legend in 
Figure 3 for details. 



214 STUDIES IN AVIAN BIOLOGY NO. 15 

1900s (Grinnell 1915). Their numbers re- 
mained fairly constant from the 192Os- 
1960s except for a reduction in highly set- 
tled areas (Grinnell and Miller 1944) and 
local increases in response to new feeding 
opportunities (e.g., Santa Barbara Island in 
response to sheep farming; increases around 
garbage dumps in rural villages (Pemberton 
1929, Cahn 1947). 

Recently, breeding and, more notably, 
wintering ravens have increased in the Far 
Western States (Robbins et al. 1986). Ra- 
vens in southwestern deserts have increased 
by 5-15 x in the last 20 years (Boarman in 
press), and moderate-sized towns in the 
Rocky Mountains have seen explosions in 
wintering populations (e.g., a 9-fold in- 
crease from the mid- 1970s to the late 1980s 
in Flagstaff, Arizona [Marzluff 19881). BBS 
counts of ravens were positively correlated 
with plot species richness and farmland, but 
negatively associated with human density. 
The negative influence of high human den- 
sity was least important in the Coastal States 
and most important in the Mountain States. 
The positive influence of farmland was 
greatest in the Plains States, suggesting that 
the breeding populations on the edge of the 
range were more closely associated with ag- 
riculture than in the dense center of the 
range. Farmland was the most important 
variable used in CART analyses to explain 
variation in wintering populations. 

American Crows were uncommon in most 
parts of the west through the early 1900s 
except along riparian corridors (Monson 
1946, Richards 197 1). However, popula- 
tions increased with the arrival of agricul- 
ture and irrigation in the interior of Cali- 
fornia, Oregon, and Washington. Brooks 
(1925) estimated a regional increase of 30 x 
over much of the west from 1900-I 920 (see 
also Robertson 193 1). Emlen (1940) sug- 
gested that numbers in California changed 
little from the late 1800s to the 1930s ex- 
cept along the northern coast and in the 
Sacramento Valley, where abundance in- 
creased substantially. Crows were uncom- 
mon throughout the Great Basin until the 
1930s after which they increased slowly with 

spreading agriculture (Pitelka 1942, Rich- 
ards 197 1). They were rare at Las Vegas Hot 
Springs, New Mexico in 1882, but were one 
of the commonest species in 1959 (Rickard 
1959). 

Over the last 30 years, BBS and CBC sur- 
veys indicated steady, but slight, increases 
in breeding and wintering populations of 
crows (Robbins et al. 1986). BBS counts 
were correlated positively with plot species 
richness and human density, and correlated 
negatively with mean January temperature 
and farmland. CBC surveys also were cor- 
related positively with human density. Ap- 
parently crows are invading urban areas to 
a greater extent than agricultural areas. In 
contrast, ravens appear to be invading ag- 
ricultural areas to a greater extent than ur- 
ban areas (although they are common in 
many urban areas as well). CART analyses 
suggest that the importance of urban areas 
to crows was greatest in the Mountain and 
Coastal States. 

During the first half of the century, Scrub 
Jay (Aphelocoma coerulescens) populations 
evidently remained stable throughout most 
of the west (Hargrave 1932, Stoner 1934) 
then increased slightly in lowland areas of 
California (Grinnell and Miller 1944) and 
in Arizona and Texas where overgrazing in- 
creased the spread of scrub vegetation into 
former grassland (Phillips et al. 1964). 
Breeding populations were stable from the 
mid- 1960s to the late 1980s increasing sig- 
nificantly only in Oregon and California 
(Robbins et al. 1986). Wintering popula- 
tions have gradually increased in all areas 
over the last 30 years (Fig. 7). Scrub Jays 
appear to be invading most human domi- 
nated landscapes because BBS counts were 
positively correlated with human density 
and farmland. Colonization of farmland ap- 
pears to be especially important in the 
Mountain States. 

Results from our analysis of BBC data 
from California support the observations of 
recent increases in corvids. We found a sig- 
nificant increase in total corvids (per 40.5 
ha) through years (F,,,82 = 5.24) in combi- 
nation with a significant positive relation- 
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FIGURE 7. Recent trends in the populations of Scrub Jays throughout the western U.S. See legend in Figure 
3 for details. 
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ship to number of species (F,,,,, = 11.85) 
and a significant negative relationship to 
census plot size (F,,,** = 32.07). These re- 
lationships largely reflected population 
trends in jays (Scrub Jay, Steller’s Jay [Cy- 
anocitta stelleri], Gray Jay [Perisoreus can- 
adensis]), which made up 96.5% of all cor- 
vids recorded in censuses. 

The increases have occurred only in cer- 
tain habitats. Of the 17 censuses with jays, 
showing residuals of more than + 10 pairs 
per 40.5 ha, 12 were upland or riparian 
woodlands with a major component of oaks. 
Of the remaining five censuses, three were 
riparian woodlands, one a wooded urban 
park, and one a chaparral habitat. Of these 
17 census sites, 13 were at elevations below 
500 m. 

Common Grackles, Great-tailed Grack- 
les (Quiscalus mexicanus) and Brown-head- 
ed Cowbirds (Molothrus ater) have experi- 
enced the greatest rates of increase within 
their historic range and largest expansions 
of any native pest birds in the western U.S. 
(Fig. 2). Common Grackles were relatively 
rare in the west until recently. They were 
first observed in the 1940s in Nevada (Al- 
corn 1946) and the late 1950s in Utah (Tal- 
ley 1957). Recently, they were mostly con- 
fined to the Great Plains, where populations 
increased slightly, especially in Oklahoma 
(Robbins et al. 1986). Although breeding 
populations are small in the Rocky Moun- 
tain States, they appear to be rapidly in- 
creasing. Winter population trends are er- 
ratic and difficult to interpret (Bock and Root 
1981). 

In the mid- 1800s Great-tailed Grackles 
were locally abundant, but restricted to the 
northern Plateau of Mexico and extreme 
southern Texas (Selander and Giller 196 1). 
They remained there until approximately 
1913, when they began a slow northern in- 
vasion into Arizona, New Mexico, and in- 
land Texas (Phillips 1950). Colonization 
proceeded north along the Rio Grande so 
that by the early 1940s grackles were in cen- 
tral and northern New Mexico, and fol- 
lowed the conversion of grassland to brush- 
land north in Texas up to the panhandle 

(Compton 1947, Phillips 1950, Selander and 
Giller 196 I). Grackles were resident in Ar- 
izona along the Salt and Gila Rivers north 
and west to Phoenix by the 1950s and ex- 
panded west and north in the 1960s into 
California, all of New Mexico, and Colo- 
rado (McCaskie et al. 1966, Phillips 1968). 
Breeding was confirmed in Colorado in 1973 
(Stepney 1975). Populations exploded in the 
Great Plains during the late 1960s and 
1970s especially on the Osage Plains of 
Kansas, Oklahoma, and southern Nebraska 
(Robbins et al. 1986). 

Wintering and breeding populations have 
continued to increase, especially in the 
Rocky Mountain States. CART analyses of 
BBS counts indicated that grackles, though 
primarily confined to the Southwest, are in- 
creasing faster than any other pest species. 
Abundance was positively correlated with 
farmland, especially in the Plains States. 
Winter populations were also increasing 
rapidly and were associated with areas of 
high human density, and to a lesser extent 
with areas of abundant farmland. 

WHY ARE MOST PESTS 
SUCCESSFUL? 

In this era of widespread endangerment 
and extinction of species, most native bird 
pests in the west have stable or increasing 
populations (Fig. 2) owing to their ability 
to take advantage of feeding and nesting 
sites provided by man. 

Three characteristics shared by many pests 
may be especially important in preadapting 
them to exploit humans. First, many pests 
forage in flocks (McAtee 1946), a common 
adaptation to patchily distributed, but lo- 
cally abundant foods (Marzluff and Balda 
1992), such as agricultural crops. Second, 
flocking and non-flocking pests are usually 
generalist foragers. This ability has likely 
been a key to recent increases in the abun- 
dance of many larids and corvids, which can 
exploit human refuse when other foods are 
scarce. Third, suitable breeding habitat has 
been expanded by human impoundment of 
rivers and creation of wildlife refuges (for 
waterfowl and larids), construction of bridg- 
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es (swallows), irrigation of farmland (icter- 
ids), and creation of urban parks (corvids). 
Widespread geographic distribution may be 
of secondary importance because the one 
pest with a declining population, the Tri- 
colored Blackbird, also has a very restricted 
range. 

Our CART analyses of factors correlated 
with the abundance of pests indicated that 
large human populations were more bene- 
ficial to pest species in the winter than dur- 
ing the breeding season. Food provided at 
feeders, parks, marinas, and refuse dumps 
may have increased survival or changed 
wintering distribution of pests, or both. 

Although agricultural and urban areas are 
important refuges for pests, increases have 
not been limited to sites of extensive human 
disturbance. For example, our results sug- 
gest that small corvids in California have 
increased in abundance in low- to mid-el- 
evation woodland habitats since the early 
1960s. This is most clearly shown in broad- 
leaf woodland habitats, but is not restricted 
to sites internally impacted by human dis- 
turbance. Evidently, small corvids have been 
favored by general landscape changes such 
as the spread of suburban residential de- 
velopments, vehicular campgrounds, and 
other human activities into the more ac- 
cessible portions of extra-urban California. 
Spillover from areas of strong human im- 
pact may have increased populations of 
small corvids even in lightly impacted hab- 
itats. 

LIMITATIONS OF RESULTS 

We have relied upon the published lit- 
erature and recent standardized surveys to 
assess changes in the population sizes of a 
variety of birds. A few caveats should be 
noted. Trends in some bird species or groups 
are not easily identified in BBS or CBC cen- 
sus data. In addition to the enormous vari- 
ation in the structure of the bird commu- 
nities themselves, differences among 
observer practices often make results diffi- 
cult to compare. Data from BBC, BBS and 
CBC censuses may also be poor at charac- 
terizing trends in abundance of large cor- 

vids, primarily because of the small size of 
most census plots relative to their home 
ranges, and colonial larids and icterids, be- 
cause census plots may only rarely fall with- 
in historically used colonies (Bock and Root 
1981). 

FORECAST 

Native species of birds will continue to 
plague humans. A recent nationwide survey 
of Animal Damage Control needs reported 
that six of the top ten research needs con- 
cerned native birds (Packham and Connolly 
1992). Ways to control blackbird and wa- 
terfowl populations were the top two pri- 
orities, ranking above coyote, fox and dog 
control. Control of wading birds, cormo- 
rants, gulls, woodpeckers, crows and ravens 
was considered more pressing than bear, 
skunk, raccoon, or rat control. 

The survey results reflect current percep- 
tions of species that will be pests in the im- 
mediate future. Many will likely continue 
to be problems into the indefinite future be- 
cause new crops and settlements will en- 
croach upon native habitats, forcing birds 
to adapt, move, or go extinct. Each new crop 
planted will be exploited by native birds, 
principally blackbirds, finches, and corvids. 
Indeed, any species that adapts to human 
encroachment is certain to be considered a 
pest by a portion of the human population. 

Among species not considered above, 
cormorants and herons will be problems for 
western aquaculture, as is currently the case 
in the southeastern and southwestern U.S. 
Ducks and geese will gain prominence for 
fouling the urban environments. Problems 
with corvids and cowbirds (Rothstein 1994) 
will increase, through predation on the eggs 
and nestlings of endangered species, as for- 
ested areas become increasingly fractured 
and utilized by humans for recreation. 

Safety-related problems with native birds 
should lessen during the next century. Re- 
location and closing of many landfills will 
reduce the concentrations of gulls, black- 
birds and corvids that pose hazards to air- 
craft. Communal roosts, however, are likely 
to persist in urban areas and may increase 
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as humans OCCUDV more land. Disease becomes a pest: a case study. Pp. 186-201 in S. K. 

transmission and neurosis may therefore 
continue to be minor problems. 

Majumdar, E. W. Miller, D. E. Miller, J. R. Pratt, 
R. F. Schmalz, and E. K. Brown (eds.), Conservation 
and resource management. The Pennsylvania Acad- 

At the Bicentennial meeting of the Coo- emy of Science, Easton, Pennsylvania. 

per Society, participants should not be sur- BOCK, C. E., AND T. L. ROOT. 198 1. The Christmas 

prised to learn that the western avifauna has 
bird count and avian ecology. Studies in Avian Bi- 
oloev 6: 17-23. 

become dominated by generalized, flocking BOONE, R. B. 199 1. Avian population changes in ag- 

species. ricultural areas. M.S. Thesis. University of Maine, 
Orono, ME. 
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POPULATION TRENDS OF INTRODUCED BIRDS IN 
WESTERN NORTH AMERICA 

RICHARD F. JOHNSTON AND KIMBALL L. GARRETT 

Abstract. Introduced birds are those captured, transported, and released elsewhere, either intention- 
ally or accidentally. Eighty-three species of birds have been introduced into western North America; 
about 43 of these now have reproductively competent populations. Nearly half the introductions into 
western North America have been of gamebirds. Feral pigeons, European Starlings, and House Spar- 
rows are at numerical stasis; Spotted Doves, Ringed Turtle-Doves, and Crested Mynas show major 
decreases, partly owing to urban environmental succession. Successful introduced species tend to have 
had multiple introductions, a large area of natural distribution, ability to exploit resources generated 
and dominated by humans, and high fecundity. Results of avian introductions are difficult to predict, 
but knowing this means we are not necessarily doomed to repeat the past. 

Key Words: Distribution; abundance; anthropogenic ecology; colonizing species. 

Humans have been modifying the distri- 
bution and abundance of birds for thousands 
of years. In some instances species have been 
extirpated, in some their numbers increased 
or decreased, and in others their distribu- 
tions changed. Causes for increases in range 
or numbers are several, and include the in- 
troduction by humans of individuals from 
one place to another. It is some population 
consequences of the latter concerning west- 
ern North America that is the focus of this 
review. 

Introduced birds are defined as those cap- 
tured and transported by humans and re- 
leased elsewhere. Release sites may be where 
the species has never occurred, no longer 
occurs, or occurs at low density; an intro- 
duction may be accidental or intentional. 
Instances of human-mediated dispersal of 
birds are known for most regions of the 
world. More than 200 pertain to North 
America (Long 198 l), and 84 of them have 
affected the American west. Currently, about 
43 of these have self-replicating populations 
(Table 1). 

The fraction for western North America 
is small if numbers of species are consid- 
ered, and even smaller if restricted to viable 
species. But that is not the only point of 
reference, or else this chapter would not have 
been written. In fact, a few introductions 
have resulted in enormously abundant pop- 
ulations that command our interest because 

they tell something about population biol- 
ogy, perhaps certain ecological asymme- 
tries, and the initial stages of the evolution- 
ary process, as well as being possible sources 
of recreational, public health, agricultural, 
and economic concerns. The degree to which 
these concerns are realized varies from place 
to place, but this examination for western 
North America probably represents the 
world in microcosm. 

SPECIES ACCOUNTS 

In the accounts below, a few species or 
groups of species listed in Table 1 are dis- 
cussed; records of winter population trends 
at some stations of western occurrence are 
from Christmas Bird Counts (CBCs; see ci- 
tations to Bird-Lore, Audubon Magazine, 
Audubon Field Notes, and American Birds). 

Peregrine Falcon (Falco peregrinus) 

Decline in population sizes throughout 
North America in the 196Os, a response to 
chlorinated hydrocarbon pesticides, almost 
exterminated Peregrine Falcons. In the west 
in the early 197Os, just two pairs were known 
in California, six in Colorado, one in Ore- 
gon, three in Washington, and “a few” in 
New Mexico and Texas (Bumham and Cade 
1992). In 1973, private organizations, in- 
cluding the Peregrine Fund, and State and 
Federal wildlife agencies, began releasing 
captive-reared peregrines in regions where 
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TABLE 1. SUCCESSFULLY INTRODUCED BIRDS OF WESTERN NORTH AMERICA! 

Family/species Locality and date’ 

NO. 15 

References 

Anatidae 

Olor buccinator 

Cygnus olor 

Branta canadensis 

Cathartidae 
Gymnogyps californianus 

Falconidae 

Falco peregrinus 

Phasianidae 

Perdix perdix 

Francolinus 
pondicerianus 

Tetraogallus 
himalayensis 

Alectoris chukar 

Phasianus colchicus 

Pavo cristatus 
Dendragapus canadensis 
Dendragapus obscurus 
Bonasa umbellus 

Lagopus leucurus 
Meleagris gallopavo 

Colinus virginianus 

Callipepla californica 

Callipepla squarnata 
Oreortyx pictus 

Columbidae 
Columba livia 

Streptopelia risoria 
Streptopelia chinensis 

Psittacidae 

Aratinga mitrata 
Melopsittacus undulatus 

USA: CA 1930s 
USA: CA 1917? 

USA: CA 1980s 
USA: CA 1930s 

Psittacula krameri USA: CA 1956 
Myiopsitta monachus USA: CA 1972 
Nandayus nenday USA: CA 1968 

USA: OR, NV 1957, WA 1964 
CAN: BC 
USA: OR 
CAN: BC 
USA: AZ 1966 
CAN: BC 1931 

USA: CA 1991 

Western USA: 1973- 

USA: 1877. CA, OR, WA, ID, UT, 
MO 

CAN: 1904. BC, Alta., Sask. 
USA: CA 1959, NV 

USA: 1962. NV 

USA: 1893. CA, OR, WA, MN, WY, 
ID, CO, NV, AZ, NM, UT 

CAN: 1940. BC. Alta. 
MEX: Baja 
USA: 1730. CA 1889, OR 1882, MN 

1895, UT 1900, and all other 
western states 

CAN: 1882. BC, Alta. 
MEX: Baia 
USA: CA 
USA: AK 1957 
CAN: BC 1970 
USA: NV 
CAN: BC 
USA: CA, UT 
USA: 1925-. CA, OR, WA, MD, ID, 

NV, AZ, NM, UT, CO, WY 
USA: 1865-. OR, WA, ID, MN, WY, 

co, AZ 
CAN: 1900-. BC 
USA: 1865-. CA, OR, WA, ID, UT 
CAN: 1860-. BC 
USA: NV 1960s WA 1913 
USA: WA 1860s NV, ID 
CAN: BC 1860s 

USA: 162 1. now in all western states 
CAN: 1606. BC, Alta., Yukon 
MEX: 

Johns and Erickson 1970 
Godfrey 1966 
Wing 1956 
Long 1981 
Palmer 1976 
Carl and Guiguet 1972 

Snyder and Johnson 1992 

Bumham and Cade 1992 

Guiguet 196 1 

Carl and Guiguet 1972 
Christensen 1963. Bohl 1968. Bums 

and Bohl 1964’ 
_  

Christensen 1963, Bump and Bohl 
1964 

Bump 1968, Whitney 1971, Gott- 
schalk 1967 

Carl and Guiguet 1972 
Long 1981 
Roberts 1960, Allen 1962 

Carl and Guiguet 1972 
AOU 1983 
Hardy 1973 
Long 1981 
Carl and Guiguet 1972 
McColm 1970 
Carl and Guiguet 1972 
Gaines 1988. Behle et al. 1985 
Walker, E. 1949 

Goodrum 1949 

Carl and Guiguet 1972 
Phillips 1928, Johnsgard 1973 
Carl and Guiguet 1972 
AOU 1957, Johnsgard 1973 
Carl and Guiguet 1972 
Guiguet 196 1 

Schorger 1952 
Schorger 1952 
Peterson and Chalif 1973 
Cooke and Knappen 1941 
Reuther 1951, Storer 1934 

CBCs, Los Angeles region 
Cooke and Knappen 194 1, Hardy 

1973 
Hardy 1964 
Hardy 1973, Davis 1974 
Hardy 1973 
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Family/species Locality and date’ References 

Rhynchopsitta 
pachyrhyncha 

Brotogeris versicolurus 
Amazona viridigenalis 
Amazona jinschi 
Amazona autumnalis 
Amazona oratrix 

Alaudidae 

Alauda arvensis 

Pycnonotidae 

Pycnonotus jocosus 

Mimidae 

Mimus polyglottos 

Mimus gilvus 

Stumidae 

Sturnus vulgaris 

Acridotheres cristatellus 

Emberizidae 

Cardinalis cardinalis 

Passeridae 

Passer domesticus 

Estrildidae 

Estrilda melpoda 

USA: AZ 1986, 87, 91 Snyder and Johnson 1992 

USA: CA 1971 
USA: CA 1980s 
USA: CA 1977-1981? 
USA: CA 1968 
USA: CA 1962 

Hardy 1973 
CBCs, Los Angeles region 
CBCs, Los Angeles region 
Hardy 1973 
Hardy 1973 

CAN: BC 1903 Scheffer 1935, Carl and Guiguet 
1972 

USA: CA 1968 Hardy 1973 

USA: CA 1891, OR 1892 Phillips 1928, Jewett and Gabrielson 
1929 

CAN: BC, Alta. 
PANAMA: 1932 

Godfrey 1966 
Ridgeley 1976 

USA: 1890. CO 1938, NV 1938, MN 
1939, UT 1939, ID 1941, CA 
1942, OR 1943, WA 1943, AK 
1952 

Long 1981; Kessel 1953 

CAN: 1914. BC 1945, Yukon 1962, 
NW Terr. 1969 

MEX: Tamps. 1935, Coah. 1939, 
Nuevo L. 1948, Yucatan 
> 1973 

Godfrey 1966, Carl and Guiguet 
1972 

Coffey 1959, Yocum 1963, Long 
1981 

USA: WA 1920s 
CAN: BC 1894-1897 

USA: CA 1880 

Jewett et al. 1953 
Wood 1924, Carl and Guiguet 1972 

Hardy 1973 

USA: 1852. CA 1871, UT 1873 
CAN: BC 1886 

Robbins 1973 
Godfrey 1966, Carl and Guiguet 

1972 
MEX: SLP 1930, Isthmus of Tehuan. 

1947, Chiapas 1950 
COSTA RICA: 1974-1975 

Coffey 1959, Wagner 1959, Peterson 
and Chalif 1973 

Reynolds and Stiles 1982 

USA: 1965. CA Hardy 1973 

I For western North American localities unless otherwise stated. 

they had formerly nested. This program has These species have been extensively stud- 
been successful, and peregrines now occur ied, propagated in confinement, transport- 
again in most regions of the west. A dis- ed, and released into habitat likely to sup- 
cussion of details is presented by White port free-living populations. Management 
(1994). of game species has commanded significant 

Galliform birds (Phasianidae) 
fractions of State fish and game department 
budgets, and the resultant gamebird popu- 

Some 19, or 44%, of the successful avian lations can be important to local human 
introductions to western North America are economies. The literature is enormous and 
of birds important in recreational hunting. cannot be covered here in any depth, but 
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the ecology and behavior of many intro- 
duced species has been treated at book length 
a number of times. 

One species, the Ring-necked Pheasant, 
Phasianus colchicus, has had multiple in- 
troductions of a variety of genetic stocks for 
more than 200 years in North America, for 
more than 100 years in many places in the 
west beginning in Alberta, British Colum- 
bia, Montana, and Oregon, and ultimately 
in all western states. Introductions have been 
made by both private and governmental 
agencies, and continue to the present time 
(Long 198 1). 

In a few places in the west, such as the 
Central Valley of California, the Ring- 
necked Pheasant is wholly successful as a 
free-living bird, despite human predation 
each autumn, and needs little except pop- 
ulation monitoring and adjustment of hunt- 
ing seasons and bag limits to maintain itself. 
Other populations need occasional augmen- 
tation, and others, in rapidly urbanizing 
regions such as southern California, have 
almost entirely disappeared. 

Introductions of genetic stocks from pop- 
ulations different from those used histori- 
cally, namely P. c. colchicus and P. c. tor- 
quatus, are still underway. Recent work has 
featured birds from the Near and Middle 
East, taken from populations identified as 
P. c. talischensis, P. c. persicus, their hy- 
brids, and their hybrids with other named 
stock; for introductions into western dry- 
land habitats (as well as others) see Long 
(1981). 

The White-tailed Ptarmigan (Lagopus 
leucurus) was introduced from Colorado to 
the Sierra Nevada of California, near Yo- 
semite National Park, in the early 1970s; it 
has spread within the alpine zone along some 
75 km of range (Gaines 1988). It has also 
been introduced into Utah (Behle et al. 
1985). 

The Wild Turkey (Meleagris gallopavo) is 
another species of intense management in- 
terest, and provides as good a case history 
of the efficacy of modem wildlife manage- 
ment policies as one could wish. Subsequent 

to essentially unrestricted hunting and deg- 
radation of forest habitats following Euro- 
pean colonization of North America, tur- 
keys were markedly reduced in numbers and 
distribution, a condition that persisted until 
perhaps 65 years ago (E. Walker 1949). But 
introductions, reintroductions, restocking, 
and transplants since then have been suc- 
cessful, and turkeys are now found in south- 
western Canada and nearly throughout the 
lower 48 states of the U.S.A., at localities 
where they had never historically occurred 
(AOU 1983). Distribution is disjunct, in ac- 
cord with distribution of woodlands, and 
some populations may depend on restock- 
ing for their maintenance. Seasonal and bag 
limits are monitored relative to population 
numbers wherever hunting is feasible. 

Feral Pigeon (Rock Dove, Columba livia) 

Feral pigeons developed in the west fol- 
lowing introductions of domestic pigeons 
by settlers and merchants, presumably to 
most localities at a relatively early time; there 
is, however, no documentation of any such 
activity. Ferals today occur commonly in 
urban centers, smaller towns, cattle feedlots, 
grain storage facilities, and family farms. 
Colonies in large cities and elsewhere, as 
along the Front Range in Colorado (R. Ry- 
der, pers. comm.), have served as foraging 
foci for Peregrine Falcons being reintro- 
duced to their former range. 

Numbers of feral pigeons are small where 
few humans live, as in the Great Basin and 
in high montane sites, but the birds occur 
in low density at all seasons of the year in 
central Utah, southwestern Wyoming, 
southeastern Colorado, and central mon- 
tane New Mexico. In such regions the pi- 
geons behave much more like wild C. livia 
of the Old World than urban pigeons; they 
nest in canyon cliffsides (vertical limestone 
rimrock above steep talus slopes) and com- 
mute to cattle feeding stations in tight, high- 
speed flocks only a few meters above ground 
level. 

CBCs at four western cities (Table 2) show 
larger numbers in the 1980s than earlier, 
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TABLE 2. TOTALS AND YEARLY MEANS OF ROCK DOVES ON WINTER BIRD COUNTS IN FIVE-YEAR PERIODS FOR 
FOUR STATIONS IN WESTERN NORTH AMERICAI 

Period 

El Paso Salt Lake City Spokane Oakland 

N R N ic N x N x 

1972-1976 304 
1977-1981 3248 
1982-1986 4890 
1987-1991 3136 

’ Data from American Birds. 
1 No counts. 

101 2 

1;:s 
- 1457 486 2365 788 

650 304 3208 642 5709 1142 
978 2094 419 3024 605 6371 1274 

1568 1321 330 2497 624 5299 1419 

but the most recent counts suggest little 
yearly increase. Pigeons are frequently the 
target of population control programs, usu- 
ally with limited success (Murton et al. 
1972). Only if availability of food is severely 
restricted can feral pigeon populations be 
kept within acceptable limits (e.g., Haag 
1987). 

Ringed Turtle-Dove (Streptopelia risoria) 

The Ringed Turtle-Dove was established 
in the Los Angeles region, from captive es- 
capes in the early 19OOs, but apparently 
spread little beyond the urban core of the 
city of Los Angeles. As with many exotic 
species, the geographic limits and popula- 
tion parameters of established populations 
of these doves have been confounded by 
ongoing escapes or releases of caged indi- 
viduals; escaped Ringed Turtle-Doves are 
reported widely, but generally singly, from 
much of the urban west. 

Outlying populations in the Central Valley, 
centered in Bakersfield, may have been part 
of this range expansion or the result of sep- 
arate introduction events. This dove ap- 
peared on Santa Catalina Island some time 
after the mid-l 97Os, probably through a 
secondary introduction from the mainland, 
and is regularly noted in a recently-estab- 
lished CBC from the island. CBCs at Pas- 
adena-San Gabriel and at Los Angeles (Ta- 
ble 3) suggest that numbers peaked from the 
early 1950s to the early 1970s; the subse- 
quent decline at both CBC sites probably is 
due to urban succession. Current dynamics 
of the species’ distribution in California ap- 
pear to include a degree of range contraction 
in Santa Barbara County, after having be- 
come “fairly common” by the early 1980s 
(Lehman 1982), and in the San Diego re- 

A representative CBC from Los Angeles, 
CA (Table 3), shows that numbers increased 
to a peak in the 1940s and 1950s and sub- 
sequently declined, probably reflecting some 
consequences of urban succession there. At 
present, the population of Ringed Turtle- 
Doves around downtown Los Angeles has 
almost completely disappeared. 

TABLE 3. TOTAIS AND YEARLY MEANS OF Strepto- 
peliu DOVES ON WINTER BIRD COUNTS IN FIVE-YEAR 
PERIODS FOR FOUR STATIONS IN WESTERN NORTH 
AMERICA’ 

Spotted Dove (Streptopelia chinensis) 

The Spotted Dove was introduced into 
southern California in the early 19OOs, and 
became established from the Los Angeles 
area northwest to Santa Barbara County, 
south to San Diego and immediately adja- 
cent Baja California Norte, and east to the 
Coachella Valley by the 1960s (Long 198 1). 

Ringed 
Spotted Dove Turtle-Dove 

Pasadena, CA Los Angeles, CA Los Angeles, CA 

Penod N d N R N x 

1938-1941 0 0 274 69 54 14 
1942-1946 - - 423 85 47 9 
1947-1951 444 89 534 107 542 108 
1952-1956 982 196 1041 208 575 115 
1957-1961 596 119 366 73 386 77 
1962-1966 862 172 952 190 277 55 
1967-1971 323 65 480 120 243 49 
1972-1976 431 86 999 200 210 42 
1977-1981 297 59 625 125 94 24 
1982-1986 368 74 417 83 48 10 
1987-1991 117 29 287 72 80 20 

’ Data from Bird-Lore, Audubon Magazine, Audubon Field Notes and 
American Birds. 
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gion. But they seem also to include contin- 
ued expansion in the San Joaquin Valley. 

Parrots (Psittacidae) 

Reproductive populations of several spe- 
cies of exotic parrots have developed from 
escapes in southern California in the past 
30 years (Table 1). Information on popu- 
lation status and reproductive ecology of 
these exotic psittacids remains sketchy, in 
part because standard monitoring schemes, 
such as the USFWS Breeding Bird Survey 
and Christmas Bird Counts, fail to provide 
relevant data, the former because of poor 
coverage in urban and suburban habitats, 
and the latter because of selective and er- 
ratic treatment of exotics. Difficulties in field 
identification, especially in the genera Ama- 
zona and Aratinga, also contribute to the 
confusion about the current status of feral 
parrots in the region. Information on the 
ecology of feral parrots in southern Califor- 
nia is provided by Froke (198 1) and Hall 
(1988). 

Of the psittacids noted by Hardy (1973) 
to have established feral populations in 
southern California, several (Nandayus 
nenday, Psittacula krameri, Amazona ora- 
trix, and A. viridigenalis) have maintained 
or increased their populations; it is not clear, 
however, whether the specific populations 
mentioned by Hardy are still extant, be- 
cause current populations may not have de- 
scended from those established in the 1960s 
and early 1970s. 

Specimen evidence (Los Angeles County 
Museum of Natural History) shows that the 
populations of “Canary-winged Parakeets” 
noted from coastal Los Angeles County by 
Hardy (1973) were of the nominate subspe- 
cies, Brotogeris versicolurus versicolurus. By 

the 198Os, the species had spread over much 
of the Los Angeles basin, but more recent 
specimen samples are of B. v. chiriri, the 
“Yellow-chevroned Parakeet,” whose na- 
tive South American range lies to the south 
of that of the nominate form, from which 
it may be specifically distinct (Sibley and 
Monroe 1990). This temporal replacement 

of versicolurus by chiriri in the 1980s exactly 
duplicates their history in southern Florida 
(Robertson and Woolfenden 1992) and 
probably represents a shift in the source 
regions of the birds imported into the U.S.A. 

The Mitred Parakeet (Aratinga mitrata) 
increased throughout the Los Angeles basin 
in the 1980s and now appears to be the most 
numerous feral psittacid in the region; the 
regional population probably has reached 
several hundred thousand individuals (CBC 
data; Garrett, unpubl. data). Other species 
of Aratinga, especially A. acuticaudata and 
A. erythrogenys, are sporadically seen, often 
with flocks of mitrata. 

Noteworthy is the failure of the Monk 
Parakeet (Myiopsitta monachus) and Bud- 
gerigar (Melopsittacus undulatus) to have 
established long-lived populations in south- 
em California. Both species are present in 
numbers elsewhere in North America and, 
while mentioned by Hardy (1973) as having 
nested, appear not to be established in 
southern California at present. 

Concerning a non-exotic introduction: 
Thick-billed Parrots became extinct in the 
United States some time after 1938 (Mon- 
son and Phillips 198 1). The birds are locally 
common in the Sierra Madre Occidental of 
Mexico, and are caught there for sale as cap- 
tives. Releases of federally confiscated 
Thick-billed Parrots illegally sold in the 
U.S.A. were made in 1985 in the Chiricahua 
Mts. of Arizona, and in 1987 and 199 1 of 
cage-reared birds (Snyder and Johnson 
1992). Although pairing and nesting of some 
of the confiscated birds was seen in 1988 
and 1989, none of the released birds are 
thought to be alive in the wild as of 1992. 

European Starling (Stumus vulgaris) 

European Starlings were introduced to 
North America in the 1870s and reached 
the west coast through natural dispersal by 
1942 (Howard 1959). Winter populations 
seem to have stabilized at El Paso and Salt 
Lake City, and have perhaps declined from 
peaks reached in the 1970s in Spokane and 
Oakland (Table 4). Counts for the latter two 
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TABLE 4. TOTALS AND YEARLY MEANS OF EUROPEAN STARLINGS ON WINTER BIRD COUNTS IN FIVE-YEAR 
F'ER~OD~FORFOURSTATIONS~NWESTERNNORTHAMERICA~ 

El Paso Salt Lake City Spokane Oakland 

Period N x N ic N R N 2% 

1947-1951 939 188 30,856 
1952-1956 1052 210 39,333 
1957-1961 2811 718 z 

1962-1966 7602 1520 56?73 
1967-1971 273 55 651157 
1972-1976 609 122 77,566 
1977-1981 976 195 71,553 
1982-1986 1051 210 72,224 
1987-1991 570 143 59,260 

I Data from Audubon Field Notes and American Birds. 
i No ccwnts. 

6171 
9833 
- 

11,275 
13,03 1 
15,513 
14,311 
14,245 
14,815 

cities were in force prior to the arrival of 
starlings, so the totals provide a summary 
of how this successful invader fared nu- 
merically in two climatically distinctive 
regions. Starlings appeared in Alaska 40 
years ago and currently overwinter; CBCs 
for 199 1 showed Sitka with 66 individuals, 
Mitkoff Is. 100, the Matanuska Valley 
(61”36’N) 125, Wrangell Is. 12, and Juneau 
69. They appeared in Yellowknife, NWT, 
24 years ago. To the south, starlings were 
found in Yucatan 20 years ago, and their 
breeding occupancy of Middle American 
highlands may not be far off. 

Crested Myna (Acridotheres cristatellus) 

Crested Mynas were introduced to the 
Vancouver, B.C. region in the period 1894- 
1897. The population increased until about 
1927, when approximately 20,000 birds 
were estimated to live in the region; num- 

TABLE5. TOTAL~ANDYEARLYMEANSOFCRESTED 
MYNA.SONWINTERBIRDCOUNTSINFIVE-YEARPERIODS 
INSOUTHERNBRITISHCOLUMBIA' 

PtTiGd 

1957-1961 
1962-1966 
1967-1971 
1972-1976 
1977-1981 
1982-1986 
1987-1991 

VaIlCOUVer Ladner 

N R N R 

2941 588 200 67 
3347 669 504 126 
3777 775 281 70 
1190 238 96 24 
709 142 80 20 
317 79 63 16 

70 18 12 3 

I Data from Audubon Field Notes and American Birds. 

0 0 0 0 
5 1 0 0 

376 75 241 48 
1063 213 14,948 2989 
1132 226 27,311 9140 
2524 504 61,026 12,205 
7990 1598 38,312 7662 
4786 957 20,483 4097 
2195 1544 14,810 3703 

bers then decreased and were estimated at 
2000 to 3000 birds in 1960 (Mackay and 
Hughes 1963). CBCs were not taken (or, not 
published in Audubon Field Notes) until 
1957. The species had its CBC peak in the 
period 1960-1972 (Table 5) and since then 
has gradually decreased in abundance on 
counts at Vancouver and Ladner, B.C. My- 
nas in 1989 were considered to be close to 
extinction in Vancouver (Weber and Can- 
nings 1990). 

House Sparrow (Passer domesticus) 

House Sparrows were introduced into 
western North America in 187 1 or 1872 at 
San Francisco, California, perhaps from 
North American sources, and in 1873 or 
1874 at Salt Lake City, Utah, from Euro- 
pean sources (Robbins 1973). Numbers of 
sparrows have apparently declined from a 
high that was reached around 100 yrs ago 
in eastern North America (Robbins 1973, 
who suggested the decline of family farming 
and of the horse as transportation as pos- 
sible causes of population decreases), but 
are stable in the west at present (Table 6). 
Breeding Bird Survey data show House 
Sparrows living in all parts of the western 
USA and Canada, but at low densities in 
eastern Oregon, southern Idaho and Mon- 
tana, western Wyoming, Colorado, and Ar- 
izona, and most of Utah, which is to say 
desert, montane, and basin and range sec- 
tors of the west (Robbins et al. 1986). Even 
so, local densities may be appreciable, and 
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TABLE 6. TOTALS AND YEARLY MEANS OF HOUSE SPARROWS ON WINTER BIRD COUNTS IN FIVE-YEAR PERIODS 
FOR FOUR STATIONS IN WEZSTERN NORTH AMERICA’ 

Period 

El Paso Salt Lake City SpOkaIlE- Oakland 

N R N R N x N ic 

1947-1951 8101 1636 24,965 
1952-1956 2427 485 32,000 
1957-1961 2773 555 nc’ 
1962-1966 1616 323 10,618 
1967-1971 2329 466 12,702 
1972-1976 2787 558 9006 
1976-1981 6669 1334 4485 
1982-1986 4250 850 4129 
1987-1991 2536 1268 4556 

Data from Audubon Field Notes and American Bxds. 

populations at Salt Lake City are sometimes 
extremely large, to judge by CBCs from 1938 
to 1990. 

Maximum recorded densities on the 
Breeding Bird Survey have been in the San 
Joaquin Valley, California, and the vicinity 
of Portland, Oregon, almost certainly re- 
flecting the intensely agricultural habitats of 
those regions (Robbins et al. 1986). Over 
the past 20 yrs of CBC information (Table 
6) House Sparrows have been at relatively 
stable numbers per count area, averaging 
around 500 (Oakland), 1000 (El Paso and 
Spokane), or 1500 (Salt Lake City). 

Exotic$nches (Ploceidae and Estrididae) 

Occasional, apparently ephemeral, pop- 
ulations of exotic finches have appeared 
since the 1960s in the Los Angeles region 
and elsewhere in the urban west. The pop- 
ulation of Estrilda melpoda mentioned by 
Hardy (1973) appears to be no longer ex- 
tant, but other species of Estrilda and Lon- 
chura are seen frequently, sometimes in 
flocks, in rank, weedy areas of the Los An- 
geles basin. The Northern Red Bishop (Eu- 
plectes franciscanus) also is seen frequently 
in similar habitats and was documented as 
breeding along the Los Angeles River, Los 
Angeles County, California, in 1991 (Gar- 
rett, unpubl. data). The frequent appearance 
of small, “incipient” populations under- 
scores the need for tracking and document- 
ing occurrences of exotic species as well as 

4993 
8000 

- 
2124 
2540 
1801 

897 
826 

1139 

1276 255 1679 336 
2572 514 4136 827 
7626 1525 3189 638 
5312 1062 2353 471 
1132 226 879 293 
2928 586 6533 1307 
3655 731 3342 668 
4298 860 2430 486 
4786 1197 1475 369 

for incorporating carefully identified exotics 
into standard census efforts such as CBCs. 

DISCUSSION 

Approximately half the 84 avian species 
introduced to western North America can 
now be found there, which means that the 
probability of success is modest. The sur- 
vivors of course include some of the world’s 
most gifted colonizing species-the House 
Sparrow, the European Starling, and the 
Rock Dove. These three have occupied an 
important part of the anthropogenic ecology 
of the west in the past century. We may ask, 
given that humans keep caged birds and 
modify habitats, was this inevitable-would 
even these top-level colonizing species have 
persisted without intentional human-me- 
diated dispersal? 

Colonizing species are those for which en- 
vironments provide little or no reproduc- 
tive or demographic constraints. Thus, a 
species predisposed toward colonizing will 
inevitably be assisted by deliberate multiple 
releases. Lapses in keeping caged birds con- 
fined eventually would have allowed spar- 
rows and starlings to have had their oppor- 
tunities in the west, if we are to judge by 
what happened to domestic pigeons, which 
had relatively few intentional releases. Suc- 
cessful invasions require a range of condi- 
tions, however, and these occur unpredict- 
ably for any species. Additionally, no single 
characteristic of birds themselves guaran- 
tees their colonizing capability. 
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In a comprehensive examination of cause 
and effect in introduced or invading species, 
Smallwood (1990) identifies a complex of 
variables that help explain success or failure 
of an introduced species. These include 1) 
the size of the initial introduction, 2) the 
ultimate number ofintroductions, 3) the area 
of natural range of the introduced species, 
4) the ability to exploit resources generated 
and dominated by humans, and 5) the fe- 
cundity of the species. This requires us to 
think of a multivariate world, with inter- 
acting causes and effects. We have in the 
past handled such a complexity by conceiv- 
ing of the “empty niche,” an ecologic hy- 
perspace waiting to be occupied. But it is 
only when a colonizing species is found to 
succeed that a niche is identified. 

The niche may be a difficult abstraction, 
but humans have never had difficulty vi- 
sualizing habitat components of niche, and 
have persistently maintained a confronta- 
tional attitude toward natural habitats. Some 
habitats are powerfully affected, with some 
destroyed (and thus some created); others 
are not changed so dramatically. At one ex- 
treme, urban habitat for exotic doves and 
psittacids currently is being subtly changed 
in parts of southern California occupied by 
humans at high density; at the other, the 
woodland habitat formerly occupied by 
Passenger Pigeons (Ectopistes migratorius) 
was strongly modified and largely destroyed 
over a century of heavy human use. 

This is to say that humans do not sensi- 
tively react to important aspects of their 
natural environment. Whether by inten- 
tion, as with House Sparrows and game- 
birds, or by indirection, as with Rock Doves, 
we do not keenly anticipate the conse- 
quences of our ecologic behavior. We still 
lack the ability to make high-probability 
predictions concerning introductions (al- 
though we are getting close); for now we 
know only enough to avoid repeating earlier 
mistakes. Thus, providing potentially col- 
onizing species a foothold in a new region 
is something we can avoid. Nevertheless, 
we will almost certainly continue to foster 

introductions, one way or another. The small 
size and ephemeral nature of many of these 
introductions in western North America 
suggests that most will be biologically in- 
significant. But, so were the initial stages in 
the colonization of North America by House 
Sparrows and Eurasian Collared-Doves. 

The accelerating urbanization of the west, 
with modification of native habitats and ad- 
dition of non-native life forms, virtually 
guarantees that exotics of many taxa will 
constitute an increasing percentage of the 
avifauna of western North America. Careful 
monitoring ofall free-flying exotics will help 
insure that important early stages of pop- 
ulation development are understood and will 
also aid in the development of strategies for 
control of exotics when such action is 
deemed necessary. 
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The Efects of Human-Induced Environmental 
Change on Avian Populations 

HUMAN-INDUCED CHANGES IN BIRD POPULATIONS IN 
CONIFEROUS FORESTS IN WESTERN NORTH AMERICA 
DURING THE PAST 100 YEARS 

SALLIE J. HEJL 

Abstract. Data on population trends for bird populations in coniferous forests in western North 
America over the past 100 years are few and mostly from the United States during the breeding season. 
The few community and species-specific studies do not indicate similar historic population changes 
for any one species across habitats. West-wide 24-year trends (Breeding Bird Surveys [BBS]) were 
noted for 21 species; some of these changes may be caused by fire suppression or logging, the two 
primary ways humans have affected coniferous forests. 

Because most old-growth forests are gone, snag numbers are probably lower than they were histor- 
ically, and fire patterns have changed, species associated with old-growth forests, snags, and bums are 
probably less abundant today than they were 100 years ago. Yet, such trends were not substantiated 
by BBS or other studies. Regional and local changes due to fire suppression and logging have occurred 
for many species, but many of these changes might be partially compensatory for some species when 
looked at from a larger scale. Uncommon species, many of which (woodpeckers, nuthatches, creeper) 
are likely to be those most affected by logging and tire suppression, are not sampled well by BBS. Five 
of the seven declining species are long- and short-distance migrants. Human-induced changes on 
wintering grounds may have caused these declines. 

If current patterns of forest use continue, species associated with old-growth, snags, bums, and 
interior forests will continue to decline. Allowing natural disturbance patterns (especially fire) to return 
to these ecosystems and retaining all ages, components, and landscape patterns of natural forests will 
help maintain avian populations and diversity. 

Key Words: Population change; permanent residents; neotropical migrants. 

Humans have changed the coniferous for- 
ests of western North America during the 
past 100 years. Some forests have been con- 
verted to fields or housing tracts, but most 
changes have been more subtle (Norse 1990, 
Hejl 1992). The age-class distribution of 
forests, the structure and composition of 
forest stands, and the pattern of forests across 
the landscape are a direct result of logging, 
fire exclusion, and forest restoration. This 
paper considers how such changes have af- 
fected bird populations. I defined Western 
North America as the region west of and 
including the Rocky Mountains and Sierra 
Madre Occidental in Canada, United States, 
and Mexico. Unfortunately, few studies di- 
rectly address this subject; most consider 
only the past few decades and most have 
been conducted in the United States. 

I assessed changes in bird populations by 
four approaches. First, I searched the gen- 

era1 avifaunal literature for community and 
species-specific studies examining historic 
changes in bird populations in coniferous 
forests. Second, I examined U.S. Fish and 
Wildlife Service’s Breeding Bird Survey data 
(BBS) for the past 24 years (1968-1991). 
Third, I inferred population trends from our 
current knowledge of the transformation of 
western coniferous forests over the past 100 
years and our knowledge of bird-habitat re- 
lations in natural and treated forests. For 
these inferences, I assumed that changes in 
bird populations are a direct result of hab- 
itat changes, and that population trends can 
be estimated based on habitat changes. 
Fourth, I compared estimates of population 
change made by researchers in two specific 
regions of the western United States. 

Finally, I discuss limitations of each ap- 
proach, compare implications for past pop- 
ulation trends, predict future trends, and 

232 
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TABLE 1. CHANGES IN DISTR~LKJTION AND ABUNDANCE IN SELECTED BIRD SPECIES BETWEEN HISTORIC AND MORE 

RECENT TIMEZS IN “LONG-TERM” COMMUNITY STUDIE~ IN CONIFEROUS FORESTS IN WESTERN NORTH AMERICA. 
SPECIES WERE ARBITRARILY SELE~ED. SYMBOLS ARE + = INCREASING TREND, - = DECREASING TREND, NT = 

No TREND, AND ? = NOT OBVIOUS TREND 

Sierra Sierra San Grape- Spring 
OWgOll, Nevada, 

S,erra Nevada old growth 
Nevada, B&to, vines, Ranges, 

juniper bum Poll- Lodge- logeed CA NV NV 
1899- 1966 derosa Mixed Red pole 1930s 1936- 1939- 1936 

Species 1983’ 1985’ Pine Conifer Fir Pine 1986’ 1984’ 19730 1963’ 

Band-tailed Pigeon NT + 
Hairy Woodpecker NT + NT NT + - NT ? 
Olive-sided Flycatcher + bum + NT - + - + + 
Western Wood-Pewee + NT _ NT - - NT + + 
Dusky Flycatcher + bum NT - NT + + + f 

Mountain Chickadee + + bum NT NT NT - NT NT 
Red-breasted Nuthatch + forest NT NT + + + 
Brown Creeper + forest + NT + + NT ? 
Golden-crowned Kinglet - forest + + + + + 
Ruby-crowned Kinglet _ _ _ NT + + 
Mountain Bluebird + - bum + 
Swainson’s Thrush _ _ _ 

Solitary Vireo NT _ NT NT NT + + 
Black-throated Gray Warbler + _ _ - + 
Chipping Sparrow + - bum - NT - - ? 
Fox Sparrow + bum _ _ _ 

Brown-headed Cowbird + + bum + + 

’ Sharp (1985). 
’ Raphael et al. (1987). Trend occurred in the indicated habitat. 
’ Reedy (1982). 
4 Marshall (1988). 
’ Johnson and Cicero (1985). 
’ Johnson (1974). 
‘Johnson (1965). 

note management options that will help 
maintain these species. 

HISTORICAL CHANGES IN 
CONIFER BIRD POPULATIONS 

COMMUNITY STUDIES 

Researchers in seven community studies 
in coniferous forests (Johnson 1965, John- 
son 1974, Beedy 1982, Johnson and Cicero 
1985, Sharp 1985, Raphael et al. 1987, 
Marshall 1988) compared bird populations 
in four habitats and three mountain ranges 
between at least two different points in time. 
No common trends for individual species 
were seen across all studies, although some 
species varied in parallel in a few studies 
(Table 1; scientific names in Appendix I). 
The studies differed, however, in methods, 
habitat, scale, time period, and in the degree 
to which human-induced and natural 
changes had occurred. Therefore, it is dif- 
ficult to compare results or to know if they 
represented local or regional trends. 

The greatest strength of these studies 
might be in allowing us to better understand 
natural and human-induced changes in bird 
populations. In studies from several moun- 
tain ranges in the southwestern United 
States, Johnson (1974) suggested that a nat- 
ural factor, short-term global cooling, was 
contributing to increases of boreal species. 
Johnson and Cicero (1985) similarly pro- 
posed that changes in bird populations at 
San Benito, California were caused by the 
recent shift toward cooler, moist summer 
climates. Sharp (1985) and Raphael et al. 
(1987) linked changes in bird populations 
to changes in vegetation. Sharp (1985) at- 
tributed increases in Chipping Sparrows to 
the increase of juniper in an Oregon grass- 
land. Raphael et al. (1987) concluded that 
the changes in abundance on burned and 
unburned plots were due to changing veg- 
etation structure, not variations in weather. 
Shrub cover and the density of overstory 
trees increased on the burned plot, as did 
the numbers of birds that foraged on the 
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ground or searched for food in the brush or 
in foliage. When the density of snags left 
after the fire decreased so did the numbers 
of bark-gleaning birds. 

Beedy (1982) and Marshall (1988) attrib- 
uted bird population changes to human-in- 
duced factors. In four old-growth habitats 
in Yosemite National Park, Beedy (1982) 
concluded that many changes were likely 
caused by the effects of fire exclusion on 
forest structure and composition. For ex- 
ample, Golden-crowned Kinglets, which 
prefer dense, shaded forests, probably in- 
creased due to the encroachment of fir sap- 
lings. Numbers of Fox Sparrows and Green- 
tailed Towhees decreased, possibly because 
shading reduced shrub habitat. In a virgin 
and a second-growth forest in the Sierra Ne- 
vada, Marshall (1988) ascribed declines in 
six species (e.g., Flammulated Owl and Hairy 
Woodpecker) and increases of two species 
to logging and declines of Olive-sided Fly- 
catcher and Swainson’s Thrush to the loss 
of winter habitat. 

Burns and fire exclusion appear to have 
the opposite effect on some forest birds. 
Seventy percent of the species common in 
burned habitat in the eastern Sierra Nevada 
(Raphael et al. 1987) have become less 
abundant in at least one old-growth habitat 
in the western Sierra Nevada, where fire had 
been excluded (Beedy 1982). Calliope 
Hummingbird, Green-tailed Towhee, and 
Fox Sparrow were less abundant in all old- 
growth habitats in which they were found. 
On the other hand, 66% of the species com- 
mon in unburned, forested habitat in the 
eastern Sierra Nevada (e.g., Red-breasted 
Nuthatch, Brown Creeper, Golden-crowned 
Kinglet) (Raphael et al. 1987) have in- 
creased in at least one old-growth habitat 
in the western Sierra Nevada (Beedy 1982). 

INDIVIDUAL SPECIES TRENDS 

I searched the literature for population 
trends for individual species, excluding the 
most well-documented- Marbled Murre- 
let, Spotted Owl, and Brown-headed Cow- 
bird, which are covered by Ralph (1994) 

Gutitrrez (1994) and Rothstein (1994) re- 
spectively. 

Regional or local changes are indicated 
for some species during the last half of this 
century. Northern Goshawk may have de- 
clined on the North Kaibab in northern Ar- 
izona, especially between 1972 and 1988 
(Cracker-Bedford 1990, but see Reynolds et 
al. 1992) and Hairy Woodpecker in Wash- 
ington and Oregon between 195 3 and 1982 
(Morrison and Morrison 1983). The Barred 
Owl has recently expanded its range south- 
westward into the Northern Rockies and 
Pacific Northwest (Taylor and Forsman 
1976). Chestnut-backed Chickadee expand- 
ed southward in the Sierra Nevada over 40 
years ago, and populations have seemed sta- 
ble since (Brennan and Morrison 1991). 
Since 1960, Hermit Warblers may have de- 
clined in the Puget Sound region and ex- 
panded in the northern Cascades (Chappell 
and Ringer 1983). Red-breasted Sapsuckers 
may have extended their range in the last 
50 years in coastal California (Shuford 
1986). No population changes were record- 
ed for woodpeckers between 1953 and 1982 
along the entire Pacific Coast (Morrison and 
Morrison 1983) or for Black-capped and 
Mountain chickadees in the Pacific North- 
west from 1944 to 1985 (Brennan and Mor- 
rison 199 1). 

American Birds uses information from 
active birders to create “Blue Lists” of spe- 
cies that show local or widespread popula- 
tion declines or range contractions. The most 
recent (Tate 1986) indicates decline in only 
three coniferous forest birds (Cooper’s 
Hawk, Hairy Woodpecker, and Purple Mar- 
tin) in one or two subregions of the West. 

The causes of any of these apparent 
changes are unknown. Moreover, the status 
of some species may have since changed, 
and most have not been intensively studied 
over large geographic areas. Woodpecker 
(Morrison and Morrison 1983) and chick- 
adee (Brennan and Morrison 1991) trends, 
however, were based on the Christmas Bird 
Count (CBC) data, which are widespread 
and relatively long-term (> 30-40 yr). 
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TABLE 2. SIGNETCANT BREEDING BIRD SURVEY TRENDS FOR THE WESTERN UNITED STATES AND CANADA FOR 
CONIFEROUS FOREST BIRD SPECIES WITH AVERAGE ABUNDANCE GREATER THAN 1.00 PER ROUTE WHEN MORE 
THAN 50 ROUTES WERE IN THE SAMPLE. SPECIES ARE LISTED IN AXENDING ORDER PROM MOST NEGATIVE 24-t-~ 
TREND 

Species 

24-y trend’ IO-Y trend 
(1968-1991) (1982-1991) 

Migratory 
% N % N statuS’ 

Olive-sided Flycatcher 
Band-tailed Pigeon 
Rufous Hummingbird 
Golden-crowned Ringlet 
Chipping Sparrow 
Plain Titmouse 
Western Bluebird 
Lark Sparrow 
Orange-crowned Warbler 
Black-canned Chickadee 
Wilson’s_ Warbler 
Acorn Woodpecker 
Scrub Jay 
Winter Wren 
Hermit Thrush 
Nashville Warbler 
Varied Thrush 
Black-throated Gray Warbler 
Red-breasted Nuthatch 
Cedar Waxwing 
Warbling Vireo 
House Wren 
Tree Swallow 
Solitary Vireo 
Red-tailed Hawk 
Common Raven 

-3,s 
-3.2% 
-3.1* 
-2.8* 
-2.7* 
-2.5* 
-2.2* 
-1.2 
-0.6 
-0.1 
+0.4 
+0.9 
+1.2* 
+1.2* 
+1.9* 
+2.0* 
+2.2* 
+2.2* 
+2.2* 
+2.3* 
+2.3* 
+2.3* 
+2.4* 
+2.5* 
+2.6* 
+3.2* 

343 
186 
182 
229 
527 
174 
229 
395 
325 +2.1* 265 
293 +2.4* 247 
332 
137 
244 
157 
301 
156 
140 
188 
341 
214 
469 
475 
493 
351 
676 
623 

-2.7* 281 
-9.0: 138 
-3.9* 136 
-1.5 192 
-0.5 407 
-2.6* 131 
-2.0 161 
-2.6* 283 

-3.5* 
+3.1* 
+0.5 
-2.6* 
f1.7 
-2.0 
-1.8 
-1.2 
+6.2* 
+5.5* 
+2.8* 
+3.6* 
+1.2 
+5.2* 
+1.1 
+1.5 

246 
96 

198 
129 
238 
134 
109 
150 
290 
224 
377 
380 
393 
276 
563 
524 

long 
long 
long 
permanent 
long 
permanent 
short 
long 
long 
permanent 
long 
permanent 
permanent 
permanent 
short 
long 
permanent 
long 
permanent 
short 
long 
long 
short 
long 
short 
permanent 

’ Trend = the rate of change in the population, expressed as percent annual change; * denotes a significant trend (P < 0.10). 
’ Migratory status: long = long-distance migrant species that breed in North America and spend their nonbreeding period primarily south of the 
United States, short = short-distance migrants that breed and winter extensively m North America, permanent = permanent resident species that 
primarily have overlapping breeding and nonbreeding areas. 

BREEDING BIRD SURVEYS FROM 
1968 TO 1991 

I examined U.S. Fish and Wildlife Ser- 
vice Breeding Bird Surveys (BBS) for West- 
ern Northern America, using their weight- 
ings and statistical tests. John Sauer 
performed the analyses using the methods 
described by Geissler and Sauer (1990) and 
Sauer and Geissler (1990). I listed the “co- 
niferous forest” species (broadly defined) 
with average abundance greater than l.O/ 
route, when more than 50 routes were in- 
cluded in a sample that had statistically sig- 
nificant (P < 0.10) 24- or lo-year trends 
(Table 2). 

Of 113 western coniferous forest species 
detected, only 57 (50%) met the abundance 

and number of routes criteria (Appendix I). 
Seven had significant declining trends over 
the past 24 years, seven had significant de- 
clining trends over the past 10 years, and 
four species declined significantly over both 
periods (Table 2). Fourteen species had sig- 
nificant increasing trends in the past 24 
years, and eight had significant increasing 
trends in the past 10 years. Three species 
with nonsignificant or increasing trends over 
24 years had significant declining lo-year 
trends. 

Many coniferous forest species are not 
sampled well enough by the BBS routes in 
the West to discern trends. In general, these 
were raptors (especially owls), grouse, 
woodpeckers, “eastern” warblers, and birds 
peculiar to the southwestern and northern 
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United States and Canada, but also includ- 
ed a few widespread birds of coniferous for- 
ests (e.g., White-breasted Nuthatch, Pygmy 
Nuthatch, and Brown Creeper). 

Extrapolating from 24-year BBS trends to 
loo-year trends presents problems, even for 
the best-sampled species. The number of 
survey routes changes each year, continues 
to increase, and emphasizes roadside birds, 
whose trends do not necessarily apply to 
forest birds, especially “interior” forest spe- 
cies (but see Hutto et al. in press). Coverage 
is spotty, especially in Alaska, Canada, and 
Mexico. Roadsides, and thus species com- 
position, are also likely to change due to 
local plant succession and fragmentation of 
the surrounding area. Since BBS routes do 
not just cover conifer habitats and since 
some “conifer” species breed in other hab- 
itats as well, changes in BBS data may not 
be caused by changes in coniferous forest 
habitats. 

INFERENCES ABOUT HISTORICAL 
CHANGES IN BIRD POPULATIONS 
IN CONIFEROUS FORESTS 

TRANSFORMATION OF WESTERN 
CONIFEROUS FORESTS 

The six major ways in which humans have 
changed forest composition and structure in 
the past 100 years are: fire exclusion, log- 
ging, grazing, introduction of foreign organ- 
isms (diseases, insects, and plants), residen- 
tial development, and chemical applications. 
Fire exclusion and logging have had the 
greatest effects, and are the best studied. 

The exclusion of fire for the past 50 or 
more years has been the most significant 
factor affecting today’s western forests. Al- 
most all wildfires have been fought, even in 
wilderness areas. Only since the 1960s have 
federal agencies allowed some fires to burn 
(Taylor and Barmore 1980). The result of 
past fire control is usually a decrease in fre- 
quency and increase in intensity of fires (see 
Weatherspoon et al. 1992). 

Logging practices and silvicultural rec- 
ommendations have changed frequently for 

specific forest types and geographic areas. 
In general, the most accessible forests (i.e., 
near railroad construction camps, mining 
camps, or cities) and commercially valuable 
tree species were logged first. Early on, land 
was often stripped either of all trees or of 
the favored species and size classes (“high- 
grading”). Small trees and defective trees 
were often not harvested. 

In the late 1800s and early 19OOs, both 
clearcutting and selective logging were used 
in many forest types throughout the west. 
Sanitation logging (the removal of dead, 
damaged, or susceptible trees to prevent the 
spread of insects and diseases) and salvage 
logging (the removal of dead, dying, or de- 
teriorating trees before the timber becomes 
“worthless”) occurred in many areas after 
World War I and have continued as im- 
portant practices to the present (Wellner 
1984, McKelvey and Johnston 1992). 

Timber harvest increased as technologies 
improved, especially after World War II 
(McKelvey and Johnston 1992). Large 
clearcuts separated by small strips of stand- 
ing trees were the norm in some areas on 
public land [e.g., Douglas-fir in Rocky 
Mountains (Wellner 1984) and Pacific 
Northwest (Norse 1990)], whereas in other 
areas, clearcutting was infrequent (e.g., 
mixed-conifer forests in Sierra Nevada, 
McKelvey and Johnston 1992). Higher el- 
evation forests, such as spruce-fir, were 
rarely logged before 1950 (Alexander 1986; 
but see Losensky 1990). Pinyon-juniper has 
been chained for the past 40 years to convert 
areas either to grassland for livestock or to 
shrubland for game management (Evans 
1988). In the 1970s and 1980s logging 
treatments became more varied as federal 
agencies and the public attained a broader 
knowledge of the multiple uses of forests. 

Fire exclusion across the west has al- 
lowed many forests to change from open to 
closed stands and has altered fire regimes 
which naturally differed among forest types 
(Weatherspoon et al. 1992). The effects of 
logging varied. High-grading took the 
healthiest, largest, usually shade-intolerant, 
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trees, leaving stands of inferior, usually 
shade-tolerant, trees. After fires, wind- 
storms, or insect or disease damage, snags 
and dying trees were salvaged for lumber or 
firewood. If artificial regeneration were used, 
planting usually involved one or a few eco- 
nomically valuable species rather than the 
natural diversity of the prelogging forest. 

Fire exclusion and logging have opposite 
effects on the age-class distribution of for- 
ests. Little is left of the original old-growth 
forests in the West (e.g., less than 13-37% 
in Pacific Northwest Douglas-fir forests, Hejl 
1992). Because of logging, the proportion of 
young forests is greater today than 100 years 
ago in some of the Pacific Northwest (Ra- 
phael et al. 1988). In contrast, because of 
fire exclusion and in spite of logging, the 
proportion of early successional forests is 
often similar or smaller today in the North- 
ern Rocky Mountains (Gruel1 1983). The 
age-class distribution in specific forest types 
in the Northern Rockies may have changed 
more than the proportion of forests consid- 
ered young or old growth (Hejl 1992). For 
example, in one area on the Bitterroot Na- 
tional Forest, the amount of mature and 
older ponderosa pine stands had decreased 
due to logging, but older Douglas-fir stands 
had increased because of fire exclusion, with 
the result that the total amount of older 
forests is the same today as in 1900. 

Current landscape patterns are different 
from those of 100 years ago and reflect the 
combined effects of logging, fire, and other 
factors. Large expanses of continuous forest 
with relatively little diversity once covered 
the moist areas of Pacific Northwest and the 
Sierra Nevada (Rosenberg and Raphael 
1986, Norse 1990, Laudenslayer and Darr 
1990). Further inland, as in the drier Rocky 
Mountains, forests were more heteroge- 
neous due to topographic, climatic, and fire 
effects (Gruel1 1983, Hejl 1992). Grass- 
lands, shrubsteppes, and deserts create for- 
est islands in the Great Basin and southeast 
Arizona; yet, northern Arizona has the larg- 
est continuous stand of ponderosa pine 
(Brawn and Balda 1988). 

Patterns of habitat fragmentation have 
varied among forest types. For example, 
cutting regimes in the Rocky Mountains 
have tended to vary from large clearcuts 
that are often densely spaced in moist for- 
ests (e.g., spruce-fir and cedar-hemlock for- 
ests) to repeated entries of selective cutting 
in drier forests (e.g., ponderosa pine, west- 
em larch, or Douglas-fir forests; S. Amo, 
pers. comm.). Staggered clearcuts result in 
a patchwork of uncut “old growth” and new 
plantations or young forests, increasing 
landscape heterogeneity (Franklin and For- 
man 1987). Selectively logged forests can 
result in even-aged stands and decreased 
landscape heterogeneity (McKelvey and 
Johnston 1992). 

DIFFERENCES IN BIRDS AMONG 
NATURAL YOUNG, MATURE, AND 
OLD-GROWTH STANDS 

Douglas-fir forest birds were studied ex- 
tensively and intensively in the Pacific 
Northwest from 1984 to 1986 (Ruggiero et 
al. 199 1). Bird populations were compared 
in three age-classes of natural forests: young 
(42-75 years), mature (105-165), and old- 
growth (250-500). Eight breeding species 
were clearly associated with old-growth for- 
ests: Allen’s Hummingbird (California only), 
Vaux’s Swift (Oregon and Washington only), 
Hairy Woodpecker, Pileated Woodpecker, 
Red-breasted Sapsucker (Oregon and 
Washington only), Western (Pacific-slope) 
Flycatcher, Chestnut-backed Chickadee, and 
Brown Creeper. Brown Creeper was the only 
species often associated with mature forests 
and Black-throated Gray Warbler was the 
only species often associated with young 
forests. All ages of natural stands may also 
be important winter habitat for resident 
species (Raphael 1984, Manuwal and Huff 
1987, Ruggiero et al. 1991). 

Other comparisons of bird species in dif- 
ferent age-classes of natural forests include 
three studies in the Rocky Mountains (Catt 
199 1, Hallock 1989-l 990, Moore 1992) and 
one in the Pacific Northwest (Kessler and 
Kogut 1985). Whereas several species were 
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associated with particular age classes, none 
was associated with a particular forest age 
class in all studies. 

The reasons for the differences among 
studies are unknown. Indeed, one might not 
expect many differences within any one 
study, since natural young and mature for- 
ests often contain a number of structural 
characteristics typical of old-growth forests, 
such as snags and logs. 

LOGGING EFFECTS ON BIRDS 

Most studies of the effects of logging have 
compared clearcuts to control forests (pre- 
sumably uncut or lightly cut), or various 
partially logged areas to control forests. Hejl 
et al. (in press) made both comparisons 
across conifer forests in the Rocky Moun- 
tains. Thirteen species (Three-toed Wood- 
pecker, Black-capped Chickadee, Mountain 
Chickadee, Red-breasted Nuthatch, Brown 
Creeper, Winter Wren, Golden-crowned 
Ringlet, Ruby-crowned Ringlet, Swainson’s 
Thrush, Varied Thrush, Solitary Vireo, 
Townsend’s Warbler, Evening Grosbeak) 
were always less abundant in recent clear- 
cuts than in uncut forest. In contrast, the 
Mountain Bluebird was always more abun- 
dant in recent clearcuts. Differences were 
less dramatic between partially logged for- 
ests and unlogged forests. Brown Creeper, 
Pygmy Nuthatch, and Pine Grosbeak were 
always less abundant in partially logged for- 
ests than in unlogged forests. Calliope Hum- 
mingbird was always more abundant in par- 
tially logged forests. In general, forest species 
were found less often in clearcuts, and spe- 
cies that frequent open forests or open hab- 
itats were found more often in clearcuts. 
Resident species tended to decrease after 
any kind of harvesting, while only about 
half of the migrants decreased. In contrast, 
almost all the species that increased after 
partial cutting or soon after clearcutting were 
migrants, and most on the recent clearcuts 
were short-distance migrants. Similar pat- 
terns have been documented in chained pin- 
yon-juniper areas (O’Meara et al. 198 1, 

Sedgwick and Ryder 1987) as in clearcuts 
from other forest types. 

Hejl et al. (in press) also compared dif- 
ferences in bird populations between old- 
growth and mature second-growth forests 
(intensively logged 60-l 20 years ago) in the 
Rocky Mountains. No species was consis- 
tently more abundant in either situation. 
When there were differences, woodpeckers 
and nuthatches, in general, were more abun- 
dant in old-growth than in mature second- 
growth. At least three owl species (Flam- 
mulated Owl, Spotted Owl, and Boreal Owl) 
also seemed to be associated with old-growth 
habitats. 

Studies elsewhere have produced similar 
results. Raphael et al. (1988) compared birds 
in three stages of forest development fol- 
lowing logging, fire, windthrow, or landslide 
in northwestern California: brush/sapling, 
pole/sawtimber, and mature Douglas-fir 
forests. Eleven species found in forests 
greater than 100 years of age were never 
found in shrub/sapling stands which are pri- 
marily less than 20 years old. Seventeen spe- 
cies were either much more abundant or 
found only in shrub/sapling stands. Mi- 
grants predominated in the shrub/sapling 
stages; most species were ground or brush 
foragers. Most species associated with for- 
ests were permanent residents. All but one 
of the bole-foraging species were forest ob- 
ligates. A majority of forest species were 
canopy or air foragers. 

For many species, snags are important for 
nesting, foraging, perching, and roosting. 
Cavity-nesting bird density varied in pro- 
portion to snag density in logged, burned, 
and natural forests (Cunningham et al. 1980, 
Raphael and White 1984, Zamowitz and 
Manuwal1985). In two studies, cavity-nest- 
ing bird density declined 5 3-77% after snags 
were removed (Scott and Oldemeyer 1983, 
Raphael and White 1984). Cavity-nesting 
birds are more likely to nest in large snags 
or trees and thus are common in old growth 
(Mannan et al. 1980). In some areas, certain 
tree species (e.g., western larch) are pre- 
ferred (McClelland et al. 1979). 
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FIRE AND FIRE SUPPRESSION EFFECTS ON 
BIRDS 

Fire affects bird communities differently 
depending on its intensity. High intensity 
fires often create habitat for primary cavity 
nesters, secondary cavity nesters, and shrub 
users (Taylor and Barmore 1980, Raphael 
et al. 1987), whereas low intensity fires cre- 
ate habitats for birds that prefer open for- 
ests. Some species (Black-backed Wood- 
pecker, Olive-sided Flycatcher, and 
Mountain Bluebird) even seem relatively 
restricted to conditions after fires (R. L. 
Hutto, pers. comm.). The benefits of fires 
are sometimes short-term. 

Six species were more abundant in high 
intensity burns than in unburned forests in 
the Sierra Nevada (Raphael et al. 1987) and 
Rockies (Taylor and Barmore 1980): Hairy 
Woodpecker, Black-backed Woodpecker, 
Northern Flicker, Western Wood-Pewee, 
House Wren, and Mountain Bluebird. Three 
species were more abundant in unburned 
forests in both areas: Red-breasted Nut- 
hatch, Golden-crowned Kinglet, and West- 
em Tanager. The shrub-nesting species 
present after the Sierra Nevada bum (e.g., 
Green-tailed Towhee and Fox Sparrow) were 
notably absent from severely burned areas 
in the Rockies. 

Moderate and low intensity bums show 
less dramatic immediate effects than high 
intensity bums. For the first few years after 
a moderate bum in the Rockies, birds char- 
acteristic of severely burned forests as well 
as unburned forests were present (Taylor 
and Barmore 1980). In the Sierra Nevada, 
Granholm (1982) found that Hairy Wood- 
pecker, Black-backed Woodpecker, Steller’s 
Jay, and Cassin’s Finch responded posi- 
tively to surface bums. Northern Flicker, 
typically associated with high intensity 
bums, was as abundant in unburned forests 
as in surface bums. Hammond’s Flycatcher, 
Mountain Chickadee, Hermit Thrush, and 
Golden-crowned Kinglet consistently re- 
sponded negatively to surface bums. 

Open forest species may be lost with fire 

suppression. In pine-oak forests of southern 
Arizona and northern Mexico (Sonora and 
Chihuahua), Marshall (1963) found marked 
differences in bird populations due to dif- 
ferent fire regimes (suppressed in Arizona, 
unchecked fires in Mexico). Many open for- 
est species (e.g., Purple Martin and Western 
Bluebird) were more abundant in Mexico 
or often found only in lowlands in Arizona. 
Several brush or dense forest species were 
more abundant in Arizona (e.g., Black- 
throated Gray Warbler). 

Logged bums probably benefit fewer bum- 
associated species than unlogged bums. 
Overturf (1979) described bird communi- 
ties on three severely burned ponderosa pine 
forests that were later logged in Arizona. 
Nine species that had been abundant in at 
least one of the unlogged high intensity bums 
(Taylor and Barmore 1980, Raphael et al. 
1987) were also present in the logged bums. 
However, three ofthese species were equally 
abundant in an “unlogged,” unburned area 
and the other six species were only present 
in one of the three bums. 

IMPORTANCE OF LANDSCAPE PATTERNS 
TO BIRDS 

The greatest effects of logging and fire ex- 
clusion on bird populations may be through 
changes in landscape patterns, but this is 
difficult to isolate (Dobkin 1992). Concerns 
about human-induced changes in western 
landscapes include forest fragmentation, 
juxtaposition of various habitats, and loss 
of landscape elements. Forest fragmenta- 
tion is difficult to quantify since most west- 
em forests are not isolated patches sur- 
rounded by nonforested habitats but are 
interconnected with other forests of differ- 
ent ages and species composition. 

Several studies (Rosenberg and Raphael 
1986, Lehmkuhl et al. 199 1, Hejl 1992, Kel- 
ler and Anderson 1992, Hejl and Paige in 
press) have addressed relationships between 
birds and various landscape patterns. Our 
knowledge on these issues is rudimentary. 
Some species are associated with continu- 
ous forest (Winter Wren). Others seem to 
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avoid edges (Band-tailed Pigeon). Some 
species may be less abundant in insular for- 
ests (Golden-crowned Ringlet) and in more 
fragmented landscapes (Brown Creeper). 
Certain species (Acorn Woodpecker) may 
be more abundant in conifer stands with 
adjacent hardwoods. As in the east (Askins 
et al. 1990) changes in western forest land- 
scapes may negatively affect nest produc- 
tivity for these species and others through 
an increase in nest predation or nest para- 
sitism (Vemer and Ritter 1983, Hejl and 
Paige in press). 

Because we have little knowledge, no ex- 
perimental studies, and the effects of chang- 
ing landscapes are likely cumulative and may 
have a time-lag associated with them, we 
cannot estimate how much current bird 
populations are different from historical 
populations due to landscape changes. 

ESTIMATED HISTORICAL TRENDS BASED ON 
FOREST CHANGES AND BIRD-HABITAT 
RELATIONS 

Because we do not know the current or 
historical acreages of natural and logged for- 
ests of different ages, and thus cannot as- 
certain changes in total acres of forest today 
from the past, we can only guess how bird 
numbers might have changed in the past 
100 years. We do know, however, that most 
old-growth habitats are gone, that snag 
numbers are probably much lower, and that 
the intensity (usually higher) and frequency 
(usually lower) of fires have changed. Be- 
cause our understanding of the effects of 
forestry practices on birds is based mostly 
on recent, short-term studies, any general- 
izations must be tentative. However, strong 
evidence suggests that: 1) some species 
clearly associate with old-growth forests, 
even when those forests are compared to 
natural younger forests that contain a legacy 
of “old-growth” characteristics; 2) logging 
treatments generally decrease the abun- 
dance of almost all permanent residents and 
half the migrants; 3) density of cavity-nest- 
ers is directly related to snag density, with 
cavity-nesters selecting large snags of cer- 

tain preferred species; 4) fire suppression 
causes changes in populations in old-growth 
and other forests, especially among species 
that forage in shrubs or on the ground; and 
5) fire creates habitat for Three-toed Wood- 
peckers, Black-backed Woodpeckers, other 
primary and secondary cavity nesters, and 
shrub-nesters. Therefore, I hypothesize that 
those species associated with bums, old- 
growth forests, or snags are less abundant 
today than they were 100 years ago. The 
greatest declines have probably occurred for 
snag-users that preferentially live in burned 
areas or old-growth forests. Other scientists 
(Brawn and Balda 1988, Raphael et al. 1988) 
made similar suggestions. 

BIRD TRENDS IN THE PACIFIC 
NORTHWEST AND THE 
SOUTHWEST 

Raphael et al. (1988) used current bird 
populations of three seral stages, and esti- 
mates of past and current forest area in each 
seral stage, to hypothesize historic trends in 
bird populations in Douglas-fir forests in 
northwest California (Table 3). With a 
change of 20% considered significant, twen- 
ty-two species have probably declined and 
18 species have probably increased. His- 
toric populations were likely dominated by 
migrants that foraged in the forest canopy 
and air. Current populations have increased 
and are also dominated by this group, al- 
though some individual species (e.g., Ham- 
mond’s Flycatcher) have declined. Ground 
and brush foragers are found more abun- 
dantly in the current avifauna. Resident 
species that forage in canopy and air have 
declined. Seven bole-foraging species likely 
have decreased. This group of birds appar- 
ently has been most adversely affected by 
shifts from forested to nonforested land. 

Brawn and Balda (1988) speculated on 
the reasons for long-term changes in the 
ponderosa pine avifauna in the southwest- 
em United States. Purple Martin and Lark 
Sparrow may have been nearly extirpated 
because of snag removal and fire exclusion. 
Declines in 13 other species may be due to 
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TABLE3. HVP~THFSIZEDPOPLILATIONCHANGESFOR 
CONIFEROUSFORESTBIRD~FROMPRESETTLEMENTTIMFS 
IN SOUTHWESTERN PONDEROSA PINE(MODIFIED FROM 
BRAWN AND BALDA 1988) AND IN NORTHWESTERN 
DOUGLASFIR(MODIFIEDFROMRAPHAELETAL. 1988). 
PERCENTAGE CHANGE ARE ONLY INDICATED FOR 

DOUGLAWIRFORESTS 

Species 

PW- 
derosa Douglas- 
pine1 fir 

Sharp-shinned Hawk 
Cooper’s Hawk 
Blue Grouse 
Mountain Quail 
Band-tailed Pigeon 
Calliope Hummingbird 
Broad-tailed Hummingbird 
Acorn Woodpecker 
Red-breasted Sapsucker 
Hairy Woodpecker 
Three-toed Woodpecker 
Northern Flicker 
Pileated Woodoecker 
Olive-sided Flicatcher 
Western Wood-Pewee 
Hammond’s Flycatcher 
Dusky Flycatcher 
Western (Pacific-slope) Flycatcher 
Western (Cordilleran) Flycatcher 
Purple Martin 
Violet-green Swallow 
Steller’s Jay 
Scrub Jay 
Common Raven 
Mountain Chickadee 
Chestnut-backed Chickadee 
Red-breasted Nuthatch 
White-breasted Nuthatch 
Pygmy Nuthatch 
Brown Creeper 
House Wren 
Winter Wren 
Golden-crowned Kinglet 
Western Bluebird 
Mountain Bluebird 
Townsend’s Solitaire 
Hermit Thrush 
American Robin 
Solitary Vireo 
Hutton’s Vireo 
Warbling Vireo 
Orange-crowned Warbler 
Nashville Warbler 
Virginia’s Warbler 
Yellow-rumped Warbler 
Black-throated Gray Warbler 
Hermit Warbler 
Grace’s Warbler 
MacGillivray’s Warbler 
Wilson’s Warbler 
Red-faced Warbler 
Olive Warbler 
Western Tanager 
Green-tailed Towhee 

_ 
_ 

NT 
_ 

NT 

NT 

+ 
_ 
_ 

NT 

_ 

_ 
_ 
_ 

+ 

_ 
_ 

+ 
+ 
_ 

+ 

+ 
+ 

+ 

_ 

? 
+ 

+19 
-19 
-34 
+84 
-25 

t243 

-42 
-15 
-36 

-4 
-38 

+2 
+78 
-43 

t216 
-39 

-5 
t243 
-42 

-36 
-37 
-42 

-35 
t228 
-47 
-45 

t236 

-36 
-32 
-22 
-26 
-39 
-19 

t190 
t129 

+41 
+87 
-40 

t162 
+67 

-28 
t200 

TABLE 3. CONTINUED 

POIl- 
dercsa Douglas- 

Species pUE fir 

Chipping Sparrow _ +241 
Lark Sparrow _ 

Fox Sparrow +243 
Dark-eyed Junco NT +I8 
Brown-headed Cowbird +5 
Purple Finch +76 
Red Crossbill -37 
Pine Siskin ? +2 
Lesser Goldfinch +84 
Evening Grosbeak -17 

’ “+” = increased population, “L” = decreased population, “NT” = no 
trend, and “?” = no data. 

loss of the herbaceous layer, reduction in 
old trees and snags, and decline in Gambel’s 
oaks. Increases in nine species may be due 
to more dense thickets, more productive fo- 
liage, more shrubby understory and the 
presence of downed slash, changes resulting 
from logging and fire exclusion. 

Comparing estimates of trends from the 
Northwest and Southwest, only 18 of 64 
bird species that were speculated to have 
increased or decreased were present in both 
ponderosa pine and Douglas-fir (Brawn and 
Balda 1988, Raphael et al. 1988; Table 3). 
Nine had similar trends (using the 20% cri- 
terion). Acorn Woodpecker, White-breast- 
ed Nuthatch, Brown Creeper, and American 
Robin had declined; Northern Flicker, 
Steller’s Jay, and Dark-eyed Junco were un- 
changed; and House Wren and Yellow- 
rumped Warbler had increased. Six species 
had opposite trends in the two areas. 

SYNTHESIS 

No data substantiate human-induced, 
lOO-yr, west-wide trends for any species of 
bird in western coniferous forests. Regional 
and local changes, however, were seen for 
many species (e.g., range contraction of 
Swainson’s Thrush and extension of Chest- 
nut-backed Chickadee), and short-term, 
west-wide trends were shown by BBS. I sug- 
gest that birds associated with bums, old- 
growth forests, and snags have probably de- 
clined (see also Brawn and Balda 1988, 
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Raphael et al. 1988) although this has not 
been confirmed by BBS, individual or com- 
munity studies. 

Perhaps no trends exist. It is possible, for 
example, that logging and burning create 
similar habitat for many birds, that a similar 
number of acres have been logged as would 
have burned under “natural” fire regimes, 
and that fire exclusion compensates for any 
differences between logged habitats and un- 
burned habitats. Or, because many species 
are found in many different coniferous for- 
ests, regional changes may counter one an- 
other at the large, half-a-continent scale. For 
example, the Western Bluebird and Chip- 
ping Sparrow were speculated to have in- 
creased in Douglas-fir in the Northwest (Ra- 
phael et al. 1988) and to have decreased in 
ponderosa pine in the Southwest (Brawn and 
Balda 1988). These seemingly contradictory 
trends may have been due to the increase 
of early successional habitats created by log- 
ging in the Northwest and the closing in of 
habitats due to fire exclusion in the South- 
west. 

Sources of information on population 
trends of coniferous forest birds are poor. 
BBS currently is our best source of quan- 
titative data on large-scale trends in breed- 
ing birds. Unfortunately, many coniferous 
forest habitats and species have not been 
sampled adequately, especially those 
(woodpeckers, nuthatches, Brown Creeper) 
that are negatively affected by logging and 
fire suppression. While greater coverage 
would be beneficial, adding routes will not 
improve the sampling for all 5 1 species that 
had low abundances (the “poorer” and 
“poorest” classifications in Appendix I) and 
probably only help us examine trends for 
species whose optimum habitat has been 
missed. It will not improve sampling for 
those species that are sampled poorly due 
to low density, time-of-year, or time-of-day 
problems. If “interior” forest species exist 
or if species are more or less successful in 
forests than they are along roadsides, it 
would be useful to supplement BBS with a 
systematic program of habitat-based, off- 

road surveys (DeSante and George 1994). 
Special surveys are needed for rare and noc- 
turnal species. 

Sources of information on the effects of 
human activities on western forest birds are 
limited; there are few studies on the effects 
of silviculture, fire, fire suppression, or of 
changing landscape patterns, and even few- 
er on the effects of other human-induced 
changes. Most studies are based on a few 
study sites, are short-term, are based on sec- 
ondary population parameters, and in most 
cases the data are not adequate for statistical 
tests. In three studies in which sample sizes 
were sufficient, researchers only analyzed the 
most common species individually (from 
28% [Hejl et al. 19881 to 38% [Hejl and 
Woods 199 l] to 63% [Tobalske et al. 199 l]), 
making inferences tentative for the other 
species. 

Many of the species with recent and sig- 
nificant declines according to BBS are long- 
and short-distance migrants. Pyle et al. 
(1994) identify three additional species that 
breed in coniferous forests. Human-in- 
duced changes on wintering grounds should 
be considered as a possible cause of these 
declines. 

Predicting the future is even more diffi- 
cult than understanding the past. Raphael 
et al. (1988) expect bird species associated 
with young timber in Douglas-fir in Cali- 
fornia to increase most in the future and 
those associated with mature forest or the 
brush/sapling stage to decrease. Species that 
prefer old-growth forests will remain in re- 
duced numbers and may decline even fur- 
ther. Resident birds that forage in the forest 
canopy or in the air will continue to decline 
as a whole. Raphael et al. (1988) concluded 
that future avian communities in Califor- 
nian Douglas-fir will become more similar 
to the original communities than to those 
of the present. Brawn and Balda (1988) pre- 
dicted that secondary cavity nesters in 
Southwest ponderosa pine forests will de- 
cline as snags and other trees are removed, 
especially for fuelwood. Birds in general, 
however, may increase due to improved for- 
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est vigor resulting from more frequent nat- 
ural and managed fires. If current patterns 
of forest use across the west continue, I 
predict species associated with old-growth 
forests, snags, bums, and interior forests will 
continue to decline. 

Allowing natural disturbance patterns 
(especially fire) to return to these ecosystems 
and retaining all ages, components, and 
landscape patterns of natural forests (es- 
pecially old-growth, snags, and all tree spe- 
cies) will help maintain avian populations 
and diversity in western landscapes. While 
we do not know all of the specifics of bird- 
habitat relations, we understand many prin- 
ciples that would help maintain healthy for- 
ests for most bird species: retain old growth, 
encourage old-growth characteristics in 
logged forests, leave snags and replacement 
trees to become snags, leave or plant the 
natural diversity of trees (including hard- 
woods) found in an area, bum and allow 
fires to happen in a manner similar to nat- 
ural fire regimes, and mimic natural land- 
scape patterns and patch dynamics. Many 
wildlife managers are currently adhering to 
these principles. 
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APPENDIX I. Ability of current Breeding Bird Survey 
routes to sample individual coniferous forest bird spe- 
cies in western United States and Canada. Four cate- 
gories are listed: 1) good: average abundance 2 1.01 
route and 2 50 routes, 2) poor: average abundance 2 1 .O/ 
route but ~50 routes, 3) poorer: < l.O/route but 250 
routes, and 4) poorest: < 1 .O/route and ~50 routes. 

GWD: AVERAGE ABUNDANCE 2 l.O/route and 250 
routes: 

Red-tailed Hawk (Buteo jumaicensis), American 
Kestrel (F&co sparverius), Mountain Quail (Oreortyx 
pictus), Band-tailed Pigeon (Columbufasciutu), Broad- 
tailed Hummingbird (Selusphorusplutycercus), Rufous 
Hummingbird (Selusphorus rufus), Acorn Woodpecker 
(Melunerpes formicivorus), Olive-sided Flycatcher 
(Contopus borealis), Western Wood-Pewee (Contopus 
sordidulus), Hammond’s Flycatcher (Empidonux ham- 
mondii), Dusky Flycatcher (Empidonux oberholseri), 
Tree Swallow (Tuchycinetu bicolor), Violet-green Swal- 
low (Tuchycineta thalussinu), Steller’s Jay (Cyunocittu 
stelleri), Scrub Jay (Aphelocomu coerulescens), Pinyon 
Jay (Gymnorhinus cyunocephulus), Common Raven 
(Corvus corux), Black-capped Chickadee (Purus utri- 
cupillus), Mountain Chickadee (Parus gumbeli), Ches- 
nut-hacked Chickadee (Purus rufescens), Plain Tit- 
mouse (Paws inornutus), Red-breasted Nuthatch (Sitta 
cunadensis), House Wren (Troglodytes uedon), Winter 
Wren (Troglodytes troglodytes), Golden-crowned 
Kinglet (Regulus sutrapu), Ruby-crowned Kinglet 
(Regulus culendulu), Western Bluebird (Siuliu mexi- 
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cana), Mountain Bluebird (Sialia currucoides), Swain- 
son’s Thrush (Cutharus ustulatus), Hermit Thrush (Cu- 
tharus guttatus), American Robin (Turdus migratorius), 
Varied Thrush (Ixoreus naevius). Cedar Waxwina 
(Bombycilla cedrorum), Solitary Vireo (Vireo solitar- 
ius), Warbling Vireo (Vireo gilvus), Orange-crowned 
Warbler (Vermivoru celutn), Nashville Warbler (Ver- 
mivora rujicapilla), Black-throated Gray Warbler (Den- 
droica nigrescens), Townsend’s Warbler (Dendroica 
townsendi), Hermit Warbler (Dendroica occidentalis), 
American Redstart (Setophaga ruticulla), Mac- 
Gillivray’s Warbler (Oporornis tolmiei), Wilson’s War- 
bler ( Wilsonia pusilla), Western Tanager (Piranga lu- 
doviciana), Green-tailed Towhee (Pipilo chlorurus), 
Chipping Sparrow (SpizeNu passerina), Lark Sparrow 
(Chondestes grammacus), Fox Sparrow (Passerella il- 
iacu), White-throated Sparrow (Zonotrichia albicollis), 
White-crowned Sparrow (Zonotrichia leucophrys), 
Brown-headed Cowbird (Molothrus ater), Purple Finch 
(Carpodacus purpureus), Cassin’s Finch (Carpodacus 
cassinii), Red Crossbill (Loxia curvirostra), Pine Siskin 
(Carduelis pinus), Lesser Goldfinch (Carduelis psal- 
tria), Evening Grosbeak (Coccothraustes vespertinus). 

P~~R:AVERAGEABUNDANCE 2 l.O/routebut ~50routes: 

Marbled Murrelet (Bruchyamphus marmoratus), 
Virginia’s Warbler (Vermivora virginiae), Grace’s War- 
bler (Dendroica graciae), Red-faced Warbler (Cardel- 
lina rubrifrons), Yellow-eyed Junco (Junco phaeono- 
tus). 

POORER: < 1 .O/route but 2 50 routes: 

Sharp-shinned Hawk (Accipiter striatus), Cooper’s 
Hawk (Accipiter cooperii), Northern Goshawk (Accip- 
iter gentilis), Blue Grouse (Dendragapus obscurus), 
Ruffed Grouse (Bonasa umbellus), Great Homed Owl 
(Bubo virginianus), Northern Pygmy-Owl (Glaucidium 
gnoma), Vaux’s Swift (Chaetura vuuxi), Calliope Hum- 
mingbird (Stellula calliope), Lewis’ Woodpecker (Me- 
lanerpes lewis), Williamson’s Sapsucker (Sphyrapicus 
thyroideus), Hairy Woodpecker (Picoides villosus), 
White-headed Woodpecker (Picoides albolarvatus), Pi- 
leated Woodpecker (Dryocopus pile&us), Gray Fly- 
catcher (Empidonax wrightii), Purple Martin (Progne 
subis), Gray Jay (Perisoreus canadensis), Clark’s Nut- 

cracker (Nucifragu columbiana), White-breasted Nut- 
hatch (Sitta carolinensis), Pygmy Nuthatch (Sitta pyg- 
maea), Brown Creeper (Certhia americana), 
Townsend’s Solitaire (Myadestes townsendi), Hutton’s 
Vireo (Vireo huttoni), Tennessee Warbler (Vermivora 
peregrina), Magnolia Warbler (Dendroica magnolia), 
Pine Grosbeak (Pinicola enucleator). 

POOREST: < 1 .O/route and < 50 routes: 

Harlequin Duck (Histrionicus histrionicus), Spruce 
Grouse (Dendragapus canadensis), Wild Turkey (Mele- 
agrisgallopavo), Flammulated Owl (Otusflammeolus), 
Northern Hawk-owl (Surnia &da), Spotted Owl (Strix 
occidentalis), Barred Owl (Strix vuria), Great Gray Owl 
(Strix nebulosa), Long-eared Owl (Asio otus), Northern 
Saw-whet Owl (Aegolius acadicus), Magnificent Hum- 
mingbird (Eugenes fulgens), Allen’s Hummingbird 
(Selasphorus sasin), Three-toed Woodpecker (Picoides 
tridactylus), Black-backed Woodpecker (Picoides arc- 
ticus), Greater Pewee (Contopuspertinux), Yellow-bel- 
lied Flycatcher (Empidonaxflaviventris), Boreal Chick- 
adee (Parus hudsonicus), Bohemian Waxwing 
(Bombycilla garrulus), Gray Vireo (Vireo vicinior), 
Blackpoll Warbler (Dendroicu striata), Painted Red- 
start (Myioborus pictus), Olive Warbler (Peucedrumus 
taeniatus), Hepatic Tanager (Pirangu j&a), Golden- 
crowned Sparrow (Zonotrichia atricapilla), White- 
winged Crossbill (Loxia leucoptera). 

SPECIES NOT LISTED IN THE BREEDING BIRD SURVEY DA- 
TABASE. Most were not listed because of recent taxo- 
nomic changes; data on some of the earlier species’ 
names were listed. 

Thick-billed Parrot (Rhynchopsitta pachyrhyncha), 
Boreal Owl (Aegolius funereus), Whip-poor-will (Ca- 
primulgus vociferus), Yellow-bellied Sapsucker (Sphy- 
rupicus varius), Red-naped Sapsucker (Sphyrupicus nu- 
chalis), Red-breasted Sapsucker (Sphyrupicus ruber), 
Northern Flicker (Colaptes auratus), Pacific-slope Fly- 
catcher (Empidonax difficilis), Cordilleran Flycatcher 
(Empidonax occidentalis), Mexican Chickadee (Parus 
scluteri), Siberian Tit (Parus cinctus), Gray-cheeked 
Thrush (Cutharus minimus), Yellow-rumped Warbler 
(Dendroica corona&), Dark-eyed Junco (Junco hye- 
malis). 
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AVIAN ASSEMBLAGES ON ALTERED GRASSLANDS 

FRITZ L. KNOPF 

Abstract. Grasslands comprise 17% of the North American landscape but provide primary habitat for 
only 5% of native bird species. On the Great Plains, grasslands include an eastern component of tall 
grasses and a western component of short grasses, both of which have been regionally altered by 
removing native grazers, plowing sod, draining wetlands, and encouraging woody vegetation. As a 
group, populations of endemic bird species of the grasslands have declined more than others (including 
neotropical migrants) in the last quarter century. Individually, populations of the Upland Sandpiper 
and McCown’s Longspur have increased; the wetlands-associated Marbled Godwit and Wilson’s 
Phalarope appear stable; breeding ranges are shifting for the Ferruginous Hawk, Mississippi Kite, 
Short-eared Owl, Upland Sandpiper, Horned Lark, Vesper, Savannah, and Henslow’s sparrows, and 
Western Meadowlark; breeding habitats are disappearing locally for Franklin’s Gull, Dickcissel, Hens- 
low’s and Grasshopper sparrows, Lark Bunting, and Eastern Meadowlark; and populations are declining 
throughout the breeding ranges for Mountain Plover, and Cassin’s and Clay-colored sparrows. Declines 
of these latter three species, and also the Franklin’s Gull, presumably are due to ecological phenomena 
on their respective wintering areas. Unlike forest species that winter in the neotropics, most birds that 
breed in the North American grasslands also winter on the continent and problems driving declines 
in grassland species are associated almost entirely with North American processes. Contemporary 
programs and initiatives hold promise for the conservation of breeding habitats for these birds. 
Ecological ignorance of wintering habits and habitats clouds the future of the endemic birds of grass- 
lands, especially those currently experiencing widespread declines across breeding locales. 

Key Words: Grasslands; Great Plains; biological diversity; Larus pipixcan; Charadrius montanus; 
Aimophila cassinii; Calamospiza melanocorys. 

Native grasslands represent the largest 
vegetative province of North America. Al- 
most 1.5 x lo6 km* of grasslands histori- 
cally covered the continent on the Great 
Plains from south central Saskatchewan to 
central Texas, plus in the Central Valley of 
California and Palouse region of eastern 
Washington and Oregon (Knopf 1988). The 
continental grasslands of the Great Plains 
evolved in the rainshadow of the Rocky 
Mountains; seasonal precipitation falls 
mostly in spring or summer. These grass- 
lands are characterized by warm-season 
grasses of the shortgrass prairie on the west 
and fire-maintained, cool- and warm-sea- 
son grasses that grow much taller on the 
east. The mediterranean grasslands of the 
west coast states evolved with fall/winter 
precipitation and the historical composition 
of especially the California grasses is un- 
certain. This paper focuses specifically on 
the Great Plains landscape and major pat- 
terns of avifaunal metamorphosis over the 
last 100 years. 

THE NATIVE GRASSLAND 
LANDSCAPE 

Inferences about the historical landscapes 
of the Great Plains are available in the writ- 
ings of nineteenth century adventurers as 
Irving (1835), explorers as Fremont (1845) 
and Stansbury (1852), and civilian travelers 
along the Platte River Road (Mattes 1988). 
Read collectively, one envisions the short 
and taller grass prairies intergrading just east 
of an irregular line from El Reno, Oklaho- 
ma, through Fort Hays, Kansas, and North 
Platte, Nebraska, northwestward into the 
west-central Dakotas. The landscapes of 
eastern Oklahoma, Kansas, and Nebraska 
were heavily wooded stream bottoms in up- 
lands of fire-maintained grasses of a meter 
or more in height. Wapiti (Cervus canaden- 
sis) and white-tailed deer (Odocoileus vir- 
giniana) were abundant. The grasses, how- 
ever, do not cure well (i.e., lose their nutritive 
value when dried) and these ungulates sur- 
vived the season of vegetative dormancy by 
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grazing or browsing within the wooded 
stream bottoms. Native Americans of this 
region, such as the Pawnee, hunted these 
species, but generally raised vegetables in 
relatively permanent villages along eastern 
prairie streams then journeyed west into the 
shortgrass province semiannually to hunt 
plains bison (Bison bison bison), for meat 
(Hyde 1974). 

The shortgrass prairie landscape was one 
of relatively treeless stream bottoms and 
uplands dominated by blue grama (Boute- 
loua gracilis) and buffalo grass (Buchloe 
dactyloides), two warm-season grasses that 
flourish under intensive grazing pressure by 
reproducing both sexually and by tillering. 
Unlike the more eastern species, short grass 
species remain highly digestible and retain 
their protein content when dormant. This 
character supported the evolution of a ma- 
jor herbivore assemblage dominated by bi- 
son, pronghorn (Antilocapra americana) and 
prairie dogs (Cynomys spp.). Native Amer- 
icans, including the Sioux and Cheyenne of 
shortgrass landscapes, tended to be semi- 
nomadic, following the massive bison herds 
upon which their lifestyle was specifically 
dependent in the late 1870s. 

THE NATIVE GRASSLAND BIRDS 

As is the case for most biogeographic 
provinces, pre-settlement information on 
native bird assemblages of Great Plains 
grasslands is limited. Ornithological study 
on the Great Plains commenced in 1832 
when John Kirk Townsend (1839, the first 
trained zoologist to cross the continent) ac- 
companied by the prominent naturalist 
Thomas Nuttall traveled with the Wyeth 
expedition along the Rocky Mountain Road 
to the Columbia River. Later, the surveys 
by Hayden (1862) Allen (1871, 1874) 
Coues (1878) and others provided addi- 
tional insights into the regional avifauna. 
Generally, however, these earlier works were 
all exploratory, tended to emphasize avi- 
faunas along stream courses (Allen 1874) 
and provided few perspectives of avian spe- 
cies densities or assemblages relative to lo- 

cal geographic features or vegetative asso- 
ciations. 

Although the Great Plains played a major 
role in the evolution of the North American 
avifauna (Mengel 1970) the grassland avi- 
fauna itself is relatively depauperate. Only 
5% of all North American bird species are 
believed to have evolved within the Great 
Plains (Udvardy 1958, Mengel 1970). Men- 
gel (ibid.) listed 12 species of birds endemic 
to the grasslands along with 25 others that 
he considered to be secondarily evolved to 
grasslands (Table 1). Two of the endemics 
frequent wetland habitats within the grass- 
lands, with the others being upland species. 
Species that are secondarily evolved to the 
grasslands typically occur in more wide- 
spread geographic areas and are found pri- 
marily in landscapes where brush or trees 
have invaded grasslands on the periphery 
of the Great Plains. None of the secondary 
species are wetland associates, although the 
breeding biology of the White Pelican (PeZe- 
canus erythrorhynchos) suggests that it also 
is a member of this more widespread group 
(Knopf 1975). Five ofthe secondary species 
(Sage Grouse, Sage Thrasher, Green-tailed 
Towhee, Sage Sparrow, and Brewer’s Spar- 
row) are really species of the Great Basin 
shrubsteppe. 

The endemic birds evolved with specific 
ecological niches within the grasslands. 
Wetland species obviously occur locally at 
moist-soil sites. Species of taller grasses as 
the Greater Prairie-chicken and Dickcissel 
nest in habitats of standing residual vege- 
tation from a preceding growing season and 
are dependent upon stand rejuvenation by 
periodic fires (e.g., Kirsch 1974). Many of 
the endemic species of shortgrass and mixed 
grass landscapes such as the Baird’s Spar- 
row, McCown’s and Chestnut-collared 
longspurs coevolved with grazing ungulates, 
whereas others such as the Ferruginous 
Hawk, Prairie Falcon, and Burrowing Owl 
are strongly associated with prairie-dog 
towns. Evolutionarily, drought tolerance 
appears to be the principal ecological pro- 
cess influencing grassland-bird assemblages 
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locally (Wiens 1974) with grazing (Hobbs 
and Huenneke 1992) and wildfire (Zim- 
merman 1992) having major, secondary 
roles. 

THE CONTEMPORARY LANDSCAPE 

The landscape of the Great Plains has un- 
dergone significant alteration from descrip- 
tions provided in early accounts. The im- 
pacts have been varied, with many (e.g., 
urbanization, mineral exploration, defense 
installations) having primarily local im- 
pacts on the native avifauna. Activities with 
more universal impacts on the landscape 
have included 1) transformation of the na- 
tive grazing community, 2) cultivation of 
grains and tame grasses, 3) draining of wet- 
lands, and 4) woody development in the 
form of tree plantings and ecological inva- 
sions. 

Removal of native grazers 

An estimated historical population of 30 
million plains bison was systematically re- 
duced to 281 by 1889 (Hornaday 1887, Roe 
195 l), with most of this reduction coming 
in the Great Slaughters of 1870-l 873 south 
of the Platte River and 1880-l 883 north of 
the Platte River. Beginning in the 1860s 
cattle were quickly moved into locales as 
soon as bison were removed, but probably 
had little immediate impact as they were 
grazed over broad expanses. Homesteading 
of the grasslands commenced with the 
Homestead Act of 1862 and progressively 
resulted in grasslands being fenced into 
smaller parcels. The great blizzards of 1885 
and 1886 killed 85% of the cattle in Colo- 
rado (Badaracco 197 1) and blizzards of 1886 
and 1887 locally killed 30-80% of the cattle 
in the northern plains states (Fedkiw 1989). 
The evolving cattle industry then began 
fencing also and switched from “open- 
range” grazing to a ranching industry to grow 
supplemental winter feeds. Subsequent 
homesteading acts of the early 20th century 
increased parcel size from 0.65 km* to 2.6 
km* and resulted in the remaining (arably 
more marginal) public lands on the western 

TABLE 1. THE NORTH AMERICAN GRASSLANDS Avr- 
FAUNA (AFTER MENGEL 1970). 

Non-pass&m PaSSeIllleS 

1. 

2. 

3. 

4. 

5. 

6. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

I. Primary species (endemic) 

Buteo regalis Ferrugi- 1. Anthus spragueii 
nous Hawk Sprague’s Pipit 
Charadrius montanus 2. Aimophila cassinii 
Mountain Plover Cassin’s Sparrow 
Numenius american- 3. Ammodramus bairdii 
us Long-billed Curlew Baird’s Sparrow 
Limosa fedoa Mar- 4. Calamospiza mela- 
bled Godwit nocorys Lark Bunting 
Phalaropus tricolor 5. Calcarius mccownii 
Wilson’s Phalarope McCown’s Longspur 
Laruspipixcan Frank- 6. C. ornatus Chestnut- 
lin’s Gull collared Longspur 

II. Secondary species (more widespread) 

Ictinia mississippien- 
sis Mississippi Kite 
Buteo swainsoni 
Swainson’s Hawk 
Circus cyaneus North- 
ern Harrier 
Falco mexicanus Prai- 
rie Falcon 
Tympanuchus cupido 
Greater Prairie-chick- 

1. 

2. 

3. 

4. 

5. 

Eremophila alpestris 
Horned Lark 
Oreoscoptes montan- 
us Sage Thrasher 
Sturnella magna East- 
em Meadowlark 
S. neglecta Western 
Meadowlark 
Spiza americana 
Dickcissel 

en 
T. pallidicinctus Less- 
er Prairie-chicken 
T. phasianellus Sharp- 
tailed Grouse 

6. 

7. 

Centrocercus urophas- 
ianus Sage Grouse 

8. 

Bartramia longicauda 
Upland Sandpiper 

9. 

Athene cunicularia 10. 
Burrowing Owl 

Asio flammeus Short- 11. 
eared Owl 

12. 

13. 

14. 

Pipilo chlorura Green- 
tailed Towhee 
Passerculus sandwich- 
ensis Savannah Spar- 
row 
Ammodramus savan- 
narum Grasshopper 
Sparrow 
A. henslowii Hen- 
slow’s Sparrow 
Pooecetes gramineus 
Vesper Sparrow 
Chondestes gramma- 
cus Lark Sparrow 
Amphispiza belli Sage 
Sparrow 
Spizella breweri Brew- 
er’s Sparrow 
S. pallida Clay-col- 
ored Sparrow 

plains becoming fragmented also. Cattle 
numbers on the western range in 1890 were 
estimated at 45 million, plus about that 
many domestic sheep (Fedkiw 1989). The 
ultimate consequence of fencing that many 
animals was to reduce the natural variabil- 
ity in grazing behavior of herding ungulates 
and, ultimately, to standardize grazing in- 
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tensities across broad landscapes (Knopf 
1993). 

The well known destruction of the bison 
on the shortgrass prairie was immediately 
followed by an equally intensive effort to 
eradicate the other major herbivore, the 
prairie-dog. Prairie-dogs historically occu- 
pied an estimated 404,858 km2, compared 
to only 6073 km2 in 1980 (Summers and 
Linder 1978). This 98% reduction has been 
attributed to the potential competition be- 
tween prairie dogs and cattle for grass for- 
age, claims which are neither supported by 
data (O’Meilia et al. 1982) nor by indica- 
tions that ungulates and prairie dogs are ac- 
tually symbiotic foragers (Krueger 1986). 
Most significantly, prairie-dogs are ecolog- 
ical “keystone” species (Gilbert 1980, Ter- 
borgh 1986). Keystone species are those that 
(by their presence) provide appropriate hab- 
itat conditions or prey for the continued 
existence of other species. In the case of 
prairie dogs and birds, such species include 
the endemics Ferruginous Hawk and 
Mountain Plover, and more widespread 
species as the Burrowing Owl. 

Cultivation 

The second major change in the Great 
Plains landscape has been the plowing of 
grasses, primarily for cereal grain produc- 
tion. The eastern plains have been virtually 
obliterated for grain (primarily corn) pro- 
duction, as evidenced by data available from 
Illinois and Iowa (Table 2). Only 10.4 km2 
of the original 103,600 km2 of native prairie 
survives in the state of Illinois (Mlot 1990), 
although the structurally similar tame-grass 
hayfields provide acceptable habitats for 
some birds of the historic landscape. Where 
locally grown on the shortgrass and transi- 
tion prairie zones, corn generally requires 
irrigation. These latter regions are sown 
mostly to dryland (winter) wheat. Unlike 
the eastern plains, however, the proportion 
of native grasslands on the western Great 
Plains (Colorado, Montana, Wyoming) that 
have remained in a grassland landscape is 
comparatively high. In addition, 15,436 km2 

TABLE 2. RELATIVE AREA(KM~ x 103)o~ PRIVATE 
LANDS IN CROPLAND, INTRODUCED PASTURE GRASSES, 
AND NATIVE GRASS RANGELANDS ON THE GREAT PLAINS 
OF THE UNITED STATE (ADAPTED FROM U.S.D.A. 1987) 

Pasture- 
Cropland land Rangeland 

Tallgrass prairie 

Illinois 100.07 12.78 0.0 
Iowa 107.00 18.36 0.0 

Total 207.07 31.14 0.0 (0%) 

Mixed prairies 

Kansas 117.84 9.07 68.43 
Nebraska 82.06 8.60 93.47 
North Dakota 109.43 5.15 44.31 
Oklahoma 46.82 28.89 60.95 
South Dakota 68.58 10.94 92.02 

Total 424.72 62.65 706.65 (59.2%) 

Shortgrass prairie 

Colorado 42.91 5.10 98.03 
Montana 69.59 12.29 153.12 
Wyoming 10.39 3.05 108.92 

Total 122.89 20.44 360.07 (71.5%) 

remain in 19 National Grasslands (USDA 
1990), with 17 of those on the Great Plains, 
predominantly in the shortgrass prairie. 
Compared to the eastern grassland land- 
scape, the western is merely fragmented 
rather than obliterated. 

The historical decline in native grasslands 
has slowed with additional losses of only 
17.75 km2 occurring from 1982 to 1987 
(USDA 1989). The first four years of the 
Conservation Reserve Program prompted 
the reseeding of 2 1,697 km2 to native grass- 
es through 1989 (S. Brady, Soil Conserv. 
Serv., pers. comm.). The reseeding repre- 
sented 5.3% of cropland in the three short- 
grass prairie states and 3.4% of cropland in 
the transition prairie states. The program 
has had negligible impact on restoring taller 
grass sites to the east. 

Loss of wetlands 

The drainage of wetlands during culti- 
vation practices has profoundly altered the 
phytogeography of grasslands locally (Dahl 
1990). Losses in Illinois and Iowa have 
equalled 86.3% of an estimated 49,42 1 km2 
historical wetland area. Comparable values 
for Colorado, Wyoming, and Montana show 
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only a 40.0% loss of 20,838 km2. Losses in 
the mixed-grass states have been an inter- 
mediate 56.6% of 70,478 km2. These num- 
bers support the intuitive relationship be- 
tween the loss of wetlands and intensity of 
cultivation across the Great Plains. 

Woody development 

The vertical structure of the grassland 
landscape is fragmented also. Fire control 
has enabled woody vegetation to encroach 
on the northern and southern grasslands 
(Bird 196 1, Pulich 1976). In addition, al- 
most 3% of the Great Plains is now forested 
by shelterbelts planted to reduce wind ero- 
sion (Baer 1989). Trees are currently being 
planted on the Great Plains at the rate of 
20.7 x 106/year (Griffith 1976). 

On the shortgrass prairie, woody vege- 
tation has also increased through ecological 
processes. Shrub and small tree encroach- 
ment occur along the entire periphery of the 
Great Plains due to control of natural fires. 
Equally significant has been the ecological 
development of streamside forests of alien 
and exotic tree species across the western 
landscape. These forests appeared in re- 
sponse to 20th-century water-management 
practices that favor woody colonization and 
secondary succession (Knopf and Scott 
1990, Johnson 1993). 

THE CONTEMPORARY AVIFAUNA 

Of the 435 bird species breeding in the 
United States, 330 have been documented 
as breeding on the Great Plains (Johnsgard 
1979). Whereas many species such as the 
Passenger Pigeon (Grinnell 1875) and Es- 
kimo Curlew (Sutton 1967) historically ap- 
peared on the grasslands, a review of changes 
by species, genus, or even ecological guild 
is beyond the scope of this paper. Rather, I 
proffer that avian assemblages on the grass- 
lands reflect two broad patterns of change 
that have occurred in the last century: na- 
tive endemic species have declined in num- 
bers while simultaneously (and rather in- 
dependently) alien and exotic species have 
increased immeasureably. 

TABLE 3. BIOME AND GUILD COMPARISONS OF 
CONTINENTAL TRENDS IN BIRD ASSEMBLAGES BASED ON 
BREEDING BIRD SURVEY DATA, 1966-l 99 1 (ADAPTED 
FROM DROEGE AND SAUER 1993) 

GKUp 

Grassland Nesters’ 
Wetland Nesters 
Waterfowl 
Woodland Nesters 
Deciduous Woodland 

NO. 
spe- No (“h) 
Clcx lncrcarlng P 

18 3 (17) 0.008 
41 26 (63) 0.117 
15 10 (67) 0.302 
60 37 (62) 0.092 

Nesters 
Coniferous Woodland 

15 9 (60) 0.607 

Nesters 
Scrub Nesters 
Urban Nesters 
Permanent Residents 
Neotropical Migrants 
Short-distance Migrants 
Primary Cavity Nesters 
Secondary Cavity 

26 17 (65) 0.169 
60 19 (32) 0.006 
12 4 (33) 0.388 
48 20 (42) 0.3 12 
90 53 (59) 0.113 
83 37 (45) 0.380 
11 6 (55) 1.000 

Nesters 
Open-Cup Nesting 

27 17 (63) 0.248 

Passerines 103 50 (49) 0.844 
Ground Nesters 33 15 (46) 0.728 

All birds 302 153 (51) 0.863 

I Bird species defined at the Breedmg Bird Survey mclude only upland, 
grass-nesting species that were recorded on P 50 routes in I966 and I99 I. 
Of the endemxs defined by Mengel. Long-bllled Curlew. Sprague’s Plplt. 
Lark. Baird’s, Cassin’s sparrows, and McCown‘s and Chestnut-collared 
longspurs met these criteria. Of the more wdcsprcad spccrs. Grater 
Pralw-chicken, Upland Sandpiper, Horned Lark. Eastern and Wcstcrn 
meadowlarks, Dickassel. Savannah, Grasshopper. and Vcspcr sparrows 
met mclusion cnteria. Two grassland-nesting species Included I” this 
gudd that did not appear on Mengel’s list include Ring-ncckcd Pheasant 
(Phasmus colchlcus) and Bobohnk (Dohchuny.r oqmwru,). 

Declines in grassland endemic species 

During the last quarter of the century, 
grassland species have shown steeper, more 
consistent, and more geographically wide- 
spread declines than any other behavioral 
or ecological guild of North America spe- 
cies, including neotropical migrants (Table 
3). Not surprising, the geographic pattern of 
these declines (Fig. 1) is polarized to the 
eastern and western provinces to which the 
grassland endemics are primarily adapted. 
More surprising, most of the species that 
breed on the grasslands also spend the win- 
ter on the continent (MacArthur 1959: Fig. 
8-4). The problems of declines in grassland 
species is associated almost entirely with 
North American processes. 

Population declines of individual species 
are often difficult to detect due to the in- 
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m >50% of species declining (P ~0.05) 

m ~50% of species declining (P >0.05) 

150% of species increasing (P >0.05) 
FIGURE 1. Geographical patterns of population changes for grasslands birds of North America based on 
analyses of Breeding Bird Survey data within physiographic strata. (Figure adapted from Droege and Sauer 
1993) 

herent variability in geographic distribution 
of a species population as illustrated for 
Dickcissel (Robbins and Van Velzen 1969, 
Fretwell 1986). However, continental pop- 
ulation trends for individual species within 
the native grasslands avifauna (Table 4) 
generally support the decline seen for the 
grassland-nesting guild. Excluding the wet- 
land-associated Marbled Godwit and Wil- 
son’s Phalarope, seven of the ten endemic 
species showed population declines during 
the last 26 years, with declines of four 
(Mountain Plover, Franklin’s Gull, Cassin’s 
Sparrow, Lark Bunting) being statistically 

significant. Similarly, 16 of the 25 more 
widespread species declined during this time 
period with six (Eastern Meadowlark, 
Grasshopper, Henslow’s, Lark, Brewer’s, 
and Clay-colored sparrows) being statisti- 
cally significant. Across all grassland spe- 
cies, populations of only the Upland Sand- 
piper and McCown’s Longspur have 
increased significantly since 1966. 

Reasons for population declines among 
species within the grassland avifauna are 
difficult to assess. Examining trends for those 
species where declines are supported statis- 
tically, the declines appear to be localized 
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TABLE 4. ANNUAL RATES OF CHANGE IN CONTINENTAL POPULATIONS OF GRASSLAND BIRD SPECIES 1966-l 99 1 
(BREEDING BIRD SURVEY DATA) 

No. of 
routes 

Percentagel 

1”CEaSl”g DeCreaSl”g Population trend2 

Endemics 

Ferruginous Hawk 242 51.7 42.6* +0.4 
Mountain Plover 40 45.0 50.0 -3.6* 
Long-billed Curlew 222 45.5 50.0 -0.6 
Marbled Godwit 181 54.7 43.1 + 1.0 
Wilson’s Phalarope 339 41.3 54.6 +0.8 
Franklin’s Gull 225 35.1 60.4* -7.4* 
Sprague’s Pipit 136 38.2 55.9 -3.1 
Cassin’s Sparrow 169 49.7 48.5 -3.4* 
Baird’s Sparrow 132 39.4 56.8 -1.6 
Lark Bunting 344 39.8 57.6* -3.3* 
McCown’s Longspur 66 45.5 47.0 +7.9* 
Chestnut-colored Longspur 151 42.4 54.3 +0.6 

Secondary species 

Mississippi Kite 163 58.9 40.5* -to.4 
Swainson’s Hawk 607 48.8 46.6 +1.2 
Northern Harrier 1075 43.7 52.5 -1.0 
Prairie Falcon 261 47.1 43.7% +0.2 
Greater Prairie-chicken 47 40.0 53.2 -10.3 
Lesser Prairie-chicken 8 25.0 62.5 +8.1 
Sharp-tailed Grouse 180 41.7 52.8 +0.9 
Sage Grouse 103 52.4 46.6 +6.2 
Upland Sandpiper 668 51.5 45.8% +3.5* 
Burrowing Owl 349 43.3 51.6 -0.2 
Short-eared Owl 268 38.1 57.5* -0.7 
Horned Lark 1708 40.6 56.8* -0.7 
Sage Thrasher 230 53.0 44.8 +1.4 
Eastern Meadowlark 1714 30.5 68.6* -2.2* 
Western Meadowlark 1304 38.0 59.7* -0.6 
Dickcissel 780 37.6 60.9* -1.7* 
Green-tailed Towhee 207 43.0 51.2 +0.3 
Savannah Sparrow 1418 42.9 54.4* -0.6 
Grasshopper Sparrow 1446 37.6 58.8* -4.6* 
Henslow’s Sparrow 249 30.9 61.8* -4.2* 
Vesper Sparrow 1473 38.5 58.2* -0.6 
Lark Sparrow 909 44.7 52.6 -3.4* 
Sage Sparrow 205 38.0 58.5* -2.4 
Brewer’s Sparrow 359 39.8 55.7* -4.1* 
Clay-colored Sparrow 441 43.8 52.4 -1.5* 

Percentages totahng i 100% include some routes with no change in numbers of birds detected. Asterlsk indicates trend significantly (P < 0.05) 
d&rent from no difference between number of surveys with increasmg vs. decreasing species populations. 
1 Annual rate (expressed as a percentage) of change in population numbers. Asterisk indxates a statistically significant (P < 0.05) rate of population 
change. 

for Franklin’s Gull, Dickcissel, Henslow’s 
and Grasshopper sparrows, Lark Bunting, 
and Eastern Meadowlark in that these spe- 
cies show a significant difference in the pro- 
portion of surveys with increasing vs. de- 
creasing populations. This pattern of 
significant local declines for species that also 
are declining continentally reflects a pattern 
of loss of local breeding habitats. 

Declines in populations of Mountain Plo- 
ver, and Cassin’s and Clay-colored spar- 

rows were universal across their respective 
geographic ranges (not varying among sur- 
veys). The seasonal distributions and ecol- 
ogy of the sparrows are poorly understood. 
The plover is now rare on its former win- 
tering areas in southern Texas and has a 
highly fragmented wintering distribution in 
California. Based upon the plover example, 
declines in this group of birds appear at- 
tributable to decline or degradation in the 
quality of habitats available for wintering. 
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Population trends for a third group of 
grassland species (Ferruginous Hawk, Mis- 
sissippi Kite, Upland Sandpiper, Short- 
eared Owl, Horned Lark, Western Mead- 
owlark, Vesper, Savannah, and Henslow’s 
sparrows) show significant changes in rela- 
tive abundance among surveys even though 
continental numbers are stable. The geo- 
graphic distributions of these species appear 
to be changing at present. 

Whereas wetlands-associated species have 
certainly declined since settlement of the 
grasslands in the mid 1800s BBS data in- 
dicate that populations of the endemic Mar- 
bled Godwit and Wilson’s Phalarope are 
stable. Wetland conservation actions to 
benefit waterfowl have apparently stabilized 
populations of these latter species. 

Increases in cosmopolitan species 

The negative consequences of landscape 
fragmentation to local and regional avian 
assemblages are well known (Robbins et al. 
1989b) and have real implications to the 
conservation of grassland birds (Samson 
1980, Johnson and Temple 1986). Fire con- 
trol and woody plantings on the grasslands 
have had such an effect by favoring many 
species that can colonize the newly created 
forest patches. Regional responses of bird 
assemblages to a century of fire control are 
not available, but can be inferred from stud- 
ies (e.g., Dixon 1989) of individual species 
populations. 

A large percentage of breeding bird spe- 
cies on the central Great Plains appear re- 
stricted to sites of artificial woody plantings 
(Martin 198 1). Most shelterbelt species are 
forest-edge inhabitants historically present 
in midwestern oak (Quercus spp.) savannas 
and eastern deciduous forests. Yahner (1983) 
reported that only three (Western Mead- 
owlark, Savannah and Vesper sparrows) of 
the 47 most abundant species using shel- 
terbelts on his study area were typical of the 
historic grasslands of western Minnesota. 

Although forest-bird species historically 
occurred west of their general habitats and 
into streamside forests of the eastern grass- 

lands (Coues 1874), the development of ri- 
parian forests along streambeds of the short- 
grass prairie has effectively created linear 
forests that have favored the movement of 
many species farther onto (and even across) 
the grasslands. At one location, Crook, Col- 
orado, 83 species of birds in the riparian 
vegetation during the early breeding season 
included only three representatives (Cas- 
sin’s, Clay-colored, and Harris’ sparrows) 
of the Great Plains avifauna, and none of 
those bred locally (Knopf 1986). That ri- 
parian forest developed since 1900, and 
>90% of the native birds currently at that 
site have colonized in recent times. The pro- 
portion is >95% if exotic species are in- 
cluded. 

As a consequence of the riparian forest 
development on the western Great Plains, 
some of the invading species established 
secondary contact with closely related con- 
geners. Such species include representatives 
of flickers, jays, buntings, grosbeaks, tow- 
hees, and orioles (Sibley and West 1959, 
West 1962, Sibley and Short 1959, 1964; 
Short 1965, Rising 1970, Williams and 
Wheat 197 1, Emlen et al. 1975, Moore and 
Buchanan 198 5); there are so many species, 
in fact, that the region has been ornitholog- 
ically identified as the Great Plains Hybrid 
Zone (Rising 1983). Further north, western 
riparian species such as the Yellow-breasted 
Chat (Icteria virens) and American Gold- 
finch (Carduelis tristis) were historically hy- 
pothetical or accidental in Wyoming (Knight 
1902), yet breed state-wide today. En- 
hanced deciduous forests on the grasslands 
have also favored movements of reptiles and 
mammals (Knopf and Scott 1990) and have, 
in part, been fundamental in defining fauna1 
mixing as a conservation issue (Knopf 1992). 

CONSERVATION INTO THE 
NEXT CENTURY 

Just as grasslands are avifaunistically 
simple, so too appear the challenges facing 
conservation of these birds. Unquestion- 
ably, fauna1 invasions of the central grass- 
lands are wildlife enhancements. Such en- 
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hancements have positive public-awareness 
benefits for conservation issues in general 
and, thus, seem desirable except where ali- 
ens and exotics degrade habitats of endemic 
species. The U.S. Department of Agricul- 
ture’s Conservation Reserve Program 
promises to reverse the decline in breeding 
habitats for some species, much as water- 
fowl conservation programs have had some 
secondary benefits for wetlands species. The 
Western Governor’s Association is cur- 
rently discussing a political template for re- 
gionalizing conservation action, which will 
be the first step towards aligning conser- 
vation action with biogeographic provinces 
(Knopf 1992). That international action, the 
Great Plains Initiative, holds great promise 
for a proactive and more cost-effective ap- 
proach to conservation by focusing conser- 
vation on the floral and fauna1 integrity of 
the Great Plains (Knopf and Samson 1995). 

Ecological processes driving population 
trends of North American grassland birds 
are currently undescribed. As a group, grass- 
land birds have declined more than birds 
of other North American vegetative asso- 
ciations. Unlike neotropical migrants which 
have experienced declines primarily in the 
northeastern deciduous forests (Robbins et 
al. 1989a), however, declines in grassland 
species are occurring at a continental scale. 
The decline in the Mountain Plover, Cas- 
sin’s Sparrow, and Lark Bunting are major 
conservation concerns. The lack of under- 
standing of the wintering ecology of grass- 
land birds precludes optimistic projections 
for especially these species experiencing 
widespread, geographic declines. 
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CHANGES IN SALINE AND ALKALINE LAKE AVIFAUNAS IN 
WESTERN NORTH AMERICA IN THE PAST 150 YEARS 

JOSEPH R. JEHL, JR. 

Abstract. I use biological, historical and limnological data to consider how changes at some of the 
major saline and alkaline lakes in the western United States may have affected their ability to support 
breeding and migratory birds in the past 150 years. I emphasize hypersaline lakes (salinities > 50’7~4 
where the birdlife is dominated by a few species, principally California Gull, Wilson’s Phalarope, Red- 
necked Phalarope, and Eared Grebe, that can exploit the abundant invertebrate prey resources. Of 
eight lakes treated in detail, two have been irretrievably lost, and the long-term survival of another 
is questionable. Major engineering modifications are planned or in effect at three others. Only two or 
three lakes seem likely to be able to support their current avifaunas well into the next century. 

Key Words: Pyramid Lake, NV, Winnemucca Lake, NV; Carson Sink, NV; Great Salt Lake, UT; 
Lake Abert, OR, Mono Lake, CA, Owens Lake, CA, Salton Sea, CA, Eared Grebe; Podiceps nigricollis; 
Wilson’s Phalarope; Phalaropus tricolor; Red-necked Phalarope; P. lobatus; California Gull; Law 
californicus. 

Scattered through the aridlands of the 
western United States and southwestern 
Canada, the saline and alkaline lakes of 
North America constitute an important but 
generally unappreciated resource for migra- 
torybirds(Behle 1958, Winkler 1977, Boula 
1985, Jehl 1988 and references therein). 
They are often characterized by high rates 
of annual production, which provides the 
food resources for the migrants. Their fresh 
water input is seasonal, mostly deriving from 
winter precipitation that will evaporate dur- 
ing the following summer. The majority are 
shallow, and all but the largest undergo im- 
portant annual and seasonal fluctuations in 
size and salinity. Indeed, lakes that have 
been productive for years can disappear in 
a short time. This means that their biota 
must either be physiologically flexible and 
able to withstand long periods of highly 
variable and sometimes harsh conditions, 
or, like birds, be opportunistic and able to 
disperse when conditions require (Jehl 
1988). 

Limnologists consider a lake to be saline 
when its salinity (or total dissolved solids) 
attains 3?& (Hammer 1986). Biotic diversity 
varies inversely with concentration. Many 
bird species tolerate salinities up to 1 O-l 2?&, 
then drop out. Concentrations of = 15% are 
a barrier to reproduction in waterfowl (e.g., 
Moorman et al. 1991). Most fish cease to 

breed at 40-45’%, and at 50-60%, in the 
absence of these and other predators (e.g., 
corixids, copepods) the invertebrate fauna 
becomes a biculture of brine shrimp (Arte- 
mia sp.) and brine flies (Ephydra sp.). Those 
invertebrates can become an almost unlim- 
ited food resource for the few bird species 
that can exploit tiny prey without ingesting 
the noxious water (e.g., Mahoney and Jehl 
1985). Prominent avian species in or around 
hypersaline lakes (> 50%~) include Ameri- 
can Avocets (Recurvirostra americana), 
Black-necked Stilts (Himantopus himanto- 
pus), Snowy Plovers (Charadrius alexan- 
drinus), and California Gulls (Larus cali- 
fornicus), which are common breeders, and 
the migrant Wilson’s (Phalaropus tricolor) 
and Red-necked (P. lobatus) phalaropes and 
Eared Grebes (Podiceps nigricollis), which 
seem inured to almost any level of salinity, 
so long as prey persist. 

In this paper I supplement the meager 
biological data with limnological and his- 
torical records to consider how conditions 
at some of the major Great Basin lakes, es- 
pecially those with hypersaline environ- 
ments, may have affected their ability to 
support birdlife in the historical period 
(1840-present). Information on the geolog- 
ical histories of many of these lakes and 
basins can be found in Hubbs and Miller 
(1948). 

258 



SALT LAKE AVIFAUNAS- Jehl 259 

FIGURE I. Aerial view of Pyramid Lake, NV. The drv. white alkali basin to the east is the remains of 
Winnemucca Lake. Both lakes were fed by the Truckee River, which enters from the south and bifurcates before 
entering Pyramid Lake. Pyramid Lake received water first, because of its lower elevation, and then spilled in 
Winnemucca Lake, which became “extinct” in the late 1930s. 

PYRAMID LAKE, NEVADA 

Pyramid Lake, discovered by Capt. John 
Charles Fremont in 1844, is a meager rem- 
nant of Pleistocene Lake Lahontan, which 
once covered 22,000 km2 of western Ne- 
vada to a maximum depth of 15 7 m. Even 
so, Pyramid remains the largest (444 km2), 
deepest (103 m), and limnologically perhaps 
the most stable of the major saline lakes in 
North America (Hammer 1986; Fig. 1). It 
is slightly saline (~5%) and sustains am- 
phipods, fish, (including the endangered cui- 
ui, [Chum&es cujus]), and other potential 
prey for aquatic birds. In the prehistoric pe- 
riod it was a major site for aboriginal peo- 
ple, who made extensive use of waterfowl 
in migration (Knack and Stewart 1984). 

Like other Great Basin lakes, Pyramid 
reached peak elevations in the late 19th cen- 
tury, but then began to decline, owing to the 

diversion of the Truckee River and the com- 
pletion of the Newlands Irrigation Project 
(1903); between 1890 and 1980 it dropped 
by 21 m (Fig. 2). This probably had little 
effect on the birdlife, because the salinity 
was low and changes were slight. 

This lake’s most important avian re- 
sources are the colonial birds breeding on 
Anaho Island National Wildlife Refuge (es- 
tablished in 19 13). Baseline historical data 
come from periods when the lake was rel- 
atively high and include reports by Robert 
Ridgway (1877) and E. R. Hall (1924). The 
latter spent the summer of 1924 there, not- 
ing 14 species of waterbirds, of which only 
the White Pelican (Pelecanus erythrorhyn- 
chos), California Gull, and Double-crested 
Cormorant (Phalacrocorax auritus) were 
common. Through most of this century the 
pelican colony has been among the largest 
in the United States, typically holding 3000- 
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FIGURE 2. Changes in the surface elevations of some major saline lakes in western North America. Approx- 
imate salinities are indicated in italics. Arrows indicate the start of diversion projects. 

5000 nests (A. Janik, pers. comm.; Marshall Gull populations have also fluctuated, but 
and Giles 1953). Colony size (range-50 seem to have shown little overall change. 
pairs in 1988 to 10,700 pairs in 1986) and They were exploited by native people and 
productivity are influenced by foraging con- miners before the refuge was created (Hall 
ditions in the Lahontan Basin, 96 km to the 1924) but from 1986-l 992 counts have av- 
south. In good years productivity averages eraged about 2600 pairs (maximum 4240 
nearly 1 chick/pair, but in the recent drought in 1992; R. Anglin, pers. comm.), which is 
(e.g., 1988-1992) virtually no young fledged. about the size of the colony described by 
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Ridgway in 1877 (Yochem et al. 199 1). Cor- 
morants are likely to have increased after 
the refuge was created. Hall (1924) reported 
“several hundred and perhaps a thousand” 
adult birds; this can be compared to 1330 
nests in 195 1, and an average of 1700 nests 
(maximum 5400) from 1986-l 992 (R. An- 
glin, pers. comm.). 

At one time the potential landbridging of 
Anaho Island was a concern (Marshall and 
Giles 19 5 3), but resolution of the water rights 
of native peoples at Pyramid Lake, coupled 
with regulations to preserve the cui-ui, has 
resulted in increased inflow, making it likely 
that the integrity of the island and the col- 
onies will be maintained. 

WINNEMUCCA LAKE, NEVADA 

Winnemucca Lake, 8 km to the east of 
Pyramid Lake, was not mentioned by Fre- 
mont, and may have barely existed at that 
time (Hardman and Venstrom 194 l), owing 
to a long dry spell. It first appeared on maps 
as Mud Lake, a very small body of water, 
in 1850. With the return of wet conditions 
in 1859-1860 lakes throughout the Great 
Basin began to fill, and by 1882-1889 Win- 
nemucca was 42 km long, 6 km wide, and 
26 m deep. A subsequent dry period and 
the diversion of the Truckee River (1903) 
led to the lake’s terminal decline. 

The Winnemucca basin is steep-sided and 
lacks fringing mudflats or marshes. Archae- 
ological evidence suggests that it was prob- 
ably more productive and attractive to na- 
tive people at relatively low stands, when 
marshes at the southern end attracted nu- 
merous migrating waterfowl (Hattori 1982). 
The wildlife values were recognized in 1936, 
when President Roosevelt created the Win- 
nemucca Lake National Wildlife Refuge, but 
too late. The President’s signature had bare- 
ly dried when, in 1938, the lake followed 
suit. Subsequently, even under the best 
spring runoff conditions, it was never more 
than an ephemeral sheet of water. With no 
possibility of obtaining water, the Fish and 
Wildlife Service abandoned the refuge in 
1962. 

i ---_ -- 

FIGURE 3. The Swesey family of Nevada boating 
on (ostensibly) Lake Winnemucca about 191 I-1914. 
Courtesy ofSpecial Collections, University of Nevada, 
Reno. 

Little information about wildlife popu- 
lations has been preserved. In June 1889, 
Keeler (1889) compiled a list of 5 1 bird spe- 
cies, which included all of the expected wa- 
terbirds, none in notable quantity_ His re- 
port is likely incomplete because the lake 
was high and he would have needed a boat 
to visit open-water habitats (Fig. 3). How- 
ever, he did note that a grebe (probably 
Aechmophorus sp., though listed as Colym- 
bus holboellii) was very common, and that 
Eared Grebes were fairly common in the 
slough. Also common were California Gulls 
and White Pelicans, visitors from Pyramid 
Lake. 

Because Winnemucca Lake did not have 
its own source of water, but was fed by the 
Truckee River via overflow from Pyramid 
Lake (Fig. l), it was subject to large lim- 
nological changes. At its high point it was 
alkaline and brackish; yet, at the low levels 
of the 1920s it was still sufficiently fresh to 
accommodate a commercial fishery (Hat- 
tori 1982). Accordingly, it could not have 
maintained significant brine fly or brine 
shrimp populations or been an important 
concentration point for bird species that re- 
quire more saline habitats. 

THE CARSON SINK AREA, 
NEVADA 

Many pioneers through the Great Basin 
followed the Humboldt River southwest- 
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erly for 500 km across Nevada, before it 
ended in the Humboldt Sink. Adjacent to 
this in the south they found the Carson Sink, 
which captures the outfall of the Carson 
River as it enters from the west. 

The Carson Sink once consisted of 
190,000 acres of wetlands (R. Anglin, pers. 
comm.), and held enormous concentrations 
of waterfowl (Thompson 1986). The com- 
pletion of the Newlands Project diverted 
additional water into the area, which wound 
up being used by industry, homes, and farms, 
so that only agricultural runoff of question- 
able quality was left for the marshes. Even 
so, enough drizzled through that 23,000 
acres became the Stillwater National Wild- 
life Refuge and Game Management Area in 
1948. 

The existence of these Lahontan Valley 
wetlands played a mitigating role in the 
abandonment of the Winnemucca Lake ref- 
uge. In 1960 the Fish and Wildlife Service 
considered that the “relatively new Still- 
water Wildlife Management Area . . . ap- 
pears to adequately provide for the segment 
of the Pacific Flyway waterfowl which pass 
through the area.” Presciently, it added that 
Stillwater lacked a secure water supply and 
that its adequacy “to serve waterfowl needs 
may not always be thus” (USFWS 1960). 

Stillwater, like other interior basin wet- 
lands, is an oasis for transient waterfowl that 
winter in the Central Valley of California 
(see also Banks and Springer 1994). In 1988, 
for example, it attracted 400,000 ducks, in- 
cluding 25% of the Pacific Flyway popula- 
tion of Canvasbacks (Aythya valisneria). At 
other times it has been a major breeding 
area for Redheads (Aythya americana), 
White-faced Ibis (Plegadis chihi), and Can- 
ada Geese (Branta canadensis). In spring 
and fall migrating Avocets, Black-necked 
Stilts, Wilson’s Phalaropes, and Long-billed 
Dowitchers (Limnodromus scolopaceus) can 
occur by the tens of thousands. 

The problem of a secure water supply re- 
mains. The wetlands still fluctuate with 
rainfall and runoff, but unpredictably and 
unreliably. In 1983-1984 they were flooded 

and fresh, encompassing > 100,000 acres. 
But the drought returned-and with it high 
salinity-and the marshes dried out. 

The value of the Carson Sink was finally 
acknowledged in 1988, when funds to pur- 
chase water rights and marginal agricultural 
land in the Fallon area were made available 
by Congress and local bond issues. Unfor- 
tunately, the drought persisted, undermin- 
ing this artificial, economic “solution” to a 
problem caused by too many people. After 
providing water to Reno, farms near Fallon, 
and Pyramid Lake (partly to sustain a single 
fish species under the uncompromising 
mandate of the Endangered Species Act), 
there was nothing left in the Truckee to sup- 
port large and diverse populations of wet- 
land-requiring birds! (In this case, applica- 
tion of the ESA could result in the creation 
of additional endangered species or popu- 
lations). In 1992 only 550 acres of marsh 
remained, and Stillwater, like its precursor 
Winnemucca Lake, could no longer be man- 
aged for the resources it was established to 
preserve (R. Anglin, pers. comm.). The wet 
winter of 1992-l 993 barely ameliorated the 
situation, and Stillwater’s long term ability 
to support breeding and migratory birds is 
problematical. 

GREAT SALT LAKE, UTAH 

Wildlife, specifically beaver pelts, was 
central to the exploration of Great Salt Lake 
in the 1820s. Birds, attracted by uncount- 
able populations of alkali flies and brine 
shrimp, were also noted by early explorers. 
Ogden reported thousands of gulls in Cache 
Valley in 1825 (evidently California Gulls, 
which should then have been called “Utah 
Gulls”, but the species was not described 
until 1854). FrCmont in 1843-1844 de- 
scribed “enormous concentrations of wa- 
terfowl” and “flocks of screaming plover” 
at the deltas of the Bear and Weber rivers, 
and Stansbury in 1850 discovered the Cal- 
ifornia Gull colonies that have so greatly 
influenced local lore (see Behle 1990 for a 
masterly treatment of the history of Utah 
ornithology). 
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As a salt lake, Great Salt Lake is relatively 
young, having attained its current size and 
conditions about 11,000 years BP (Arnow 
1984). Its precursor was Pleistocene Lake 
Bonneville, a freshwater lake that covered 
52,000 km* of Utah, Nevada, and Idaho to 
a maximum depth of 1600 m. In the brief 
historical period Great Salt Lake has un- 
dergone large fluctuations in size (from 
2600-6500 km*) and salinity (150-2 1 O%, 
prior to 1960; Arnow 1984). The changes, 
which can be rapid, affect birdlife by land- 
bridging or drowning nesting islets, affecting 
food supply, and creating or eliminating 
freshwater habitats. Between September 
1982 and July 1984, a 3 m rise inundated 
and salt-burned major waterfowl nesting ar- 
eas at Bear River National Wildlife Refuge, 
causing its closure for several years. 

Behle (1958) reviewed changes in the avi- 
fauna and noted the expansion and shifting 
of the gull colonies. From the early 1930s 
through the 1980s the population showed 
little change at 75,000-80,000 birds (Paul 
et al. 1990:301), then jumped to 134,000- 
156,000 in 1990-l 993 (fide Utah Division 
of Wildlife Resources). Behle (1958) also 
reported decreases in White Pelicans, her- 
ons, and Double-crested Cormorants, but 
these seem to have been short-term re- 
sponses to fluctuating lake levels and have 
been reversed (Utah Division of Wildlife 
Resources). More recent studies have estab- 
lished Great Salt Lake as North America’s 
largest fall staging area for Wilson’s Phal- 
aropes and the second largest for Eared 
Grebes (Jehl 1988). Up to one million Red- 
necked Phalaropes have been alleged in fall 
(Kingery 1982), but recent estimates have 
been much lower (lOO,OOO-240,000; D. 
Paul, pers. comm.). All estimates, however, 
need reevaluation, because (like those for 
most nonbreeding birds at this immense 
lake) they are based on extrapolation. Until 
thorough aerial surveys can be made over 
open-water habitats in late August, when 
Red-necked Phalaropes peak, the true 
abundance of this species will remain un- 
known. White Pelican colonies on Gunni- 

son Island sometimes surpass those at Pyr- 
amid Lake (maximum 9000 pairs; D. Paul, 
pers. comm.). The basin also holds the 
world’s largest breeding assemblage of Cal- 
ifornia Gulls, Snowy Plovers (Paton in Page 
and Gill 1994) and White-faced Ibis. 

The lake today is a far different place from 
that seen by Ogden in 1825, or even by 
Behle in 1958. It is the most modified-and 
most diversified-of our salt lakes. Wildlife 
habitat along the east and south shores has 
been lost to industry and agriculture, al- 
though this has been tempered by the cre- 
ation of fresh and brackish impoundments 
of wetlands for state and federal refuges and 
private duck clubs. The extensive dike sys- 
tems of commercial salt works contribute 
nesting areas for gulls and waterfowl. The 
most profound change limnologically has 
resulted from the construction of a trans- 
lake causeway for the railroad in 1957-1959. 
This separated the lake into a highly satu- 
rated (= 250%) and often sterile North Arm, 
and a more productive South Arm (loo- 
1200/w; Butts 1980). (Note that conditions 
within these two broad areas are rarely uni- 
form. Subareas with different salinity re- 
gimes in the South Arm include the Bear 
River marshes, Farmington Bay, Ogden Bay, 
and Stansbury Bay). When the lake under- 
went a major rise in 1984, salinity in the 
South Arm dropped to ~50%~ and the in- 
vertebrate fauna changed from one domi- 
nated by brine shrimp to an assemblage in 
which brine shrimp were made rare by co- 
rixid predation (Wurtsbaugh and Smith- 
Berry 1990). The North Arm, which had 
been sterile, was quickly repopulated by 
shrimp (Fig. 4), and Wilson’s Phalaropes 
and Eared Grebes shifted out of the fresher 
areas and followed their prey north, not re- 
turning to the South Arm until salinity in- 
creased in 1988 (767~). 

If proposed today, the separation of Great 
Salt Lake into two halves, one of which was 
sterile, would likely be ridiculed as being 
environmentally damaging. Yet, the build- 
ing of the causeway, which reduced salt loads 
in the South Arm, and other man-made 
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FIGURE 4. Changes in salinity and in the location 
of commercial brine shrimp harvesting activities (solid 
figures) in the North and South arms of Great Salt Lake, 
Utah. Brine shrimp are a major prey for aquatic species 
occupying hypersaline lakes. 

modifications have enhanced habitat di- 
versity, such that Great Salt Lake is orni- 
thologically the most impressive salt lake 
on the continent. On the other hand, the 
biological justification of a current proposal 
to create a freshwater enclosure (“Davis 
Lake”) within the lake-by impounding the 
flow of the Jordan River behind Antelope 
Island-is questionable. While this would 
create additional large areas of fresh or 
brackish water, it would also eliminate a 
major source of fresh water, and thus change 
salinity regimes in the South Arm. If di- 
versions cause salinity to rise beyond the 
tolerance of the prey populations, as in the 
North Arm, the lake’s habitat for halophilic 
species of invertebrates and birds would be 
effectively lost. 

LAKE ABERT, OREGON 

Lake Abert (Fig. 5), in south-central Or- 
egon, is by far the state’s largest salt lake. It 
was named by Fremont in 1843 for his boss, 
Colonel J. J. Abert, Chief of the U.S. To- 
pographical Engineers (and father of J. W. 
Abet-t, the inspiration for the towhee’s pat- 
ronym; McKelvey 1955). At its high point 

(in 1984) it covered 155 km2, was 5 m deep, 
and had a salinity ~25%~ Its shallow basin 
results in highly variable limnological con- 
ditions, and in some years (most recently 
1937) the lake has been dry. 

In the past decade, at least, the lake’s 
abundant although variable populations of 
brine flies and brine shrimp (commercial 
harvest ~20 tons in 1990) have attracted 
bird populations that have sometimes been 
impressive. Except for perhaps 1000 pairs 
of American Avocets and 100 pairs of Snowy 
Plovers, which occupy alkali flats, few birds 
breed (Keister 1992). Yet it attracts 
thousands of migrating shorebirds (avocets, 
stilts, peep), gulls, and waterfowl (Boula 
198 5); it is a major staging and molting area 
for southbound Wilson’s Phalaropes in July- 
August (Fig. 6), and has sometimes held the 
second-largest concentration of that species 
in the U.S. (150,OO in 198 1). Up to 15,000 
Eared Grebes molt and stage there into Sep- 
tember (Boula 1985, Jehl 1988). Several 
thousand Ruddy Ducks (Oxyuru jamaicen- 
sis) and Shovelers (Anus clypeata) are some- 
times present (Boula 1985) and may use it 
as the destination for a molt migration (Jehl, 
unpubl.). 

Lake Abert is fed by the Chewaucan Riv- 
er, which “before 19 15 flowed through Che- 
waucan Marsh . . . . After the marsh was 
drained, between 1884 and 1915, some of 
the water was used to irrigate the newly- 
formed agricultural land” (Keister 1992). In 
1993 plans were approved to dam the river 
to create a freshwater marsh, as well as to 
impound 8 km2 on the west side for mineral 
extraction. While the impact on bird pop- 
ulations may not be significant (Keister 
1992) such an action would inevitably lead 
to an increase in mean salinity and more 
frequent intervals of desiccation. 

For stable bird populations it might seem 
desirable, then, to manage the lake for high- 
er levels. However, periodic drying is re- 
quired to maintain the viability of shallow 
lakes (Van Denburgh 1975), because this 
precipitates salts, which can be removed by 
deflation. While desiccation can cause short- 
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FIGURE 5. Lake Ahert, Oregon. 

term challenges for the biota (Keister 1992) 
the alternative is a build-up of salts to con- 
centrations that no longer support prey pop- 
ulations. 

Over the long term, Keister (1992) con- 
cluded that the hydrology of Lake Abert was 
probably close to that found before the ad- 
vent of modern agriculture. By extension, 
it would seem that the bird populations have 
not changed much because of local anthro- 
pogenic actions, but the paucity of historical 
data precludes any firm conclusions. 

MONO LAKE, CALIFORNIA 

Mono Lake, the fourth largest (178 km*) 
saline lake in North America, is also prob- 
ably the oldest and most reliable habitat for 
hypersaline lake birds, as it has been in ex- 
istence for 750,000 years and saline for at 
least 100,000 years (NAS 1987, Newton 
1991). It was discovered in 1852, and for 
most of the historical period salinity has 
approximated 4%60’% (NAS 1987). Sub- 

stantial water has been diverted from 
streams feeding Mono Lake for most of this 
century. After the City of Los Angeles began 
to divert feeder streams in 1940 lake level 
began to decline and by 1982 salinity ap- 
proximated 900/w. Increased salinity, per se, 
probably had little effect on bird popula- 
tions, as the salinity was already at or above 
the threshold for most invertebrates, other 
than brine shrimp and brine flies (see also 
Wurtsbaugh and Smith-Berry 1990 for 
changes in Great Salt Lake). However, 
physical changes associated with changing 
water levels were significant. At high stands 
there were freshwater marshes, which at- 
tracted abundant and diverse migrating wa- 
terfowl said to number in the hundreds of 
thousands. Today, annual waterfowl pop- 
ulations approximate 15,000 and are dom- 
inated by Ruddy Ducks (which use the area 
for a molt migration; Jehl, unpubl.), Shov- 
elers, and Green-winged Teal (Anus caro- 
linensis). 



266 STUDIES IN AVIAN BIOLOGY NO. 15 

FIGURE 6. Adult female Wilson’s Phalaropcs staging at Abert Lake, Oregon in early July. Other major 
concentration points are Mono Lake, Great Salt Lake, and, in some years, the Carson Sink. 

The world’s second-largest assemblage of 
California Gulls breeds on a series of islands 
in Mono Lake. First reported by Wm. Brew- 
er in 1863, this colony has become symbolic 
of environmental values in efforts to stop 
water diversion (e.g., NAS 1987). While 
many hypersaline lake birds probably have 
a long history at Mono Lake, the gulls’ oc- 
currence as nesters must be relatively re- 
cent, because the oldest island dates only to 
1700 BP (S. Stine, pers. comm.). The first 
quantitative estimates of colony size are 
2000-3000 birds in 19 16-l 9 19 (Jehl et al. 
1984). Now (1992) in spite of a half-century 
of water diversions, there are 65,000. Court 
rulings requiring that the lake be main- 
tained high enough to insure the presence 
of some islands insures that the persistence 
of a large gull colony is no longer in doubt. 

Mono Lake is the continent’s (world’s?) 
largest molting and staging area for Eared 
Grebes, with fall populations thought to ap- 
proximate 750,000-l ,OOO,OOO birds. We 
know that numbers were sufficiently large 
to attract commercial hunters in the 19th 
century (Denton 1949). Whether they 
matched current numbers is unknowable, 

but perhaps unlikely for two reasons: 1) the 
destruction for agriculture ofwetland breed- 
ing areas in the interior of the continent; 
and 2) the presence of a similar site nearby, 
Owens Lake, which held immense numbers, 
at least in some years. Wilson’s Phalaropes 
also use Mono Lake as a molting and staging 
area before migrating to South America, and 
thousands of Red-necked Phalaropes pass 
through in the fall. In the period 1980-l 993 
peak numbers of both of these migratory 
species were variable, owing to conditions 
elsewhere in the range. In the early 1980s 
for example, peak numbers of Wilson’s av- 
eraged 50,000-70,000 individuals, making 
Mono second to Great Salt Lake as a staging 
area; later in that decade numbers dropped, 
concurrent with a major drought in the 
western and central U.S. and Canada. The 
historical record is too vague to determine 
changes in status, except to indicate that 
both species have long been present (Jehl 
1986, 1988). 

OWENS LAKE, CALIFORNIA 

Owens Lake, which like Mono Lake lies 
in the rainshadow of the Sierra Nevada, has 
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been hypersaline for the last 6000 years 
(Newton 199 1). It was discovered by Joseph 
Reddiford Walker in 1834, and named by 
Frimont in 1834 for Richard Owens, a 
member of his expedition. In 1864 Brewer 
(1966) called it “the color of coffee . . . near- 
ly a saturated solution of salt and alkali.” 
After the wet winter of 1867-1868 it deep- 
ened by 3 m (9 m by 1872) yet remained 
hypersaline (68%~). In 1872 it covered 285 
km2 and was home to an 85-foot steamboat 
that carried silver bullion across the lake for 
shipment by mule train to Los Angeles. 

Some of the Owens River was diverted 
for agriculture in the late 1800s but this 
was only a minor cause of the lake’s decline 
to 1905, when “bicarbonate of soda precip- 
itates during the winter months without 
evaporation” (Newton 199 1). The lake must 
have been intermittently sterile then (2 14%). 
It eventually rose about 3 m but in 1917 
the Owens River was diverted for Los An- 
geles and the lake died (Fig. 7). 

Scanty but critical data establish the lake’s 
attractiveness to birdlife before diversions. 
Dawson (1922:50) wrote that he had been 
“lured to this section [in 19191 by extrav- 
agant accounts of extensive swamps where 
ducks bred by thousands; but what we found, 
instead, was a few decadent sloughs, which 
were being sucked dry by the feeders of the 
great Los Angeles aqueduct.” Kahrl (1982: 
35) quotes an early settler that “the lake was 
once ‘alive with wild fowl, from the swift 
flying Tee1 to the honker goose . . . . Ducks 
were by the square mile, millions of them. 
When they rose in flight, the roar of their 
wings . . . could be heard on the mountain- 
top at Cerro Gordo, ten miles away . . . .’ ” 
While estimates of bird numbers and sound 
transmission are easily exaggerated (the 
loudest thunder clap can be heard only six 
miles away; F. Awbrey, pers. comm.), the 
abundance of waterfowl (most probably the 
salt-tolerant Ruddy Ducks and Shovelers) 
seems evident. 

The lake’s enormous alkali fly popula- 
tions, which were also used as food by Pai- 
ute Indians, were the major and perhaps 

sole attraction for phalaropes and grebes. In 
late July or early August 1859, Davidson 
(Wilkie and Lawton 1976:24) reported 
“whole navies of Aquatic birds . . . about 
the size of jack snipe, have a sharp, straight 
bill, and the Indians represent them as half- 
webbed and having a small fleshy paddle 
projecting from the outer toe.” While this 
description could loosely apply to either the 
Wilson’s or Red-necked phalaropes, it may 
pertain mainly to Wilson’s, which migrate 
earlier than the Red-necked (Jehl 1988). 

The lake’s use by molting and staging 
Eared Grebes was established by the local 
press (also Fisher 1893) which reported 
“legions upon legions of a so-called ‘duck 
. . . ’ ” which “have no real wings or feathers 
and consequently cannot fly. . .” (Inyo Reg- 
ister, 4 April 1882). Two years later the Znyo 
Independent (20 June 1874) was still be- 
mused, but entirely accurate in its obser- 
vations: 

“A query for Ornithologists 

On Owens Lake there are at all seasons 
of the year myriads of small waterfowl, 
considerably smaller than the common 
diver for which they are often taken by 
casual observers. “The bird is of the diver 
species doubtless, since it is a good diver 
and swimmer, but in other physical abil- 
ities it is different from any other we have 
ever heard of. If what we are told about 
it is true . . . it can neither walk nor fly. 
Thousands . . . are thrown on the shore 
and there perish . . . . At such times the 
Indians would reap a good harvest in 
stripping them of feathers and down; these 
products being finer then (sic) the same 
from any geese, and command as ready 
a market . . . . The feathers can be ob- 
tained in any quantity at a dollar a pound 
in San Francisco. Here, with Indian help, 
ought to be a chance for a profitable busi- 
ness. 

A specimen. . . was sent to Washington 
for classification but, Agassiz being dead, 
it does not appear that anyone there could 
tell anything about it . . . . 
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FIGURE 7. Top: A photograph taken from the western side of Owens Lake, CA, between 1904-19 16. Photo 
by A. A. Forbes, Courtesy of the Eastern California Museum, Independence, CA. Bottom: The situation in 
August 1993-a dry playa. 
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Its bill is long, sharp, and easily broken; 
something on the snipe order. The pedal 
appendages are more like flippers than 
feet, standing at such angles to the body, 
they are useless for any purpose except 
swimming_ 

Of its habitat little is known, other than 
its food consists of the billions of worms, 
the only other indigenous creature in those 
acrid waters. 

Some think it is propagated from spawn 
like a fish, since its breeding places have 
never yet been discovered.” 

The lake must have been very attractive, 
but several reports of large-scale mortality 
(botulism?) strike a disquieting note. These 
include “fully two million dead ‘ducks’ piled 
around the lake” (Inyo Register, 4 April 
1882). 

In summary, for most of the historical 
period, from the 1840s (and perhaps as far 
back as 6000 BP) Owens Lake was a small 
analog of Great Salt Lake. Its demise left 
Mono Lake, 190 km to the north, as the 
closest alternative habitat for grebes and 
phalaropes. 

THE LAKE THAT WASN’T 
THERE 

The third largest saline lake in North 
America, unlike others in this report, did 
not exist when the Forty-niners reached 
California, and no one is credited with its 
discovery. The Salton Sea was created when 
an irrigation canal ruptured in 1905 and 
allowed the Colorado River to flow into the 
Salton Trough. By the time repairs were 
made in 1907 a nearly-fresh lake 60 km long 
remained. Enhanced by the proximity of ir- 
rigated agricultural fields, the area attracted 
sufficient waterfowl to be designated a Na- 
tional Wildlife Refuge in 1930. 

The Sea’s position as a northern exten- 
sion of the Gulf of California places it on 
the flyway for many migrants, as well as for 
trapped vagrants trying to exit the Gulf of 
California (McCaskie 1970). It is a winter- 
ing area for 30,000 Canada and Snow geese 

FIGURE 8. Eared Grebes staging in spring migration 
at the Salton Sea, California. Major fall staging areas 
include Mono Lake, California, Great Salt Lake, Utah, 
and Abert Lake, Oregon. 

(Anser caerulescens), and 140,000 ducks 
(including half of the Pacific Flyway pop- 
ulation of Ruddies; Setmire et al. 1990) and 
is a migration stop for thousands of shore- 
birds. In January-March most of the New 
World population of Eared Grebe may pass 
through on its return trip to the nesting 
grounds (Fig. 8). Great concentrations of 
phalaropes have not been reported, how- 
ever, probably because the Sea is too fresh 
and the food base is not suitable. 

Problems with water supply and quality 
have given the Sea an unsavory reputation. 
Much of its inflow derives from agricultural 
and industrial runoff and municipal waste 
(Setmire et al. 1990). Massive dieoffs of fish 
(some from temperature changes) and 
shorebirds and waterfowl (from avian chol- 
era and botulism) are not unusual, and in 
1992 an estimated 150,000 Eared Grebes 
died from undetermined causes. 

When the Sea formed its salinity was 
3.5%, and it would have attracted a great 
diversity of birdlife. Today it hovers at 40- 
43?& and waterbird diversity on the sea it- 
self is likely to be much reduced. Current 
salinities approach the upper limit for re- 
production by some of its aquatic inhabi- 
tants (mainly, a rotifer, barnacle, cyclopoid 
copepod, nereid worm, and several fish, ail 
but one of which were introduced). At 5OY7& 
which could be realized within a decade 
(Hagar and Garcia 1988) a new commu- 
nity-perhaps based on brine flies and brine 
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shrimp-might result, which could shift the 
composition of the avifauna toward that of 
Mono Lake. 

Plans to maintain the Sea’s environment 
(e.g., by controlling inflows, diking off seg- 
ments) involve interests ranging from 
homeowners with beachfront property to ir- 
rigation districts and electrical utilities, as 
well as international concerns (some of the 
inflow is from Mexico). Inherently, they also 
involve a morass of agencies with overlap- 
ping and conflicting responsibilities. What- 
ever action (or no action) is taken, the Salton 
Sea, of all the lakes considered here, is the 
most likely to undergo massive changes in 
the 2 1 st century. 

DISCUSSION 

The saline and alkaline lakes of the Great 
Basin are important breeding grounds and, 
especially, migratory stopover points for 
species that can tolerate their harsh and var- 
ied conditions. This is best evidenced by 
the fact that national wildlife refuges have 
been established at five of the eight lakes 
discussed in this report (Pyramid Lake, Car- 
son Sink, Winnemucca Lake, Great Salt 
Lake, Salton Sea), and Western Hemisphere 
Shorebird Reserve Sites at three (Mono 
Lake, Carson Sink and Carson Lake, Great 
Salt Lake). 

Scanty historical records over the past 
century and a half preclude detailed anal- 
yses of fauna1 changes in most areas. Even 
if these existed, they would be poor indices 
to changes at the population or species level, 
because the interior lakes constitute a series 
of disjunct and intermittently-available oa- 
ses, whose users must be semi-nomadic and 
capable of shifting as environmental con- 
ditions require (e.g., Jehl 1988, Alberico 
1993). In this regard, data on the White- 
face Ibis, a ground-nesting species of alkali 
marshes, are instructive. A survey in 1979- 
1980 revealed 24,500 breeding birds, 79% 
of which nested in Utah (Voeks and English 
1981). When Great Salt Lake flooded in 
1983-l 989 and traditional nesting areas 
were submerged, numbers increased in the 

Malheur and Summer lakes areas of Ore- 
gon, southern Idaho, and the Stillwater/ 
Carson Lake area (Ivey et al. 1988, Henny 
and Herron 1989, G. Keister, pers. comm.). 
When those areas dried in 1987-1992 (in 
1992 there was virtually complete nesting 
failure at Stillwater and Malheur) the ibis 
again became common at Great Salt Lake 
(V. Roy, pers. comm.). Despite these shifts, 
there is no indication that the total popu- 
lation has undergone any appreciable change 
(D. E. Manry, pers. comm.). 

The health of bird populations that use 
unstable habitats is to a large extent depen- 
dent on the availability of back-up sites that 
can be used when conditions change. Un- 
fortunately, there is not much redundancy 
left in the saline and alkaline lakes of the 
west. Owens and Winnemucca lakes have 
been lost to demands of increasing human 
populations and will never be restored. The 
adequacy of long-term water supplies for 
the Carson Sink area is questionable. En- 
gineering modifications to the water balance 
at Lake Abert are imminent, and others are 
being considered for the Salton Sea and 
Great Salt Lake. The Salton Sea is near a 
salinity threshold that could lead to its eco- 
logical reorganization. Of the lakes consid- 
ered here only Mono, Pyramid, and perhaps 
Great Salt seem likely to remain largely un- 
changed in their ability to support current 
populations of migratory birds into the fore- 
seeable future. 
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THE EFFECTS OF HUMAN-INDUCED CHANGES ON THE 
AVIFAUNA OF WESTERN RIPARIAN HABITATS 

ROBERT D. OHMART 

Abstract. Western riparian habitats have suffered significant degradation and loss from human ac- 
tivities. I estimate that 95% of the riparian habitats in the west have been either altered, degraded, or 
destroyed in the past 100 years. Riparian habitats represent about 1% of the total western landscape, 
yet support avian values equal to or in excess of the richest avian habitats in the continental United 
States. Many agents have degraded or destroyed riparian habitats but the most important are water 
management, agriculture, and domestic livestock grazing. The first two have run their course and their 
future impacts will be minimal. The latter is significant and is the most insidious threat to riparian 
habitats and their avifauna. Where short stream reaches have been given better management or where 
livestock have been excluded, the recovery has been phenomenal. Many endangered species and 
neotropical migrants in the west are only found in riparian habitats. Data are lacking to clearly tie the 
degradation and loss of these habitats to declining numbers of neotropical migrants except in well- 
studied examples, e.g., the lower Colorado River. If the western avifauna is to remain intact, public 
agencies must improve their conservation and land management practices. 

Key Words: Agriculture; domestic livestock grazing; riparian degradation; riparian habitats; riparian 
restoration; water management. 

This paper examines avifaunal habitat 
changes caused by major human-induced 
environmental modifications of riparian 
habitats in the 11 western states. By major 
induced changes, I include water manage- 
ment activities (dams, reservoirs, instream 
flow reductions, flood control and dewater- 
ing of rivers), domestic livestock grazing, 
and agriculture. Others are recreational ac- 
tivities, mining, and timber harvesting, but 
because of space limitations they are not 
considered. Not all of these activities have 
had equal impacts, but all have been sig- 
nificant. Some losses may be offset with re- 
vegetation efforts, some are near or beyond 
rectification, and, in some cases, reversal is 
possible with simple management changes. 
If the western North American avifauna, as 
we know it, is to be conserved for future 
generations then wise use of riparian habi- 
tats is essential. A minimum of 95% of the 
riparian habitats in the west have been lost, 
altered, or degraded by human-induced 
change. Along the lower Colorado River 
alone over 95% of the native gallery forest 
has been extirpated and the existence of 
many bird species is in jeopardy (Rosenberg 
et al. 1991). 

Riparian habitat refers to the alluvial 

floodplain along either side of the channel 
(permanent or intermittent flow) and the 
vegetation growing there. Arid-adapted up- 
land species are prevented from encroach- 
ing into the floodplain because of intermit- 
tent flooding, high water table levels, and 
high available soil moisture. Riparian veg- 
etation is prevented from entering the up- 
lands because of lack of available soil mois- 
ture. In arid environments, the transition 
between riparian and upland habitats is usu- 
ally less than a meter. 

Riparian plant species have their roots 
located in the capillary fringe just above the 
water table and generally are confined to 
floodplain habitats. Mesquites (Prosopis 
spp.) are located on higher or second ter- 
races where flooding does not occur an- 
nually, and when it does its duration is less 
than two weeks. Mesquites may also occur 
in the upland, where its stature is that of a 
small shrub. Cottonwoods (Po~ulus spp.) 
and willows (S&X spp.) occupy lower or 
first terraces along the stream. They nor- 
mally occur along permanent streams but 
will occasionally grow along intermittent 
streams, if the water table is near the chan- 
nel surface, even though the channel is dry. 
Depth to the water table is critical to the 
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occurrence of a number of riparian trees and 
shrubs. 

Most riparian trees and shrubs do poorly 
in soil or water where the salinity approach- 
es or exceeds 3 electroconductivity units 
(ECs). There are some exceptions, and most 
of those species are in the Chenopodiaceae. 
Most riparian plants evolved with low sa- 
linity water and melting spring snow pack 
generally producing annual floods. 

Annual floods are a key element to 
healthy, functioning riparian systems. Floods 
deposit new alluvial soils, cover or wash 
away organic material, irrigate and bring new 
soil nutrients onto the floodplain, and leach 
accumulated salts toward the stream and 
eventually out of the system. If the flood 
event is heavy the channel may move by 
eroding on one side and depositing new ma- 
terials on the other. Riparian vegetation is 
adapted to pioneering into new soils with 
rhizomes, stolons, and wind- and water-dis- 
seminated seeds. Seedlings quickly become 
established on wet soils with high water ta- 
bles and begin stabilizing newly deposited 
soils. 

RIPARIAN VEGETATIVE 
COMPONENTS MOST IMPORTANT 
TO BIRDS 

In our studies of riparian habitats along 
the lower Colorado River in western Ari- 
zona, my colleagues and I attempted to de- 
termine the vegetative components most 
important to birds. We hoped to build hab- 
itats that possessed all necessary compo- 
nents, yet transpired less water and had less 
resistance to flow during floods than native 
or natural communities. 

To achieve this we sampled bird species 
composition and densities along 800-m or 
1600-m lines three times each monthly for 
more than ten years. More than 100 census 
lines were located in relatively homoge- 
neous plant communities between Davis 
Dam and the U.S.-Mexico boundary (443 
km). We also quantified numerous vegeta- 
tion variables in each censused area, so that 
we could test vegetation variables with avi. 

an use values. We counted trees and shrubs 
in belts along each entire census line, in- 
cluding data on height, species, and if par- 
asitized by mistletoe (Phoradendron cali- 
fornicum). 

We were able to identify the most im- 
portant plant community components for 
birds in general, and in many instances spe- 
cific components for individual species. 
These components, in approximate order of 
importance, are tree species and densities, 
foliage height diversity, foliage volume, 
patchiness, habitat patch size, shrubs and 
shrub densities, and mistletoe. 

Importance of specific tree species and 
their densities is a component that has not 
been examined in other avian community 
studies. We documented the importance of 
this variable by comparing tree species’ in- 
fluence on horizontal and vertical patchi- 
ness and foliage volume. Bird species re- 
sponded with greater frequency to number 
of particular tree species than any other 
variable (Rice et al. 1984). This is not sur- 
prising, since the avifauna evolved with spe- 
cific tree species, which provide nest sites, 
forage areas, and cover. Exotic trees such as 
athel tamarisk (Tamarix aphylla) may have 
similar vertical profiles, foliage volumes, and 
horizontal patchiness but never attain the 
same avian values as forests of cottonwoods 
(Populus fremontii) and willows (Salix 
gooddingii). Although I specifically refer- 
ence desert riparian tree species, other spe- 
cies in the genera Populus and Salix are also 
extremely important to birds (Thomas 1989, 
Winternitz 1980, Winternitz and Cahn 
1983). 

The vertical foliage profile comprises the 
horizontal layers of vegetation in a partic- 
ular plant community. Each layer tends to 
have a cadre of species associated with it 
(Ohmart and Anderson 1982) and if that 
layer is missing ten or more species of birds 
will generally not be found. In our Colorado 
River studies we found that birds responded 
to four layers of vegetation. Nineteen spe- 
cies are associated with the canopy or over- 
story layer (27.6 m), 10 species with the 
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4.6-7.6 m layer, 13 species with the 1.5-4.6 
m layer, and 11 species with the 0.15-1.5 
m layer. The overstory was composed of 
foliage specialists that were generally miss- 
ing when this layer was absent or poorly 
represented (Ohmart and Anderson 1982). 

Foliage volume is the amount of surface 
area of vegetation per cubic volume of space. 
Because it is related to insect abundance 
(Anderson and Ohmart, unpubl. data) the 
greater the amount of vegetation in each of 
the vertical layers, the higher the density of 
most birds. Some species appear to need 
dense vegetation to create suitable habitat. 
This appears to be most critical in the over- 
story layer in desert riparian habitats, where 
many of the visiting insectivorous breeding 
birds nest in the hottest summer months. 
This dense canopy layer appears to be vital 
in ameliorating summer temperature ex- 
tremes (Hunter 1988). 

Intracommunity patchiness or the differ- 
ential height of tree tops in a mixed-tree 
species forest creates high patchiness values. 
Exactly why this attracts more bird species 
is conjecture, but patchy environments sup- 
port more species than monocultures with 
low patchiness values (Ohmart and Ander- 
son 1982). 

Habitat patch size is an important avian 
component in continuous forest habitats 
(Blake and Karr 1984, Temple and Cary 
1988, Faaborg et al. 1989) and it appears to 
be as well in riparian habitats, with large 
blocks containing higher avian values than 
those of 0.5 ha or less (Anderson and Ohmart 
1985). 

Many shrubs play important roles in at- 
tracting birds. Quail bush (Atriplex lenti- 
formis) attains heights of 3-4 m and a ma- 
ture plant may cover a 1 O-m2 area. The dense 
evergreen foliage disallows light penetration 
and drying of the litter accumulated under 
the shrub. Thrashers, towhees, quail, and 
other ground-foraging birds feed on the in- 
sects in the litter and use the dense foliage 
as escape cover and shade (Anderson et al. 
1978, Anderson and Ohmart 1985). Fo- 
liage-gleaning insectivores are heavily at- 

tracted to the abundant insect fauna on the 
leaves, which are retained in winter. The 
litter and foliage insects are important food 
resources for wintering birds, while the dense 
foliage provides roosting cover. Wolfberry 
(Lycium spp.) has similar values to birds 
except that it is a much smaller plant. The 
berries produced in the spring are relied on 
heavily by frugivorous birds. Moderate 
densities of quail bush and wolfberry greatly 
enhance riparian values for birds (Anderson 
and Ohmart 1985). 

Infestations of mistletoe in honey mes- 
quite (Prosopis glandulosa) communities 
along the lower Colorado River may add as 
many as seven or eight species to this com- 
munity type (Anderson and Ohmart, un- 
publ. data). Phainopepla (Phainopeplu ni- 
tens), Northern Mockingbird (Mimus 
polyglottos), Cedar Waxwing (Bombycilla 
cedrorum), Western Bluebird (Sialia mex- 
icana), American Robin (Turdus migrato- 
rius), and Sage Thrasher (Oreoscoptes mon- 
tanus) rely on the fruit of this plant during 
the winter months. Mistletoe and other ber- 
ries make up 290% of the above species’ 
winter diet. 

IMPORTANCE OF RIPARIAN 
HABITATS TO BIRDS 

Riparian habitats, though tiny in area, 
have been reported to support as many 
breeding pairs of birds/unit area as the best 
avian habitats in the United States (Ca- 
rothers et al. 1974, Stamp 1978). Johnson 
et al. (1977) reported that of 166 breeding 
species in west Texas, southern New Mex- 
ico, and southern Arizona 5 1% were com- 
pletely dependent on riparian habitats, while 
another 20% were partially dependent on it. 
In California, Gaines (1977) reported that 
43% of the species breeding in cottonwood- 
willow-dominated habitat had “a primary 
affinity” to this habitat type. The cotton- 
wood-willow habitat along the Verde River 
in central Arizona provided the only breed- 
ing habitat for over 50% of the total species 
breeding in that riparian environment. 
Across an altitudinal cline between 1200 m 
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and 2750 m, Knopf (1985) reported in a 
two-year study which examined over 100 
species that 82% of all species were ob- 
served in riparian sites. In southeast Oregon 
riparian areas were of principal importance 
for 62% of the birds (Kindschy 1978). 

More impressive than citing literature is 
to ask yourself, where have I gone birding 
in the west and seen the greatest number of 
species at highest densities? In Arizona that 
is easily answered with Cave Creek in the 
Chiricahua Mountains, Sonoita Creek near 
Patagonia, Ramsey Canyon in the Huachu- 
ca Mountains, the San Pedro River in 
southeastern Arizona, or the Verde River 
in central Arizona. Flycatchers, trogons, 
many hawks, hummingbirds, becards, and 
others are found primarily along our ripar- 
ian habitats in Arizona. 

Has riparian habitat loss and degradation 
been so severe that the future of this large 
segment of birds that are dependent on this 
habitat is in jeopardy? An honest answer is 
that we are not sure, but many riparian spe- 
cies are in trouble. For example, the Sum- 
mer Tanager (Pirangu rubra) and Yellow- 
billed Cuckoo (Coccyzus americanus) have 
been virtually extirpated from the west coast 
and the lower Colorado River (Rosenberg 
et al. 199 l), and the latter is declining 
throughout the west (W. C. Hunter, pers. 
comm.). The extimus race of the Willow 
Flycatcher (Empidonax traillii) is a Can- 
didate 1 Species on the endangered species 
list and soon to be listed. Most state game 
and fish agencies have listings of birds they 
consider endangered (Atwood 1994). In Ar- 
izona, 40% of the birds on the list are ri- 
parian species (T. Corman, pers. comm.) 
and in New Mexico over 50% of the species 
are aquatic or riparian (J. Hubbard, pers. 
comm.). 

Recently, much concern has been ex- 
pressed over declining populations of neo- 
tropical migratory birds (Morton and 
Greenberg 1989, Askins et al. 1990), which 
have been linked to human-induced activ- 
ities such as tropical deforestation, forest 
fragmentation, and general habitat loss. In 

the west there are two major habitats that 
support the main breeding populations of 
these migrants-riparian habitats and mon- 
tane forests. Riparian habitats have suffered 
dramatically from the above activities and 
continue to do so. Desert riparian forests 
are tropical deciduous woodlands with sub- 
tropical affinities (Lowe and Brown 1982). 
The Arizona Nature Conservancy (1987) 
listed the cottonwood-willow forest as the 
rarest forest community type in North 
America. 

CHANGES INDUCED BY WATER 
MANAGEMENT TECHNIQUES 

A constant supply of water is essential to 
human survival in the arid west. The most 
successful settlements have been built along 
riparian systems that provide a dependable 
water source. The vegetation along the 
streams is generally viewed as a nuisance or 
food for domestic livestock. 

Reservoirs 

Exploitation of the west began slightly be- 
fore the turn of the century. Because agri- 
culture expanded on rich alluvial soils, the 
problems of a constant water supply and the 
annual threat of floods were resolved with 
storage reservoirs; virtually every major 
stream in the west has one or more. Most 
in the west were built in large bowl-like set- 
tings, and have large surface areas that pro- 
mote high annual evaporative water losses. 
Fradkin (1984) reports that almost a million 
acre-feet of water is lost annually from Lake 
Mead. This water exits as distilled water, 
leaving the salts behind. The higher salinity 
water is released for downstream use, im- 
pairing the survival of most riparian plants. 

Dams create a multitude of problems for 
riparian habitats and are essentially the 
death knell for two of the most valuable 
avian habitat components-cottonwoods 
and willows and vertical profile. Initially the 
backed-up water floods and kills all the veg- 
etation and the dam itself stops natural 
flooding, which is essential to cottonwood 
and willow reproduction. If floods (now 
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termed controlled-releases from dams) do 
occur they are usually 1) too late for suc- 
cessful reproduction of trees or 2) of such 
long duration that native vegetation drowns 
in the process (Hunter et al. 1987, Rosen- 
berg et al. 1991). 

Water releases are generally predicated on 
downstream needs for irrigation, cities, or 
power generation. Because floods that wa- 
tered the alluvial floodplain have been 
stopped, minimum releases cause the water 
table to be lowered, which further stresses 
the downstream vegetation. With time a high 
vertical profile forest of 230 m cotton- 
woods and willows will be reduced to tree 
species seldom exceeding 10 m and with 
lower foliage volumes. 

An example of the effects of water man- 
agement activities can be seen in a number 
of neotropical migrants on the lower Col- 
orado River. Dams eliminated cottonwood- 
willow reproduction, increased salinities, 
reduced instream flows, and allowed many 
mature tree communities, which were 
robbed of floods that wash litter away, to 
succumb to fires. The steamboat era in the 
late 19th century significantly reduced ma- 
ture soft-wood species for fuel use, but his- 
torical photographs and written testimony 
demonstrate abundant cottonwood-willow 
regeneration all along the river up until 
Hoover Dam was operational in 1936 
(Ohmart et al. 1977). Bird census data col- 
lected monthly from over 10 years in the 
1970s and 1980s spell out the rapid demise 
of many avian species (Rosenberg et al. 
1991). 

Swarth (19 14) reported the Yellow-billed 
Cuckoo as fairly common along the Gila 
and lower Colorado River drainages. The 
Yellow-billed Cuckoo showed a 93% de- 
cline from 242 birds in 1976 to 18 in 1986. 
The breeding race of the Willow Flycatcher 
had already been extirpated when our work 
began. The breeding habitat in which I have 
observed this species consists of dense and 
patchy mature willows with very moist, even 
boggy soil conditions. These habitats prob- 
ably disappeared from the Colorado River 

in the 1950s and 1960s when there was 
intensive dredging and channel straighten- 
ing. Vermilion Flycatchers (Pyrocephalus 
rubinus) were reported by Grinnell (19 14) 
as common and he predicted this species 
would become more common as patches of 
forest were opened. He failed to realize ei- 
ther the extent to which the forest would be 
cleared or the drying that would occur from 
channelization. This species now numbers 
about ten pairs from Yuma, Arizona, to 
Needles, California. In 1976, we recorded 
203 Bell’s Vireos (Vireo bellii); in 1988 the 
population was down to 88. The prolonged 
water releases in the mid-1980s led to very 
high water tables, which killed much of the 
preferred habitat for this species. 

As habitats are modified, the results are 
negative for some species but positive for 
others. Grinnell (19 14:72-73) observed, 
“the little open water sometimes attracted 
a few transient ducks and mudhens, but so 
far as known no water birds outside the Ar- 
deidae remain to breed anywhere along the 
Colorado River.” From his notes in 19 10 
and our river census data in 1978 we were 
able to compare waterfowl changes that oc- 
curred in that period. A selected few that 
Grinnell did not report but that we found 
in relatively high numbers were 620 Amer- 
ican Wigeon (Anus americana), 276 Buffle- 
head (Bucephala albeola), 1743 Common 
Goldeneye (B. clangula), and 59 1 Common 
Merganser (Mergus merganser). Grinnell 
observed eight species, whereas we ob- 
served 19, whose total population was 5238 
individuals (Anderson and Ohmart 1988, 
Ohmart et al. 1988). There are numerous 
other waterbirds, both wading and deep-wa- 
ter, that are attracted to the reservoirs that 
now dot the Colorado River (Rosenberg et 
al. 199 1). Also, as marsh habitats developed 
along canals and in deltas behind dams, a 
race of Clapper Rail (Rallus longirostris yu- 
manensis) spread north from the Colorado 
River Delta in Mexico (Ohmart and Smith 
1973). The secretive Black Rail (Laterallus 
jamaicensis) also found habitat created by 
water storage seeps near Imperial Dam 
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(Repking and Ohmart 1977). Unfortunate- 
ly, the zenith of waterfowl numbers has 
passed, as recreational and homesite devel- 
opment reduce the habitat availability of 
these species. The Clapper Rail may be at 
the beginning of its decline as selenium val- 
ues approach and exceed safe reproductive 
levels (Radtke et al. 1988, Kepner, unpubl. 
data). 

Once a dam was in place, more sophis- 
ticated water managers sought channeliza- 
tion to straighten the river, which more ex- 
peditiously lowered the water table. The next 
step was stripping the bank of vegetation, 
then shaping the sloughing banks, and fi- 
nally riprapping or cementing the soil to 
reduce dredging costs. Dredge spoil material 
was generally placed in low wet areas, fre- 
quently old oxbows or backwaters that sup- 
ported emergent vegetation. 

In the 1960s engineers began viewing 
large trees along rivers as wasting or tran- 
spiring large quantities ofwater. The theory, 
for which there are no definitive data, was 
that by removing the tree or wick, water 
would be saved for beneficial use down- 
stream. For the next 20 years many trees 
were removed by federal agencies. Even to- 
day, thousands of hectares along the Pecos 
River in New Mexico are cleared of riparian 
vegetation to conserve or salvage water 
(Hildebrandt and Ohmart 1982). 

Dewatering of rivers very quickly elimi- 
nates native trees and favors the shorter- 
statured exotic saltcedar (Tumarix chinen- 
sis). Fortunately, this activity has not been 
widespread, but portions of the Gila River 
in western Arizona and > 443 km of the Rio 
Grande in west Texas are dewatered. Even 
in a highly deteriorated state these barely 
surviving riparian habitats support more 
species and higher bird populations than ad- 
jacent uplands (Engel-Wilson and Ohmart 
1978). 

Groundwater pumping, which lowers wa- 
ter tables and kills riparian vegetation, has 
been localized but its effects are quick and 
dramatic (Minckley and Brown 1982). Large 
mesquite bosques in Arizona that supported 

huge breeding colonies of White-winged 
Doves (Zenaida asiatica), large populations 
of Lucy’s Warbler (Vermivora luciae), 
Abert’s Towhees (Pipilo aberti), and a mul- 
titude of other species are now gone (Phil- 
lips et al. 1964). 

Federal and state flood control dikes are 
commonplace throughout the west to pro- 
tect those who built in floodplains. Bull- 
dozers scraped the channel free of vegeta- 
tion before dirt dams were built. In most of 
these activities riparian vegetation above the 
dam has returned, but that below has died 
as water tables dropped. 

DOMESTIC LIVESTOCK GRAZING 

Most people do not think of this human- 
induced change to riparian habitats until 
they see a stream that has not been grazed. 
Carothers (1977:3) stated “the most insid- 
ious threat to the riparian habitat today is 
domestic livestock grazing.” I concur and 
the following data illustrate the magnitude 
of the problem just on public lands in the 
west, where the Bureau of Land Manage- 
ment (BLM) and the U.S. Forest Service 
administer vast areas for domestic livestock 
grazing. BLM reported that on 0.52 million 
ha of riparian-wetland habitats and 78,400 
km of streams from 10 of the 11 state offices, 
only 7% were meeting management objec- 
tives, 8% were not meeting them, and 85% 
were unknown (GAO 1992). From over 20 
years’ experience I contend that the 85% 
unknown can be added to the 8% not meet- 
ing objectives. The U.S. Forest Service re- 
ported that 93,339 km of riparian habitats 
within grazing allotments in western range- 
lands were not meeting forest objectives 
(GAO 1992). 

A brief history will give the reader a feel 
for the evolution of domestic livestock graz- 
ing on public lands. Early in the 1700s the 
Spanish brought all classes of domestic live- 
stock to the arid southwest, but cattle and 
horses were most important. Their presence 
ensured transportation, a food supply, and 
leather in a harsh, unpredictable environ- 
ment. In the 1860s and well into the 1900s 
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there was no management of public lands ences between Red Butte and Emigration 
and everything was there for the taking. canyons near Salt Lake City, Utah. Both 
Grass was free and those who controlled the were privately owned and grazing began 
water controlled the forage. The cattle in- shortly after 1847. The U.S. Government 
dustry expanded rapidly in the 1880s as new purchased Red Butte in 1888 and began 
railroads carried beef east to a new market. protecting it from grazing to insure a clean 
A $5 calf brought $60 a few months later water supply. In 1945, total density of veg- 
after running on free pasture. In Arizona, etation in Red Butte Canyon was twice that 
by 1833-1884 the Governor wrote “every in Emigration Canyon. Ten native peren- 
running stream and permanent spring were nial grasses were found in Red Butte and 
settled upon, ranch houses built, and adja- not in Emigration Canyon. “These facts 
cent ranges stocked” (Report of the Gov- would seem to emphasize the danger of 
ernor 1896:21). By 1891, it was estimated complete extermination of rare and highly 
that 1.5 million head were on Arizona rang- palatable species in overgrazed areas” (Cot- 
es (Report of the Governor 1896:22). tam and Evans 1945:178). 

Three years of drought then ensued. Cat- 
tle began dying in the hot dry months of 
May and June of 1892 and by late spring 
1893 losses were “staggering” (Report of the 
Governor 1896:22). Land (1934) stated, 
“Dead cattle lay everywhere. You could ac- 
tually throw a rock from one carcass to an- 
other.” Arizona rangelands were left barren 
and unprotected to wind and water erosion 
(Hastings and Turner 1965). The timing and 
consequences of such resource damage was 
similar in all 11 western states (Adams 197 5, 
Behnke 1978, Meehan and Platts 1978, 
GAO 1988). Overgrazing continued into the 
20th century and although better manage- 
ment was begun in the 1930s many grazing 
allotments are overstocked today (GAO 
1988). 

Cattle are strongly attracted to riparian 
areas, where water, forage, and shade are all 
close at hand, and will spend 5 to 30 times 
longer there than in adjacent uplands of 
similar area1 extent (Skovlin 1984). They 
congregate in riparian habitats during the 
summer months or plant growing season 
(Severson and Boldt 1978). In a study with 
light-to-moderate stocking rates, cattle re- 
moved 20% of the vegetation in the upland 
compared to almost 45% of the vegetation 
along the stream (Goodman et al. 1989). 
Where ranges are overstocked, herbage re- 
moval approached 100% in riparian habi- 
tats (Platts and Nelson 1985). Cottam and 
Evans (1945) examined vegetational differ- 

The effects of unmanaged cattle grazing 
on riparian habitats that have never been 
grazed before are very perceptible within 
*5 years. Subsequent changes are hardly 
noticeable until about a century later, when 
the last overmature forest begins dying and 
falling. When cattle first graze a system they 
trample the banks which, when combined 
with erosion, widens the stream. (A stream 
protected from grazing for 50 years showed 
a 94% reduction in channel width [Clifton 
19891). All palatable vegetation from the 
ground to about 1.5 m is consumed, and 
this occurs annually, encouraging the spread 
of vegetation less valuable to cattle and 
wildlife. As the channel widens it carries 
more of the floodwater, whose increased 
scouring force further widens the banks, as 
well as deepening the channel bottom, which 
can be scoured away until the stream flows 
over either bedrock or large cobble. The 
lowered channel bottom reduces the water 
table level in the floodplain, and upland spe- 
cies such as juniper (Juniperus spp.) and big 
sage (Artemisia tridentata) begin extending 
into the floodplain terrace. Upper Black 
Canyon in the Aldo Leopold Wilderness 
Area, Gila National Forest, New Mexico, 
typifies many streams at mid-elevations in 
the west (Fig. 1). 

The process of riparian degradation ex- 
ceeds a human life span and, to my knowl- 
edge, there are no pristine areas to use as 
yardsticks. Little concern was expressed for 
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FIGURE 1. Upper Black Canyon in the Aldo Leopold Wilderness Area in the Gila National Forest in New 
Mexico. Note the size and degraded condition of the channel, the lack of herbaceous ground cover, down 
cottonwoods, the few live cottonwoods remaining, and the invasion of upland conifers onto the dry floodplain. 
Photograph by R. D. Ohmart on August 30, 1992. 

riparian habitats until about 15 years ago 
(Johnson and Jones 1977). Since then nu- 
merous symposia have highlighted these 
habitats, and conservation groups have be- 
gun to pressure legislators for stricter laws. 
Better management must come soon or the 
next 20 years will show the accelerated col- 
lapse of the last forest trees. Elmore (1992) 
reports the elimination of extensive willow 
stands in Oregon from grazing, and the same 
holds true in much of Arizona and New 
Mexico (Ohmart, pers. obs.). 

Much research has been conducted on 
western riparian habitats in the past 1 O-l 5 
years (Skovlin 1984) and agencies have been 
forced into protecting stream reaches for en- 
dangered native trout. The resiliency of ri- 
parian habitats is remarkable after only eight 
years of cattle exclusion (see examples in 
GAO 1988, Chaney et al. 199 1). In Grand 
Gulch, southeastern Utah, prior to 20 years 
of rest, the stream was entrenched to bed- 
rock (in places over 20 m), the floodplain 

terraces were covered with annuals, and the 
stream was dominated by saltcedar. Today, 
the stream is agrading, coyote willow (Salix 
exigua) stems equal or exceed 30/m2, sedges 
and grasses mat the alluvial soils preventing 
erosion and trapping sediment, and all age 
classes of cottonwoods abound (Ohmart, 
pers. obs.). 

Elmore (1992) argues that riparian hab- 
itats can heal with better management of 
cattle in riparian systems and, in general, 
that is true. Yet, in experience the healing 
process is extended at least three or four 
times what it would be with total exclusion. 
For example, on Mahogany Creek in Ne- 
vada bank stabilization with narrowing of 
the channel, return of the understory, and 
the proliferation of young cottonwoods and 
willows has been amazing in ten years. 
Stream flow after recovery was increased by 
400% (GAO 1988). Such a rapid response 
would never have occurred with any cattle 
use, regardless of the season. Along Date 
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FIGURE 2. Date Creek near Wickenburg, Arizona. 
Cattle graze year-round in the foreground and only in 
the nongrowing season on the other side of the fence. 
Photograph by J. Feller on October 3, 1992. 

Creek in Arizona, where the growing season 
is eight months or longer, stream gradient 
is moderate and the sediment loads are high 
for bank building; after 24 years of only 
winter grazing this reach is just now in the 
stage of rapid recovery (cf. Figs. 2 and 3). 
Vegetative conditions along Date Creek and 
other streams under grazing protection by 
The Nature Conservancy are far superior to 
most Arizona streams. 

A time of crisis is rapidly approaching for 
most riparian habitats. This could have been 
prevented if permittees and federal agencies 
had used better management as little as a 
decade ago. We now know that unless 
heavily degraded streams receive total rest 
for eight to ten years the seed source for 
riparian trees may be eliminated (GAO 
1988). Unfortunately, permittees and agen- 
cies are reluctant to change and this, in many 
instances, has slowed or stopped manage- 
ment improvement. Ironically, where ri- 
parian management has been improved, 
permittees have reported reduced feed costs, 
the regeneration of permanent water sup- 
plies where streams were intermittent, bet- 
ter use of upland forage by cattle, and gen- 
erally better livestock health and higher 
calving rates (GAO 1988, Ohmart, pers. 
obs.). 

A classic example of how dramatically 
some neotropical species can respond with 

FIGURE 3. Date Creek near Wickenburg, Arizona. 
Stream grazed only in the nongrowing season for 24 
years. At flood stage the alluvial soils are covered by 
the grasses and sedges to disallow erosion and trap 
sediment. Photograph by J. Feller on October 3, 1992. 

the exclusion of cattle comes from the San 
Pedro River in southeastern Arizona. Ap- 
proximately 64 km of grazed riparian hab- 
itat were obtained by BLM in the 1980s and 
cattle were removed by 1 January 1987, 
when the river supported good mature 
stands of cottonwood-willow forests. Cen- 
sus lines (see Riparian Vegetative Compo- 
nents Most Important to Birds), were es- 
tablished in 1985 and data were collected 
three times monthly each year to present. 
The birds listed in Table 1 demonstrate how 
a rapid response is possible as the under- 
story returns. 

RIPARIAN HABITAT 
RESTORATION 

Revegetation 

Because of the high value of riparian hab- 
itats to all forms of wildlife and especially 
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TABLE 1. INCREASES IN AVIAN DENSITIES/~~ HA AFTER CESSATION OF DOMESTIC LIVESTOCK GRAZING IN JANUARY 
1987 (D. KRUEPER, UNPUBL. DATA) 

Species 
(densities are birds/40 ha) 1986 1987 1988 1989 I990 1991 Increase 

Western Wood-Pewee (Contopus sordidulus) 8 16 22 38 28 29 3.6 x 
Yellow Warbler (Dendioica pkechia) 29 84 99 227 131 176 6.1~ 
Common Yellowthroat (Geothlvois trichas) 7 24 39 115 110 149 21.0x 
Yellow-breasted Chat (Zkria v&s) 
Summer Tanager (Pirungu r&w) 
Song Sparrow (Melospiza melodia) 

’ 26 44 47 95 100 110 4.1x 
44 84 73 167 94 108 2.4 x 

Trace 11 14 38 36 61 50.0 x 

birds, there have been numerous efforts to 
revegetate portions of rivers either as mit- 
igation or enhancement. Anderson and 
Ohmart (1982) designed the first such effort 
on the lower Colorado River in 1978, and 
have since attempted numerous others. 

In our efforts we have always planted those 
species with the highest value to wildlife. 
Prior to any revegetation effort, which is 
expensive, a number of biotic factors must 
be examined if the effort is to succeed. Soil 
salinity should be sampled throughout the 
site, not only on the soil surface but at 0.5 
m deep; salinity of the groundwater should 
be sampled as well. Many native trees can- 
not tolerate high salinity levels and will only 
grow to about 10-l 2 m tall at maturity 
should they survive at all. 

Depth to groundwater is also important, 
since most native riparian trees are nor- 
mally shallow rooted. If the roots are not 
established just above the water table when 
irrigation is terminated the tree cannot sur- 
vive. Augering of large holes and back filling 
these for planting sites is also important. 
This loosens the soil and destroys any clay 
or silt layers that would prevent the roots 
from reaching water. Unless large holes are 
augered to the water table the probability 
of success is low. 

There is a high risk element in attempting 
revegetation efforts on large rivers below 
dams. Most dams have the function of wa- 
ter storage and in periods of exceptionally 
high rainfall, engineers attempt to maintain 
the reservoir at maximum storage. Subse- 
quent heavy rains and runoff into the res- 

ervoir must be control-released to avoid 
spilling, which could destroy property and 
lives. These controlled releases may last for 
weeks or months. Long releases raise water 
tables, drown native plant communities, and 
also elevate the salts near the soil surface. 
The last two actions are highly detrimental 
to survival of revegetated communities. 

Shallow reservoirs in arid climates evap- 
orate large quantities of water annually. Salts 
are left behind, and water drained from agri- 
cultural crops increases the salt load as well. 
Two years of high controlled releases on the 
lower Colorado River in the mid-1980s 
drowned much of the little remaining native 
vegetation highly important to birds, and 
increased salt concentrations near the soil 
surface has rendered about 75% ofthe flood- 
plain unsuitable for cottonwood and willow 
revegetation (Anderson 1988). 

Agriculture 

This habitat change is primarily mani- 
fested along larger rivers with rich alluvial 
soils. Reservoirs provide a constant water 
supply and seemingly never ending canals, 
which allow agriculture to expand over the 
entire floodplain. The lower Colorado River 
is the pinnacle of this industry in the west. 
Cottonwood-willow, honey mesquite, and 
all other represented communities are root 
plowed and the dead vegetation is piled and 
later burned. Hectare after hectare of ripar- 
ian habitat is treated in this fashion until 
available land or water becomes a limiting 
factor. Not only is avian habitat destroyed, 
but this farming practice has consequences 
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on the vegetation that was not cleared. For Jr. and N. K. Johnson (eds.), A century of avifaunal 

example, the water used in irrigation drains change in western North America. Studies in Avian 

from the field carrying leached salts, pesti- 
Biology No. 15. 

BEHNKE, R. J. 1978. Grazing and the riparian zone: 
cides, and herbicides, and returns to the riv- impact on aquatic values. Pp. 126-I 32 in Lowland 

er-and eventually the water table- to be- river and stream habitat in Colorado: a symposium. 

come the supply for the remaining 
Colorado Chanter of the Wildlife Societv and Col- 
orado Audubon Council, Greeley, CO. . 

vegetation. BLAKE, J. G., AND J. R. KARR. 1984. Species com- 

With this habitat conversion a breeding position of bird communities and the conservation 

passerine fauna is eliminated and water- 
benefit of large versus small forests. Biological Con- 
servation 30: 173-187. 

fowl, shorebirds, and other mostly nonpas- CAROTHERS, S. W. 1977. Importance, preservation 

serine species are attracted to this more open and management of riparian habitat: an overview. 

habitat. Virtually all of the species enhanced 
Pp. 2-4 in R. R. Johnson and D. A. Jones (tech. 
coords.), Importance, preservation and management 

by the habitat change on the lower Colorado of riparian habitat: a symposium. USDA Forest Ser- 

River were wintering birds, with few re- vice General Technical Report RM-43, Rocky 

maining in the valley to breed. For details 
Mountain Forest and Range Experiment Station, Fort 
Collins, CO. 

of these changes see Anderson and Ohmart CAROTHERS, S. W., R. R. JOHNSON, AND S. W. 

(1982) Ohmart et al. (1985) and Rosenberg AITCHISON. 1974. Population structure and social 

et al. (1991). 
organization of Southwestern riparian birds. Amer- 
ican Zoologist 14:97-108. 
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Case Histories 

EVIDENCE OF CHANGES IN POPULATIONS OF THE MARBLED 
MURRELET IN THE PACIFIC NORTHWEST 

C. JOHN RALPH 

Abstract. The Marbled Murrelet (Bruchyrumphus marmorutus) occurs along the coasts of the North 
Pacific. It is unique among the Alcidae in its tree nesting habits. Recent research has revealed that in 
forested areas it is closely associated with old-growth coniferous forests, most of which have been 
harvested over the past 100 years. All historical accounts, although fragmentary, indicate a previously 
higher population of the bird throughout its North American range. Several reasons for the decline 
have been advanced, including habitat removal, mortality due to capture in fishing nets, and increased 
predation during nesting. The current population is estimated at about 360,000 birds. 

Key Words: Marbled Murrelet; Bruchyrumphus murmorutus; Alcidae; population; mortality; pre- 
dation; demography; old-growth forests. 

The Marbled Mm-relet (Bruchyramphus 
marmoratus) is an alcid breeding along the 
coasts of the North Pacific (Fig. 1). The bet- 
ter known race (B. m. marmoratus), breeds 
from Alaska south to central California. The 
other race (B. m. perdix) occurs from the 
Russian Far East south to northern Japan. 
Although the species is fairly abundant in 
some areas, it has largely escaped ornitho- 
logical study until recently, because of its 
secretive nesting habits and its frequenting 
of nearshore waters, where oceanic bird sur- 
veys miss it. 

Increasing concern about its apparent de- 
cline has resulted in its being listed as 
“threatened” in the states of Washington, 
Oregon, and California by the U.S. Fish and 
Wildlife Service in 1992, and also by the 
Province of British Columbia in 1990. I will 
examine the life history traits of the species 
that put it at potential risk, the present pop- 
ulation size, evidence of habitat affinities, 
and evidence for decline. 

HABITS OF THE MARBLED 
MURRELET 

Knowledge of the habits of the Marbled 
Mm-relet is essential for understanding the 
reasons for its population changes over the 
past century. Many of its habits make it 
vulnerable to predation on the nest and dif- 
ficult to study. 

On the ocean, the mm-relet usually occurs 

in pairs as it dives for small fish and inver- 
tebrates. It does occur in flocks of up to a 
dozen birds, or even several hundred, es- 
pecially in Alaska and British Columbia. 
Such aggregations can occur in tidal rips, 
the often food-rich boundary between the 
tidal flow and calmer waters of a channel, 
fjord, or estuary. 

Marbled Mm-relet nests are difficult to find 
and observe because they are high above 
the ground in large trees, widely scattered, 
often far inland, involve no nest construc- 
tion, and are usually visited only once a day. 
In most of its range the species nests in sol- 
itary pairs (or perhaps loose associations) 
on the wide, upper branches of old conifers, 
primarily within 50 km of the coast. These 
habits resulted in its nest being the last to 
be discovered (in 1974) of a widespread, 
North American breeding bird (Binford et 
al. 1975). All of the 38 tree nests found 
through 1992 have been in coniferous “old- 
growth” forests, which I define here as those 
unmodified by timber harvesting, and whose 
larger trees average over 200 years old. At 
a few sites in Alaska the bird does nest on 
the ground above the local tree line, in low- 
lying mat vegetation (see Mendenhall 1992). 

Some aspects of the species’ breeding bi- 
ology reflect its vulnerability to predation, 
and others result in a low reproductive rate. 
Birds usually visit the breeding stands with- 
in a half hour of dawn at most latitudes, 
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calling and flying through and over the for- 
est. During these periods the birds may re- 
lieve nest duties, feed the young, or merely 
visit the stand. This is the only time ob- 
servers can estimate numbers of mm-relets 
in a stand. The breeding plumage, in con- 
trast to its winter plumage of dark above 
and white below, is the “marbled” plumage, 
completely mottled dark brown, which pro- 
vides effective camouflage in a forest en- 
vironment. Murrelets lay but a single egg 
per clutch (Sealy 1974). The incubation and 
nestling periods are about 30 days each (Si- 
mons 1980, Hirsch et al. 1981) allowing a 
long exposure to forest predators, such as 
jays and ravens. Both parents alternate care 
of the egg and young chick on a 24-hr ro- 
tation. When a nest exchange occurs, the 
relieving bird flies directly to the nest site, 
and the incubating bird departs with little 
or no ceremony. After the chick is a few 
days old, it is usually left alone while both 
adults forage, bringing it food once to sev- 
eral times a day. 

POPULATION TRENDS AND 
PRESENT SIZE 

Nowhere in its range has there been a 
report of an increase in numbers of Marbled 
Mm-relets. All accounts note fewer birds. 

Asia 

There is no information on trends of B. 
m. perdix offshore of its breeding grounds 
in the Russian Far East and south to the 
northern Japanese islands. Russian biolo- 
gists (e.g,. N. Konyukhov, pers. comm.) have 
found the race to be quite uncommon. 

Alaska 

Data from Christmas Bird Counts in a 
few areas showed an overall decline of at 
least 50% in absolute abundance from the 
early 1970s to the late 1980s despite a 50% 
increase in observer effort (J. Piatt and N. 
Naslund, pers. comm.). The species reaches 
its greatest densities in Alaska, occurring 
sparsely in the western Aleutian Islands, and 
more commonly along the coasts of central 

FIGURE 1. The North American range (outlined) of 
the Marbled Murrelet showing known areas of con- 
centration (stippled). 

and southeastern Alaska (Kessel and Gib- 
son 1978, Piatt and Ford 1993). Menden- 
hall (1992) reported an estimate of 250,000, 
based on ocean surveys by M. McAllister. 
Piatt and Ford (1993) estimated the popu- 
lation at around 200,000, based on other 
extensive surveys. 

British Columbia 

Historical accounts suggest an overall de- 
cline. Brooks (1926) noted, without details, 
that wintering murrelets had declined be- 
tween 1920 and 1925 along the east coast 
of Vancouver Island. Pearse (1946) report- 
ed a decline in the Comox area between 
19 17 and 1944, which he attributed to the 
removal of old-growth forests. Finally, Kel- 
son et al. (in press) surveyed an area in 1992 
and found a decline of 40% from a 1982 
survey. Rodway et al. (1992) stated that the 
bird occurs today in most coastal areas, and 
they estimated the population at 45,000- 
50,000 birds. 

Washington 

Whereas previous observers (Rhoads 
1893, Edson 1908, Rathbun 1915, Miller et 
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al. 1935) described the mm-relet as com- 
mon, abundant, and numerous, Speich et 
al. (1992) felt that it was “now only locally 
common.” They suggested a breeding pop- 
ulation of about 5000, distributed mainly 
in northern Puget Sound. 

Oregon 

Nelson et al. (1992) noted that since 1970 
murrelet distribution has been similar to 
historic accounts (e.g., Gabrielson and Jew- 
ett 1940) but the density was lower. For 
instance, Nelson noted that “large numbers 
are now rarely reported from the mouth of 
Columbia River, at Yaquina Bay, and Til- 
lamook County,” where they were formerly 
more common. The statewide population 
was estimated at “less than 1000 pairs” from 
a variety of sources (Nelson et al. 1992). 

California 

Evidence of declines has accumulated in 
the state. Carter and Erickson (1992) noted 
three specific areas in Del Norte, Humboldt, 
and Santa Cruz counties where birds largely 
disappeared from probable breeding sites 
after timber harvesting. This includes the 
observation by Joseph Grinnell (field notes 
of July 1923 at the Museum of Vertebrate 
Zoology at the University of California, 
Berkeley) that “Mr. Wilder says that he has 
not himself heard these birds since the red- 
woods were lumbered off the hillsides back 
of his place.” Another observation is that 
of Dawson (1923) who was camping in June 
19 16 about a kilometer from the coast in 
Trinidad, Humboldt County, and noted that 
“some birds passed quite low over our 
camp,” a behavior typical of birds nesting 
nearby. Today, no murrelets are heard in 
the forests near Trinidad (Paton and Ralph 
1990). Additional evidence of a decline 
comes from a 1937 oil spill, when Aldrich 
(1938) found 14 dead Marbled Murrelets 
on San Francisco and Mat-in county beach- 
es. Today the species is rare in this area 
(Carter and Erickson 1988, Paton and Ralph 
1990) and in more recent spills, only a very 
few were found (e.g., Stenzel et al. 1988, 
Page et al. 1990). 

The state’s population has been estimated 
at 1600-2000 (Sowls et al. 1980, Carter and 
Erickson 1992) based on some coastal sur- 
veys in the two regions of concentration. 
From more extensive work in recent years, 
we now estimate the population in excess 
of 5000 individuals (Ralph and Miller, un- 
publ. data). 

HABITAT ASSOCIATIONS 

Prior to the 1970s the only reference to 
the species’ actual nesting habitat was an 
Indian account, reported and discounted by 
Dawson (1923) that murrelets nested in- 
land in “hollow trees.” Today, this seems 
interpretable as large, old trees containing 
hollows. 

Evidence has accumulated recently that 
the species requires old-growth forests for 
nesting. In the 1970s observers began to note 
that its offshore range was contiguous with 
inland old-growth (Sowls et al. 1980, Carter 
and Erickson 1992, Nelson et al. 1992). 
From anecdotal observations several au- 
thors have also associated this species’ pres- 
ence inland with older forests (see sum- 
maries in Marshall 1988 and in Carter and 
Morrison 1992). Systematic surveys have 
confirmed this in California (Paton and 
Ralph 1990) Oregon (Nelson 1990) Wash- 
ington (T. Hamer, pers. comm.), British Co- 
lumbia (Rodway et al. 1991) and Alaska 
(K. Kuletz, pers. comm.). Despite extensive 
observations by numerous observers in for- 
ests of various ages, all forest nests have 
been found in old-growth. 

Old-growth coniferous forests were for- 
merly continuous in much of the species’ 
present range. By all estimates, at least 80% 
of the old-growth forests have been re- 
moved in California, Oregon, and Wash- 
ington (e.g., Morrison 1988). In British Co- 
lumbia and Alaska, less has been harvested, 
although the rate is increasing. In southeast 
Alaska, although probably less than 10% of 
the former forest cover has been harvested, 
much of this includes the largest trees which 
occur within a few kilometers of shore, where 
they are more easily harvested (C. Iverson, 
pers. comm.). 
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BREEDING SUCCESS 

A low or declining reproductive rate could 
have contributed to the historical reduction 
of the species’ population. The reproductive 
rate has several components. The propor- 
tion of the population breeding has only 
been documented by Sealy (1974) who 
found that about 85% of the birds in a large 
sample collected from the ocean in British 
Columbia had brood patches (both sexes 
incubate). This is within the normal range 
for other alcids (Hudson 1985). In contrast, 
the fledging success appears to be low. Data 
compiled by K. Nelson (pers. comm.) re- 
vealed that of the 43 nests found through 
the 1992 season, the outcome of 17 (in- 
cluding all the Alaskan ground nests) was 
unknown, 19 nests failed, and only seven 
fledged a young bird. Of these 26 with a 
known outcome, the success rate was then 
only 27%, as compared to about 70% in 
other alcids (Hudson 1985). 

Another measure of reproductive success 
is the proportion of young in the offshore 
population. In the past five years off the 
California coast during late July and early 
August, murrelets in juvenal plumage were 
usually less than 3% of the population (Ralph 
et al., unpubl. data). Similarly, C. Strong 
(pers. comm.), off Oregon, found 1.2-3.5% 
in 1992. Surveying at three headlands on 
the Oregon coast from 1988-l 99 1, Nelson 
and Hardin (pers. comm.) found young av- 
eraging 3.2% (range 2-5%) of the popula- 
tion. However, we do not know when birds 
molt into a plumage similar to an adult in 
winter. If this occurs rapidly, perhaps half 
of the young would be overlooked. Even so, 
this would only double the percentage to a 
maximum of lo%, still quite low. In a va- 
riety of other alcids normal production 
would result in 25-30% young (Hudson 
1985, Ainley and Boekelheide 1990) with 
the early fledging Ancient Mm-relet (Synth- 
liboramphus antiquus) at more than 40% 
(Gaston 1992). It is of interest that a de- 
mographic model based on the average of 
27% nest success discussed above predicts 
a very low proportion of young on the water, 
after dilution with non-breeders and some 

early mortality (S. Beisinger, pers. comm.). 
This lends corroboration to the offshore ra- 
tio of less than 5%. It seems very likely that 
the current recruitment rate is not adequate 
to maintain the population and that it was 
much higher in the past. 

POSSIBLE CAUSES OF 
POPULATION DECLINES 

Habitat removal 

The absence of murrelets in areas that 
have lost their old-growth forests, and their 
occurrence today only in the remaining old- 
growth, are presumptive evidence that de- 
clines have occurred due to the extensive 
removal of these forests. The most direct 
evidence of the effect of habitat loss is the 
40% decline of a British Columbia popu- 
lation reported by Kelson et al. (in press), 
coinciding with the removal of about 5-l 0% 
of the old-growth between 1982 and 1992. 
This followed a decade in which approxi- 
mately 7-10% of the old-growth had been 
harvested. Since alcids commonly live 10 
years or more (Hudson 1985) the popula- 
tion’s response to the removal of nesting 
habitat might well have been delayed. 

Fishing activities 

In parts of its range, incidental catch of 
murrelets in nets set by fishermen can be a 
significant source of mortality. Carter and 
Erickson (1992) summarized gill-net deaths 
in central California. They estimated that 
150-300 murrelets were lost between 1979 
and 1987 from a population at present es- 
timated to be a few hundred birds. In British 
Columbia, Carter and Sealy (1984) found 
that 6% of the breeding adults in a popu- 
lation were caught in a year’s gill-net op- 
eration in Barkley Sound. In addition, Sealy 
and Carter (1984) reported hundreds of birds 
killed over several years by gill-netting in 
Prince William Sound, Alaska, and proba- 
bly also in southeast Alaska, based on in- 
formation from P. Isleib. Commercial fish- 
ermen in Alaska have told me that they have 
at times netted several mm-relets a day in 
gill and purse seine nets. This, multiplied 
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by the many hundreds of fishing boats with- 
in the mm-relet’s range, could have had sig- 
nificant effects. J. Piatt and N. Naslund (pers. 
comm.) found in Prince William Sound that 
net mortality was 923 in 1990 and 7 14 in 
199 1. Based on netting permits throughout 
Alaska, they estimated that some 3300, or 
about 2.1%, of the population, dies each 
year from this cause. The many years of 
netting in Alaska waters in this century could 
have resulted in a substantial loss, especially 
in recent years with the advent of the less 
visible monofilament nets. 

Oil spills 

Historically, the species has been a com- 
mon victim of oil spills (e.g., Racey 1930, 
Burger in press), probably due in part to its 
nearshore distribution. It has been estimat- 
ed that the Exxon Valdez spill in Prince 
William Sound resulted in a loss of approx- 
imately 6500 individuals, or a toll of about 
3% of the total Alaskan population (Piatt et 
al. 1990, Piatt, pers. comm.). 

Predation 

Unlike most burrow and crevice-nesting 
alcids, Marbled Mm-relets suffer high rates 
of nest predation, at least in recent years. 
Of the 19 documented failures, 14 (74%) 
were due to avian predators (Nelson, pers. 
comm.), including Steller’s Jay (Cyanocitta 
stelleri), Common Raven (Corvus corax), 
and possibly Great Horned Owl (Bubo vir- 
ginianus). (Of the other failures, chicks fell 
out of three nests, one chick suffered a burst 
aorta just prior to fledging, and one was 
abandoned by the adults.) Of the 26 nests 
with a known outcome, then, 54% were lost 
to predation: a rate that is almost un- 
matched in other alcids (e.g., Hudson 1985; 
but for exceptions see Murray et al. 1983, 
Gaston 1992). I suspect that this reflects a 
recent development in the species’ life his- 
tory. It seems unsustainable given the 
murrelets low intrinsic rate of reproduction. 

There is, of course, the possibility that the 
nests located by investigators are in sites 

easily located by predators. Many of the 
nests have been on the edges of older stands 
or in stands fragmented by timber harvest, 
where predators are possibly more abun- 
dant than in continuous old-growth. How- 
ever, low numbers of young at sea indicate 
that the low reproductive rate probably ap- 
plies to all nests. 

DISCUSSION 

Three lines of evidence indicate that Mar- 
bled Mm-relet populations are declining. 1) 
All historical, anecdotal, or quantitative re- 
ports are of declines; none of increases. 2) 
Nest records and habitat surveys find a close 
association of the species with old-growth 
forests, which have been reduced by more 
than 80% over the past 150 years. 3) Current 
rates of recruitment do not appear to be high 
enough to sustain the species. 

Even though no one has reported increas- 
es in mm-relet populations, we must con- 
sider the possibility that mm-relets disap- 
pearing from one area have merely moved 
to another. It seems likely that a long-lived 
bird, finding its nesting grove destroyed, 
would move elsewhere, aggregating in the 
remaining nest stands. In extreme northern 
California, relatively large stands of old- 
growth redwoods in parks are islands amidst 
oceans of clear cuts and young second 
growth. There, in the Lost Man Creek area 
of Redwood National Park, we (Paton and 
Ralph 1990) found the highest rate of 
murrelet activity anywhere in the species’ 
range, with an average of 150-250 detec- 
tions per morning during the breeding sea- 
son. The seasonal peaks usually exceeded 
350, and we recorded 399 on one morning 
in July 199 1. This concentration could: 1) 
be due to especially favorable offshore re- 
sources; 2) represent once-common densi- 
ties on the north coast of California; or 3) 
be an aggregation of birds displaced by har- 
vesting. It is not yet clear which of these 
alternatives (or combination of altema- 
tives) is correct, but I think that the first two 
are much more probable. 
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It seems likely that the species now has a 
very low reproductive rate, by the measure 
of fewer than 5% of juvenile birds offshore. 
This is very troubling for the species’ long- 
term survival. Even if this is an underesti- 
mate, it is unlikely that even a rapid passage 
through juvenal plumage could account for 
the difference between this and the propor- 
tion of juveniles in most alcids (25-30%). 

The high predation on nests seems un- 
sustainable, given the apparent low intrinsic 
reproductive rate. It is possible that in- 
creased fragmentation of the historically 
more continuous old-growth forests has re- 
sulted in increased numbers of predators, 
such as ravens, crows, and jays. If so, pre- 
dation is likely a very pervasive factor that 
cannot be easily reversed. The effect of pre- 
dation would be greatly compounded by a 
constant drain at sea of young, and es- 
pecially adults, in fishing nets. 

The evidence strongly suggests that over 
the past century Marbled Mm-relet popu- 
lations have declined throughout their en- 
tire range. Their nesting areas have been 
much reduced, and they are suffering high 
mortality from predation and fishing nets. 
The identification and protection of critical 
nesting and foraging habitats is essential for 
the long term maintenance of the species as 
a part of the avifauna of the Pacific North- 
west. 
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CHANGES IN THE DISTRIBUTION AND ABUNDANCE OF 
SPOTTED OWLS DURING THE PAST CENTURY 

R. J. GIJTI~RREZ 

Abstract. The Spotted Owl (Strix occidentalis) occurs from southwestern British Columbia, Canada 
south to Michoacan, Mexico. Approximately 12,127 Spotted Owls are known to exist in the United 
States. Throughout its entire range one can infer that the species has declined over the past century 
due to a rapid decline in its habitat, mature and old growth conifer forests. Most habitat loss is due 
to logging of original forests, but other factors (e.g., urbanization) also have contributed. The inference 
of decline is supported by observed gaps in the owl’s original geographic distribution, trends in habitat 
loss, declining demographic trends, and differences in owl densities among and between populations. 
Where owls are found in previously logged forests, those forests almost always contain residual elements 
of the original forests. 

Key Words: Strix occidentalis; Spotted Owl; distribution; abundance. 

The Spotted Owl (Strix occidentalis) is 
distributed from southern British Colum- 
bia, Canada south through the Pacific coast 
states and the southwestern United States 
to the highlands of central Mexico (Dunbar 
et al. 1991; USDI 1992a, 1993; Verner et 
al. 1992) Because of past decline and ex- 
pected future decline in habitat, primary 
(mature and older) forests, both Northern 
and Mexican Spotted Owls (S. occidentalis 
caurina and S. occidentalis lucida, respec- 
tively) have been declared threatened sub- 
species in the United States (USDI 1990, 
1993). 

In this paper I examine changes in Spot- 
ted Owl populations and their habitat north 
of Mexico during the past century. Since 
historic surveys are not available, I will use 
information on current owl distribution, 
changes in habitat or habitat characteristics, 
and population trends based on intensive 
demographic studies to infer how popula- 
tions have been affected. 

METHODS 

DISTRIBUTION AND ABUNDANCE 

Distribution and abundance of Northern 
Spotted Owls were estimated using a Geo- 
graphic Information System (GIS) estab- 
lished by the Northern Spotted Owl recov- 
ery team (USDI 1992a). The data supporting 
the GIS were derived from extensive owl 
surveys conducted by the U.S. Forest Ser- 

vice, Bureau of Land Management, Nation- 
al Park Service, California Department of 
Fish and Game (CDFG), university re- 
searchers, and private timber companies. 
Although these surveys were not exhaustive 
they can be used to infer relative differences 
in distribution and abundance of Northern 
Spotted Owls within geographic provinces 
of the Pacific Northwest. 

Distribution and abundance of California 
(S. o. occidentalis) and Mexican Spotted Owls 
were taken from databases maintained by 
the CDFG (G. Gould, Jr., pers. comm.) and 
Region 3 (i.e., southwestern United States) 
of the U.S. Forest Service (K. Fletcher, pers. 
comm.). The proportion of pairs and of 
single owls at sites (a location where an owl 
was detected at least once) in the Sierra 
Nevada and southwestern United States 
(Arizona and New Mexico) were estimated 
from average territory occupancy by pairs 
and individuals measured at thoroughly 
surveyed sites. 

CHANGES IN HABITAT 

Three sources of information were used 
to assess changes in habitat: 1) U.S. gov- 
ernment forest inventory data (loss of hab- 
itat characteristics associated with areas of 
owl use was used to infer changes in owl 
distribution and abundance); 2) egg records 
(Western Foundation of Vertebrate Zoolo- 
gy); and 3) distribution of owls within hous- 

293 
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TABLE 1. DISTRIBUTION AND ABUNDANCE OF NORTHERN SPOTTED OWLS AND THEIR HABITAT IN THE UNITED 
STATFS 

AX?3 Federal 

ACEage 

Nonfederal Total 

Number of owls 

Pairs’ Singles’ 

Federal lands’ 

Potential Suitable 
habitat habitat 

CA Cascades 
CA Coast 
CA Klamath 
Eastern OR Cascades 
Western OR Cascades 
OR Coast 
OR Klamath 
Willamette Valley 
Eastern WA Cascades 
Western WA Cascades 
Olympic Peninsula 
Western WA Lowlands 

Total 

1,042,800 1,449,100 2,49 1,900 40 23 696,100 73,500 
467,700 5,214,400 5,682,100 482 112 279,800 14,200 

4,518,600 1,568,200 6,086,800 589 246 2,3 16,700 1,075,600 
1,512,500 7 10,500 2,223,OOO 181 39 964,600 410,400 
4,532,200 2,149,300 6,681,500 1,081 308 3,177,ooo 2,113,800 
1,385,OOO 4,408,600 5,793,600 303 77 1,338,OOO 478,200 
2,120,000 1,893,600 4,013,600 402 74 1,591,400 839,900 

13,900 2,628,300 2,642,200 4 0 13,900 3,600 
3,405,200 2,203,600 5,608,800 218 12 1,114,900 697,300 
3,762,100 2,445,700 6,207,800 290 45 1,435,500 1,403,400 
1,530,300 1,500,200 3,030,500 157 40 449,400 507,700 

86,000 6,394,900 6,480,900 6 4 65,900 0 

24,376,300 32,566,400 56,942,700 3,753 980 13,443,200 7,608,800 

’ Northern Spotted Owls verifi4 between 1986-1991(1992 data used for State oforegon, California, Crater Lake National Park lands, and Western 
Washington Lmvlands). 
* Suitable habitat = current habitat potentially used by nesting, roosting, or foraging owls; potential habitat = land that would be capable of producing 
suitable habitat if trees were allowed to grow to old age (this habitat is currently unsuitable due to logging and other impacts). 

ing developments. Sources two and three 
were used to infer the effects of urbanization 
on owls. 

DEMOGRAPHY 

Throughout the range of each subspecies 
current trends in population dynamics and 
density of owls have been estimated from 
data gathered during long-term studies (Gu- 
tiCrrez and Pritchard 1990, Anderson and 
Burnham 1992, Noon et al. 1992, GutiCrrez 
et al. 1993, LaHaye et al. 1992). Age specific 
estimates of survival and fecundity as well 
as density estimates have been derived from 
thousands of observations of color-banded 
birds. These studies all followed the design 
outlined in Franklin et al. (1990). Herein, 
demographic information is used to exem- 
plify recent changes in Spotted Owl popu- 
lations across its range. 

RESULTS 

DISTRIBUTION AND ABUNDANCE 

The exact numerical decline of Spotted 
Owls cannot be calculated because the re- 
lationship between habitat loss (and habitat 
fragmentation) and owl desertion or death 
is unknown. However, it is apparent that 

dramatic declines in owl populations have 
occurred throughout the Pacific Northwest 
due to habitat loss (Table 1). The majority 
(56%; 4772 individual birds) of the known 
Northern Spotted Owl population occurs 
within only 29% of its range (Table 1, Fig. 
1). Spotted Owls also have declined during 
the past century in British Columbia, Can- 
ada primarily as a result of extensive logging 
and perhaps because of the invasion of 
Barred Owls (Strix varia; Dunbar et al. 
1991). 

Variation in observed number of owls 
among geographic provinces can be attrib- 
uted to differences in completeness of sur- 
veys, demographic trends, natural variation 
in habitat distribution and quality, human 
caused habitat loss (e.g., logging, water de- 
velopment, urbanization), and natural en- 
vironmental changes (e.g., fire, volcanic 
eruptions). However, logging has caused the 
greatest decline in habitat for all three sub- 
species (USDI 1992a, 1993; Verner et al. 
1992). Declines in primary forest range from 
5 l-l 00% on federal lands in the Pacific 
Northwest (Table 1). On private land, pri- 
mary forest has declined by 95-100% (Table 
1, USDI 1992a). The most striking exam- 
ples have occurred in the Western Wash- 
ington Lowlands and Oregon Coast Range 
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Eastern Washington Cascades - 

Olympic Peninsula _-__- 

Western Washington Lowlands -- 

Western Washington Cascades--- 

Oregon Coast Range --- 

The Willamette Valley --_-__-- 

Eastern Oregon Cascades --- 

Western Oregon Cascades 

Oregon Klamath __--_ 

California Cascades --- 

California Klamath ------ 

California Coast --------- 

FIGURE 1. Distribution of Northern Spotted Owls by geographic province in the United States. Each dot 
represents the location of pairs or single owls reported in Table 1. 

provinces (Table 1, Fig. 1, USDI 1992a). 
Only six pairs and four single owls could be 
found in 1992 on what was once approxi- 
mately 2,400,OOO ha of primary forest in 
the Western Washington Lowlands Prov- 
ince. 

In the Sierra Nevada of California, Spot- 
ted Owls are widely distributed on public 
land, but apparently are not as numerous 
on private land. There are a minimum of 
2452 (1008 pairs and 436 single) owls known 

to occur in the Sierra Nevada as of 1992 
with approximately 5% occurring on private 
land (CDFG data base). 

In southern California, Spotted Owls are 
distributed as an archipelago of isolated 
populations (LaHaye et al. 1994). Approx- 
imately 598 individuals are known in 15 
populations ranging from 3-270 individu- 
als (CDFG data base; see also LaHaye et al. 
1994). Loss of habitat and early resource 
exploitation in southern California is sim- 
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ilar to that of the Sierra Nevada, although 
not as intensive (McKelvey and Johnston 
1992). 

Of particular interest is the apparent ab- 
sence of Spotted Owls from the Santa Cruz 
Mountains and forests north of Monterey 
Bay, California. Spotted Owls currently oc- 
cur in both conifer and hardwood forests 
within the Santa Lucia Range, south of 
Monterey Bay. Their absence to the north 
could be a historic anomaly, a natural ex- 
tinction event, or a result of the almost com- 
plete logging of primary conifer forests in 
the Santa Cruz Mountains. If logging is re- 
sponsible owls may recolonize the Santa 
Cruz Mountains as forests mature. 

The Mexican Spotted Owl, the least 
known of the subspecies, is found through- 
out forested canyons and conifer regions of 
the southwest and is known from 725 sites 
(Fletcher, pers. comm.). I estimated that 579 
of these sites would be occupied by pairs 
and 117 by single owls, based on data from 
New Mexico and Arizona (Gutierrez et al. 
1993). Most locations are from mixed co- 
nifer and pine-oak zones of Arizona and 
New Mexico with ~20% of locations from 
canyons and riparian forests (Fletcher, pers. 
comm.). 

TRENDS IN HABITAT Loss 

Impacts of logging 

Rapid loss of primary forests has oc- 
curred since 1960 on public land in the Pa- 
cific Northwest (USDI 1990, Table 1). By 
1992, suitable habitat remaining on public 
lands ranged from O-46% (Table 1). Clear- 
cutting has led not only to habitat loss but 
also to a high degree of forest fragmentation 
(Harris 1984). Fragmentation has been 
shown to be detrimental to Spotted Owls 
(Bart and Forsman 1992, Carey et al. 1992, 
Johnson 1992). 

McKelvey and Johnston (1992) traced 
historic trends in forest conditions in the 
Sierra Nevada which were different than the 
Pacific Northwest. Sierran forests, although 
strongly influenced by fire, were a mosaic 
of stands with different structure (i.e., open 

to dense). Areas with diverse forest struc- 
ture probably formed the core of Spotted 
Owl habitat in presettlement days. 

In the Sierra Nevada it is possible that 
Spotted Owls could have undergone as many 
as three periods of decline resulting from 
the activities of Europeans. First, extensive 
and intensive livestock grazing in conjunc- 
tion with human-set fires during the 1800s 
(McKelvey and Johnston 1992) may have 
removed much of the habitat for some ma- 
jor owl prey species (e.g., Neotoma fuscipes). 
Next, in the 1870s logging removed many 
of the basic elements of owl habitat over 
large areas, potentially rendering them tem- 
porarily unsuitable. However, with wildfire 
control and prevention, ingrowth of coni- 
fers and hardwood trees was prevalent both 
in relict old stands and residual stands 
(McKelvey and Johnston 1992). This pro- 
cess resulted in the present forest structure 
that is used by owls (i.e., stands dominated 
by large, old trees with an uneven diameter 
distribution of smaller trees forming sec- 
ondary canopy layers, Verner et al. 1992). 
Thus, regrowth of the secondary forest be- 
neath the original or remnant stands prob- 
ably resulted in a recolonization of dis- 
turbed areas of the Sierra Nevada. The 
current trend in removal of key habitat el- 
ements (see below) during logging may pre- 
cipitate another decline in the Sierran owl 
population (Bias and Gutiirrez 1992, 
McKelvey and Weatherspoon 1992, Verner 
et al. 1992). 

Many key elements (e.g., nest trees, coarse 
woody debris) associated with Spotted Owl 
habitat in the Sierra Nevada were remnants 
of original forests (Verner et al. 1992). Be- 
cause of lower intensity logging in the Sierra, 
these key habitat elements were still widely 
distributed in 1992 (Verner et al. 1992). 
However, their removal had dramatic ef- 
fects on nesting owls in some areas. For 
example, “sanitation” logging, which re- 
moves old trees that often are used as nest 
sites apparently caused abandonment of an 
area (e.g., Bias and Gutierrez 1992). This 
area was a patchwork of alternating public 
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(60%) and private (40%) land. Since 1986 
20 nests representing 20 different pairs have 
been found on public land (Gutierrez et al., 
unpubl. data) and none on private land 
where “sanitation” logging was practiced. 
The probability that none of the nests would 
be found on private land was extremely low 
(P = 0.6*O = 0.00004). 

Mexican Spotted Owls primarily use three 
kinds of habitat: montane conifer (over 80% 
of the owls are found in this habitat, USDI 
1993) riparian, and steep, rocky canyons. 
Between 6-36% of the owl’s conifer habitat 
has been lost on national forests in Arizona 
and New Mexico because of logging and 
other events such as wildfire (Fletcher, pers. 
comm.). Riparian habitat also has de- 
creased substantially since Bendire (1882) 
first collected a nesting owl in this habitat 
type. Canyon habitats probably have not 
changed as extensively as conifer and ri- 
parian habitats. 

Two additional sources of information 
gathered from field studies indicated owl 
populations have declined in the southwest. 
First the difference in density between study 
populations in Arizona and New Mexico 
(0.106 and 0.172 owls/km2, respectively; 
Gutitrrez et al. 1993) may have been the 
result of more intensive tree cutting in Ar- 
izona. Second, within the New Mexico study 
area, two adjacent canyons of similar size 
were censused repeatedly and equally dur- 
ing 199 1 and 1992; one contained six pairs 
and one single owl while the other contained 
three pairs of owls. Approximately half of 
the canyon with the lower density had been 
logged in the recent past. 

Declines due to urbanization and 
other factors 

Although rarely considered a major im- 
pact, urbanization and agriculture have had 
a significant effect on the distribution and 
abundance of Spotted Owls. Urban expan- 
sion and agricultural development have 
claimed at least 224,000 and 392,000 ha, 
respectively, of formerly suitable habitat 
from south Tacoma to Everett, Washington 

since the turn of the century (D. Hays, pers. 
comm.). No resident owls have been re- 
ported in this area in the past decade (D. 
Hays, pers. comm.). In the San Bernardino 
Mountains of southern California 6700 ha 
of dispersed housing (houses and develop- 
ments scattered throughout otherwise suit- 
able owl habitat) have been surveyed for 
owls since 1987 (LaHaye and Gutierrez, un- 
publ. data). Although the area surrounding 
the developed forest contained dense and 
productive owl populations, residential ar- 
eas did not contain owls. Further, egg and 
nest records from southern California be- 
tween 1900 and 1930 indicated Spotted 
Owls were nesting in relatively low eleva- 
tion evergreenriparian forests within can- 
yons. Most ofthese habitats have been elim- 
inated by urban expansion. 

Dispersed housing and suburban devel- 
opment is increasing rapidly in the Sierra 
Nevada, southern California, and in some 
areas of the southwest (McKelvey and 
Weatherspoon 1992). The mid-elevation 
counties in the Sierra Nevada are among 
the fastest growing in California (McKelvey 
and Weatherspoon 1992). Although current 
impacts are unknown, this development 
probably is affecting the distribution and 
abundance of Spotted Owls. 

Owls in previously logged forests 

Spotted Owls may occur in forests that 
have been previously logged (Forsman et al. 
1977, Forsman 1988) primarily on private 
lands within the California coast province 
(Table 1, USDI 1992a). The fact that Spot- 
ted Owls occur in forests other than in pri- 
mary forests has been used as evidence that 
owls are either adaptable or compatible with 
timber harvesting (e.g., USDI 1992b). Since 
they have been observed in a variety of hab- 
itats throughout their range (e.g., Forsman 
et al. 1984, Carey et al. 1992, Vemer et al. 
1992, USDI 1993), occupation of some pre- 
viously logged forests does not conflict with 
the general inference that Spotted Owls are 
declining where even-aged forest manage- 
ment occurs. 
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In almost all cases in which Spotted Owls 
occur in forests with prior logging, these sites 
contain remnants from the original forests. 
These forests are heterogeneous in structure 
and often contain elements similar to nat- 
ural, unlogged forests (Bart and Eamst 1992). 
In addition, coastal redwood (Sequoia sem- 
pervirens) forests can achieve tree size typ- 
ical of Spotted Owl habitat within 80 years 
following logging. When these forests also 
contain an understory of tanoak (Lithocar- 
pus densiforus), they are frequently used. 
Nevertheless, the ability of these forests to 
sustain owl populations is unknown. 

In assessing possible changes over the past 
century in previously logged forests, I judge 
(from early photographs [see McKelvey and 
Johnston 1992 for examples of Sierra Ne- 
vada logging]) that partial logging probably 
resulted in temporary displacement of Spot- 
ted Owls. In order to predict future changes 
in Spotted Owl populations in recently re- 
colonized areas scientists need to know if 
future harvest patterns and methods will 
perpetuate conditions that currently attract 
owls. If owls are found only in heteroge- 
neous or uneven-aged forests, then clear- 
cutting (a primary method of harvest on 
private and public land), which results in 
even-age forests, probably will lead to their 
extirpation. 

Demographic trends 

Spotted Owl densities vary from 0.105 
0.273 owls/km2 across the species range 
(USDI 1992a, Noon et al. 1992, Gutierrez 
et al. 1993). The finite rate of annual pop- 
ulation change (X) derived from estimates 
of fecundity and survival from territorial 
populations throughout the Pacific North- 
west show that all study populations are de- 
clining at annual rates of 6-l 2% (Anderson 
and Bumham 1992). Forsman et al. (1984) 
estimated an empirical rate of decline of 
approximately 1.1% per year based on ob- 
servations of territorial birds. Forsman et 
al. (1987:54) also reported a decline in one 
population of 1 S-29% over a lo-year pe- 
riod, presumably due to logging. Differences 

between empirical and projected rates of de- 
cline could be accounted for by bias in the 
estimates of the vital rates used to calculate 
X and/or to the stabilizing effect of floaters 
on the territorial population (Franklin 1992). 
Anderson and Bumham (1992) also re- 
ported that the rate of decline was acceler- 
ating over the period each population was 
studied. This was related to an increasing 
rate of adult female mortality, suggesting a 
changing source of bias if one existed or an 
accelerating response to continued distur- 
bance. Noon and Biles (1990) demonstrated 
that adult female survival was the most im- 
portant parameter affecting estimates of X 
for Northern Spotted Owls. 

Of the two Spotted Owl populations stud- 
ied in the Sierra Nevada neither could be 
demonstrated to be declining (Noon et al. 
1992). However, two other populations were 
declining in southern California. LaHaye et 
al. (1992) projected an annual decline of 
14% in the San Bernardino Mountains, while 
I (unpubl.) estimated an empirical decline 
of 16% on Mount San Jacinto. Empirical 
changes in the San Bernardino population 
did not show the same rate of decline pre- 
dicted by estimates of X (e.g., LaHaye et al. 
1992). However, changes in numbers of ter- 
ritorial birds may be buffered by the pres- 
ence of floaters (nonterritorial birds; see 
Franklin 1992). 

DISCUSSION 

SPOTTED OWL POPULATIONS: THE NEXT 
CENTURY 

Documenting the decline of a species is 
an odious task for an ecologist. However, 
in the case of the Spotted Owl, there is hope 
that its populations can be stabilized and 
will recover in the next century. Both the 
Northern and Mexican races are listed as 
threatened, not only because of their current 
and past population trends but also because 
of projected declining trends in their habitat 
(USDI 1990, 1992a, 1993). In fact, the hab- 
itat of all three subspecies is expected to 
decline substantially under projected U.S. 
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Forest Service (the primary steward of Spot- 
ted Owl habitat) harvest scenarios (USDI 
1990, 1993; McKelvey and Weatherspoon 
1992). However, conservation plans have 
been developed to arrest the decline of the 
Northern and Californian races and their 
habitat (Thomas et al. 1990, USDI 1992a, 
Vemer et al. 1992), and one plan is being 
developed for the Mexican Spotted Owl. 
Their implementation is essential for the 
owl, species that share its habitat, and stable 
local economies. Because these are only 
plans formulated on the best available in- 
formation, they should be considered “con- 
servation hypotheses.” Their test, through 
monitoring population trends, will be sta- 
bilization and recovery of Spotted Owl pop- 
ulations. 
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THE COWBIRD’S INVASION OF THE FAR WEST: HISTORY, 
CAUSES AND CONSEQUENCES EXPERIENCED BY 
HOST SPECIES 

STEPHEN I. ROTHSTEIN 

Abstuucl. No other native bird species has increased in distribution and abundance in the Far West 
over the last century as much as the Brown-headed Cowbird (Molothrus ater). Its remarkable colonizing 
ability is associated with its brood parasitism, which allows it to commute daily between widely 
disjunct feeding and breeding sites. Consequently, cowbirds use a wider range of habitats than other 
birds. When the western invasion began around 1900, the Dwarf Cowbird (M. a. obscurus) occurred 
along the Colorado River and farther east in the Southwest, while the much larger Nevada Cowbird 
(M. a. artemisiue) occurred east of the Sierran-Cascade axis. The former rapidly colonized southern 
California, the Central Valley and the Bay Region by 1922, eventually reaching western Washington 
and British Columbia in 1955. The advance northward, at a rate of 20-35 km/yr in California and 
70-78 km/yr in Oregon and Washington, was facilitated by anthropogenic habitat changes. As they 
spread, cowbirds parasitized new host populations some of which declined. Cowbird removal is 
probably necessary to save the remnants of two taxa, Least Bell’s Vireo (Vireo be/iii pusilus) and 
Southwestern Willow Flycatcher (Empidonux truillii extimus), which would probably have survived 
coexistence with cowbirds had not most of their riparian habitat also been destroyed. Habitat resto- 
ration, not cowbird control, holds the most promise for the long term management of these hosts. 

Key Words: Brood parasitism; colonization; cowbird; endangered species; Molothrus; range expan- 
sion. 

Parasitic birds are significant for the basic 
evolutionary and ecological questions they 
provoke (Rothstein 1990) and for their po- 
tential effect on host species (Mayfield 1977). 
Among the most well-studied parasitic birds 
is the Brown-headed Cowbird whose par- 
asitism makes it perhaps the most unpop- 
ular native bird in North America. It has 
often been condemned, e.g., Dawson (1923: 
77) referred to the female cowbird as “. . . 
the unchaste mother of a race gone wrong 
. . . a blight upon the flower of Progress.” 
whose existence means that “Evolution is 
at a standstill.” No wonder Wheelock (1904: 
412) wrote that “. . . Californians are to be 
congratulated that as yet the Cowbird is only 
an irregular winter visitant to the south- 
eastern comer of their state.” But only 29 
years later, cowbirds had become so com- 
mon that Willett (1933: 156) called their in- 
crease “. . . remarkable; in fact unparalleled 
by any other of our native birds.” Here I 
present an overview of the history and 
causes of the cowbird’s colonization of the 
Far West. I also discuss the consequences 
experienced by some host taxa that were 
once abundant but are now imperiled. 

GENERAL COWBIRD 
CHARACTERISTICS THAT 
ENHANCE COLONIZING ABILITY 

Because cowbirds are free of parental du- 
ties they do not need to base their daily 
activities around a particular location, 
namely a single nest. Thus they can uncou- 
ple vital activities such as maintenance and 
reproduction by carrying them out in dis- 
junct areas. Cowbirds in the Sierra Nevada 
of California, for example, “commute” up 
to 6.7 km between large home ranges, where 
they carry out breeding activities such as 
courtship and egg laying in the morning 
while alone or in small groups, and localized 
sites where large flocks forage in the after- 
noon (Rothstein et al. 1980, 1984, 1987). 
Cowbirds prefer and may require areas of 
short grass or bare ground for foraging 
(Friedmann 1929) and prefer to forage 
among large grazing mammals. Sierran 
feeding sites are anthropogenic, e.g., horse 
corrals, pastures with livestock, bird feed- 
ers, or campgrounds. The commuting be- 
havior seems to be unique: many nonpara- 
sitic birds nest and feed in widely separated 
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TABLE 1. INCIDENCE OF COWBIRDS (BHCO) AND THE NEXT FIVE MOST COMMONLY LISTED SPECIES ON BREEDING 
BIRD CENSUSES IN VOLUMES 60-64 OF The Journal ofField Ornithology. FOREST CENSUSES ARE DONE COMPLETELY 
WITHIN FORESTS, WITH CENSUSES IN MIXED HABITATS EXCLUDED. FULL NAMES OF BIRD SPECIES, REPRESENTED 
BY STANDARD FOUR LETTER CODES, ARE GIVEN BELOWI 

1988 1989 1990 1991 1992 
Total 

censuses: 87 96 98 126 132 
FOESt 

censuses: 54.0% 54.2% 58.2% 67.5% 59.1% 

BHCO 
AMRO 
NOFL 
YETH 
EWPE 
BLJA 
BCCH 
REV1 
RSTO 

60.9% BHCO 62.5% BHCO 61.2% BHCO 6 1.9% BHCO 56.1% 
48.3 AMRO 55.2 AMRO 48.0 REV1 56.3 YETH 48.5 
43.1 REV1 47.9 REVI 48.0 EWPE 50.8 REV1 47.7 
43.7 EWPE 45.8 YETH 48.0 AMRO 50.8 AMRO 47.0 
40.2 NOFL 44.8 DOW0 46.9 BCCH 46.8 DOW0 41.7 
39.1 WOTH 44.8 EWPE 46.9 BLJA 46.8 EWPE 40.2 
39.1 BLJA 46.9 YETH 46.8 
39.1 
39.1 

’ AMRO: American Robm (Turdus mrgrarorius), BCCH: Black-capped Chickadee (Parus arricapdlus), BHCO: Brown-headed Cowbird (Molorhrw 
a/w), BLJA: Blue Jay (Cyanocim cristata), DOWO: Downy Woodpecker (Pxoidexpubescens), EWPE: Eastern Wood-pewee (Contopus sirens), NOFZ: 
Northern F’hcker (Colapfes auralus), REVI: Red-eyed Vireo (Vireo olwaceus), RSTO: Rufous-sided Towhee (P&o ery~hrophfhalmus), WOTH: Wood 
Thrush (Hyloachla mustelrna), YETH: Yellowthroat (Geofhlypis trichns). 

places but they disperse from communal 
breeding sites to feed at scattered sites; cow- 
birds by contrast disperse from communal 
feeding sites to scattered breeding sites 
(Rothstein et al. 1984). 

Most or all cowbird populations show at 
least some degree of commuting behavior. 
This uncoupling of breeding and feeding ac- 
tivities enhances colonization in two ways. 
First, the tendency to fly relatively large dis- 
tances on a daily basis predisposes cowbirds 
to disperse large distances. Even without 
commuting, cowbirds move large distances 
as their morning breeding ranges (Dufty 
1982, Rothstein et al. 1984) alone are 7-68 
times larger than the l-3 ha ranges of pas- 
serines of similar body sizes (Schoener 
1968). 

Second, the uncoupling allows cowbirds 
to occur in regions with habitats that meet 
breeding and feeding needs in separate plac- 
es. Most passerines must meet both of these 
needs in a single place. Indeed, my tabula- 
tions of the 1988-1992 breeding bird sur- 
veys (The Journal of Field Ornithology, ~01s. 
60-64) done throughout North America 
show that the percentage of censuses that 
included cowbirds as breeders was consis- 
tently much higher than for any other spe- 
cies (Table 1). This result is especially im- 

pressive because most censuses were in 
forests, where cowbirds are not abundant. 
The “forest effect” can be seen in the high 
prevalence in Table 1 of such woodland spe- 
cies as the Eastern Wood-pewee (Contopus 
virens), Red-eyed Vireo (Vireo olivaceus), 
and Wood Thrush (Hylocichla mustelina). 

Other factors that facilitate colonization 
are: 1) a propensity to parasitize almost ev- 
ery passerine with which cowbirds are sym- 
patric (Friedmann 1963); 2) high fecundity 
(females lay 30-40 or more eggs per season; 
Rothstein et al. 1986) which gives cowbird 
populations an enormous growth potential; 
3) a possible relative lack of defenses in host 
populations not previously sympatric with 
a brood parasite (e.g., Briskie et al. 1992). 

A HISTORY OF THE COWBIRD’S 
INCREASE IN 
WESTERN NORTH AMERICA 

Willett’s suggestion that the cowbird has 
increased to a greater extent than any other 
native bird applies also to all of North 
America. Before the widespread forest 
clearing and agriculture brought about by 
the European colonization, the cowbird’s 
favored foraging conditions of short grassy 
areas with grazing mammals were wide- 
spread only in the Great Plains and the Great 
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Basin. Cowbirds began a dramatic increase 
in the heavily forested East in the mid- to 
late 1700s (Mayfield 1965). That increase 
has continued into recent years as cowbirds 
first colonized Newfoundland in 19 5 7 (Baird 
et al. 1957) and began to breed in Florida 
in the 1950s (Weston 1965). What is not 
clear, however, is whether the cowbird is 
completely new to all of eastern North 
America as Mayfield ( 196 5) suggested. Even 
upon their arrival in North America, the 
first European colonists found some obli- 
gate grassland birds such as the Heath Hen 
(Tympanuchus cupido cupido) nesting along 
the East Coast. Given their daily mobility 
patterns (above) and tendency to disperse 
from one population to another (Fleischer 
and Rothstein 1988), it seems likely that 
cowbirds were originally found in small 
numbers in the east. 

Because it occurred more recently, the 
cowbird’s increase in the west is better doc- 
umented. Around 1900, cowbirds were 
widespread throughout the Great Basin and 
adjoining parts of Oregon and Washington 
east of the Cascades. These birds are refer- 
able to the “Nevada Cowbird” (M. a. ar- 
temisiae). In addition, the “Dwarf Cow- 
bird” (M. a. obscurus) was common along 
the Colorado River (Brown 1903, Grinnell 
19 14) and in the Tucson area (Bendire 1895) 
and presumably occurred farther east to 
Texas (Friedmann 1929). Cowbirds bred 
along the Colorado River as early as the 
1860s (Cooper 1974), but even then the 
lower Colorado River valley was not pris- 
tine, as Spaniards brought in livestock in 
the late 1600s (Rosenberg et al. 199 1). This 
could have enabled the Dwarf Cowbird to 
colonize the area. The Nevada Cowbird’s 
ancient status in the west is similarly un- 
certain. Grinnell (1909) argued that it must 
have been present in the Great Basin for a 
long period to have evolved its large size 
and other distinctive features. However, 
Bishop (19 10) described a new subspecies 
(M. a. dwighti), which later proved to be 
identical to M. a. artemisiae, from the 
northern Great Plains. Thus, the Nevada 

Cowbird could have been a recent arrival 
in the west as Coues (1874) reported that 
every wagon train passing over the prairies 
in summer was accompanied by cowbird 
flocks. 

In any case, cowbird abundance in the 
Great Basin and adjoining areas east of the 
Cascades has increased greatly since the late 
1800s. During extensive travels through the 
intermountain states in the late 1800s Ben- 
dire (1895) noted cowbirds on “but very few 
occasions,” and Ridgway (Baird et al. 1874) 
only saw cowbirds twice. Especially instruc- 
tive are records from eastern Oregon. Ben- 
dire (1877) found no cowbirds in Harney 
County in 1875 and 1876, although he vis- 
ited localities such as Malheur Lake where 
they are now abundant (Littlefield 1990). 
The first Oregon records (Woodcock 1902) 
were from central and northern Baker 
County, roughly 160 km northwest of Ben- 
dire’s area. Other early Oregon records are 
summarized by Gabrielson and Jewett 
(1940). Cowbirds became common around 
Malheur Lake by 19 18 (Willett 19 19), per- 
haps aided by an increase in agriculture since 
the 1870s. A contemporaneous increase ap- 
pears to have occurred in eastern Washing- 
ton as Dawson (1909:44) wrote that “. . . 
the Cowbird is no longer rare east of the 
Cascades . . . ,” and that “the earlier writers 
make no mention of it. . .” in Washington. 

Cowbirds probably did not breed west of 
the Cascade-Sierra axis or the Colorado 
River prior to about 1890, except in coastal 
southwestern British Columbia, where small 
numbers may have bred sporadically (Ker- 
mode 1904, Brooks and Swarth 1925). An 
1862 record from San Diego County (Coo- 
per 1874) was early enough in spring to have 
been a wintering flock. Rothstein et al. (1980) 
and Laymon (1987a) briefly summarized the 
cowbird’s colonization of California and 
here I present a more detailed account (sum- 
marized in Fig. 1 and Table 2) for the region 
from California to British Columbia based 
on all of the original literature, numerous 
museum specimens, Audubon Field Notes 
(1947-1965) and compilations of host use 
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100 KM 

I M.a. obscurus U 

FIGURE 1. The pre- 1900 distribution of Molothrus ater artemisiae and M. a. obscurus, and the subsequent 
spread of the latter throughout most of California and the Pacific Northwest. Shaded areas represent major 
mountain ranges. Question marks reflect uncertainty about the range of artemisiae in southern Nevada and the 
Eastern Sierra before 1900. Large arrows show likely movement patterns of obscurus and indicate the first dates 
that it reached various locations, most of which are mentioned in the text. Underlined years represent records 
that may not reflect the arrival of the advancing wave of obscurus because of uncertain reliability, a lack of 
evidence of breeding or a clear indication that a case reflects an isolated breeding episode. The locality and 
reference for each year are listed in Appendix I. 
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by H. Friedmann and his colleagues. Data 
from the latter are cited as “Friedmann 
compilations” (contact me for exact cita- 
tions) unless given in major summaries 
(Friedmann 1963, Friedmann et al. 1977, 
Friedmann and Kiff 1985). 

The earliest indication of breeding west 
of the Colorado River is Wall’s (1919:209) 
vague reference to a cowbird egg found “. . . 
somewhere about thirty years ago . . .” in 
San Bernardino County, prompted by Han- 
na’s (19 18) claim to have found the first 
local breeding records in 19 18. Thus cow- 
birds may have bred sporadically in south- 
ern California before their large scale col- 
onization began around 1900. Similarly, two 
specimens collected on 30 April, 1896, at 
Borrego Springs, San Diego County (Unitt 
1984) may have been breeders. The first 
wholly reliable breeding records are of sin- 
gle parasitized nests from Santa Paula, Ven- 
tura County, in 1904 and Los Angeles in 
1905 (Willett 19 12). By 19 12, Willett (19 12) 
called cowbirds “fairly common” in the 
lowland willow regions of Los Angeles 
County, but the first breeding adult was not 
collected until 19 15 (Miller 19 15). These 
and other records (see Willett 1933) indi- 
cate that cowbirds occurred locally in coast- 
al California from Santa Barbara County 
south by 1915, although some areas were 
not colonized until later, e.g., Buena Park, 
Orange County in 1923. Rowley (1930) not- 
ed that cowbirds went from uncommon to 
abundant between 1920 and 1926 along the 
San Gabriel River and nearby areas, and 
Willett (1933) wrote that they were “well 
established” throughout southern Califor- 
nia west of the deserts. 

Cowbirds reached the southern end of the 
Central Valley by 1907, when Linton (1908) 
found their eggs in Bell’s Vireo (I’i”ireo bellii) 
nests at Buena Vista Lake. Four years later, 
cowbirds were common near Bakersfield, 
35 km to the northeast (Swarth 1911) and 
one was seen farther north near Fresno (Ty- 
ler 1913). In 1915, an adult male was col- 
lected at Snelling, Merced County (Grinnell 
and Storer 1924), 300 km north of Buena 
Vista Lake. 

The first records for the Bay Region were 
assumed to be La Jeunesse’s (1923) 1922 
discovery of ten cowbird eggs in nests near 
Irvington, Alameda County. New records for 
various parts of the Bay Region occurred 
both north and south of Irvington over the 
next decade (Sibley 1952) suggesting that 
this represented a disjunct colonization 
rather than an advancing wave from south- 
ern California. It is possible that this colo- 
nization originated from the Central Valley 
as cowbirds seemed to move northward 
more rapidly there than along the coast (Fig. 
1, Table 2). Even as late as 193 5, Miller 
(1935) referred to Irvington as the cow- 
bird’s center of abundance in the Bay Re- 
gion. Cowbirds were not noted at Berkeley, 
only 50 km north of Irvington until 1934 
(Benson and Russell 1934). Remarkably, the 
first breeding adult specimens for the Bay 
Region were not taken until 1934 (Grinnell 
1934) despite the presence of locally active 
collectors from U.C. Berkeley. Curiously, a 
parasitized Song Sparrow (Melospiza me- 
lodia) clutch collected in 19 11 by M. S. Ray 
(U.C. Berkeley, MVZ no. 12929) at Palo 
Alto escaped the notice of these Bay Area 
ornithologists (e.g., Grinnell and Wythe 
1927). This may have been an isolated cow- 
bird intrusion rather than the forerunner of 
the population La Jeunesse discovered 11 
years later. The earliest record between 
southern California and the Bay Area, and 
outside of the Central Valley, is a parasit- 
ized Song Sparrow clutch taken in 1924 at 
Paso Robles (MVZ no. 11893). 

The first breeding season records for the 
northern part of the Central Valley are from 
1931, when Neff (1931) saw cowbirds at 
scattered localities in Yuba, Sutter and 
Glenn counties. Cowbirds were apparently 
abundant in the area by May 1937, when 
99 were trapped at Oroville, Butte County 
(Behle 1937). Presumably, cowbirds moved 
rapidly northward through the Valley, which 
has no obstacles to dispersal and contains 
widespread agriculture. 

Cowbirds were first noted on the west 
slope of the Sierra Nevada in 1932 (Fried- 
mann compilations) and 1934 (Michael 



306 STUDIES IN AVIAN BIOLOGY NO. 15 

TABLE 2. THE RATE OF NORTHWARD ADVANCE AS 
COWBIRDS COLONIZED AREAS WEST OF THE 
SIERRAN-CASCADE AXIS. DATA PRESENTED ARE THE 
YEARS AND DISTANCES BETWEEN THE FIRST RECORDS 
OF COWBIRDS DURING THE BREEDING SEASON (APRIL- 
JULY) FOR VARIOUS REGIONS. REFERENCES FOR EACH 
RECORD ARE IN THE TEXT 

Site and year for 
each record (regmns) 

Santa Paula to Irvington, 1904- 

Years km kmlyr 

1922 (S. Coastal Calif. to Bay 
Region) 18 275 25 

Irvington to Fembridge, 1922-1941 
(Bay Region to N. Coastal Calif.) 19 383 20 

Buena Vista Lk. to Snelling, 1907- 
19 15 (S. to mid Central Valley) 

Fembtidge to Eugene, 194 l-l 946 
8 270 34 

(NW. Calif. to Oregon) 
Eugene to Vancouver Is., 1946- 

5 390 78 

1955 (Oregon to British Colum- 
bia) 9 630 70 

1935) in Yosemite Valley at an elevation of 
1200 m. Gaines (1988) traced their subse- 
quent spread in the Central Sierra and 
showed that they reached sites as high as 
2130 m by 1935. By 1961, they were “nu- 
merous” at Tuolumne Meadows at 2620 m. 
However, abundance may be true only for 
Sierran areas strongly affected by man as 
even in the early 1980s cowbirds were rare 
or absent from West Slope sites 10 km or 
more from human influence (Vemer and 
Rothstein 1988). Because the colonization 
of the West Slope progressed from low to 
high elevations, the birds probably came 
from the Central Valley. 

On the East Slope of the Sierra, parasitism 
records show cowbirds in Mono County at 
elevations above 2 130 m in the early 1920s 
(Friedmann 1963). But they apparently 
largely died out by the late 192Os, as Rowley 
(1939) saw no adults and found only one 
parasitized nest from 1926 to 1939. There 
are additional parasitized nests from Mono 
County in the 1930s (Friedmann compila- 
tions). Extensive field work from 1978 to 
the present shows that cowbirds are now 
common at sites Rowley often visited 
(Rothstein et al. 1980, 1984). Another East- 
ern Sierran area that has received a rela- 
tively large amount of attention is the Tahoe 

Basin, where early workers found no cow- 
birds (Barlow 190 1, Ray 1903, Bryant 1928). 
OrrandMoffitt(1971)give 1959asthefirst 
year of its occurrence although G. McCaskie 
(pers. comm.) first noted them in 1957. In 
addition, N. K. Johnson (pers. comm.) not- 
ed cowbirds on rare occasions on the Ne- 
vada side of Lake Tahoe between 1948 and 
1954 and they made occasional forays into 
the area as early as 19 3 8, when a parasitized 
MacGillivray’s Warbler (Oporornis tolmiei) 
nest was found (Friedmann et al. 1977). Re- 
markably, cowbirds did not reach the Sage 
Hen Valley, only 25 km north of Lake Ta- 
hoe, until 1968 after about 20 years of ob- 
servations there (J. M. White, pers. comm.). 
Today, cowbirds occur commonly all around 
Lake Tahoe and in the Sage Hen Valley (pers. 
obs.). Cowbirds occurred nearby along the 
Truckee River, which drains Lake Tahoe, 
in the late 1800s (Baird et al. 1874) so it is 
not clear why it took them so long to become 
well established in the Tahoe area. Perhaps 
the dense, widespread forests of the Tahoe 
region retarded the cowbird’s local advance. 

The last major region of California to be 
colonized was the heavily forested north- 
western corner. In 1941, Talmadge (1948) 
found three parasitized nests about 10 km 
apart in Humboldt County, and later (1947- 
1948) found parasitism over a much wider 
area. The next areas to be colonized were 
west of the Cascades in Oregon, Washington 
and British Columbia. The first breeding 
record for western Oregon occurred in 1946 
at Eugene (Gullion 1947). In western Wash- 
ington and in British Columbia, the first 
confirmed breeding records occurred in 19 5 5 
at Seattle and Victoria (Flahaut and Schultz 
1955); by 1957, cowbirds had become “nu- 
merous” (Schultz 1957) and were still in- 
creasing in 1960 (Boggs and Boggs 1960). 
There are few cowbird references in Au&- 
bon Field Notes from 1961 to 1965, indi- 
cating that cowbirds were then widespread 
and common in the Pacific Northwest as 
confirmed by Crowell and Nehls (197 1). To- 
day, cowbirds are still common throughout 
western Oregon and Washington (Alcorn 
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TABLE 3. MALE COWBIRD WING LENGTHS. DATA FROM NORTH-TERN NEVADA AND THE COLORADO RMZR 
INCLUDE NEARLV ALL SPECIMENS FROM GRINNEL (1909 AND 19 14). DATA FROM THE SACRAMENTO, SAN JOAQUIN 
AND IMPERIAL VALLEYS INCLUDE MOST OF THE SPECIMENS CITED IN DICKEY AND VAN ROSSEM ( 1922) ANLJ BEHLE 
( 1937) AND OTHERS IN VARIOUS MUSEUMS. DATA IN THE LAST FOUR Rows ARE FROM FLJZISCHER AND ROTHSTEIN 
(1988) 

Region, period Mean k SE 

Northwestern Nevada, 1909’ 
Lower Colorado River, 19 10’ 
Sacramento Valley, pre- 1 9401 
San Joaquin Valley, pre- 1940’ 
Imperial Valley, pre- 1 9401 
Western Sierra, 198 1 
Eastern Sierra-min., 1981-19852 
Eastern Sierra-max., 1981-19852 
Eastern Sierra, 19 12-l 922l 

115.4 k 1.00 
102.9 f 0.55 
105.5 f 0.72 
105.4 + 0.57 
104.3 + 0.80 
103.7 k 0.28 
104.4 k 0.25 
105.9 f 0.16 
109.1 f 0.75 

(N) Mean 2 SE (N) 

(7) 
(7) 
(6) 

(15) 
(13) 
(68) 

(152) 
(283) 

(7) 

112.3 k 0.44 
100.8 -t 0.45 
102.8 + 0.48 
102.9 + 0.56 

- 

101.7 + 0.35 
102.3 f 0.17 
103.7 f 0.17 
104.9 + 1.15 

(3) 
(23) 
(11) 
(11) 

(33) 
(264) 
(183) 

(4) 

’ Data for these samples are from museum specimens measured by me. Data for the remaining samples were collected in the field by my collaborators. 
’ The two Eastern Sierra, 198 l-1985 samples are from the sites with the smallest and largest birds (with N’s of at least 20 individuals) among five 
sites along a 90 km north-south transect 

1978) and at least southern coastal British 
Columbia (Godfrey 1986, pers. obs.). The 
northward range expansion proceeded at an 
accelerating pace when it reached Oregon 
and British Columbia (Table 2), “fueled” 
perhaps by increasing populations to the 
south. 

WHERE DID THE COLONIZING 
COWBIRDS COME FROM? 

The two western subspecies of the cow- 
bird are well differentiated in areas far from 
potential contact zones. Grinnell’s 19 10 ob- 
scurus sample from the lower Colorado Riv- 
er was 11.5 to 12.5 mm smaller in male 
wing length than his 1909 type series for 
artemisiae from northwestern Nevada (Ta- 
ble 3). In addition, the rictal flanges of nest- 
ling obscurus are yellow whereas they are 
white in artemisiae (Rothstein 1978). The 
cowbirds of southern California are close in 
size to obscurus (Table 3) and have yellow 
flanges and evidently originated from the 
Colorado River, the nearest area where this 
subspecies bred before 1900. A Colorado 
River origin is also indicated by flight whis- 
tle variation. In most of California west of 
the Sierran crest and north of a line through 
the Los Angeles Basin this song type (Roth- 
stein et al. 1988) conforms to the “coastal 

type” of whistle (Rothstein et al. 1986). 
While coastal flight whistles show dialect 
variation as regards certain details, they all 
possess a characteristic final syllable which 
rises gradually in frequency, then drops sud- 
denly and ends in a brief high frequency 
sweep (examples in Rothstein et al. 1986, 
1988). Cowbirds along the northern part of 
the lower Colorado River have whistles with 
this characteristic syllable but it is absent in 
dialects east of the crests of the Sierra and 
Cascades (Rothstein and Fleischer 1987; 
O’Loghlen and Rothstein 1993; SIR un- 
publ.). Because cowbirds south of the Los 
Angeles Basin in Orange and San Diego 
counties do not do coastal whistles, they 
may be obscurus from the southern part of 
the Lower Colorado River. It is unlikely 
that cowbirds spread from Baja California 
as they were found there only as wintering 
birds in the late 1800s (Bendire 1895). 

The cowbirds of northern California west 
of the Sierran-Cascades axis could be the 
Colorado River obscurus continuing an ad- 
vance northward, artemisiae from the Great 
Basin, or a mixture of both subspecies. The 
first of these possibilities is indicated by the 
occurrence of coastal flight whistles 
throughout the Central Valley and along the 
coast at least as far north as the Bay Region 
(Rothstein et al. 1986). Similarly, the chro- 
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nology of the colonization suggests that ar- 
temisiae had little or no role in it as the 
more northern parts of the state were col- 
onized only after obscurus was established 
in the south (Fig. 1). Furthermore, speci- 
mens from the Bay Region, the northern 
Central Valley and west slope of the Sierra 
(Table 3; see also Grinnell 1934, Miller 19 3 5, 
Grinnell and Miller 1944) are close in size 
to Colorado River obscurus and much 
smaller than artemisiae. Similarly, 95% of 
young cowbirds on the Sierran west slope 
have yellow flanges, versus 12-28% on the 
east slope (Fleischer and Rothstein 1988). 

The only hint that artemisiae colonized 
areas west of the Sierran crest is Dickey and 
van Rossem’s (1922) report that males from 
the southern end of the Central Valley were 
larger than typical obscurus. Behle (1937) 
reported that cowbirds from Oroville, 520 
km to the north of Dickey and van Ros- 
sem’s site, were closer to obscurus (wing 
lengths of 101.2 mm versus 103.5 mm) and 
suggested that artemisiae colonized the ex- 
treme southern Central Valley via the Kern 
River gap. I have located 14 of 15 of Behle’s 
male specimens and 11 of I8 of Didkey and 
van Rossem’s; 79% of the former but only 
36% of the latter are yearlings, which could 
by itself explain the wing length difference 
because male cowbirds average a 2.7 mm 
increase in wing length between their year- 
ling and subsequent years (Rothstein et al. 
1986). My measurements of known age 
males from the northern and southern parts 
of the Central Valley show that wing lengths 
were virtually identical before 1940 (Table 
3) and negate Behle’s artemisiae-Kern Riv- 
er gap hypothesis. 

The most surprising aspect of the wing 
length data (Table 3) is the similarity be- 
tween birds from the west slope of the Sierra 
at Dinkey Creek and from southern Cali- 
fornia. The former are only 65 km from 
known populations of artemisiae, whereas 
the latter are 320-500 km away. Analyses 
of body size, calorimetric characters and 
mitochondrial DNA (Fleischer and Roth- 
stein 1988, Fleischer et al. 1991) show that 

there has been recent and extensive gene 
flow eastwards across the Sierran crest from 
obscurus to artemisiae in the Mammoth 
Lakes area of Mono County. The wing length 
data (Table 3) indicate that there has been 
little or no gene Aow in the reverse direction. 
The trans-Sierran gene flow could not have 
occurred prior to the 193Os-1940s because 
there were no cowbirds on the west slope 
before then. But it has proceeded at such a 
rapid rate that today’s cowbirds from the 
eastern Sierra are closer in size to obscurus 
from the Central Valley than to eastern Si- 
erran artemisiae collected between 19 12- 
1922 (Table 3). A similar shift of cowbird 
populations from artemisiae toward obscu- 
rus occurred in northern Arizona sometime 
after 1935 (Phillips 1968) and in north-cen- 
tral Colorado after 1943 (Ortega and Cruz 
1992). All of these data indicate that obscu- 
rus is more vagile or outcompetes artemisi- 
ae and that the latter is undergoing a general 
decline in size. 

There are too few wing length data avail- 
able to indicate the origin and subspecies 
status of the cowbirds that colonized west- 
ern Oregon, Washington and British Co- 
lumbia in the 1940s and 195Os, but this 
area’s northern location apparently led 
workers to assume that the colonizers were 
artemisiae (AOU 1957). However, the tim- 
ing of critical events (i.e., colonization of 
the Bay Area of California by 1922, coastal 
northwestern California by 194 1, western 
Oregon by 1946 and western Washington 
in 1955) suggests that these birds are obscu- 
rus continuing their advance up the Pacific 
Coast. 

The characteristics of cowbirds currently 
breeding west of the Cascades all but con- 
firm that these birds are comprised mostly 
or exclusively of the obscurus stock that 
originated along the Colorado River. The 
“coastal” flight whistle that is widespread 
in California west of the Sierra occurs west 
of the Cascades in Oregon and Washington 
(pers. obs.). There are occasional pockets of 
differently structured flight whistles in this 
region, but this is also the case in California 
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where this flight whistle type occurs. The 
coastal form of the flight whistle is unlikely 
to have come from artemisiae populations 
east of the Cascades because cowbirds there 
have numerous highly divergent local flight 
whistle dialects, all different from the coast- 
al type, as in the eastern Sierra (Rothstein 
and Fleischer 1987). In addition, each of 15 
nestling cowbirds from Mandarte Island in 
southwestern British Columbia had yellow 
flanges (J. N. M. Smith, pers. comm.), 
whereas only four of 23 had yellow flanges 
east of the Cascades in Adams and Grant 
counties, Washington (E. Stevens, pers. 
comm.). 

Cascades and the Pacific Northwest. The 
ever growing suburban areas of the west also 
provide prime habitat. Even in the inland 
Northwest, increased agriculture may ex- 
plain the increase that artemisiae under- 
went in the late 1800s (Dawson 1909). 

Unlike the present birds in the coastal 
Northwest, those that occasionally occurred 
there early in this century were probably 
artemisiae, as the nearest obscurus were then 
at least 1000 km to the south. A June 1922 
adult male specimen from Clallam County 
on the Olympic Peninsula (Jewett et al. 1953) 
(UCLA no. 22-271) has a wing length of 
108 mm, which is much closer to the mean 
size of artemisiae than of obscurus (Table 
3). The small numbers of cowbirds that have 
occurred regularly during the breeding sea- 
son in southeastern Alaska since the 1940s 
(Kessell and Gibson 1978) are probably a 
westward extension of artemisiae because 
this subspecies ranged that far north in in- 
land Canada even in the 1920s (Friedmann 
1929). 

But human activity does not explain all 
of this increase. In particular, the Central 
Valley of California had vast marshes and 
riparian zones in its pristine state which 
would have provided numerous hosts 
(Gaines 1974). It also had extensive grass- 
lands, and the widespread tule elk (Cervus 
nannodes) would have provided a mam- 
malian foraging associate. If cowbirds had 
long been present along the Colorado River, 
the dispersal abilities shown since 1900 sug- 
gest that they could have colonized the Val- 
ley centuries ago. That they did not do so 
indicates that obscurus may be a relative 
newcomer to the Colorado River. If arte- 
misiae is similarly a newcomer to areas be- 
tween the Sierra-Cascade axis and the Rocky 
Mountains (above), both subspecies may 
have colonized areas west of the Great Plains 
in the last several hundred years, with ar- 
temisiae coming from the north and obscu- 
rus from the south. The former possibility 
is supported by Bendire’s (1895) observa- 
tion that cowbirds were abundant in Sas- 
katchewan and Alberta in 1894 whereas he 
and others found them to be rare in the late 
1800s farther to the south in areas such as 
the Great Basin and eastern Washington. 

WHY DID THE COLONIZATION 
OCCUR? 

The cowbird range extensions in the far 
west since 1900 are due largely or com- 
pletely to a very rapid colonization by ob- 
scurus that originated along the Colorado 
River around 1900 and reached western 
Washington and British Columbia, 1600 km 
to the north, by 1955. It occurred because 
most anthropogenic changes (except for 
outright urbanization), improved or created 
feeding, and to lesser extent breeding hab- 
itat, for cowbirds. These changes involve 
irrigation and agriculture in the Southwest 
and forest clearing in the Sierra Nevada, 

IMPACT OF THE COWBIRD’S 
WESTERN INCREASE ON 
HOST SPECIES 

Given its abundance and fecundity, the 
cowbird has a potential to lower the re- 
cruitment rate of host species. At least 10 
songbird species have declined since the 
cowbird’s spread in California and it is often 
suggested that these declines are due partly 
or mainly to parasitism (e.g., Gaines 1974, 
Garrett and Dunn 198 1). Below, I discuss 
two case species (see also Rothstein and 
Robinson 1994). 



310 STUDIES IN AVIAN BIOLOGY NO. 15 

Least Bell% Vireo 
pireo bellii pusillus) 

The Least Bell’s Vireo was initially com- 
mon in riparian woodland primarily in the 
Central Valley and coastal slopes of south- 
ern California. A decline was noticed by 
1930 (Grinnell and Miller 1944), and it was 
extirpated from the Central Valley by the 
early 1970s (Goldwasser et al. 1980). It was 
designated as an endangered species by the 
U.S. Fish and Wildlife Service in 1982 
(Franzreb 1989). In 1987, about 440 terri- 
torial males remained in the United States 
in southern California counties from Santa 
Barbara to San Diego. 

The vireo’s decline occurred within 20 to 
30 years of the cowbird’s invasion of Cali- 
fornia and many of the earliest cowbird rec- 
ords consisted of parasitized vireo nests. 
Within a decade or two of the cowbird’s 
arrival most nests in southern California 
seemed to be parasitized (Franzreb 1989). 
When studies of the remnant vireo popu- 
lations began in the late 1970s most had 
parasitism rates of about 50% (Goldwasser 
et al. 1980, Franzreb 1989). Because Bell’s 
Vireos that accept cowbird eggs generally 
raise only a cowbird (Pitelka and Koestner 
1942, Mumford 1952) it is obvious that 
cowbirds can have an enormous effect on 
vireo recruitment. Vireos may have per- 
sisted in Southern California but not in the 
Central Valley because they begin to breed 
earlier in the former region thereby enabling 
many early nests there to escape parasitism. 

However, parasitism is not the only factor 
in the vireo’s decline. The Central Valley 
has lost 95% of its riparian vegetation in 
this century (Smith 1977) and the loss in 
southern California’s has also been massive. 
Even where riparian habitat remains, flood 
control programs may keep it from regen- 
erating seral stages that are optimal for vir- 
eos (Rosenberg et al. 1991). Thus, habitat 
loss is at least as important as cowbird par- 
asitism in the vireo’s near extinction. Nev- 
ertheless, it is likely that parasitism will cause 
the current remnant populations to go ex- 
tinct without human intervention (Laymon 
1987a). Removal of cowbirds (Beezely and 

Rieger 1987) from vireo habitat has greatly 
increased productivity (Franzreb 1989) and 
the Least Bell’s Vireo is much more nu- 
merous now than when its near extinction 
was first recognized in the late 1970s. 

Willow Flycatcher 
(Empidonax traillii) 

Although Grinnell and Miller (1944) de- 
scribed the Willow Flycatcher as common 
in lowland parts of California and sporadic 
in montane localities up to 2440 m, the en- 
tire California population had less than 150 
pairs in the mid- 1980s (Harris et al. 1987). 
Unitt (1987) reported that the Southwestern 
Willow Flycatcher (E. t. extimus) was ab- 
sent from numerous southern California to 
western Texas sites where it once occurred 
and suggested that no more than 500 pairs 
were left. Many early California records of 
cowbirds were of parasitized Willow Fly- 
catcher nests, so parasitism was a likely fac- 
tor in this species’ decline. But as with Bell’s 
Vireo, both cowbird parasitism and habitat 
destruction appear to be the major prob- 
lems. 

The California Fish and Game Commis- 
sion listed the Willow Flycatcher as endan- 
gered in 1990. This listing includes extimus 
and the two other subspecies in California, 
brewsteri and adastus. The latter two sub- 
species have also been virtually extirpated 
from California but may be maintaining 
reasonable healthy populations farther north 
from Oregon and British Columbia and east 
to the Rocky Mountains. Flycatcher pop- 
ulations west of the Cascades in Oregon to 
British Columbia should be closely moni- 
tored. Unlike California, this mesic region 
has widespread suitable habitat, so if Wil- 
low Flycatchers decline there, it may be due 
largely to cowbird parasitism. 

The overall effect of parasitism on the 
Southwestern Willow Flycatcher is unclear. 
Cowbirds have been present in the eastern 
part of this bird’s range throughout recorded 
history and some samples show little par- 
asitism there (data in Unitt 1987, but see 
also Brown 1988). Although it is likely that 
both habitat destruction and cowbird par- 
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asitism are factors, it is probable that the 
latter will cause the extirpation of many 
remnant populations if left unchecked. A 
cowbird control program was initiated in 
1993 along the South Fork of the Kern Riv- 
er where the largest California population 
of extimus experiences about a 50% rate of 
parasitism (Whitfield 1990). However, a 
cowbird control program to aid Least Bell’s 
Vireos along the Santa Margarita River in 
San Diego County may explain an increase 
from five territorial flycatchers in 198 1 to 
17 in 1986 (Unitt 1987). 

Parasitism at elevations above 1000-l 500 
m, where the race brewsteri still breeds in 
California, is absent to slight, even where 
cowbirds occur (Stafford and Valentine 
1985, Flett and Sanders 1987). Suitable 
montane habitat was probably always lim- 
ited, occurring in patchily distributed moist 
meadows and streams with stands of wil- 
lows surrounded by forest or sagebrush. 
These moist areas are heavily used by range 
cattle which knock over nests and degrade 
the habitat by consuming the lower foliage 
of willows. Limiting cattle grazing is effec- 
tive in boosting flycatcher productivity 
(Valentine et al. 1988). Although cowbird 
parasitism may not now be a major factor 
in high elevation parts of California, the sit- 
uation may be different in the Rocky Moun- 
tains (Sedgwick and Knopf 1988). Further- 
more, cowbird parasitism is the most likely 
cause of the flycatcher’s complete extirpa- 
tion from Yosemite Valley (Gaines 1988) 
which is at an intermediate elevation of 
1200 m. 

A key difference between the vireo and 
flycatcher is the late breeding of the latter, 
which usually begins about 1 June and peaks 
in mid-June even in the warm climate of 
lowland southern California (Unitt 1987). 
Although cowbird activity in California be- 
gins to decline by late June (Payne 1973) 
cowbirds show signs of breeding, such as 
courtship and male-male aggression, until 
mid- to late July (pers. obs.). This complete 
overlap in the breeding seasons of the cow- 
bird and flycatcher may explain why the 
latter has declined even more drastically 

than the vireo, some of whose early nests 
escape parasitism. 

IS COWBIRD PARASITISM THE 
PRIMARY REASON FOR THE 
DECLINE OF ANY WESTERN 
BIRD SPECIES? 

The two hosts profiled above are obligate 
riparian breeders in much or all of their 
range, as are most of the other land birds 
that have declined seriously in the west (De 
Sante and George 1994, Ohmart 1994). 
While cowbirds are implicated in some 
changes, they are not the only factor. The 
Yellow-billed Cuckoo (Coccyzus america- 
nus) has declined to a greater extent than 
any other riparian species (Laymon 1987b), 
yet experiences virtually no cowbird para- 
sitism (Friedmann et al. 1977). I suggest 
that most or all of the cowbird hosts that 
have declined to near extirpation would have 
maintained self-sustaining populations had 
large expanses of riparian habitat remained. 

Bell’s Vireos (I’. b. arizonae) experienced 
heavy parasitism along the Colorado River 
at least as early as 1900, yet did not decline 
until the 1950s when dam construction 
made it worthwhile to convert large riparian 
tracts to agriculture (Rosenberg et al. 199 1). 
Today, they are virtually gone from this re- 
gion. Another heavily-used host, the Yellow 
Warbler (Dendroica petechia), also did not 
begin to decline along the Colorado until 
the 1950s. Both Bell’s Vireos and cowbirds 
bred in the Owens Valley early in this cen- 
tury and the former’s disappearance (Gold- 
wasser et al. 1980) seems wholly due to the 
loss of riparian habitat. Some of the largest 
extant populations of the Southwestern Wil- 
low Flycatcher occur in the eastern parts of 
its range, where it has been sympatric with 
cowbirds longer than in California, but 
where more riparian habitat remains (Unitt 
1987). In addition, these and other riparian 
species that have declined in the west breed 
in the east and Midwest, where they have 
survived cowbird parasitism for at least 
hundreds of years. The key difference is that 
in these latter regions mesic habitats are 
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widespread and not limited to watercourses. 
Although cowbirds may be involved in re- 
cent declines of these species in the east and 
Midwest, which are moderate to slight com- 
pared to those in the west, habitat destruc- 
tion in North America and in the Neotrop- 
its may be far more important. 

Thus habitat destruction and not cowbird 
parasitism seems to be the primary cause 
of host declines in the west. This conclusion 
does not mean that cowbirds are blameless: 
it is probably no coincidence that these two 
species-the only once widespread riparian 
hosts in California that are virtually extir- 
pated-are ones in which acceptance of a 
cowbird egg nearly always results in the loss 
of the host’s entire brood. I suggest, how- 
ever, that if extensive riparian habitat were 
still widespread, these hosts would be able 
to survive in the presence of cowbirds. Such 
habitat needs to be as broad as possible be- 
cause there is often an edge effect, with cow- 
bird parasitism dropping off towards the in- 
terior of densely wooded habitat (Gates and 
Gysel 1978, Brittingham and Temple 1983). 
An edge effect may explain why vireos and 
flycatchers in California and along the Col- 
orado River persisted so long after early 
workers (Brown 1903, Friedmann compi- 
lations) remarked that nearly all of their nests 
were parasitized. Had this really been the 
case, these two birds would have been ex- 
tirpated in only a few years. Perhaps these 
early rates of nearly 100% parasitism ap- 
plied mainly to the nests most easily found, 
i.e., on the edge of dense riparian growth. 

Cowbird control programs are needed to 
sustain the few vireos and flycatchers that 
remain in California. However, undue em- 
phasis on this open-ended management 
technique should not deter recovery efforts 
from concentrating on the more long term 
but more difficult solution of restoration of 
riparian habitat. 
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APPENDIX I. Localities and references for each year 
listed in Figure 1. 1889-Colton-San Bernardino area 
(Wall 1919); 1896-Borrego Springs (Unitt 1984); 
1904-Santa Paula and 1905-Los Angeles (Willett 
19 12); 1907-Buena Vista Lake (Linton 1908); 19 1 la- 
Palo Alto (MVZ no.12929); 191 lb-Fresno (Tyler 
1913); 19llc-Bakersfield(Swarth 1911); 1915a-San 
Diego (Unitt 1984); 19 1 Sb-Snelling (Grinnell and 
Storer 1924); 19 16 -Calexico (Friedmann compila- 
tions); 1922-Irvington (La Jeunesse 1923); 1924- 
Paso Robles (MVZ no. 11893); 193 1 -Yuba, Sutter 

and Glenn counties (Neff 193 1); 1932-Yosemite Val- 
ley (Friedmann compilations); 1934-Berkeley (Ben- 
son and Russell 1934); 1937-Oroville (Behle 1937); 
1938-Lake Tahoe (Friedmann et al. 1977); 1941- 
Humboldt Countv (Talmadae 1948): 1942 -Nevada 
City (Friedmann compilations); 1946 -Eugene (Gul- 
lion 1947); 1955-Seattle and Victoria (Flahaut and 
Schultz 1955); 1958 -Lake Tahoe (G. McCaskie, pers. 
comm.); 1968-Sage Hen Valley (J. M. White, pers. 
comm.). 
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ENDEMIC SONG SPARROWS AND YELLOWTHROATS OF 
SAN FRANCISCO BAY 

JOE T. MARSHALL AND KENT G. DEDRICK 

Abstract. Three field-identifiable subspecies of the Song Sparrow (Melospizu melodia) still occupy 
remnants of the original 302.7 square miles (784 sq. km) of tidal marsh vegetation in the San Francisco 
estuary. They are the Alameda Song Sparrow (M. m. pusillula), Samuel’s Song Sparrow (M. m. 
samuelis), and the Suisun Song Sparrow (M. m. muxikzris). Their areas and their numbers are 15.1% 
of 1850s size due to man-made hindrance to tidal flow. The breeding range of another bay area bird, 
the San Francisco Common Yellowthroat (Geothlypis trichas sinuosa), is undefined. It could be de- 
termined by netting molting birds from July through September, before they migrate. 

Key Words: Song Sparrow; Common Yellowthroat; San Francisco Bay; tidal marsh; habitat loss; 
endemic subspecies. 

The three subspecies of the Song Sparrow 
(Melospiza melodia) and the three San 
Francisco Bay estuaries whose tidal marsh- 
es they inhabit are among the great, unap- 
preciated, natural wonders of California. 
They are the Alameda Song Sparrow (Mel- 
ospiza melodia pusillula) in South San Fran- 
cisco Bay, Samuel’s Song Sparrow (M. m. 
samuelis) in San Pablo Bay, and the Suisun 
Song Sparrow (M. m. maxillaris) of Suisun 
Bay. Field identification characters of the 
birds and their original distributions of about 
one hundred square miles (259 sq. km) each 
are shown in Figure 1. Requirements for the 
small territory of each pair are met by front- 
age upon a tidal slough, the banks of which 
support rich growth of Grindelia, Salicor- 
nia, Spartina foliosa, or Scirpus. By ob- 
structing tidal flow, mankind has reduced 
this habitat by 84.9 percent to 45.8 mi2 
(118.7 km2; Table 1). Priceless tidal marsh- 
es have become monotonous salt evapora- 
tion ponds (hereafter called salt ponds), pas- 
tures, cities, factories, and game refuges for 
fresh-water ducks. 

In 1986, S. Gregory advised J. Marshall 
that fresh water from sewage treatment was 
eliminating salt marsh plants from the south 
end of San Francisco Bay, jeopardizing the 
Alameda Song Sparrow. Marshall found 
Song Sparrows still at Dumbarton Point, in 
South San Francisco Bay, that June. In the 
fall of 1986, when the birds had just ac- 
quired their new, distinctive earth colors, L. 

R. Mewaldt, J. and E. Marshall, M. Rippey, 
and R. Leong netted Song Sparrows in all 
three estuaries, with results detailed below. 

Fearing that the Suisun Song Sparrow, M. 
m. maxillaris, was the most vulnerable, we 
who netted, joined by H. Cogswell, K. De- 
drick, S. Gregory, H. T. Harvey, R. F. John- 
ston, and S. Senner, petitioned the Depart- 
ment of Interior on 20 November 1987 to 
give maxillaris protection under the En- 
dangered Species Act. But federal action was 
“precluded” because of lack of personnel to 
evaluate the petition. In the spring of 1990, 
J. Marshall, R. Johnston, J. Collins, M. Rip- 
pey, and S. Hadley joined in slogging and 
boating through the Suisun marshes so as 
to present the State with a better population 
estimate, the subject of this paper. The 
petition, presented by Mewaldt, was unan- 
imously rejected by the California Fish and 
Game Commission. 

OBJECTIVE 

This paper aims to compare present tidal 
marsh acreage with the original areas in 
which the San Francisco Bay Song Sparrows 
lived in the 1850s. The present fragments 
are not all in the position of former marsh. 
Some, especially those in Suisun Bay, are 
accretions to the former shore, due to the 
heavy sediment load from Sierra Nevada 
hydraulic mining following the 1849 gold 
rush. 

316 



SALT MARSH ENDEMICS--Marshall and Dedrick 317 

FIGURE 1. Song Sparrow subspecies of the San Francisco Bay. Another, reddish-brown race with blurry 
streaks, P. m. rujina from the northwest coast of North America, winters here. 
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TABLE 1. HISTORIC AND PRESENT TIDAL MARSHLAND 
HABITAT ACREAGES, SAN FRANCISO BAY, CALIFORNIA 

Pr.SXLt 
HlStOIlC habitat Per cent 

habItat area:’ area:’ of 
Song Sparrow acres 

(sq. km) acres 
h,stor,c 

subspecies (sq. km) habitat 

Alameda Song 65,811.O 6671.6 10.2% 
Sparrow (M. 111. (266.3) (27.0) 
pusillula) 

Samuel’s Song 63,690.5 14,060.2 22.1% 
Sparrow (M. m. (257.8) (56.9) 
samuelis) 

Suisun Song Spar- 64,254.9 8585.7 13.4% 
row (M. m. (260.0) (34.8) 
maxillaris) 

Totals 193,756.4 29,323.5 15.1% 
(784.1) (118.7) 

’ Planimeter results by KGD of map by Nxhols and Wright (197 I). 
: Revision by Dedrick (1993) of results by Dedrxk (1989) 

We can state precisely what percent of 
former habitat remains for today’s spar- 
rows. From there we tackle the murky prob- 
lem of estimating current populations, in 
number of pairs or singing males (= terri- 
tories). 

METHODS 

Hydraulic mining debris from the Sierra 
Nevada in the late 1800s poured into the 
San Francisco estuary, and threatened Bay 
navigation by shoaling and loss of tidal 
prism. The marshlands contribute to the 
tidal prism, and Gilbert (19 17) gave us an 
early breakdown of historic marsh areas for 
various portions of the Bay. Later, Nichols 
and Wright (197 1) and others indepen- 
dently determined historic acreages (De- 
drick 1989). For this paper, we needed de- 
tailed acreages for small marsh segments; 
we thus planimetered the Nichols and 
Wright map at scale 1162,500 to obtain the 
results in Table 1; these areas correspond 
to the subspecies distributions given in Fig- 
ure 1. 

Recent estimates of Bay marsh acreages 
vary excessively according to author, for 
reasons that remain a mystery. Because of 
this, Dedrick (1989) performed a detailed 
planimeter study of 1980 aerial photos taken 
at scale l/24,000 for the California State 
Lands Commission. Recently, over 540 in- 

dividual Bay marsh tracts from the 1989 
study have been traced onto USGS quad- 
rangle maps (Dedrick 1993). These results 
are also used in Table 1 and in Figures 2- 

4 along with the Nichols and Wright (197 1) 
historical marsh maps. The 540 parcels show 
how fragmented the marsh has become, with 
continuity destroyed among groups of Song 
Sparrow territories. 

Population estimates herein for pristine 
marsh (acres x 1.11 territories per acre) are 
based on a mapped census of color-banded 
Song Sparrows on 100 acres (40.5 ha) at 
Richmond (San Pablo Marsh) by Johnston 
(1956:255, table 2). The average number of 
territories during his four years of total 
counts is 111, with 80% to 90% of the higher 
marsh unoccupied because it is more than 
a territory’s width from a slough. This den- 
sity is entirely different from the theoretical 
maximum, not applicable here, of 9.45 ter- 
ritories per acre (23.4 per ha) ifall the sloughs 
were 30 feet apart and lined with territories 
30 by 153.6 feet (9.1 m by 46.8 m) (John- 
ston 1956:255, table 1). Collins and Resh 
(1985) studied a similar but much older 
marsh along the Petaluma River, where they 
found territory size and territory alignment 
along sloughs to be the same as Johnston’s. 
Thus, our estimate of original populations 
is 71,000 pairs of each subspecies, each of 
which had an original area of 100 mi2 (259 
km2). 

Marshall netted Song Sparrows in fall of 
1986 in order to identify subspecies in the 
hand, then released them. In the 1940s and 
in spring 1990 he mapped pairs and singing 
males on Geological Survey topographic 
sheets, with best results from a kayak, to 
which the birds were oblivious. Birds hid- 
den because of undercover nesting or for- 
aging duties were called up, if needed, by 
imitating the song. We inspected habitats 
from kayak, rowboat, outboard, Baykeeper 
patrol yacht, airplane, car, and on foot. 

DEFINITIONS 

We mainly use the English system for ter- 
rain measurements because it is the stan- 
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dard on all charts, maps, and documents 
pertaining to the San Francisco Bay and its 
wildlife (metric in parentheses). Names of 
triangular-stemmed Scirpus from Marshall 
(1948) are changed: Scirpus campestris is 
now S. robustus and Scirpus olneyi becomes 
S. americanus (Rice et al. 1982). 

Our scientific trinomials apply to field- 
identifiable subspecies (Marshall 1964) ex- 
cept that for convenience we also recognize 
the Santa Cruz Song Sparrow (M. m. san- 
taecrucis, Grinnell 190 1 b), easily identified 
in the hand during banding operations (Fig. 
1). The three San Francisco Bay Song Spar- 
rows were defined by their original describ- 
ers (Baird 1858, Ridgway 1899, Grinnell 
1909). Marshall (1948) quantified their col- 
ors and measurements, and Allan Brooks 
(Grinnell and Miller 1944, frontispiece) 
painted them in realistic side view. 

ALEMEDA SONG SPARROW 
(M. m. pusillula) 

Mewaldt and Marshall netted 11 Song 
Sparrows in fresh fall plumage on 25-26 
October 1986 at Dumbarton Point salt 
marsh. Nine were buI@ gray-brown on the 
back, yellow beneath; two were plainer gray, 
white beneath. Wing chords averaged 56.2 
mm and five weights averaged 18.06 grams. 
These hand-held birds proved that M. m. 
pusillula still exists in its classic colors and 
proportions, the smallest and yellowest sub- 
species in the species. 

The marsh of 906.1 acres (366.7 ha) at 
Dumbarton Point includes luxuriant Sali- 
cornia with Grindelia lining the branchlets 
of Newark Slough, more of that habitat just 
southeast of the Refuge Headquarters hill, 
and a great tract of native Spartina foliosa 
at the shore. Song Sparrows are dense there; 
we estimated the population as 1006 pairs. 
We saw excellent tidal habitat at Hoffmann 
Marsh (30.2 acres = 12.2 ha), beside Albany 
Hill. At Redwood Point, across the Bay 
northwest from Dumbarton, are other pris- 
tine remnants of Salicornia marsh, enriched 
with Jaumea, Distichlis, and Spartina at Bird 

Island (89.3 acres = 36.1 ha) and Corkscrew 
Slough (75.2 acres = 30.4 ha). Greco Island 
(730.6 acres = 295.7 ha) reverted to salt 
marsh decades ago; since a 1976 levee break, 
part of Bair Island (475.5 acres = 192.4 ha) 
is rapidly reverting to marsh. 

We also saw the tame Song Sparrows in 
extensive Scirpus californicus and Typha at 
the Alviso Marina and heard two good sing- 
ers at Emeryville Marina, with no natural 
habitat. Mewaldt and Marshall banded 11 
breeding birds at Triangle Marsh, north of 
Alviso, on 3 April 1987. The entire Alviso 
area had been Salicornia and Grindelia 
marsh during an earlier study (Marshall 
1948). Now 167,000,OOO gallons a day of 
treated fresh water effluent from San Jose- 
Santa Clara Water Pollution Control Plant 
(CH2M-HILL 1987) emerges at Artesian 
Slough, converting Triangle Marsh to 
brackish-loving Scirpus robustus. The Ala- 
meda Song Sparrow is adapted to salty in- 
take (Basham and Mewaldt 1987); never- 
theless, it remains abundant in Triangle 
Marsh. Six of our banded birds were huffy 
gray-brown with yellow belly; five were more 
grayish on the back, with white or cream 
underparts. Wings of these seven males and 
four females averaged 57.1 mm, weights 
19.30 g. At Artesian Slough, a band of fresh- 
water Scirpus calzjornicus several miles long 
and 100 yards wide yielded only one Song 
Sparrow, heard and not seen. Mewaldt and 
Marshall also examined several hundred 
yards of Typha emanating along a leak of 
the Hetch-Hetchy Aqueduct at the Tri-City 
Animal Shelter just off Thornton Road. No 
Song Sparrows occurred along that fresh- 
water habitat; it connects to a Salicornia 
ditch where pusillula is common. For un- 
known reasons, the upland, brown Song 
Sparrow of the East Bay and Peninsula hills 
(M. m. santaecrucis, Fig. 1) is not yet in- 
vading fresh-water habitats on the bay- 
shore. Were it to do so in numbers, made 
possible by its huge population relative to 
the remnants ofpusillula, it could easily hy- 
bridize the Alameda Song Sparrow out of 
existence. 



At Coyote Creek Riparian Station, also of Tamalpais High School, with no Song 
near Alviso and 2.2 miles (3.5 km) up- Sparrows. On 26 June 1987, when this 
stream from the salt marsh, Song Sparrows marsh should have been swarming with ju- 
being banded are the plain brown of East venile samuelis, we saw only two singing 
Bay santaecrucis. One adult near head- males, in peripheral weeds; one of them, 
quarters, however, had a yellow belly. however, did go out to sing from a Grin- 

Dedrick planimetered 102.8 mi2 (266.3 delia. The largest present home of samuelis 
km2) of 1850s habitat and 10.4 mi2 (27.0 is the magnificent Petaluma Marsh (3 196.2 
km2) for the present area of the Alameda acres = 12.94 km2, upstream from the mouth 
Song Sparrow (Fig. 2). Our past and present of San Antonio Creek), with at least 3548 
population estimates are 73,050 and 7412 pairs. 
pairs, respectively. The former area of Samuel’s Song Spar- 

SAMUEL’S SONG SPARROW 
row (Fig. 3) was 99.5 mi2 (257.7 km2) with 

(M. m. samuelis) 
70,696 pairs. Currently 22.0 mi2 (56.9 km2) 
of tidal marsh are available, with 15,607 

In 1986 E. Marshall, J. Marshall, M. Rip- pairs (optimistic, considering that we could 
pey, and R. Leong netted Song Sparrows at not find the species on the Sears Point Road 
the north rim of San Pablo Bay: three at shore, Solano County). 
Lower Tubbs Island, 28 October 1986; four 
under and south of the bridge on Skaggs SUISUN SONG SPARROW 

Island Road, 1 November 1986; and nine (M. m. maxillaris) 

at Dutchmans Slough off the Napa River on On 30 October 1986, M. Rippey and J. 
2 November 1986. These small, blackish- Marshall netted five Song Sparrows in the 
olive birds all typify M. m. samuelis, the dense population at Pelican Point, near the 
blackest population of the species. Wings west end of Roaring River Slough. These 
and weights of 15 average 58.2 mm and birds had chocolate back color, average wing 
18.31 g; 13 bill depths average 6.56 mm. of 60.0 mm, weight 19.10 g, and bill depth 

Birds were established along a stagnant of 7.52 mm. Bills flared laterally at nostril 
ditch beside Tubbs Island. None of the ver- level as viewed from above. These attri- 
dant marsh on Tubbs is inhabited, except butes typify the isolated subspecies, M. m. 
for two males singing in Spartina by the maxillaris. 
pond and “plenty of Song Sparrows” along The original range of the Suisun Song 
the one little slough, which receives some Sparrow was in brackish marsh from South- 
water through a tide gate. At Dutchman ampton Bay and Martinez east to Collins- 
Slough, the birds utilize Baccharis pilularis ville and Pittsburg (Fig. 4) for a total of 
on the levee next to the marsh. Most re- 100.4 mi2 (260.0 km2) and at least 7 1,323 
maining salt marshes in the range of sa- pairs. Because the easternmost remnants at 
muelis, even the rims of salt ponds, look Collinsville (7.0 acres = 2.8 ha) and mouth 
good for Song Sparrows. We found none of Montezuma Slough (9.8 acres = 4.0 ha) 
while crossing the ditched Spartina bay front may be too small and too isolated by fields 
of Sears Point Road (2416.5 acres = 977.9 to support the birds, we draw present limits 
ha). Marshall’s field notes at the Museum farther up Montezuma Slough and on Van 
of Vertebrate Zoology state that in fall 1947 Sickle Island opposite Pittsburg. Apparent- 
this bay-side habitat along the Sears Point ly the Song Sparrow is absent from the Del- 
Cutoff was tall Salicornia with a fringe of ta, where Marshall found none in fall of 
Spartina, whose seeds the abundant Samu- 1942; in the nesting season M. Josselyn 
el’s Song Sparrows were eating. At the head found no Song Sparrows on Lower Sherman 
of Richardson’s Bay, Marin County, is good Island (pers. comm. to S. Hadley) and J. 
salt marsh (12.1 acres = 4.90 ha) northeast Collins notes that only a few exist at Browns 
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Island (at its west end, pers. comm.), where 
fresh-water marsh plants hold sway. 

Suisun Marsh is in three separate pieces. 
First is Southampton Bay, with the richest 
variety of brackish plant species and densest 
population of Song Sparrows that Marshall 
has seen. The unique, isolated genotype is 
doomed because the marsh is turning fresh 
and the first Mar-in Song Sparrow (M. m. 
gouldii) has appeared in Benicia (summer 
1992, R. Leong, pers. comm.). Originally 
168.6 acres (68.2 ha) and 187 pairs, by 1947 
it was 158 acres (63.9 ha) and 176 pairs 
(Marshall 1948), accessed by way of Spen- 
ger’s famous houseboat restaurant. In 1990 
Marshall and R. Johnston found several 
birds in Salicornia, Lepidium, and a central 
area of Salix and Typha springing up due 
to freshwater runoff from the adjacent sub- 
urb. The lower half is still brackish marsh 
of high quality (M. Rippey, pers. comm.). 
Therefore the present 134.0 acres (54.2 ha) 
should support 149 pairs. 

The second portion of Suisun Marsh is 
the South Side, formerly 7768.2 acres (3 1.4 
km2) supporting an estimated 8623 pairs. J. 
Collins, R. Johnston, and J. Marshall ex- 
amined Point Edith on 25 May 1990 and 
in the thick Baccharis on the levee of the 
old shore heard more Song Sparrows singing 
simultaneously than we could count. There 
were also birds on large territories in the 
great arc of Scirpus robustus growing into 
the Bay, a spectacular accretion from the 
gold rush. Collins studied the South Suisun 
marshes and its Song Sparrows using so- 
phisticated technology not only in analyzing 
cores 18 feet deep containing the same plants 
as present, but in mapping territories by 
flipping driftwood at each male to press it 
around its territorial perimeter. He found 
tightly-packed territories along some Scir- 
pus acutus shores. We eagerly await his pub- 
lication, but for the present estimate the 
population as 1945 pairs on 1752.0 tidal 
acres (7.09 km2). 

Estimating the present numbers of the 
Suisun Song Sparrow in its third and major 
enclave is so complicated by differences in 

habitat quality that we now realize it would 
have been best to count every pair rather 
than to sample. Historic brackish marshes 
ofNorth Suisun Bay (88.0 mi2 = 227.9 km2) 
present a graded series of habitats from tall 
Scirpus acutus at the bay shore and banks 
of larger sloughs upward to broad expanses 
of Salicornia with smaller species of Scirpus 
down in the narrowing sloughs and Grin- 
delia in a row up on their banks. Such are 
conditions at the Rush Ranch at the upper 
reaches of First Mallard Branch. Though it 
is the best surviving example of a complete 
marsh, its upper dendrites, where Song 
Sparrows should be densest, have been ru- 
ined by a series of parallel mosquito abate- 
ment ditches that bleed the tidal force just 
as in a human case of shock, where one 
bleeds to death into one’s own capillary bed. 
The dendrites have become overgrown and 
filled in. This is offset by marked abundance 
of Song Sparrows in the devious windings 
of Spring Branch and in the broad borders 
of Scirpus acutus along First Mallard Branch 
(99 pairs in 36 acres = 14.6 ha), such that 
our mapped census of about 154 acres (62 
ha) on the Rush Ranch is 159 pairs, nearly 
the same as San Pablo Marsh. J. Marshall, 
R. Johnston, and M. Rippey made this cen- 
sus during 12 days from 1 to 28 May 1990 
by plotting the birds and keeping track of 
simultaneous singers day after day so as to 
divide up territories. 

The coterminous Rush Ranch with Sec- 
ond Mallard Branch, 1241.5 acres (502.4 
ha), is the largest tidal marsh remaining in 
North Suisun, with about 1378 pairs. Along 
with the islands, it is a two-dimensional 
habitat. The rest of North Suisun habitat is 
mostly linear, consisting of the rich Scirpus 
acutus fringe of beach and levee. It supports 
large populations at Nurse, Hastings, Luco, 
and Hill Sloughs. Marshall’s sum of counts 
in the fringe is 207 pairs in single file along 
11.32 miles (18.2 km) of slough border, 18 
to the mile. 

The linear and two-dimensional tidal 
populations are not the whole story. The 
oval, concentrated shape of the marsh en- 
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FIGURE 5. Pairs and singing males of Song Sparrows of North Suisun Marsh mapped by Marshall in spring 
1990 with help in the field from J. Collins, S. Hadley, R. Johnston, J. Richardson, and M. Rippey. Based on 
Marshall’s unbound field notes with sketch maps in Library, Bird Division, Smithsonian Institution. The numbers 
show that Marshall actually mapped 334 pairs on 9.3% of the tidal marsh, for an estimate of 3603 pairs on the 
6699.7 tidal acres plus 200 on the scorched earth of Grizzly Island = 3803 maxillaris pairs in North Suisun. 

courages dispersing Song Sparrows to spill 
into the center from dense peripheral pop- 
ulations of the duck clubs and shores. That 
non-tidal center, mostly dry and behind lev- 
ees, is Grizzly Island, a moonscape devoted 
to obscene monocultures (elk, pheasant, and 
mallard). Here the Song Sparrows swarm in 
Baccharis pilularis and roses on perimeter 
levees close to a tidal slough, and a few es- 
tablish on large, dangerously open territo- 
ries in dry fields that have scattered clumps 
of unsubmerged tules. J. Richardson heard 
some in a hedge of giant Atriplex, alerting 
Marshall to find seven territories along 2800 
feet (853 m) of hedge in the dry grass back 
of Fish and Game Headquarters (ditch be- 
tween E and F in field 13), with surface wa- 
ter only at the two ends. Dots on Figure 5 

show where these situations, unusual for the 
species, were found. 

Our tentative count for North Suisun’s 
6699.7 tidal acres x 1.11 pairs per acre, plus 
200 spilled-over, non-tidal territories is 7637 
(but see Fig. 5 for a different approach). The 
total for the subspecies, A4. m. maxillaris is 
thus 13.4 mi2 (34.8 km2) and 9530 pairs. 

SAN FRANCISCO COMMON 
YELLOWTHROAT 
(Geothlypis trichas sinuosa) 

Much of the habitat of the San Francisco 
Common Yellowthroat is also lost when 
tidal flow is blocked. Grinnell (190 1 a, 19 13) 
distinguished this endemic, partly migra- 
tory, west-central California representative 
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of the Common Yellowthroat by its dark 
colors and small size. Its exact breeding area 
was never delimited. We offer a suggestion 
as to how that can be done. 

The subspecies sinuosa is identified by its 
dark back and brown flank feathers of fall. 
Its breeding distribution is mapped from 
molting birds, because they do not wander 
or migrate until the fall molt is complete. 
So, net the birds from July through Septem- 
ber and map those dark ones that are ob- 
viously molting or that still have sheaths or 
sheath duff on the auriculars, which are the 
last feathers replaced. 

When museum specimens of the Com- 
mon Yellowthroat in molt from California 
are looked at under north light, age and sex- 
ual differences disappear, and racial differ- 
ences are enhanced, if attention is directed 
only upon the back and flanks. Marshall 
searched for such examples among all sum- 
mer and fall California specimens of the 
Common Yellowthroat in the collections of 
the California Academy of Sciences, Los 
Angeles County Museum, Museum of Ver- 
tebrate Zoology, San Jose State University, 
and Smithsonian Institution. He found the 
following handful of specimens that illu- 
minate our problem. They are so rare in 
collections that they must be listed. They 
enable us to begin a sketchy map of fresh 
fall plumages: dark in scattered localities 
around the San Francisco Bay; pale in re- 
mote, peripheral counties. 

The Bay Area group of 14 museum spec- 
imens and one live bird are the molting G. 
t. sinuosa with dark back and brown flanks, 
from just four localities: Museum of Ver- 
tebrate Zoology 37787, 37790-37793, col- 
lected by Joseph Grinnell from 29 August 
to 6 September in 1900 and 1901 at the 
mouth of San Francisquito Creek, Palo Alto; 
California Academy of Sciences 150 16 and 
15028 also from Palo Alto, 22 July 1901 
and 8 August 1899, and 54808 from Daugh- 
ters, Alameda County on 18 August 1881; 
Smithsonian Institution 476255-476260, 
collected by Tom Burleigh on 14 and 19 
August 1960 at Martinez, Contra Costa 

County. A live bird netted in Salicornia 
marsh at Dumbarton Point, Alameda 
County, 25 October 1986, was an immature 
molting to adult female that was dull, dark 
olive on back and crown, wing 54 mm. 

The remote group of 16 molting speci- 
mens from seven counties represents G. t. 
occidentalis (also called arizela) with pale 
back and flanks: Museum of Vertebrate Zo- 
ology, 11 July to 23 September and one from 
13 October, in various years, Humboldt 
County (16984, 87652, 87654-87656), 
Lassen County (44432), Mono County 
(2865 I), Lake County (126344), Sacramen- 
to County (Courtland, 5 1649), San Joaquin 
County (4 1100, 41103), and Monterey 
County(31167-31169,37798,92389). Thus 
is sinuosa hemmed in on the north, east, 
and south by pale birds from as close as 
Lake, Sacramento, and Monterey counties. 
The color of Point Reyes, Marin County, 
birds on the west should be determined! 

CONCLUSIONS AND 
RECOMMENDATIONS 

Intergradation between Bay Area Song 
Sparrows of the salt marshes with those in 
the uplands (Marshall 1948) due to crowd- 
ing against the Bay by hills with their ri- 
parian connections (such as Walnut Creek 
contacting the marsh at Avon), decrees that 
the racial traits are diluted in the marshes 
of Mat-in and Contra Costa Counties. On 
the other hand, those marshes sequestered 
from the hills by broad, grassy plains are 
archives of the supreme flourishing of the 
subspecific characteristics. This adds a new 
dimension to conservation. If future gen- 
erations are to savor these unique examples 
of diversity, then we must recognize the im- 
portance of subspecies and their exemplary 
populations: Dumbarton Point (pusillula: 
906 acres = 366.7 ha) in the San Francisco 
Bay National Wildlife Refuge, Petaluma 
Marsh (samuelis: 3196 acres = 1293.4 ha) 
administered by the California Department 
of Fish and Game, and Rush Ranch (maxil- 
laris: 124 1.5 acres = 502.4 ha) managed by 
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Solano County Farmlands and Open Space 
Foundation. This is simple triage: write off 
Alviso and Southampton Marshes going 
fresh, and all the little marshes of inter- 
grades to be wiped out in one marine ac- 
cident. Add restored acres to the popula- 
tions at Dumbarton, Petaluma, and Rush 
Ranch. Rehabilitate Rush Ranch Marsh to 
full capacity. Secure and conjoin Redwood 
Point Marshes (Greco Island and Cork- 
screw Slough) as back-up to pitifully small, 
strung-out Dumbarton. Enlarge upper New- 
ark Marsh to protect pusillula from spills 
that would destroy the Bay edge; fix the 
Hetch-Hetchy leak and bum the offending 
cattails to protect the genotype from san- 
taecrucis. Place oil booms to be flung across 
the mouths of Newark Slough, Sonoma 
Creek, and Suisun Slough in an emergency. 

We have proved a reduction of San Fran- 
cisco Bay tidal marshes to less than a sixth 
of former extent, which prompts serious 
concern about future prospects for their Song 
Sparrows. We have not even mentioned 
dangers from Norway rats (Rattus norvegi- 
cus), red foxes (Vulpes vulpes), house cats 
(Felis cattus), toxic spills, and exotic Phrag- 
mites and eastern Spartina alternijlora, be- 
cause it is so obvious that the main threats 
are fresh water and levees. The three sub- 
species of Song Sparrows could be saved 
merely by knocking down a few levees and 
filling some mosquito ditches. The timidity 
and paralysis of those capable of carrying 
out this simple feat, which could be done 
with a hand shovel, is beyond belief! 
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ENDANGERED SMALL LANDBIRDS OF THE 
WESTERN UNITED STATES 

JONATHANL.ATWOOD 

Abstract. Lists of small western landbirds that have been recognized by federal or state wildlife 
agencies as endangered, threatened, or of special conservation concern are compared with the results 
of recent analyses of population trends based on literature surveys, the North American Breeding Bird 
Survey, and migration counts. There is little concordance between species officially “listed” by wildlife 
agencies and those determined by professional ornithologists to be showing widespread population 
declines. In part these differences are explained by limitations in population monitoring techniques. 
However, the absence from official lists of 27 species that appear to be declining in the western United 
States suggests an urgent need to improve the current process by which wildlife agencies identify 
species that warrant special conservation concern. 

Key Words: Endangered species; conservation; population trends; wildlife agencies. 

At present, seven species or subspecies of 
small landbirds that occur primarily or en- 
tirely in the western United States have been 
listed as threatened or endangered under the 
U.S. Endangered Species Act (ESA). Ad- 
ditionally, 16 species, subspecies, or pop- 
ulations of small western landbirds have 
been identified by the U.S. Fish and Wild- 
life Service (FWS) as possibly warranting 
protection under the ESA, or have been for- 
mally petitioned for addition to the U.S. 
List of Endangered and Threatened Wildlife 
and Plants. One hundred thirty-three spe- 
cies of small landbirds have been listed by 
the wildlife agencies of at least one of the 
17 western states under various categories 
indicating special conservation concern. 

Federal and state lists of endangered or 
sensitive species may provide some index 
of declines in western bird populations that 
have transpired since the early 1900s. More 
importantly, however, lists of birds that have 
been or are being considered for legal des- 
ignation as threatened or endangered clas- 
sifications may indicate whether or not reg- 
ulatory protection of bird populations is 
effectively incorporating current scientific 
information. In other words, do lists of en- 
dangered, threatened, and sensitive bird 
species compiled by federal and state wild- 
life agencies accurately reflect known or sus- 
pected population declines? 

In this paper I identify the small, western 
landbirds currently included on federal or 

state lists of endangered or sensitive species, 
and compare these lists with the results of 
three recent studies (Sauer and Droege 1992, 
DeSante and George 1994, Pyle et al. 1994) 
that assessed regional trends in western bird 
populations. Finally, I discuss the impli- 
cations of these comparisons on the listing 
process currently used by federal and state 
wildlife agencies. 

DEFINITIONS AND METHODS 

The following summary is geographically 
restricted to the United States west of ap- 
proximately 95” longitude, excluding Alas- 
ka and Hawaii. Birds belonging to the orders 
Columbiformes, Cuculiformes, Caprimul- 
giformes, Apodiformes, Trogoniformes, 
Coraciiformes, Piciformes, and Passeri- 
formes are here referred to as “small land- 
birds.” 

Species (as defined below) considered to 
be in danger of extinction throughout all or 
a significant portion of their range may be 
classified as “endangered” under the ESA; 
“threatened” species are those that are 
“likely to become [endangered] within the 
foreseeable future.” Any of five factors may 
legally qualify a species for designation as 
“endangered” or “threatened,” including 
“(a) the present or threatened destruction, 
modification, or curtailment of its habitat 
or range; (b) overutilization for commercial, 
recreational, scientific, or educational pur- 
poses; (c) disease or predation; (d) the in- 
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adequacy of existing regulatory mecha- 
nisms; [and] (e) other natural or manmade 
factors affecting its current existence.” Can- 
didacy lists under the ESA include Category 
1 species, defined as taxa for which legal 
protection appears to be biologically war- 
ranted, but which have not yet been for- 
mally listed as threatened or endangered, 
and Category 2 species, for which “conclu- 
sive data on biological vulnerability and 
threat” are currently lacking. Although legal 
protection is not given to candidate species 
under the ESA, such species are sometimes 
afforded special considerations during en- 
vironmental review and planning, and often 
are the focus of research aimed at clarifying 
their current status. 

Most western states have also enacted 
various forms of endangered species legis- 
lation. In general, state laws use definitions 
of the words “threatened” and “endan- 
gered” that parallel those given by the ESA. 
However, terms used to describe declining 
species or those of potential conservation 
concern, roughly equivalent to the Category 
1 and Category 2 species listed under federal 
regulations, are highly variable. Because of 
these pronounced inconsistencies, I com- 
bine all of the various categories used by 
the FWS and the 17 western state wildlife 
agencies; the limited detailed information 
that is available concerning definitions used 
by each state is provided in footnotes to 
Table 1. I refer to this combined category, 
which includes taxa that range from being 
fully protected as endangered to those which 
are merely listed as being of unknown status 
or in need of further monitoring, as “species 
of conservation concern.” 

The ESA broadly defines the word “spe- 
cies” to include “any subspecies of fish or 
wildlife or plants, and any distinct popu- 
lation segment of any species of vertebrate, 
fish, or wildlife which interbreeds when ma- 
ture.” However, the analyses of population 
trends provided by Sauer and Droege (1992), 
DeSante and George (1994) and Pyle et al. 
(1994) did not, in general, refer to taxa be- 
low the species level. Consequently, to fa- 

cilitate comparison of these two data sets, 
I use the more traditional, biological defi- 
nition of “species” in cases where wildlife 
agencies have described particular subspe- 
cies or populations as endangered, threat- 
ened, or sensitive. For example, I refer to 
Song Sparrow (Melospiza melodia) as a 
“species of conservation concern” based on 
the fact that three subspecies (maxillaris, 
samuelis, and pusillula) are listed as Cate- 
gory 2 candidates by the FWS. 

RESULTS 

One hundred thirty-five species of small, 
western landbirds are currently indicated as 
species of conservation concern on lists pre- 
pared by the FWS or at least one of 17 state 
wildlife agencies (Table 1). Seventy-eight 
(58%) occur either peripherally in the west- 
em United States, or as peripheral popu- 
lations in those states where they appear on 
official lists of sensitive or threatened spe- 
cies (American Ornithologists’ Union 1957). 
Of the 252 total “listings” (including spe- 
cies, subspecies, and populations) provided 
among all ofthe agency lists, 115 (46%) refer 
to peripheral populations. Three species 
(Scrub Jay, California Towhee, and Song 
Sparrow) are included solely by virtue of 
listed subspecies with highly restricted geo- 
graphic distributions. 

Of the remaining 54 species characterized 
by relatively widespread distributions in the 
western United States, population trend in- 
formation was provided by Sauer and 
Droege (1992) DeSante and George (1994) 
or Pyle et al. (1994) for 37 (Table 2). Sig- 
nificant population declines were noted by 
one of these sources in 22 cases (59%). None 
of the 54 species exhibited declining pop- 
ulation trends that were detected by two or 
more ofthe sources. Fourteen (26%) ofthese 
54 species nest primarily in arid woodlands 
or scrub habitats, 12 (22%) in coniferous 
forests or oak woodlands, 11 (20%) in ri- 
parian habitats, marshes, or streamside ar- 
eas, 10 (18%) in grassland habitats, and 7 
(13%) in miscellaneous habitat types (Table 

2). 
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TABLE 1. S~~IALLLANDBIRDSCLASSIREDASENDANGERED,THREATENED,OROFSPECIALCONSERVATIONCONCERN 
INTHEWESTERNUNITEDSTATES(EXCLUDINGALASKAAND HAWAII) 

Common name’ Scientific name US" WA' ORd CA' 

Common Ground-Dove 
*Black-billed Cuckoo 
Yellow-billed Cuckoo 
Yellow-billed Cuckoo (Western) 
Greater Roadrunner 
Lesser Nighthawk 
Common Nighthawk 

*Common Poorwill 
*Buff-collared Nightjar 
*Whip-poor-will 
Black Swift 
Vaux’s Swift 

*Broad-billed Hummingbird 
*White-eared Hummingbird 
*Violet-crowned Hummingbird 
*Lucifer Hummingbird 
*Costa’s Hummingbird 
*Elegant Trogon 
*Belted Kingfisher 
Lewis’ Woodpecker 
Acorn Woodpecker 

*Gila Woodpecker 
*Red-bellied Woodpecker 
Williamson’s Sapsucker 

*Ladder-backed Woodpecker 
*Red-cockaded Woodpecker 
White-headed Woodpecker 
Three-toed Woodpecker 
Black-backed Woodpecker 

*Northern Flicker (Gilded) 
Pileated Woodpecker 

*N. Beardless-Tyrannulet 
*Western Wood-Pewee 
*Alder Flycatcher 
Willow Flycatcher 
Willow Flycatcher (Southwestern) 
Gray Flycatcher 

*Buff-breasted Flycatcher 
Vermilion Flycatcher 

*Ash-throated Flycatcher 
Brown-crested Flycatcher 

*Tropical Kingbird 
*Thick-billed Kingbird 
*Rose-throated Becard 
Homed Lark (California) 
Homed Lark (Streaked) 
Purple Martin 

*Tree Swallow 
Bank Swallow 
Scrub Jay (Eagle Mtn.) 

*Black-billed Magpie 
Chihuahuan Raven 

*Black-capped Chickadee 
*Boreal Chickadee 
*Red-breasted Nuthatch 
Pygmy Nuthatch 
Cactus Wren 
Cactus Wren (Coastal population) 
Canyon Wren 

*California Gnatcatcher 

Columbina passerina 
Coccyzus erythropthalmus 
Coccyzus americanus 
C. a. occidentalis 
Geococcyx caltfornianus 
Chordeiles acutipennis 
Chordeiles minor 
Phalaenoptilus nuttallii 
Caprimulgus ridgwayi 
Caprimulgus voctferus 
Cypseloides niger 
Chaetura vauxi 
Cyanthus latirostris 
Hylocharis leucotis 
Amazilia violiceps 
Calothorax luctfer 
Calypte costae 
Trogon elegans 
Ceryle alcyon 
Melanerpes lewis 
Melanerpes formicivorus 
Melanerpes uropygialis 
Melanerpes carolinus 
Sphyrapicus thyroideus 
Picoides scalaris 
Picoides borealis 
Picoides albolarvatus 
Picoides tridactylus 
Picoides arcticus 
Colaptes auratus chrysoides 
Dryocopus pileatus 
Camptostoma imberbe 
Contopus sordidulus 
Empidonax alnorum 
Empidonax traillii 
E. t. extimus 
Empidonax wrightii 
Empidonax fulvtfions 
Pyrocephalus rubinus 
Myiarchus cinerascens 
Myiarchus tyrannulus 
Tyrannus melancholicus 
Tyrannus crassirostris 
Pachyramphus aglaiae 
Eremophila alpestris actia 
E. a. strigata 
Progne subis 
Tachycineta bicolor 
Riparia riparia 
Aphelocoma coerulescens cana 
Pica pica 
Corvus cryptoleucus 
Parus atricapillus 
Parus hudsonicus 
Sitta canadensis 
Sitta pygmaea 
Campylorhynchus brunneicapillus 
C. b. couesi (in part) 
Catherpes mexicanus 
Polioptila californica 
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TABLE 1. EXTENDED 

ID’ NV* UT1’ AZ MT’ WY” CO1 NM”’ ND” SP NE” Iw OF TX‘ 
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TABLE 1. CONTINUED 

Common name’ Scientific name US” WA’ ORd CA’ 

California Gnatcatcher (Coastal) 
*Black-capped Gnatcatcher 
Eastern Bluebird 
Western Bluebird 
Mountain Bluebird 

*Veery 
*Wood Thrush 
*Gray Catbird 
*Northern Mockingbird 
Sage Thrasher 
Bendire’s Thrasher 

*Curve-billed Thrasher 
Crissal Thrasher 
LeConte’s Thrasher 
Sprague’s Pipit 
Loggerhead Shrike 
Loggerhead Shrike (Migrant) 
Loggerhead Shrike (San Clemente) 
Bell’s Vireo 
Bell’s Vireo (Arizona) 
Bell’s Vireo (Least) 
Black-capped Vireo 
Gray Vireo 

*Solitary Vireo 
*Philadelphia Vireo 
* Blue-winged Warbler 
*Golden-winged Warbler 
*Orange-crowned Warbler 
*Virginia’s Warbler 
*Colima Warbler 
*Tropical Parula 
*Yellow Warbler (Sonora) 
*Chestnut-sided Warbler 
*Yellow-rumped Warbler 
Black-throated Gray Warbler 
Golden-cheeked Warbler 

*Yellow-throated Warbler 
*Prairie Warbler 
*Cerulean Warbler 
*American Redstart 
*Worm-eating Warbler 
*Northern Waterthrush 
*Mourning Warbler 
Common Yellowthroat 
Common Yellowthroat (Brownsville) 
Common Yellowthroat (Saltmarsh) 

*Hooded Warbler 
Yellow-breasted Chat 

*Hepatic Tanager 
Summer Tanager 

*Scarlet Tanager 
*Western Tanager 
*Northern Cardinal 
Blue Grosbeak 

*Varied Bunting 
Dickcissel 

*Olive Sparrow (Texas) 
*Green-tailed Towhee 
California Towhee (Inyo) 

*Abet-t’s Towhee 
*Bachman’s Sparrow 

P. c. californica 
Polioptila nigriceps 
Sialia sialis 
Sialia mexicana 
Sialia currucoides 
Catharus jiuscescens 
Hylocichla mustelina 
Dumetella carolinensis 
Mimus polyglottos 
Oreoscoptes montanus 
Toxostoma bendirei 
Toxostoma curvirostre 
Toxostoma crissale 
Toxostoma lecontei 
Anthus spragueii 
Lanius ludovicianus 
L. 1. migrans 
L. 1. mearnsi 
Vireo bellii 
V. b. arizonae 
V. b. pusillus 
Vireo atricapillus 
Vireo vicinior 
Vireo solitarius 
Vireo philadelphicus 
Vermivora pinus 
Vermivora chrysoptera 
Vermivora celata 
Vermivora virginiae 
Vermivora crissalis 
Par&a pitiayumi nigrilora 
Dendroica petechia sonorana 
Dendroica pensylvanica 
Dendroica coronata 
Dendroica nigrescens 
Dendroica chrysoparia 
Dendroica dominica 
Dendroica discolor 
Dendroica cerulea 
Setophaga ruticilla 
Helmitheros vermivorus 
Seiurus noveboracensis 
Oporornis Philadelphia 
Geothlypis trichas 
G. t. inseperata 
G. t. sinuosa 
Wilsonia citrina 
Icteria virens 
Piranga J7ava 
Piranga rubra 
Piranga olivacea 
Piranga ludoviciana 
Cardinalis cardinalis 
Guiraca caerulea 
Passerina versicolor 
Spiza americana 
Arremonops r. rujivirgatus 
Pipilo chlorurus 
Pipilo crissalis eremophilus 
Pipilo aberti 
Aimophila aestivalis 
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TABLE 1. CONTINUED 

Common name’ Scientific name USb WA’ ORd CA’ 

*Botteri’s Sparrow (Texas) Aimophila botterii texana 
Rufous-cr. Sparrow (S. Calif.) Aimophila rujiceps canescens 

*Brewer’s Sparrow Spizella breweri 
Vesper Sparrow (Oregon) Pooecetes gramineus ajinis 
Sage Sparrow Amphispiza belli 
Sage Sparrow (Bell’s) A. b. belli 
Sage Sparrow (San Clemente) A. 6. clementeae 
Lark Bunting Calamospiza melanocorys 
Savannah Sparrow (Belding’s) Passerculus sandwichensis beldingt 

*Savannah Sparrow (Large-billed) P. s. rostra&s 
Baird’s Sparrow Ammodramus bairdii 
Grasshopper Sparrow Ammodramus savannarum 

*Grasshopper Sparrow (Arizona) A. s. ammolegus 
*Henslow’s Sparrow Ammodramus henslowii 
*LeConte’s Sparrow Ammodramus leconteii 
*Sharp-tailed Sparrow Ammodramus caudacutus 
Song Sparrow (Alameda) Melospiza melodia pusillula 
Song Sparrow (San Pablo) M. m. samuelis 
Song Sparrow (Suisun) M. m. maxillaris 

*Swamp Sparrow Melospiza georgiana 
*White-throated Sparrow Zonotrichia albicollis 
*Dark-eyed Junco (Gray-headed) Junco hyemalis caniceps 
*Yellow-eyed Junco Junco phaeonotus 
McCown’s Longspur Calcarius mccownii 
Bobolink Dolichonyx oryzivorus 
Tricolored Blackbird Agelaius tricolor 

*Hooded Oriole (Mexican) Icterus cucullatus cucullatus 
*Hooded Oriole (Sennett’s) I. c. sennettii 
*Audubon’s Oriole Icterus graduacauda audubonii 
*Rosy Finch (Black) Leucosticte arctoa atrata 
*Pine Grosbeak Pinicola enucleator 
*Lesser Goldfinch Carduelis psaltria 

Totals 

Endangered or threatened, non-peripheral 
Miscellaneous categories, non-peripheral 
Endangered or threatened, peripheral 
Miscellaneous categories, peripheral 

CT 
c2 
- 
- 
- 
c2 
T 
- 

c2 
c2 
c2 
- 

(G 
- 
- 
c2 
c2 
c2 
- 
- 
- 
- 
- 
- 

& 
(C2) 
(C2) 

- 
- 
- 

7 
16 

1 

- 
- 
- 
M 
C 
- 
- 
- 
- 
- 
- 

M 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

(M) 

0 
17 
0 

10 4 

- 
U 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

(Z) 
- 
- 

(R) 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

&I - - - - - - 
SC 
SC 
SC 
- 

G) - - - 
SC 
- 
- 
- 
- 
- 
- 

0 7 
16 16 
0 2 
2 8 

n Taxa are identified to subspecies only if so indicated on a particular list. Asterisks indicate peripheral taxa (a) distributed primarily in Mexico, 
Canada, or the eastern United States, or (b) of peripheral occurrence west of 95’ longitude in the state(s) in whtch they are officially listed. Listing 
designations shown in parentheses indicate populatmns considered to be peripheral to the taxon’s primary area of distribution. 
n US: United States. E = endangered: T = threatened: P = petitioned; Cl = Category 1; C2 = Category 2-USFWS, Endangered and Threatened 
Wildlife and Plants (Aug 1992) and 56 FR 58804 (Nov 1991). 
’ WA: Washington. C = candidate species (under review for possible listing as threatened or endangered); M = monitor (limited habitat availability, 
unresolved taxonomic problems, or unknown population status)-Washington Dept. of Wildlife, Nongame Program, Wildlife Management Division 
(Summer 199 1). 
d OR: Oregon. C = sensitive species (critical); V = sensitive species (vulnerable); R = sensitive species (peripheral or naturally rare): U = sensitive 
species (undetermined status)-Oregon Dept. of Fish and Wildlife (Dee 1991). 
h CA: California. E = endangered, T = threatened; SC = species of special concern-Calif. Dept. Fish and Game (Mar 1990). 
’ ID: Idaho. SCB = species of special concern, Category B (peripheral species); SCC = spectes of special concern, Category C (undetermined status)- 
Natural Heritage Section, Nongame and Endangered Wildlife Program, Idaho Dept. of Fish and Game (Aug 1991). 
e NV: Nevada. P = protected (limited or vulnerable distribution)-Nevada Dept. of Wildlife (date not specified: per% comm. received Feb 1992). 
h UT: Utah. T = threatened: Sl = sensitive species (declining population); S2 = sensitive species (limited range or habitat): S12 = sensitive species 
(declining population and limited range or habitat)-Utah Division of Wildlife Resources (May 1992). 
AZ Arizona. E = endaneered: T = threatened: C = candidate-Arizona Game and Fish Dept. (Jul 1988). 

J MT: Montana. SC = sp&es of special inter&t or concern; U = additional data needed on s&us or p&ulation trend-Montana Dept. of Fish, 
Wildlife and Parks (Jan 1991). 
* WY: Wyoming. No small landbirds Listed-Wyoming Game and Fish Dept. (pers. comm., Feb 1992). 
I CO: Colorado. U = undetermined-Colorado Division of Wildlife (Jan 1992). 
m NM: New Mexico. E I = endangered, group 1 (any species or subspecies whose prospects of survival or recruitment are in jeopardy); E2 = endangered, 
group 2 (any species or subspecies whose prospects of survival or recruitment are likely to be in jeopardy in the foreseeable future)-Endangered 
Species Program, New Mexico Dept. of Game and Fish (Feb 1992). 
” ND: North Dakota. T = threatened, P = peripheral (small populations limited by habitat availability); W = watch (declines suspected but 
unconfirmed)-North Dakota Game and Fish Dept. (Aug 1986). 
” SD: South Dakota. R = rare-South Dakota Dept. of Wildlife, Parks and Forestry (date not specified, pers. comm. received Feb 1992). 
u NE: Nebraska. No small landbirds listed-Nebraska Game and Parks Commission (pas. comm. received Mar 1992). 
q KS Kansas. E = Endangered; SC = species in need of conservation; U = unclassified‘(additional data needed)-Inves&ation and Inventory Ofice, 
Kansas Wildlife and Parks (date not specified; pers. comm. received Feb 1992). 
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TABLE 1. EXTENDED (CONTINUED) 

ID’ NV% UT’” AZ’ MT’ WYL CO’ NM”? ND” SD0 NED KS” OK’ TX‘ 
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- 
- 
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- 
- 
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- 
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GJ) 
cw 
cm - 
- 
- 

’ OK: Oklahoma. E = endangered; SC = species of special concern, Category 2 (data suggests declining population, but inadequate to support hsting)- 
Oklahoma Dept. of Wildlife Conservation, Nongame Section (Sep 1990). 
’ TX: Texas. E = endangered; T = threatened; spectes of special concern, Rank I (critically lmpertled m state, extremely rare, very vulnerable to 
entwation), SU = species of special concern, uncertain ranking-Texas Parks and Wildlife Dept. (Jan 1992). 

Using a conservative interpretation of 
trends described by Sauer and Droege 
(1992) DeSante and George (1994) and Pyle 
et al. (1994), I found that 27 species of small 
western landbirds that exhibit evidence of 
population declines are absent from federal 
or state lists of species of conservation con- 
cern (Table 3). Six (Band-tailed Pigeon, Ol- 
ive-sided Flycatcher, Swainson’s Thrush, 
Wilson’s Warbler, Chipping Sparrow, and 
Black-throated Sparrow) were found to be 
declining by at least two sources. Thirteen 
(48%) of these 27 species nest in a variety 

of miscellaneous habitats, 6 (22%) in arid 
woodlands or scrub habitats, 4 (15%) in co- 
niferous forests or oak woodlands, 3 (11%) 
in grasslands, and 1 (4%) in riparian habitats 
or streamside vegetation. 

DISCUSSION 

A comparison of small landbird species 
listed by federal or state wildlife agencies as 
being of conservation concern with recent 
analyses of population trends in the western 
United States demonstrates a substantial 
lack of concordance. Some differences are 
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TABLE 2. POPULATION TRENDS OF SMALL WESTERN LANDBIRDS IDENTIFTED AS SPECIES OF CONSERVATION 
CONCERN ON OFFKIAL WILDLIFE AGENCY LISTS 

Scientific name 

Trend and source 

Habit& LIT’ BBSld BBSZ’ MIG’ 

Common Ground-Dove Columbina passerina 
Yellow-billed Cuckoo Coccyzus americanus 
Greater Roadrunner Geococcyx caltfornianus 
Lesser Nighthawk Chordeiles acutipennis 
Common Nighthawk Chordeiles minor 
Black Swift Cypseloides niger 
Vaux’s Swift Chaetura vauxi 
Lewis’ Woodpecker Melanerpes lewis 
Acorn Woodpecker Melanerpes formicivorus 
Williamson’s Sapsucker Sphyrapicus thyroideus 
White-headed Woodpecker Picoides albolarvatus 
Three-toed Woodpecker Picoides tridactylus 
Black-backed Woodpecker Picoides arcticus 
Pileated Woodpecker Dryocopus pileatus 
Willow Flycatcher Empidonax traillii 
Gray Flycatcher Empidonax wrightii 
Vermilion Flycatcher Pyrocephalus rubinus 
Brown-crested Flycatcher Myiarchus tyrannulus 
Horned Lark Eremophila alpestris 
Purple Martin Progne subis 
Bank Swallow Riparia riparia 
Chihuahuan Raven Corvus cryptoleucus 
Pygmy Nuthatch Sitta pygmaea 
Cactus Wren Campylorhynchus brunneicapillus 
Canyon Wren Catherpes mexicanus 
Eastern Bluebird Sialia sialis 
Western Bluebird Sialia mexicana 
Mountain Bluebird Sialia currucoides 
Sage Thrasher Oreoscoptes montanus 
Bendire’s Thrasher Toxostoma bendirei 
Crissal Thrasher Toxostoma crissale 
LeConte’s Thrasher Toxostoma lecontei 
Sprague’s Pipit Anthus spragueii 
Loggerhead Shrike Lanius ludovicianus 
Bell’s Vireo Vireo bellii 
Black-capped Vireo Vireo atricapillus 
Gray Vireo Vireo vicinior 
Black-throated Gray Warbler Dendroica nigrescens 
Golden-cheeked Warbler Dendroica chrysoparia 
Common Yellowthroat Geothlypis trichas 
Yellow-breasted Chat Icteria virens 
Summer Tanager Piranga rubra 
Blue Grosbeak Guiraca caerulea 
Dickcissel Spiza americana 
Rufous-crowned Sparrow Aimophila rujiceps 
Vesper Sparrow Pooecetes gramineus 
Sage Sparrow Amphispiza belli 
Lark Bunting Calamospiza melanocorys 
Savannah Sparrow Passerculus sandwichensis 
Baird’s Sparrow Ammodramus bairdii 
Grasshopper Sparrow Ammodramus savannarum 
McCown’s Longspur Calcarius mccownii 
Bobolink Dolichonyx oryzivorus 
Tricolored Blackbird Agelaius tricolor 

M 
R 
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ns 
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ns 
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ns 

+ 

ns 

ns 

4 Excluding: (a) specxs occurring peripherally in the western United States, (b) speczs occurring as peripheral populations in the state(s) where they 
are hsted as being of conservatmn concern, and (c) species represented solely by listed subspecies with highly restricted distributions. See text for 
further discussion. 
h Habitat categories: G = grassland, F = coniferous forest/oak woodland, S = arid woodlands and miscellaneous scrub, R = nparian, marsh, and 
streamslde, M = mwellaneous. 
c LIT. Based on results of literature survey presented by D&ante and George (1994). Increasing trends (+) defined as those where “major increases 
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TABLE 3. SMALL WESTERN LANDBIRDS WITH REPORTEDLY DECLININGPOPULATIONSTHAT ARE ABSENT FROM 
OFFKULWILLXIFEAGEN~YLISTSOFSPE~IFSOFCONSERVA~ON CONCERN 

Trend and source 

Common name Sclentltic name Habitat LIT BBS I BBS2 MIG 

Band-tailed Pigeon* 
Mourning Dove 
Black-chinned Hummingbird 
Anna’s Hummingbird 
Rufous Hummingbird 
Allen’s Hummingbird 
Olive-sided Flycatcher+ 
Say’s Phoebe 
Rock Wren 
Swainson’s Thrush* 
Cedar Waxwing 
Lucy’s Warbler 
Townsend’s Warbler 
MacGillivray’s Warbler 
Wilson’s Warbler* 
Rufous-winged Sparrow 
Chipping Sparrow* 
Black-chinned Sparrow 
Black-throated Sparrow* 
Fox Sparrow 
Chestnut-collared Longspur 
Eastern Meadowlark 
Western Meadowlark 
Brewer’s Blackbird 
Northern Oriole 
Scott’s Oriole 
Lawrence’s Goldfinch 

* Declines indicated by two or m”re sources. 

Columba fasciata 
Zenaida macroura 
Archilochus alexandri 
Calypte anna 
Selasphorus rqfus 
Selasphorus sasin 
Contopus borealis 
Sayornis saya 
Salpinctes obsoletus 
Catharus ustulatus 
Bombycilla cedrorum 
Vermivora luciae 
Dendroica townsendi 
Oporornis tolmiei 
Wilsonia pusilla 
Aimophila carpalis 
Spizella passerina 
Spizella atrogularis 
Amphispiza bilineata 
Passerella iliaca 
Calcarius ornatus 
Sturnella magna 
Sturnella neglecta 
Euphagus cyanocephalus 
Icterus galbula 
Icterus parisorum 
Carduelis lawrencei 

trivial, and merely reflect limitations in 
population monitoring techniques. Broad- 
scale analyses based on methods such as the 
Breeding Bird Survey or migration counts 
are unlikely to accurately detect trends char- 
acterizing taxa with geographically limited 
distributions. For example, even though 
Sauer and Droege (1992) and DeSante and 
George (1994) found no significant declines 
for Willow Flycatcher or Bell’s Vireo based 
on data collected throughout the western 
United States, there is little doubt that two 
subspecies of these birds that are frequently 
included on official agency lists (South- 
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-c 

western Willow Flycatcher, Empidonax 
traillii extimus; Least Bell’s Vireo, Vireo 
bellii pusillus) are both highly threatened 
due to loss and degradation of riparian hab- 
itat (Phillips 1948, Unitt 1987, U.S. Fish 
and Wildlife Service 1986, Franzreb 1989). 

Such factors may excuse the absence of 
some officially “listed” taxa from summa- 
ries of declining species based on analyses 
of population trends, but they do not ex- 
plain the failure of public wildlife agencies 
to incorporate into official lists the results 
of recent scientific findings concerning the 
status of bird populations. For example, the 

t 
(>50% population increase)” were cited in at least one western state: decreasmg trends (-) as those where “major decreases (~50% population 
decrease)” were cited in at least one western state. 
d BBSI. Based on analysis of Breeding Bird Survey data (1966-1991) presented by D&ante and George (1994). Increastng trends (+) Include those 
defined as “Strong increasing” by DeSante and George; decreasing trends (-) Include those defined as “Strong decreasing” by D&ante and George. 
Non-stgndicant or less pronounced trends indicated by “ns”. 
’ BBSZ. Based on analysis of Breeding Bird Survey data (1966-l 988) presented by Sauer and Droege (I 992); + = stgnificantly mcreastng trend (P < 
0.05), - = stgmticantly decreasing trend (P < 0.05), ns = non-s~gndicant. 
’ MIG. Based on linear regression analysis ofweather-adjusted spring migration captures (1968-1992) presented by Pyle et al. (1994); + = significantly 
increasing trend (P < O.OS), - = significantly decreasing trend (P < 0.05). ns = non-significant. 
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existence of at least 27 declining species of 
small, western landbirds-none of which 
have been officially recognized by federal or 
state wildlife agencies-casts obvious doubt 
on the effectiveness of the present process. 

Furthermore, official lists of species of 
conservation concern are frequently inflated 
by inclusion of peripheral species that are 
“threatened” only by virtue of their occur- 
rence as small, often isolated populations 
located “on the wrong side” of a political 
boundary line. The frequent inclusion of 
such species on official lists, although per- 
haps understandable from the standpoint of 
local conservation concerns, may ultimately 
threaten the public credibility of the overall 
endangered species listing process, and di- 
vert research and management attention that 
should be given to truly threatened popu- 
lations. For instance, Sauer and Droege 
(1992) and DeSante and George (1994) 
found significant population increases for 
Ash-throated Flycatcher in the western 
United States. Nonetheless, the state of 
Washington lists Ash-throated Flycatcher 
as of conservation concern (“Monitor” sta- 
tus), even though the species’ normal range 
barely extends north of Oregon (Jewett et 
al. 1953, American Ornithologists’ Union 
1957). Furthermore, Washington also ap- 
plies the “Monitor” designation to Three- 
toed Woodpecker, which, at least based on 
its appearance on the official lists of Oregon, 
Idaho, and Utah, may well be a species for 
which there is a legitimate cause for con- 
cern. Similarly, New Mexico ascribes the 
same listing category (“Endangered, group 
2”) to White-eared Hummingbird, which 
occurs only as a peripheral species in the 
United States (American Ornithologists’ 
Union 1957), as it does to the Southwestern 
Willow Flycatcher, for which the state rep- 
resents a major portion of the subspecies’ 
range (Phillips 1948, Unitt 1987). 

Similar inconsistencies characterize vir- 
tually every agency list examined in this 
analysis. In perhaps the most inexplicable 
case, the FWS lists the Mexican Hooded 
Oriole (Zcterus cucullatus cucullatus) as a 

Category 2 candidate, even though the sub- 
species only occurs as an occasional migrant 
in western Texas (American Ornithologists’ 
Union 1957). 

There is little evidence that lists compiled 
by federal or state wildlife agencies provide 
a comprehensive and accurate picture of 
threatened or declining bird populations in 
the western United States. This fact should 
especially concern conservationists. The ex- 
isting environmental review processes used 
by most local or state planning authorities 
often depend on official lists of protected or 
sensitive species as the primary biological 
criterion by which to evaluate potential im- 
pacts of proposed projects. Also, lists of sen- 
sitive species compiled by wildlife agencies 
may be important in shaping land-use de- 
cisions associated with ecosystem or multi- 
species conservation planning (U.S. Fish and 
Wildlife Service 1993). Finally, official lists 
frequently direct research attention (and 
needed funding) toward studies aimed at 
clarifying the population status of these spe- 
cies. 

Current lists of species of conservation 
concern that have been compiled by federal 
and state agencies leave much to be desired. 
Inconsistent and poorly defined terminol- 
ogy, failure to systematically incorporate 
current scientific data, and over-emphasis 
on protection of peripheral populations that 
show no evidence of widespread declines 
have created a vague and confusing system 
that has minimal value to scientists or con- 
servationists. Given the increasing threats 
faced by bird populations throughout the 
United States, there is an urgent need to 
improve the process by which species are 
officially identified as being in need of spe- 
cial conservation attention. 
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Prospects 

PRESERVING AND RESTORING AVIAN DIVERSITY: 
A SEARCH FOR SOLUTIONS 

J. MICHAEL SCOTT 

Abstract. I describe a strategy for maintaining avian biodiversity into the 22nd century that uses the 
tools of avian ecology and conservation biology. Underlying it are ten assumptions: 1) many of the 
present and past causes of avian jeopardy will be factors in the future; 2) the effects of a limiting factor 
cannot be eliminated or significantly ameliorated by actions taken at a scale that is finer grained than 
the scale at which the limiting factor operates; 3) high quality, well distributed habitat is the key to 
healthy bird populations; 4) the area of concern must be the entire historical range of a species; 5) 
restoration of habitat is critical; 6) fauna1 mixing resulting from anthropogenic habitat alteration is a 
threat to the integrity of avian communities; 7) alien non-avian species are threats as predators, 
competitors, habitat modifiers and disease vectors; 8) survival chances are enhanced if metapopulations 
exist; 9) research and management efforts should be conducted in a biological, rather than political, 
context and 10) the time to save a species is when it is common. This plan calls us to think globally 
and act locally, to consider proximate and ultimate factors affecting populations, to place more em- 
phasis on research and conservation in biological rather than political contexts, and to acknowledge 
that growth of human population size is the driving force behind the loss of avian diversity. 

Key Words: Conservation; neotropical migrants; management; research; scale. 

“To KEEPEVERY COG AND WHEELIS THE FIRSTPRECAUTIONOFINTELLIGENT TmmRrNG”-AldoLeopold 

In this volume authors have reviewed and 
synthesized our knowledge about popula- 
tion trends and effects of human-induced 
environmental change, and presented case 
histories for many of the birds in the western 
United States. I provide a view ofwhat might 
be done to help restore and maintain the 
viability and integrity of these avian pop- 
ulations. I will repeatedly refer to the need 
for an approach based on systems and a 
better understanding of the issues of scale, 
temporal, spatial, and biological, for de- 
signing research and recovery efforts. I em- 
phasize the theme of building bridges among 
groups and working across political bound- 
aries. My basic assumption is there exists 
an urgent need to proactively rather than 
reactively address conservation issues in bi- 
ological rather than political contexts. 

In seeking strategies to save, restore, and 
maintain avian diversity, I have looked to 
the past for solutions and guidance. The 
dramatic rebound of the peregrine falcon 
Falco peregrinus (Cade et al. 1988) with the 
banning of DDT and large scale reintro- 
duction efforts shows the possibility of even 

eliminating pervasive threats from the en- 
vironment. The recovery of the Aleutian 
Canada Goose (Branta canadensis leuco- 
pareia) following the removal of alien foxes 
from the breeding grounds and reduction in 
take by hunters is equally impressive (Rees 
1989, Anonymous 199 1). These are excel- 
lent examples of the need to address both 
proximate and ultimate factors limiting a 
population’s size and distribution. In both 
cases, the proximate cause of decline was 
reproductive failure. But it was only when 
the ultimate causes were removed that the 
populations recovered. 

As an insight to changes in western birds, 
Linsdale’s (1930:105) review of the prob- 
lems of bird conservation in California is 
instructive. He stated that “An examination 
of available information bearing upon pop- 
ulation numbers in California birds reveals 
no single species which can be designated 
certainly on the verge of extinction. How- 
ever, several species, or groups of species 
within the state are low in numbers and 
need watching and possibly, help in main- 
taining their statuses.” He listed 17 species 

340 
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TABLE 1. STATUS ATTRIBUTED TO BIRDS IN CALIFOR- 
NIA BY LINSDALE (1930) AND EHRLICH ET AL. (1992) 

In Jeopardy 

Species 
Lmds- Erlich 
dale et al. 

Common loon (Gavia immer) 
Brown Pelican (Pelecanus occidentalis) 
Least Bittern (Zxobrychus exilis) 
Reddish Egret (Egretta rufescens) 
Black-crowned Night-Heron (Nycticorux 

nycticorux) 
White-faced Ibis (Plegadis chihi) 
Aleutian Canada Goose (Brunta 

canadensis leucopareia) 
Fulvous Whistling Duck (Dendrocygna 

bicolor) 
Canvasback (Aythya valisineria) 
Harlequin Duck (Histrionicus 

histrionicus) 
California Condor (Gymnogyps 

californianus) 
White-tailed Kite (Elanus leucurus) 
Bald Eagle (Haliaeetus leucocephalus) 
Northern Harrier (Circus cyuneus) 
Harris Hawk (Purubuteo unicinctus) 
Red-shouldered Hawk (Buteo lineatus) 
Swainson’s Hawk (Buteo swainsoni) 
Golden Eagle (Aquilu chrysaetos) 
Prairie Falcon (Falco mexicanus) 
Peregrine Falcon (F&co peregrinus) 
Sharp-tailed Grouse (Tympanuchus 

phasianellus) 
Black Rail (Lateralus jamaicensis 

coturniculus) 
Clapper Rail (Rallus longirostris 

yumanensis) 
Clapper Rail (Rallus longirostris 

obsoletus) 
Clapper Rail (Rallus longirostris levipes) 
Snowy Plover (Charadrinus 

alexandrinus) 
Long-billed Curlew (Numenius 

americanus) 
Elegant Tern (Sternus eleguns) 
Least Tern (Sterna antillarum) 
Marbled Murrelet (Bruchyramphus 

marmoratus) 
Black Tern (Chlidonius niger) 
Yellow-billed Cuckoo (Coccyzus 

americanus) 
Common Barn-Owl (Tyto alba) 
Burrowing Owl (Athene cuniculuria) 
Spotted Owl (Strix occidentalis caurina) 
Short-eared Owl (Asioflammeus) 
Willow Flycatcher (Empidonax traillii) 
Whip-poor-will (Cuprimulgys vociferus) 
Purple Martin (Progne subis) 
Sage Sparrow (Amphispiza belli 

clementeae) 
California Gnatcatcher (Polioptila 

californica) 
Western Bluebird (Sialia mexicana) 
Yellow-billed Magpie (Pica nuttalli) 

no yes 
no yes 
no yes 
no yes 

no yes 
no yes 

yes yes 

yes yes 
yes yes 

yes yes 

yes yes 
yes no 
yes yes 
no yes 
no yes 
yes no 
no yes 
yes no 
yes no 
yes yes 

yes yes 

no yes 

yes yes 

yes yes 
yes yes 

yes yes 

yes yes 
no yes 
no yes 

no yes 
no yes 

no yes 
no yes 
no yes 
no yes 
no yes 
no yes 
no yes 
yes yes 

no yes 

no yes 
no yes 
yes no 

TABLE 1. CONTINUED 

In jeopardy 

Linds- Erlich 
species dale et al. 

Loggerhead Shrike (Lanius ludovicianus 
mearnsi) 

Yellow Warbler (Dendroica petechia) 
Common Yellowthroat (Geothlypis 

no yes 
no yes 

trichas sinuosa) 
Song Sparrow (Melospiza melodia 

no yes 

samuelis) 
Song Sparrow (Melospiza melodia 

no yes 

maxillaris) 
Song Sparrow (Melospiza melodia 

no yes 

pusillula) no yes 
Tricolored Blackbird (Ageluius tricolor) no yes 
Bell’s Vireo (Vireo bellii pusillus) no yes 
Inyo California Towhee (Pipilo crissalis 

eremophilus) 
Savannah Sparrow (Passerculus 

no yes 

sandwichensis beldingi) no yes 

Lindsdale Yes; Ehrlich et al. No 5 
Lindsdale No; Ehrlich et al. Yes 34 
Lindsdale Yes; Ehrlich et al. Yes 14 

’ Names used are those in American Ornithologists’ Union checklists, 
5th and 6th editions (AOU 1957, 1983). In some instances. only the 
California population or subspecies is in jeopardy. 

and shorebirds, ducks, and geese as groups 
with problems. Five of these species were 
not listed by Ehrlich et al. (1992). However, 
34 California taxa listed by Ehrlich et al. 
(1992) were not identified by Linsdale as 
having problems (Table 1). 

The west is usually defined as the area 
west of the 100th meridian exclusive of 
Mexico (Peterson 1969) including the Ha- 
waiian Islands; 750 bird species occur there. 
Using floristic provinces, ecoregions, (e.g., 
Bailey 1980) or physiographic regions that 
occur in whole or part west of the Meridian 
rather than political boundaries would al- 
low full consideration of the birds of the 
Gulf and Pacific islands off Baja California, 
and of the Sonoran ecoregion that extends 
into Northern Mexico (Fig. 1). A recent sur- 
vey of the avifauna of the North American 
continent exclusive of Mexico, but includ- 
ing Hawaii, found 92 species or subspecies 
that occur in the west, to be in jeopardy 
(Ehrlich et al. 1992, see also Atwood 1994). 
Of 33 extinctions of species and subspecies 
in the United States since European settle- 
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WEST INDIAN 

FIGURE 1. Spatial distribution of the ten floristic provinces of the continental United States and Canada 
(after Gleason and Cronquist 1964). Used with permission of Fritz Knopf. Taken from Knopf 1992. 

ment, 25 (78%) have occurred in the west. 
The loss of populations has been much 
greater but undocumented. Add to this a 
minimum of 50 species extinct in the Ha- 
waiian Islands as a result of the 1500 year 
influence of Polynesians before the arrival 
of Europeans (Olson and James 199 1, James 
and Olson 199 1). 

The reasons for loss and placing in jeop- 
ardy of species have been varied and chang- 
ing. In a worldwide review, King (1978) 
found that in the period 1600-1980, 91% 

of extinctions were due, at least in part, to 
the impact of introduced species: in 25% 
human take was a factor; while for 32% hab- 
itat loss or change was a consideration. There 
is currently a different mixture. Temple 
(1986) found that for currently endangered 
species, habitat modification was the single 
most important factor for 82% of the taxa, 
followed by excessive human take (44%) 
and introduced species (36%). 

The ultimate cause of extinction and 
jeopardy is a human population whose de- 
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FIGURE 2. Top to bottom: Continental distribu- 
tions of Bell’s Vireo (Vireo bellii), California Thrasher 

mands on the global ecosystem are greater 
than the planet can sustain on a long-term 
basis (Daily and Ehrlich 1992). The United 
States population increased from 3.9 mil- 
lion in 1790 to 249 million in 1990, with a 
projected population of 349 million by 2025 
(U.S. Department of Commerce 199 1). Be- 
cause of the settlement patterns, rates of in- 
crease have been greater in the west in the 
past 150 years. With increased human pop- 
ulations and increased consumption of re- 
sources and goods (Daily and Ehrlich 1992) 
has come increased habitat loss, fragmen- 
tation, and loss of community integrity. Fu- 
ture wildlife losses can be anticipated to be 
greatest in those areas still having the great- 
est extent of intact native habitats (Knopf 
1992). 

In this section, I discuss specific issues 
that affect the avian populations in the west 
and lay out a plan for conserving them. I 
make ten assumptions: 

1) Many of the factors that have resulted 
in the loss of bird species or reduction in 
their ranges and abundance will continue to 
be factors in the future. 

2) Thriving avian populations require 
abundant, well distributed, high quality 
habitat. 

3) The effects of a limiting factor cannot 
be eliminated or significantly ameliorated 
by actions taken at a scale that is finer grained 
than the scale at which the limiting factor 
operates. As an example, if regional lead 
accumulation leading to poisoning is a sig- 
nificant factor in the decline of California 
Condors (Gymnogyps californianus) (Wie- 
meyer et al. 1988, Pattee et al. 1990), then 
treatment of individual birds and provision 
of contaminant-free carcass at specific sites 
will not be enough to save the species. The 
sources of lead must be significantly reduced 
throughout the range of the species. 

e 
(Toxostoma redivivum), and Tricolored Blackbird 
(Agelaius tricolor). The Least Bell’s Vireo (Vireo bellii 
pusillus) is an endangered subspecies in the southwest. 
Used with permission of Fritz Knopf. Taken from 
Knopf 1992. 
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4) Conservation, research, and manage- 
ment efforts must nearly always transcend 
political boundaries (Figs. 1,2) and perhaps 
more importantly, the mental boundaries 
that we create. 

5) Restoration of habitats will frequently 
be necessary (see Ohmart 1994). If recovery 
or management efforts are restricted to the 
present range of a species, they may unnec- 
essarily limit the long term viability of a 
species. An example is the recovery efforts 
for Hawaiian forest birds that focus on less 
than 25% of their historical ranges (Scott et 
al. 1986). Efforts throughout a species’ his- 
torical range, not necessarily just its current 
range (Verner 1992), will be frequently nec- 
essary to restore avian populations fully. 

6) Fauna1 mixing resulting from human 
induced habitat loss, fragmentation, and 
change may affect the integrity of avifaunas 
(Knopf 1992). Fauna1 mixing may occur as 
the direct result of introductions by man or 
as the result of habitat alteration, e.g., cre- 
ation of riparian corridors, urbanization of 
an area (Emlen 1974), or habitat loss and 
fragmentation which can result in the ex- 
pansion of a species range. Change is a nat- 
ural process, but we need to minimize the 
human induced changes if we are to main- 
tain our native avifauna. 

7) Alien non-avian species are a threat 
as predators, competitors, habitat modifi- 
ers, and disease vectors. The most harmful 
impacts of introduced species usually occur 
on islands. 

8) The survival chances of species are 
greatly enhanced if a metapopulation struc- 
ture can be maintained or reestablished (Sa- 
belis et al. 1991, Gilpin and Hanski 1991). 

9) Restoration efforts should be placed 
in a context of physiographic region, ecore- 
gion, a species range, or some other biolog- 
ically meaningful framework. 

10) The time to save a species is when it 
is common. 

GENERAL ACTION PLAN 

What can we do to make a difference? 
1) “Think globally, act locally.” Most of 

the species that occur in the west spend a 
portion of their time elsewhere, some as far 
away as the polar seas. Thus, efforts to 
maintain the numbers as well as the genetic 
diversity and population structure of shear- 
waters should consider conditions through- 
out their range to include oil pollution, gill 
netting, competition from commercial fish- 
eries in their wintering areas, as well as the 
sanctity of their southern hemisphere 
breeding grounds. The importance of co- 
operative international efforts in bird con- 
servation has been realized since passage of 
the Migratory Bird Treaty Act. It has been 
more recently augmented by several recent 
programs, particularly efforts to establish 
hemisphere reserves for migrant shorebirds 
(Myers et al. 1987) the North American 
Waterfowl Management Plan (U.S. De- 
partment of the Interior and Environment 
Canada 1986) and The Partners in Flight 
project (Stangel and Eno 1992), which in- 
volves international programs to protect or 
restore populations of neotropical migrants. 
Similar efforts are needed to make ecosys- 
tems and species ranges the common cur- 
rency guiding conservation and develop- 
ment decisions. 

2) Consider both the proximate and ul- 
timate factors. Proximate causes are those 
that are acting to cause the immediate de- 
crease of a species. Ultimate causes are those 
that were responsible for the original decline 
to a point of jeopardy. The proximate cause 
may be decreased reproductive success, as 
in the case of the Peregrine Falcon, but sim- 
ply increasing reproductive success through 
brood augmentation or release of captive- 
reared offspring was only a partial solution 
to the problem. Reducing DDT in the en- 
vironment was the solution, as it was the 
ultimate cause of reproductive failure (Cade 
et al. 1988). Similarly, recovery efforts for 
Masked Bobwhite Quail (Colinus virgini- 
anus ridgwzyi) were not successful despite 
supplementing wild populations with 
thousands of captive reared birds. The 
problem was poor habitat, and only when 
a long-term drought was broken and grazing 



PRESERVING AND RESTORING AVIAN DIVERSITY --Scott 345 

pressure reduced or eliminated, did the pop- 
ulation begin to show signs of recovery (Ga- 
be1 and Drobrott 1989). 

3) Clearly and loudly articulate the re- 
lationship between the increase in human 
populations and the natural world (Daily 
and Ehrlich 1992, Ehrlich and Ehrlich 199 1). 

4) Emphasize research and conservation 
efforts in biological rather than political 
contexts (Knopf 1992). Species do not rec- 
ognize political borders (Fig. 2). In a review 
of 5 years of The Condor, fewer than 5% of 
the published papers were appropriately ex- 
trapolative to a biologically defensible unit. 
Our arguments for the protection of species 
would be more forceful if we could defen- 
sibly make inferences beyond our study sites 
and coherently link the hierarchical levels 
of biological organization. 

SPECIFIC ACTIVITIES FOR 
SOCIETIES 

1) Fund the visit to annual meetings of 
active foreign scientists. Collaborative re- 
search is born out of partnerships, mutual 
respect, and friendship. 

2) Sponsor and publish proceedings of 
symposia that address critical areas in con- 
servation biology or particularly sensitive 
species of birds. In doing so, involve man- 
agers and devote a significant portion of the 
proceedings to management issues. Exam- 
ples of this type of effort include: 

Ecology and Management of the Spotted 
Owl in the Pacific Northwest (Gutierrez and 
Carey, eds. 198 5) 

Conservation of Marine Birds of North 
America (Bartonek and Nettleship 1979) 

Ecology and Conservation of Neotropical 
Migrant Landbirds (Hagan and Johnston 
1992) 

Endangered Birds (Temple 1978) 
3) Conduct research in foreign countries, 

applying the suggestions of Short (1984) and 
Verner (1992) in tropical areas. 

4) Publish in Spanish the titles and ab- 
stracts of articles appearing in ornithologi- 
cal journals. 

5) Provide ornithological journals for 
foreign libraries, establish biological docu- 
mentation centers in Latin America and Pa- 
cific Island countries, and sponsor individ- 
ual subscriptions to foreign scientists (Duffy 
1988, Strahl 1992, and Foster et al. in press). 

6) Encourage development and funding 
of a network of bird observatories in this 
hemisphere (New World Bird Observatory 
Network, NEWBORN). In addition to their 
research efforts, they can be a source of in- 
spiration for conservation. An excellent 
model is the Point Reyes Bird Observatory, 
with its strong scientific program, involve- 
ment in conservation issues, and commit- 
ment to public participation and education 
(Salzman 1989). 

7) Encourage publication of more con- 
servation-oriented manuscripts by ornitho- 
logical journals. Possible incentives include: 
a) awards for the best conservation-oriented 
papers; b) direct assistance for research. 

8) Initiate an Adopt-An-Island Program. 
Individual islands would be adopted by in- 
dividuals, groups of individuals, small bird 
clubs, and private companies. These groups 
would play active roles in eliminating alien 
plants and animals from North Pacific Is- 
lands (Harrison 1992). There are many ex- 
amples of alien predator species having dev- 
astating impacts on island birds (terrestrial 
and marine) (see Temple 1986 and Loope 
et al. 1988). Equally devastating are the ef- 
fects of introduced ungulates and other her- 
bivores (Bailey 1956). While there have been 
efforts to control these species on some is- 
lands and some impressive successes, e.g., 
foxes were eliminated from many of the 
breeding islands of the Aleutian Canada 
Goose, the elimination efforts have not been 
systematic, and the losses continue. New 
Zealanders have pioneered effective pro- 
grams to remove alien predators and her- 
bivores from small islands (Towns et al. 
1990). 

9) When papers presented at society 
meetings have particular significance to avi- 
an conservation, ask the local committee to 
invite the media. Provide them with ab- 
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stracts, contact names, and numbers. Get- 
ting issues into the public eye can make a 
difference. 

10) As a society, have a fund-raiser for 
a specific conservation activity. One pos- 
sibility is fully stocking libraries at several 
Pacific Island research facilities that have a 
policy of lending to other libraries in the 
region. This effort could augment the estab- 
lishment of biological documentation cen- 
ters in Latin America by the U.S. Fish and 
Wildlife Service (Duffy 1988). Explore a 
joint venture with the U.S. Information 
Agency to translate key articles and mono- 
graphs to Spanish and Portuguese and to 
make additional literature available through 
the USIS Network of overseas libraries. 

INDIVIDUAL ACTIONS 

1) In maintaining species we must seek 
to maintain self-sustaining metapopula- 
tions that retain their full evolutionary po- 
tential, rather than a single population that 
may be no more than a living museum ex- 
hibit with a low probability of long-term 
survival. 

2) Write letters to newspapers and our 
elected representatives. Scientists are well 
respected by the public and by political 
leaders. 

3) Participate in breeding bird surveys or 
initiate a breeding bird census. Be part of 
the loose network of people monitoring our 
birds. 

4) For westerners in particular, get to 
know your nearby National Forest or Bu- 
reau of Land Management district. Meet 
with the staffs of these public agencies when 
you see things that displease you, and com- 
pliment them when they do something right. 
Participate in the planning process, and alert 
managers to any problems. 

5) Take a business person to lunch or in 
the field. Share your knowledge of and en- 
thusiasm for the resource. 

Effective conservation requires that we 
examine issues on scales larger than indi- 
viduals and breeding seasons (Scott et al. 
1993). We must define our sampling uni- 

verses by biological criteria and draft our 
findings so that they can be extended to larg- 
er biological, temporal, and spatial scales 
(Wiens 1989, Landres 1992). We need to 
think hierarchically, for the scale at which 
we ask questions and initiate management 
actions affects the answers and responses we 
obtain (Wiens 1989). Think in terms of 
landscapes and ecosystems that birds per- 
ceive, rather than political boundaries. We 
are fortunate in the west, for we still have 
vast tracts of unpeopled lands. With the ex- 
ception of the Hawaiian Islands, most of 
the historic avifauna is still with us, but 
times are changing and changing fast. For a 
window to the future, one needs to look no 
further than the coastal sage community of 
Southern California. Once widespread and 
considered a nuisance habitat, it now oc- 
cupies but a fraction of its historical range. 
One bird species associated with it, Cali- 
fornia Gnatcatcher (Polioptila calijbrnica), 
is threatened, and more than 80 plants and 
animals are at risk. If we are to be even 
marginally successful in our efforts to main- 
tain bird species as self-sustaining meta- 
populations in natural environments, then 
we must increase our research, manage- 
ment, and restoration efforts at the systems 
level of organization. The best time to save 
a species is when it is still common. 
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