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PREFACE 

JOHN B. DUNNING, JR., AND JOHN C. KILGO 

The Savannah River Site (SRS) is a 78,000- 
ha tract in western South Carolina operated by 
the U. S. Department of Energy (DOE). It is 
designated as a DOE National Environmental 
Research Park. Although the primary mission of 
Savannah River Site was the production of nu- 
clear weapons materials, the site has a long his- 
tory of environmental stewardship, restoration, 
and ecological research. Natural resources have 
been managed since the inception of the federal 
facility by the U.S. Forest Service (Savannah 
River Institute, SRI) according to Department of 
Energy policies. The natural resource programs 
have evolved from an initial goal of reforesta- 
tion of abandoned farmland to sustainable man- 
agement, restoration, and stewardship. Ecologi- 
cal research at SRS has been conducted by sev- 
eral organizations, including the Savannah River 
Ecology Laboratory (SREL), the U.S. Forest 
Service Southern Research Station, Westing- 
house Savannah River Company, the Philadel- 
phia Academy of Sciences, and many cooper- 
ating universities. This research has focused on 
everything from radiological impacts of facili- 
ties to the effects of forest management. 

Researchers on the Savannah River Site have 
always been conscious of the competing man- 
dates present in the operation of the facility. On 
the one hand, fundamental ecological research 
has been conducted on the plant and animal 
communities, both terrestrial and aquatic, from 
the first years of federal management. On the 
other hand, the primary functions of the nuclear 
program required that research be directed to- 
wards answering pressing questions posed by 
the management planners. Also, research activ- 
ities could be and were often constrained by 
competing activities and land-use needs involv- 
ing other workers and programs on the site. 
Thus, SRS researchers have worked within an 
atmosphere where research and management 
must be cooperative in logistical planning, stra- 
tegic planning, and on-site implementation. Be- 
cause improved integration of research and man- 
agement is increasingly seen as a worthwhile 
goal for both the scientific community and land 
management agencies, experiences on the Sa- 
vannah River Site may be instructive in helping 
others to attain this integration. 

As described by Meyers and Odum (this vol- 
ume), some of the earliest ecological research at 
SRS was conducted on birds. Dr. Eugene I? 
Odum, founder of SREL, initiated studies of the 

birds found in abandoned farmland even before 
the Savannah River Site was officially designat- 
ed. SREL researchers have continued their or- 
nithological research to the present, covering 
many issues but focusing largely on radiological 
and endangered species impacts of the SRS pro- 
gram, especially in wetland ecosystems. In the 
late 198Os, the Department of Energy initiated a 
Biodiversity Program to fund ecological re- 
search designed to meet specific information 
needs of SRS land managers. J. G. Irwin, SRI 
Forest Manager at the time, was responsible for 
identifying the need for the research-manage- 
ment collaboration underlying the Biodiversity 
Program. Ornithological work conducted under 
the SRI Biodiversity Program has been done pri- 
marily by scientists associated with the Southern 
Research Station and various universities, in- 
cluding the University of Georgia, Clemson 
University, the University of Florida, Purdue 
University, and Virginia Polytechnic Institute. 

The papers presented herein arose from a 
workshop held at the Savannah River Site in 
1996 sponsored by the Savannah River Institute. 
As the volume of ornithological work conducted 
at SRS increased, programmatic review indicat- 
ed that a synthesizing workshop was warranted. 
John I. Blake, Research Manager of the Savan- 
nah River Institute, initiated discussion with J. 
B. Dunning and the idea of the workshop was 
born. In addition to introducing the participants 
to the range of avian research being conducted 
on the SRS, a goal of the workshop was to ex- 
plore the interaction of researchers and manag- 
ers within the multidisciplinary program of the 
Savannah River Site, identifying successful as- 
pects of the collaboration as well as lessons for 
improvement. The workshop was one of a series 
of similar workshops held during the early to 
mid 1990s intended to summarize available in- 
formation on topics of interest to SRS land man- 
agers, such as spatially explicit population mod- 
els, the importance of coarse woody debris to 
the biodiversity of Southern forests, ecological 
restoration, and the ecological legacy of histor- 
ical land use. 

In organizing the workshop, an attempt was 
made to represent as much of the ornithological 
research conducted at SRS as possible. Partici- 
pants included biologists from SRI and research- 
ers from the Southern Research Station, SREL, 
Westinghouse Savannah River Company, and 
several of the universities mentioned above. Bi- 
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ologists with the South Carolina Department of 
Natural Resources, non-governmental organiza- 
tions such as the National Audubon Society, and 
regional ornithologists who did not work specif- 
ically at the SRS also were invited to provide a 
wider range of opinions on the material pre- 
sented in workshop talks. The resulting discus- 
sions improved our collective understanding of 
the research/management interaction, and even- 
tually resulted in the papers published in this 
volume of Studies in Avian Biology. 

The U. S. Department of Energy, the Savan- 
nah River Institute, the workshop participants, 
and the authors are to be commended for making 
this volume possible. In addition to the authors, 
we thank the other invited workshop participants 
who contributed to planning and discussions. 
These include Amanda Beheler, Keith Bildstein, 

John Cely, Jeff Christie, Daniel Connelly, Karen 
Gaines, Carol Eldridge, Larry Eldridge, Michael 
Guzy, William Jarvis, Dermis Forsythe, Gary 
Hepp, Brad Seaman, Jonathan Stober, and Craig 
Watson. Reviewers of manuscripts and work- 
shop proposals include participants in the work- 
shop and Frank Golley, Scott Pearson, Jeff Price, 
Kimberly Smith, Joel Snodgrass, and Jeffrey 
Walters. We thank personnel of SRI (particularly 
Ed Olson), SREL, and the Southern Research 
Station of the U.S. Forest Service for assistance 
in the workshop itself and the development of 
this volume. The workshop was funded by a 
grant from the SRI Biodiversity Program, which 
also subsidized the publication of this Studies in 
Avian Biology volume. Laura Janecek and David 
Scott of SREL aided in the production of the 
cover. 
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INTRODUCTION 

JOHN B. DUNNING,JR. AND JOHN C. KILGO 

Land managers and ecological researchers 
have long had an uneasy relationship. Ideally, 
land management and research should be inti- 
mately intertwined: managers need a solid sci- 
entific basis for their planning and strategies 
(Perry 1998), and researchers need a context for 
their research that demonstrates its relevance in 
solving today’s conservation problems (Lub- 
chenco 1998). In short, managers need answers 
to questions, and researchers need support for 
answering questions. In an ideal world, these 
two needs would provide a synergistic effect al- 
lowing managers and researchers to work to- 
gether closely. 

The real world is not always ideal. Although 
in some places land managers and researchers 
have a long history of working together closely 
and effectively, in many other situations tension 
exists between the two groups. While the value 
of both research and management to each other 
should be apparent, there exist many reasons 
why research and management do not mesh 
well. For instance, the scientific basis of a pro- 
posed management action is only one of several 
factors that must be woven into the development 
of an overall strategic land management plan 
(Johnson et al. 1999). Similarly, while the man- 
agement relevance of a scientific question may 
be one motivation to encourage scientists to in- 
vestigate the question, for many researchers this 
motivation may be less important than publish- 
ability, funding, and an intrinsic curiosity to in- 
vestigate the question. 

In an era of limited funding for research and 
increased scrutiny of land management, it is im- 
perative that the tension between research and 
planning be reduced whenever possible (Huen- 
neke 1995). To this end, examination of the re- 
search-management interaction at places where 
the two groups collaborate can be instructive. In 
November 1996, we gathered together a group 
of avian ecologists working on long-term pro- 
jects at the Savannah River Site, a U.S. Depart- 
ment of Energy facility in South Carolina. The 
purposes of the workshop were varied, but an 
important theme was to examine how research 
and management interacted at this facility whose 
primary mission was not natural resource man- 
agement. 

The Savannah River Site hosts a wide variety 
of research ranging from ecology to environ- 
mental science to nuclear physics. Biological re- 
searchers included scientists with the U.S. Forest 

Service, university faculty and students, and oth- 
er individuals with various research facilities lo- 
cated on the site. Managers of the Savannah 
River Site include professionals with the U.S. 
Forest Service, Department of Energy, and pri- 
vate companies such as Westinghouse that run 
the daily operations. 

In part the workshop was held to introduce 
the participants to the wide range of avian re- 
search being conducted on the SRS. As pointed 
out previously by Huemreke (1995), such per- 
sonal contact between and among researchers 
and managers is a crucial step in fostering col- 
laboration. A major additional goal was to ex- 
plore how researchers worked with the land- 
management structure of the SRS to accomplish 
the researchers’ plans and meet the strategic 
goals of the Department of Energy, as those 
goals apply to natural resource management. We 
discovered many examples of positive collabo- 
ration between research and management, in- 
cluding programs in environmental recovery 
from anthropogenic stress, monitoring of sensi- 
tive species, mitigation for human development, 
landscape ecology, and the accumulation of a 
tremendous amount of new ecological knowl- 
edge. We also discovered many strong opinions 
on how researchers and managers should or 
should not interact. 

Following the conclusion of the two-day 
workshop, participants agreed to produce a se- 
ries of papers summarizing their experiences and 
thoughts on working in a research/management 
framework. The current collection of papers is 
the result of this agreement. Not all participants 
were able to submit papers for publication, and 
we also solicited manuscripts from people invit- 
ed to the workshop who were unable to attend. 
The result is a broad-ranging collection of pa- 
pers demonstrating how some people have been 
able to exploit the combined interests of basic 
and applied research foci successfully. The pa- 
pers in this collection also include some essays 
on how collaborative initiatives between re- 
searchers and managers can be implemented, 
and why doing so is important. We hope that the 
publication of these papers can further the dis- 
cussion that is in progress on this important topic. 

WHY ARE THERE PROBLEMS BETWEEN 
LAND MANAGERS AND ECOLOGICAL 
RESEARCHERS? 

While the reasons for a lack of collaboration 
between individual researchers and land man- 

3 
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agers are probably as varied as the individuals 
themselves, we offer a few reasons why such 
collaborations can be difficult to establish and 
maintain smoothlv. 

Some managers do not see the need for sup- 
porting basic research directly on their lands, 
viewing it as superfluous and generally not 
directly related to the strategic goals of their 
operation. 
Some researchers work on arcane topics of 
little immediate obvious value to conservation 
and management. 
Research on management questions may be 
viewed as too site-specific, species-specific or 
limited in applicability to interest researchers 
(and their publication outlets) in general 
(Huenneke 1995). 
Researchers hesitate to link their results di- 
rectly to recommendations for specific land- 
use decisions, preferring the safer “more re- 
search needed” approach when asked to re- 
spond to specific management questions 
(Pouyat 1999). 
Managers must meet short-term goals and an- 
nual quotas, and research results may suggest 
actions that are inconsistent with these short- 
term goals. 
Researchers demand long-term funding to al- 
low their research to unfold, while managers 
demand quick answers to specific questions 
that may not be the main focus of the re- 
search. 
Researchers dislike working with managers 
who do not value scientific information, or 
who misuse such information and cite it out 
of context (Mills et al. 1998). 
Managers dislike working with researchers 
who refuse to get involved in decision making 
processes, but who then criticize decisions 
from a distance (Mills et al. 1998). 

BASIC DICHOTOMIES 

Part of the separation between researchers and 
managers stems from application of inaccurate 
labels onto the work that people do, labels that 
tend to support separation (Huenneke 1995). A 
dichotomy exists between managers and re- 
searchers, but within the research ranks, further 
divisions exist that tend to increase confusion. 
Basic research is viewed as distinct from applied 
research, and university (or academic) research 
is viewed as distinct from that conducted by 
government agencies or private research firms. 
Furthermore, these dichotomies themselves can 
be confused. University research is not always 
basic, and agency research is not always applied. 
Much applied research is conducted in natural 
resource departments within universities, for ex- 
ample. 

Often, certain stereotypes are applied to re- 
searchers-both by managers and by other re- 
searchers-based solely on their professional af- 
filiation. For instance, ecology has long been 
considered one of the “basic” sciences con- 
ducted to increase the general knowledge in the 
field, while resource management has been la- 
beled an “applied” science, conducted to ad- 
dress a particular goal set by society. Using 
these labels, university ecologists from a field 
station or ecology department are generally as- 
sumed to be interested mostly in basic science 
approaches, whereas researchers with a manage- 
ment agency such as the U.S. Forest Service are 
generally assumed to be applied scientists. 

These dichotomies were probably never very 
accurate, and certainly do not apply to the kinds 
of research conducted on the Savannah River 
Site. University-based ecologists are finding it 
crucial to make their research relevant to solving 
problems of interest to the general public-to 
make their research more easily applied, in other 
words. Some (but not all) researchers in the For- 
est Service and other agencies have always con- 
ducted pure, basic research. In spite of this, we 
have observed a tendency for some scientists in 
academia to lump all personnel in land-manage- 
ment agencies as “applied scientists” (or even 
less accurately, “managers,” which assumes no 
research is being done), while some agency 
managers lump all academic scientists as “basic 
researchers” whose work is irrelevant to any 
real-world problems. A major goal of the Sa- 
vannah River workshop was to get people from 
all these arenas together and break down some 
of the barriers that labels can build. 

WHY SHOULD THESE PROBLEMS BE 
OVERCOME? 

In spite of all these potential problems, it is 
critical for all interests to work together if valu- 
able research is to be conducted. The need for 
management/research collaboration may be eas- 
iest to see in the case of long-term research pro- 
grams, and the papers presented in this collec- 
tion emphasize long-term studies. To generate 
answers to some important questions, research 
programs may need to outlive the typical life- 
span of a single research grant, the graduate ca- 
reer of a single student, or even the working 
career of a single researcher. Long-term research 
therefore needs consistent support. Similarly, 
management planning is shifting from short- 
term goals that dominated the past to long-term 
ecological management and sustainability 
(Christensen et al. 1996, Johnson et al. 1999). 
Thus, managers need research results that guide 
them in making long-term plans. For both re- 
search and management, then, the benefits of 
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collaboration should make the problems worth 
overcoming (Nygren 1999). 

LONG-TERM RESEARCH FROM THE 
ORNITHOLOGISTS’ PERSPECTIVE 

Ornithologists have long realized the value of 
long-term research. The importance of continued 
research efforts has been seen in the study of 
lifetime reproductive success in many birds 
(Newton 1989), in the teasing apart of genealo- 
gies and inter-individual relationships (e.g., 
Brown 1987), and in the tracking of population 
dynamics (e.g., Grant and Grant 1989). The val- 
ue of continuous research on specific topics or 
ecosystems can be seen in the National Science 
Foundation’s funding of Long-Term Ecological 
Research sites (Bildstein and Brisbin 1990). 

The recognition of the value of long-term re- 
search contrasts vividly with the 2-3 year length 
of a standard research grant. To develop a long- 
term program, a researcher is usually forced to 
write a series of proposals, each focusing on 
short-term goals. Given the shortage of research 
funds in general, researchers commonly must 
write many proposals to ensure that enough are 
funded to support the research. It is not uncom- 
mon for researchers to be confronted with gaps 
in funding, during which research may be sus- 
pended or abandoned. It is due to the increasing 
occurrence of such difficulties that calls for in- 
creased support for long-term research have 
been issued. Direct collaboration with manage- 
ment at a study site offers the possibility of long- 
term support for research. 

This support is not just in terms of money, 
but also in logistical support. Researchers need 
to know that their study sites are going not going 
to be compromised by changes in management 
during the study. Researchers need long-term ac- 
cess to the study region, ability to use the nec- 
essary tools to perform experiments, and a sup- 
portive attitude among personnel with whom the 
research teams must interact. Management agen- 
cies can be the source of background data, 
which indicate how study sites were treated in 
the past, and planning documents can provide 
expectations of how site conditions are expected 
to change in the future. This latter point can 
shape the entire experiment that is being de- 
signed, as researchers use future management 
actions as the experimental manipulations being 
studied. Huenneke (1995) argues that research 
on conservation-related topics, done in collabo- 
ration with local managers, is attractive to both 
undergraduates and graduate students, improv- 
ing the quality of assistants willing to work on 
a research project. Thus, researchers can find 
many benefits in implementing a long-term re- 

search program in areas that are under strong 
land management. 

THE VALUE OF LONG-TERM RESEARCH 
FROM THE MANAGER’S PERSPECTIVE 

Given the shifting emphasis from short-term 
to long-term planning, resource managers in- 
creasingly require information on the long-term 
effects of management practices. Monitoring of 
population numbers and health is critical for 
managers to discern trends in populations over 
time (Holling 1993). Information on whether 
populations are increasing, decreasing, or re- 
maining stable may dictate whether action is 
needed to reverse or slow the observed trends. 
However, monitoring alone is not enough. Long- 
term research is required to relate temporal and 
spatial trends in populations to a particular man- 
agement practice or risk factor. Research also 
allows managers to understand the processes and 
causal mechanisms underlying the observed pat- 
terns, and to be able to predict trends into the 
future. This is especially true when dealing with 
forested ecosystems and timber management 
plans covering 50-100 years. 

Frequently managers are faced with questions 
whose answers require research conducted over 
long time periods. Managers and researchers 
both become frustrated when the pressing issues 
facing managers change by the time a specific 
research program is completed. To the manager, 
the information generated by the research no 
longer seems important, whereas to the research- 
er, the utility of the information seems compro- 
mised. However, if the questions were clearly 
developed and the study carefully designed, the 
results ultimately will still prove useful, since 
pressing issues in natural resource management 
rarely disappear completely. Reliable knowledge 
based on sound ecological principles, as estab- 
lished by careful, long-term research, will al- 
ways be useful in management. 

THE SAVANNAH RIVER SITE AS A CASE 
STUDY 

A major goal of the 1996 workshop was to 
illustrate how research in a variety of avian ecol- 
ogy fields has been conducted within a manage- 
ment framework at the Savannah River Site. 
While there have certainly been numerous con- 
flicts between research and management over 
the years, some ecologists at the workshop have 
developed important research programs with the 
assistance of the various agencies, institutes, and 
laboratories present on the SRS. The following 
papers outline these successes, and offer 
thoughts on how such collaborations might be 
developed further. The organization of the pa- 
pers in this collection is as follows. 
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The first set of papers describes the SRS, its 
early history, and the first attempts at avian re- 
search done on the Site. White and Gaines de- 
scribe the region and the natural habitats con- 
tained within the Site, and offer an historical 
perspective on how the land was used prior to 
the creation of the Department of Energy facil- 
ity. As one of the first scientists funded to do 
ecological research on the Savannah River Site, 
Eugene Odum has a unique perspective on 
“long-term” research there. Meyers and Odum 
summarize the work done in the early 1950s on 
the bird communities present as the nuclear re- 
search facilities were created. An additional his- 
torical perspective is provided by McNair and 
Post, who use old museum specimens to deter- 
mine if the status of several species in South 
Carolina has changed over the last century. Al- 
though the original specimen collections were 
not done on what was to become the SRS itself, 
McNair and Post demonstrate the value of older 
records in documenting long-term change. 

A second set of papers gives examples of 
long-term avian research conducted on the Sa- 
vannah River Site. Each paper illustrates a dif- 
ferent kind of research, and each set of authors 
was asked to address how their work benefited, 
or benefited from, management interactions. 
Kennamer and Hepp describe their research on 
Wood Duck (Aix sponsa) breeding biology, 
done in part as monitoring of the ecological 
systems required by the Department of Energy. 
Bryan, Coulter, and Brisbin present a summary 
of their research on Wood Storks (Mycteria 
americana). Their research was initiated as part 
of a mitigation project required because of the 
loss of foraging habitat for this endangered spe- 
cies due to a construction project. Brisbin and 
Kennamer summarize their radioecology stud- 
ies of the American Coot (Fulica americana). 
Contamination of ecological systems by radio- 
active elements was an early worry of the op- 
erators of the Savannah River Site, and the un- 
derstanding of how contaminants act in ecolog- 
ical systems has long been a priority research 
goal. Franzreb and Lloyd describe their studies 
of the endangered Red-cockaded Woodpecker 
(Picoides borealis), whose habitat needs and 
population dynamics are strongly affected by 
forest management. Dunning, Danielson, Watts, 
Liu, and Krementz outline how the study of 
habitat needs of Bachman’s Sparrow (Aimophi- 
la aestivalis) evolved into an integrated pro- 
gram of landscape analysis and population 
modeling to determine the impacts of long-term 
timber management. Taking a multi-species ap- 
proach, Kilgo, Franzreb, Gauthreaux, Miller, 
and Chapman examine the question of how the 
intensive forest management associated with 

the establishment of the Savannah River Site 
has affected the regional assemblage of breed- 
ing birds. Finally in this section, McCallum, 
Leatherman, and Mayer compare the birds 
studied in Odum’s initial studies to those stud- 
ied in projects undertaken in subsequent de- 
cades to determine which species have been in- 
advertently “falling through the cracks” of sci- 
entific coverage and therefore in the under- 
standing of local impacts. 

A third set of papers presents a variety of con- 
ceptual approaches to merging management and 
research needs. The workshop stimulated the 
participants to discuss the implications of the re- 
search/management interaction from many dif- 
ferent perspectives. In this third section, some 
authors offer descriptions of research programs 
that bring some of these perspectives to light. 
Other contributions address how future research 
could be conducted to increase the viability of 
the management/research interaction. 

Blake and LeMaster present a manager’s per- 
spective on how research might best be designed 
and conducted to produce information useful to 
management. Moorman offers advice from a re- 
searcher’s perspective on how researchers can 
present proposed work in a way that might ease 
integration with management systems and goals. 
Burger offers a variety of reasons why Depart- 
ment of Energy lands offer excellent prospects 
for long-term avian research and how such re- 
search could fit into the strategic goals and fu- 
tures of these properties. Hamel and Dunning 
address one of the most difficult aspects of de- 
termining how populations have changed long- 
term-that of reconstructing the past histories of 
study areas. Their paper makes specific recom- 
mendations on how historical data could be re- 
tained in management databases to make long- 
term research easier to accomplish. Pilcher and 
Dunning offer a review of landscape ecology as 
one arena where managers and researchers are 
both aware of the benefits of expanded research 
and collaboration. Rogers and Heard argue that 
testing of cutting-edge ecological theory is a re- 
search goal not often embraced by land man- 
agers, but one that could potentially yield great 
benefits to all concerned. They use testing of the 
mesopredator effect as an example of this kind 
of research that could be accomplished at Sa- 
vannah River. Kilgo, Miller, and Moore describe 
how a long-term research program can be cre- 
ated by the integration of a series of short-term 
projects with specific, yet interwoven research 
goals. Finally, Odum presents some brief re- 
marks on the 40-year history of ornithological 
research that he has witnessed at the Savannah 
River Site. 
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THE SAVANNAH RIVER SITE: SITE DESCRIPTION, LAND USE 
AND MANAGEMENT HISTORY 

DAVID L. WHITE AND KAREN E GAINES 

Abstract. The 78,000-ha Savannah River Site, which is located in the upper Coastal Plain of South 
Carolina along the Savannah River, was established as a nuclear production facility in 1951 by the 
Atomic Energy Commission. The site’s physical and vegetative characteristics, land use history, and 
the impacts of management and operations are described. Aboriginal and early European settlement 
was primarily along streams, where much of the farming and timber cutting have occurred. Woodland 
grazing occurred in the uplands and lowlands. Land use intensity increased after the Civil War and 
peaked in the 1920s. Impacts from production of cotton and corn, naval stores, fuelwood, and timber 
left only scattered patches of relatively untouched land and, coupled with grazing and less-frequent 
fire, severely reduced the extent of longleaf pine (Pinus palustrus) ecosystems. After 195 1, the USDA 
Forest Service, under the direction of the Atomic Energy Commission, initiated a large-scale refor- 
estation effort and continued to manage the site’s forests. Over the last decade, forest management 
efforts have shifted to recovering the Red-cockaded Woodpecker (Picoides borealis) and restoring 
longleaf pine habitat. A research set-aside program was established in the 1950s and is now admin- 
istered by the Savannah River Ecology Laboratory. Impacts from thermal effluents, fly-ash runoff, 
construction of radioactive waste facilities, and release of low-level radionuclides and certain metals 
have been assessed by the Savannah River Ecology Laboratory and other researchers. 

Key Words: Department of Energy, ecological impacts, land use history, longleaf pine, presettlement, 
Red-cockaded Wooduecker. Savannah River Ecology Laboratory, Savannah River Institute, Savannah 
River Site, set-asides. 

Creation of the 78,000-ha Savannah River Site 
(SRS) by the Atomic Energy Commission 
(AEC) in 1951 resulted in the relocation of 
6,000 people from seven towns and set the stage 
for a dramatic change in land use. Construction 
of nuclear production facilities and the refores- 
tation and management of abandoned farmland 
and cut-over forests profoundly affected SRS 
ecosystems, both positively and negatively. Be- 
cause it was protected from the prevailing land 
uses outside its boundaries, the site became, in 
part, a large biological reserve, especially rare 
for the SandhillsKJpper Coastal Plain of the Car- 
olinas and Georgia. The construction and oper- 
ation of nuclear facilities directly impacted 
3,000 ha of land, created almost 2,000 ha of 
cooling reservoirs, and released thermal effluent 
in all but one SRS stream. Nuclear facilities now 
on the site include five deactivated nuclear re- 
actors, as well as facilities for nuclear materials 
processing, tritium extraction and purification, 
waste management, solid waste disposal, and 
power plants for steam generation and produc- 
tion of electric power (Noah 1995). 

The SRS has become a major site for both 
applied and basic scientific research. The Uni- 
versity of Georgia’s Savannah River Ecology 
Laboratory, and the USDA Forest Service Sa- 
vannah River Natural Resource Management 
and Research Institute (SRI), as well as other 
institutions, have contributed significantly to the 
research programs supported by the U.S. De- 
partment of Energy and to the management of 

the site as a National Environmental Research 
Park (NERP). 

SITE DESCRIPTION 

PHYSICAL 

The Savannah River Site is located on the up- 
per Atlantic Coastal Plain, south of Aiken, South 
Carolina, 32 km southeast of the Piedmont Pla- 
teau (Dukes 1984), and borders the Savannah 
River for 30 km (Fig. 1). Most of the SRS is 
drained by five tributaries of the Savannah River 
with small streams feeding each so that no SRS 
location is very far from flowing water (Dukes 
1984). Upper Three Runs is the least disturbed 
blackwater stream in the area and the only one 
that has not received thermal effluent. Twenty 
percent of the site is covered by wetlands, in- 
cluding bottomland and swamp forests, two 
large cooling reservoirs, creeks, streams, and 
upland depressions and Carolina bays (Lide 
1994, Wike 1994). Water is retained intermit- 
tently in wetlands and in more than 200 natural 
basins and Carolina bays as well as 3,800 ha of 
Savannah River swamp. Carolina Bays are 
ovoid- or elliptical-shaped, natural shallow de- 
pressions found on the Coastal Plain of SC and 
NC. The 194 Carolina Bays within the SRS oc- 
cur at elevations between 36-104 m with surface 
areas ranging between 0.1 and 50 ha, many of 
which have been cleared and drained for agri- 
culture (Schalles et al. 1989). Bays in the area 
were also used extensively by Native Americans 
during the early Holocene (Brooks et al. 1996). 

8 
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FIGURE 1. Map of the Savannah River Site, showing general location in the region, physiography, streams, 
research set-asides, and Department of Energy facilities. 

The vegetation associated with Carolina Bays 
varies along a complex gradient related to depth 
of the depression, hydroperiod, substrate, and 
accessibility to fire (Schalles et al.1989, Kirk- 
man 1992). 

Physiographic provinces of the SRS include 
the Sandhills or Aiken Plateau, the Atlantic 
Southern Loam Hills (Sunderlands and Brandy- 
wine Terraces), and the Wicomico Terrace 
(Langley and Matter 1973, Jmm 1997; Fig. 1). 
Elevation ranges from 115 m on the Aiken pla- 
teau, 50-80 m on the Brandywine Terrace, 30- 
50 m on the Sunderland Terrace, and 30 m or 
less on the Wicomico Terrace. The age of Aiken 
Plateau soils ranges from lo-50 million years 
while those of the three Pleistocene terraces 
range from 10,000 to l,OOO,OOO years (Langley 
and Marter 1973). Seven soil associations are 
represented within the SRS (Rogers 1990). Gen- 
erally, sandy soils occupy the uplands and ridges 
and are less fertile than the loamy-clayey soils 
of the stream terraces and floodplains. Just over 
15% of the area is considered prime farmland 
(Rogers 1990). 

Precipitation in the area is some of the lowest 
in the State, averaging 120 cm (Workman and 
McLeod 1990). The generally mild climate av- 
erages 240 frost-free days per yr. Average tem- 
perature in winter is 9 C and in summer 26 C. 
Hurricanes are uncommon but tornadoes occur 
occasionally in the spring (Langley and Marter 
1973). 

VEGETATION 

For the past 10,000 years, oak (Quercus) and 
pine (Pinus) forests have dominated the Central 
Savannah River Area (CSRA in this paper refers 
to Aiken, Barnwell, Edgefield and Orangeburg 
Counties, SC, and prior to the formation of Ai- 
ken County in 1871, only the latter three), with 
the southern yellow pine species group increas- 
ing in importance after 8,000 years bp. Pine spe- 
cies probably have dominated the uplands of the 
CSRA for the past 4,000-5,000 years (Watts 
1971, 1980; Delcourt and Delcourt 1987). Views 
of pre- or early settlement forests in the CSRA 
from the 1700s (Cordle 1939; Bartram 1942, 
1958; Drayton 1996) and 1800s (Mills 1826, 
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TABLE 1. F’RESETIZEMENT VEGETATION TYPES OF THE 

SRS, FROM FROST 1997 

PerCent 
of SRS 

Presettlement vegetation type area 

Xeric longleaf pine and longleaf pine-turkey 
Oak 3.8 

Dry-mesic and mesic longleaf pine savanna 51.7 
Longleaf pine-pyrophytic woodland complex 3.7 
Pyrophytic hardwood woodland 10.0 
Mixed mesic hardwood forest 3.5 
Wetland pyromosaic-sandy or mucky soilsa 9.3 
Wetland pyromosai-silty or clayey soilsb 2.9 
Bottomland hardwoods, levee forests, oak 

flats 2.7 
Swamp forests 6.1 
Carolina bays, upland depressions 1.0 
Udorthents 3.6 
Surface water (aquatic communities) 1.7 

a Canebrake, pocosin. pond pme forest. loblolly pine and non-pyrophytic 
bottomland hardwoods, baldcypress, and Nyssa bipora. 
b Bottomland hardwoods, hardwoodkanebrake, baldcypress, and Nyssa 
bipora. 

Lieber 1860) as well as descriptions of other ar- 
eas of the SC Coastal Plain from the early 1700s 
(Von Reck 1733, Lawson 1967) through the 
1800s (Michaux 1805, Mills 1826, Sargent 
1884), help characterize the distribution of plant 
communities in the region. Generally, the up- 
lands were dominated by longleaf pine (Pinus 
palustris) while the “clay land” and terraces and 
flood plains were dominated by hardwoods, 
ranging from oak-hickory to cypress-tupelo for- 
ests (Taxodium distichum-Nyssa aquatica). Cane 
brakes (Arundinaria gigantea) in adjacent 
regions (Logan 1858, Lawson 1967) and the ex- 
istence of remnant patches within the SRS sug- 
gest these communities were common. 

Composition and distribution of 11 presettle- 
ment vegetation types were recently described 
by Frost (1997) (Table 1). Community types 
were defined from soils, historical data, and 

remnant vegetation. Longleaf pine was dominant 
on 63% of SRS forests (80% of non-wetland ar- 
eas). Swamps, bottomland, and bay forests oc- 
cupied 22% of the site. Estimates of fire return 
intervals ranged from l-3 years on the Aiken 
Plateau to 7-12 on more fire sheltered sites; it 
was variable on other areas. The vegetation as- 
sociated with beaver pond areas, especially 
along smaller tributaries adjacent to the pine up- 
lands, is not well known. These areas would 
have represented wetland habitat for many plant 
and animal species common before settlement. 

Various vegetation classifications have been 
developed for use in the SRS (Jones et al. 1981, 
Workman and McLeod 1990, Frost 1997, Imm 
1997). A description of current vegetation by 
age class, derived from the SRI’s Continuous In- 
ventory of Stand Conditions (CISC) database, is 
shown in Table 2. Loblolly pine (Pinus tuedu), 
longleaf pine, and bottomland hardwood forest 
types comprise 35%, 23%, and 20% of the total 
forested area, respectively. About half of the 
area in pine dominated types is in 30 to 50 yr- 
old stands, whereas 76% of the hardwood area 
is in stands >50 years. Longleaf and loblolly 
pine comprised 49% and 47% of the < 10 yr 
age class, respectively. 

LAND USE BEFORE 1950 

F~ESE~TLEMENT THROUGH 1865 

Aboriginal people entered the SRS area about 
11,500 years bp. Hunting, plant gathering, and 
fishing were the predominant land use activities. 
Corn cultivation did not become widespread un- 
til approximately 850 years bp (Sassaman et al. 
1990). As with the Europeans that came after 
them, aboriginal people primarily settled along 
streams. Native Americans used fire extensively 
in the South for hunting and land clearing. Gen- 
erally, cultivation and burning by Native Amer- 
icans were regarded as having minimal impact 
on soils (Hemdon 1967; Thimble 1974:28-33). 

TABLE 2. CURRENT VEGETATION DISTRIBUTION BY FOREST TYPE AND AGE CLASS (AREA IN HA) 

Age class 

Forest typea O-10 10-30 30-50 >50 Total 

Longleaf pine 4390 876 8843 2454 16563 
Slash pine 30 153 7981 504 8668 
Loblolly pine 4266 8687 9783 3011 25747 
Longleaf-scrub oak 1 0 152 58 211 
Mesic pine-hardwood 40 249 951 1283 2523 
Upland hardwood 49 15 633 1777 2475 
Bottomland hardwood 221 1811 1251 11032 14315 
Cypress tupelo 27 0 85 2558 2670 
Total 9026 11790 2968 1 22677 73174 

a Derived from either single OT combined forest types used by the USDA Forest Service. Area estimates are derived from 1997 Continuous Inventory 
of Stand Conditions (CISC) data from the SRI. 
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A significant portion of the aboriginal popula- 
tion is thought to have abandoned the CSRA in 
the mid 1400s largely as a result of interactions 
between three complex chiefdoms that occupied 
the South Atlantic area (Anderson 1994, Sassa- 
man et al. 1990). Population declines would 
have had some impact on fire dynamics, the area 
cleared for cultivation, and the level of hunting 
pressure, but the degree of impact is not known. 

Prior to settlement in the 1760s the SRS was 
inhabited by herdsmen raising cattle (Brown 
1894, Meriwether 1940, Brooks 1988). An in- 
crease in hunting and trapping associated with 
the nearby trading post at Savannah Town (5-6 
km downstream from Augusta, GA; 20 km 
northwest of the SRS boundary) may have af- 
fected the area as early as 1700, but impacts of 
the peltry trade are not well known. The pre- 
dominant land use before 1780 was woodland 
cattle grazing and scattered small-scale farming. 
Both Brown (1894) and Bartram (1942) describe 
“cowpens” in or near the SRS area in the 1700s. 
Cowpens were mostly 40- to 160-ha cleared ar- 
eas, with enclosures for cattle, horses, and hogs. 
They also contained a garden tract and a few 
buildings for the cowpen keepers (Dunbar 
1961). Cattle grazed the upland forests, bays, 
and bottomlands along streams. They used sa- 
vannas in summer and cane swamps in winter. 
Likely impacts from cattle were on (1) compet- 
ing grazers (white-tailed deer, Odocoileus vir- 
@anus, and buffalo, Bison bison), (2) the 
abundance of cane and other forage species, (3) 
other plant and animal species from trampling 
and soil compaction, and (4) soil erosion and 
water quality localized along streams and near 
cowpens. Hog abundance was high in the region 
(Schoepf 1911, Frost 1993), but their abundance 
in the CSRA was not known until 1825 (Mills 
1826). 

Livestock density peaked in 1850 where there 
were over 15 hogs and 8 cattle/km2. Hogs grazed 
heavily on seeds and seedling roots of longleaf 
pine (Schoepf 191 l), as well as hardwood mast. 
This, in turn, affected longleaf pine and, possi- 
bly, mast-dependent species like the Passenger 
Pigeon (Ectopistes migrutorius; Frost 1993). By 
1860, the demise of the SRS longleaf pine for- 
ests was underway. 

Crop cultivation and timber cutting prior to 
1780 was limited and occurred primarily along 
streams and terraces (Brown 1894). Although 
rice and indigo were grown in the area, the ex- 
tent of cultivation is not known. Rice would 
have been grown mostly in the lowland areas 
where periodic flooding could have been creat- 
ed, whereas indigo was probably planted in the 
uplands. 

Several local (Mills 1826, Brown 1894) and 

regional references (Ashe 1682, Von Reck 1733, 
Logan 1858, Chapman 1897, Bartram 1958, 
Lawson 1967) cite an abundance of wolves (Cu- 
nis lupus, and the red wolf, C. rufus), panthers 
(Felis concolor), and wild cats (bobcat, Lynx ru- 
fus). as well as game species, notably white- 
tailed deer and Wild Turkey (Meleagris gallo- 
pavo). Buffalo were also probably abundant 
based on their abundance above (Logan 1858) 
and below the SRS (Von Reck 1733). Tarleton 
Brown (1894), who lived near the SRS in 1769 
and later along Lower Three Runs, and Mills 
(1826) describe the abundance of certain pred- 
ator and game species and the constant effort to 
eliminate the former. The dynamic relationship 
between the decline of the native fauna, the pro- 
cess of settlement, and the extensive peltry trade 
with Native Americans was well characterized 
by Logan (1858) for the South Carolina upcoun- 
try (Piedmont), much of which is relevant to the 
SRS area. Buffalo and the large predators were 
the first species eliminated, largely before 1800. 
Laws to control or eliminate predators were 
passed in South Carolina from 1695-1786 (Hea- 
ton 1972). White-tailed deer, black bear (Ursus 
americanus), beaver (Castor canadensis) and 
other species were reduced dramatically before 
1800. Other species such as the raccoon (Pro- 
cyan lotor), opossum (Didelphis virginiana), 
muskrat (Ondatra zibethicus), and squirrel (Lo- 
gan did not indicate whether he was referring to 
eastern gray squirrel, Sciurus carolinensis, east- 
em fox squirrel, S. niger, or southern flying 
squirrel, Glaucomys volans) suffered declines 
throughout the 1800s. Prior to 1900, the Caro- 
lina Parakeet (Conuropsis carolinensis) and the 
Passenger Pigeon were extinct or near extinction 
(Salley 1911). South Carolina passed laws be- 
tween the early 1700s and 1837 to regulate fish 
traps and to rid streams of obstructions to fish 
passage and human-related traffic. 

There was a dramatic increase in cotton farm- 
ing from 1780-1865, and grain and sawmills be- 
came important in the area in the late 1700s. The 
amount of cultivated (Mills 1826) or improved 
land (defined in the 1850 census as “..only such 
as produces crops, or in some manner adds to 
the productions of the farmer..“) increased from 
4% of the total in 1825, to 3 1% in 1860, at 
which time about 70% of the land on farms was 
woodland. In 1825, cotton and lumber were pri- 
mary staples in the CSRA, although corn and 
sweet potatoes were also important. Hammond 
(1883) indicated that river swamps, as well as 
bays and creek bottoms of the South Carolina 
Upper Coastal Plain, were rapidly cleared, 
drained, and cultivated between 1845-l 860, 
only to be abandoned thereafter. Ruffin (1992) 
describes relatively intact swamp forests along 
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the Savannah River within the SRS, with patchy 
disturbance in the forms of scattered fields, 
roads, and paths. 

Timber and fuelwood harvest in the upland 
forests were substantial before 1865. On Upper 
Three Runs, there were 10 sawmills before 1820 
(Brooks and Crass 1991); 5 on the short Four 
Mile Creek in the 1840s (Ruffin 1992), and 75 
throughout the Barnwell district in 1840. Ruffin 
also indicated that CSRA streams were naviga- 
ble “very high” (i.e., far upstream from the Sa- 
vannah River) and had been used to transport 
rafts of lumber to the Savannah, often by re- 
leasing the floodgates at mills. The 1840 census 
indicates that forests within the Barnwell district 
were utilized more than those in surrounding 
counties, as well as many areas of the south- 
eastern United States. Demands on forests in- 
cluded the construction (1833) and operation of 
the Charleston to Hamburg (North Augusta) 
Railroad, Savannah River steamboats, and do- 
mestic fuelwood use. 

1865-1950 

Following the Civil War, a cycle of poverty, 
cotton dependence, and land abuse developed in 
the South and persisted for most of this period. 
Increased pressures on the land for production 
of cotton and other crops, naval stores (tar, pitch, 
and turpentine), fuelwood, and timber left only 
scattered patches of relatively untouched land. 
The CSRA’s population increased from about 8 
to 19 people/km* from 1870 to 1950. A signifi- 
cant shift in settlement towards the upland san- 
dhills and an increasing trend away from water- 
courses occurred in the SRS after 1865 (Brooks 
and Crass 1991), corresponding to an increased 
emphasis on cotton production and a decrease in 
available farm land. Within the CSRA, land-use 
intensity peaked in the 1920s with the peak in 
cotton production and following extensive forest 
cutting. 

Approximately 30% and 45% of Aiken and 
Barnwell counties, respectively, was improved 
land (mostly cultivated) during most of the pe- 
riod from 1900 to 1950, with cotton and corn 
production accounting for the majority of culti- 
vated land. “Shifting agriculture,” i.e., the aban- 
donment of “worn out” land for “new land,” 
prevailed in the 19th and 20th centuries. The 
abandoned land eventually reverted to forest. As 
a result, estimates of land under cultivation at 
any point in time mask or underestimate the cu- 
mulative impacts of cultivation on the land- 
scape. 

The tenant farm era, which began after the 
Civil War and peaked in 1925, resulted in a 
greater number of small, dispersed farms at the 
SRS. Since a greater proportion of land on ten- 

ant farms was tilled than on other farms, ero- 
sional land use increased with tenancy (Trimble 
1974). Mechanization of southern agriculture 
did not occur until the 1930s and came even 
later to most of the farms of the SRS (Cabak 
and Inkrot 1996). While soil erosion increased 
after 1870, it was probably not extensive until 
after 1900. Based on local soil descriptions for 
the SRS area (Carter et al. 1914, Bennett 1928, 
Rogers 1990), severe erosion was not common, 
and moderate erosion was not extensive. 

The degree of impact of soil erosion and other 
agricultural activities on SRS streams is not 
known but increased sediment in streams would 
have certainly impacted populations of aquatic 
species. In addition, deposition of sediment 
along the Savannah River floodplain from soils 
of the Upper Coastal Plain and Piedmont would 
have impacted wetland communities. As railroad 
use increased, use of SRS streams declined, al- 
though some were still used to operate mills. 
The 1890 census shows that Lower Three Runs 
had a “few corn and sawmills” as well as sev- 
eral abandoned mills, while Upper Three Runs 
had 12 grist and sawmills, one cotton yarn mill, 
and six abandoned mills. Drainage and cultiva- 
tion of upland depressions and bays in Bamwell 
County was reported by Carter et al. (1914) to 
be uncommon before 1912 even though some of 
the bays were probably drained or cultivated pri- 
or to 1930 and certainly were after that. 

Agricultural chemical use in the SRS area in- 
creased significantly in the late 1800s with the 
dramatic increase in fertilizer use (SCDA 1927). 
With the arrival of the boll weevil, applications 
of calcium arsenate were initiated, and by the 
1930s most CSRA farmers were “mopping” 
cotton crops with a mixture of calcium arsenate, 
water, and molasses (Brunson 1930; South Car- 
olina Extension Service 1940, 1946; Barker 
1997, interview). This was the predominant pes- 
ticide used in the area until the late 194Os, when 
farmers began using DDT and other organic pes- 
ticides for a variety of cotton pests (Boylston et 
al. 1948, South Carolina Extension Service 
1951). 

Forest use, in the form of land clearing, log- 
ging, and turpentining, increased dramatically 
during the period between 1865 and 1950. U.S. 
Census records and other records (Frothingham 
and Nelson 1944) suggest that naval stores pro- 
duction peaked in CSRA counties between 
1880-1890 after the statewide peak in 1879. 
Statewide production fell sharply after 1890 but 
increased again after 1920. In 1936, there were 
three turpentine stills located within the present- 
day SRS boundary (Faulks and Spillers 1939). 
Simulations of 1880s turpentine production (de- 
rived from Mohr 1893 and Mattoon 1922), for 
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three hypothetical stills, indicate as much as 
10,526 ha of old-growth longleaf may have been 
abandoned as “worn out turpentine land” over 
a IO-yr period. For three stills operating in the 
1930s and 194Os, 13,360 ha of second-growth 
longleaf pine may have been abandoned over a 
lo-yr period. 

Longleaf pine was still quite prevalent in 
CSRA forests in the 1880s (Anonymous 1867, 
Hammond 1883), and not much of the river 
swamp was cut until about 1900 (Fetters 1990). 
Harper (1911) noted that by 1910, much of the 
longleaf pine lumbering and turpentining had 
“practically ceased” in the sandhills of Aiken 
and adjacent counties. Reflecting turn-of-the- 
century increases in crop production and tree 
harvesting, farm woodland declined from 65% 
of farmland in 1880 to 33% in 1925. Between 
1910 and the early 193Os, extensive railroad log- 
ging occurred within the SRS. The Leigh Ba- 
nana Case Company had 22 km of rail line in 
the Savannah River swamp, Kendall Lumber 
Company had 40 km along Lower Three Runs, 
and the Schofield Savannah Company logged 
along Upper Three Runs. Six or more other 
companies also logged in the area. Seventy per- 
cent of the Savannah River swamp had been im- 
pacted by logging before 1938, and additional 
logging occurred between 1938 and 1950 
(Mackey and Irwin 1994). In the late 194Os, 
sawtimber and pulpwood harvests throughout 
Aiken and Bamwell counties were extensive 
(McCormack 1948). 

Other significant drains on forest resources in- 
cluded harvests for fencing, fuelwood, and the 
railroad. Nationally and regionally, the railroads 
impact peaked in the 1880s. Wood demand for 
construction, maintenance, and fuel was sub- 
stantial (Williams 1987). After the Civil War, the 
Port Royal Railroad was built adjacent to the 
Savannah River swamp within the SRS and, in 
1898, an additional line was built from Robbins 
to Barnwell. Use of yellow pine and other spe- 
cies as fuelwood continued until the 1890s. Ini- 
tial clearing for construction alone is estimated 
to have resulted in 3 to 12 ha of cleared line per 
km of rail (derived from Derrick 1930). The rail- 
roads brought increased use of longleaf pine and 
swamp forests, creating new land for crops and 
eventually creating settlements and towns, from 
which many agricultural and timber products 
flowed. 

The rather rapid decline of longleaf pine re- 
sulted from a combination of factors, including 
hogs, destructive wildfires, and naval stores ac- 
tivities (Ashe 1894). Based on hog saturation 
densities (Frost 1993), Barnwell County had a 
sufficient number of hogs between 1840 and 
1900 to severely impact longleaf pine establish- 

ment. Also, after stock laws were passed to keep 
cattle inside fences in the early 188Os, fire fre- 
quency was reduced and competing vegetation 
increased, further reducing the probability of 
longleaf pine establishment. Hammond (1883) 
commented on this condition: “The uplands 
were covered, as they still are, with a large 
growth of yellow pine, but a deer might then 
have been seen, in the vistas made by their 
smooth stems, a distance of half a mile, where 
now, since the discontinuance of the spring and 
autumn fires, it could not be seen fifteen paces 
for the thick growth of oak and hickory that has 
taken the lands.” After 1880, pressures on the 
land from agriculture and wood use, coupled 
with fire suppression efforts of the 193Os, dras- 
tically reduced the once extensive longleaf pine 
forests in the SRS and throughout the rest of the 
South. 

SRS OPERATIONS AND MANAGEMENT 

HARVESTING AND SILVICULTURE ACTIVITIES 

In December 1951, the AEC authorized the 
USDA Forest Service to manage most of the 
SRS land and to act as consultant to the AEC 
and the du Pont Company, the project contractor 
(Savannah River Operations Office [SROO] 
1959, exhibit 4). The benefits of management 
were described as (1) use of “idle” land, (2) 
control of erosion and weed growth, (3) mone- 
tary return to the government from pulpwood 
and sawtimber sales, and (4) improvement of ex- 
isting forests. The 1950 AEC announcement of 
SRS acquisition resulted in the “sudden removal 
of thousands of railroad cars of forest products” 
according to Hatcher (1966). Much of the site 
had been subjected to repeated cuttings and the 
timber was of little value. At least 2,000 ha of 
the plant was in 5 to 15 yr-old pine plantations 
in 1951, but most of the land was either cut-over 
second growth or open (Savannah River Project 
1968, SROO 1959 exhibit 5; Fig. 2). In a 1951 
report (SROO 1974), 34% of SRS was old 
fields, 15% swamp and stream bottom, and 51% 
mixed pine and scrub oak (most of the pine was 
cut-over second growth). Recent analysis of an 
orthorectified mosaic of 1951 aerial photos es- 
timated that 48% of the area was in forest or 
heavy vegetation, some of which was young for- 
ests growing on abandoned agricultural land. 
The remaining 52% was considered agricultural 
land and open areas (Fig. 2). 

The initial focus of management was to re- 
forest abandoned farmland. The largest mecha- 
nized tree planting project in the United States 
was initiated at the SRS in 1952. Almost 24,000 
ha had been planted by 1960. Throughout the 
195Os, planting of slash pine (Pinus elliottii) ex- 
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Difference in Savannah River Site Land Cover (1951 - 1988) 

NO. 21 

1951 Lendcover 1966 Lendcover 

m Agriculture I Open Area (49,367 ha) m Low Vegetation I Open Areas (15,311 ha) 

0 Forest I Heavy Vegetation (37,666 ha) Pine Forest (39,224 ha) 

0 Hardwood Forest (25,796 ha) 

FIGURE 2. Savannah River Site land cover classes, 1951 and 1988 (J. Pinder, unpubl. data). The 1951 map 
is derived from a USDA Forest Service, orthorectified mosaic of 1951 aerial photos, while the 1988 map was 
created from a 3-season composite of Landsat TM imagery taken in 1988. 

ceeded other species. From 1959-1970, longleaf 
was the predominant species planted or seeded 
and was established on over 8,700 ha, much of 
which was in scrub oak stands (Fig. 3). The only 
extensive application of insecticides occurred in 
1953 when 3,600 ha of newly planted pine 
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FIGURE! 3. Area of the Savannah River Site planted 
or seeded in either loblolly, slash, or longleaf pine 
since 19.53. 

stands were sprayed with chlorinated hydrocar- 
bons, to treat an outbreak of Phyllophage pru- 
nunculina. 

After 1970, slash pine planting ceased and 
slash pine stands were converted to loblolly. In 
the 197Os, efforts were made to regenerate rel- 
atively pure stands of loblolly and longleaf pine 
and to convert scrub oak stands to longleaf pine 
using both mechanical and chemical treatments. 
From 1970 to 1990, planting of loblolly pine 
exceeded that of longleaf but thereafter this pat- 
tern was reversed (Fig. 3). The reforestation of 
the SRS is shown dramatically in the compari- 
son of 1951 and 1988 land cover (Fig. 2), where 
forested land increased from 48% to 8 1%. 

The use of mechanical and chemical means to 
prepare sites for planting or to release desired 
trees from competition (timber stand improve- 
ment or TSI) is summarized in Table 3. TSI was 
begun in 1954; by 1966, 8,000 ha had been me- 
chanically or chemically treated (Hatcher 1966). 
During the 195Os, most TSI work was done in 
the uplands and in areas above and adjacent to 
stream drainages (SROO 1959, TSI map); in the 
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TABLE 3. SELECTED SILVICULTURAL ACTIVITIES 
1953-1996 (AVERAGE HA/YR) 

Release Site preparationa 
Prescribed from 

Time period fire competition Mechanical Chemical 

1953-1960 121 992 na na 

1961-1973 1550 462 na Ila 
1974-1985 3376 130 141 252 
19861996 4608 234 255 797 

‘Seventy-three and 43% of chemical site preparation was tree injectIon 
for 1974-1985 and 19861996, respectively. 

1960s much of it was done in scrub oak stands 
that had been regenerated to longleaf pine 
(Hatcher 1966). TSI work included mechanical 
and chemical removal of undesirable species in 
pine stands. Most of the spraying at SRS has 
been done with mist blowers pulled by tractors. 
The use of V-blades on planters or seeders to 
make furrows for enhancing tree survival has 
been a common practice at SRS since the 1950s. 
Shearing and raking were used to prepare areas 
for planting or seeding through the mid-1980s 
(especially in scrub-oak to pine conversions), 
but were stopped in the late 1980s because of 
the intensity of soil disturbance. Other, less-in- 
tensive site preparation techniques included 
drum chopping, chainsaw felling, stem injec- 
tions, and prescribed burning. Predominant prac- 
tices in the 1990s are burning and herbicide-and- 
bum in pine stands, and mechanical treatments 
where hardwoods have been planted. 

Sales of sawtimber and pulpwood began in 
1955 but were not extensive until after 1960, 
increasing significantly as more pine attained 
merchantable size (Table 4). Pine harvests ex- 
ceeded hardwoods dramatically. Early harvests 
were in the area inundated by Par Pond, as well 
as creek bottoms and existing pine plantations. 
In the 1970s clearcutting was used to create a 
more balanced age distribution, because so 
much of the site had been planted at the same 
time. Even-aged management has predominated 
at SRS and is currently used in areas not man- 
aged for the Red-cockaded Woodpecker (Picoi- 
des borealis). Over the past 10 years, the site 
has been on a sustained harvest of about 
100,000 m3/yr. Since 1990, 53% of timber vol- 
ume harvested has been from thinmngs with the 
remainder from clearcuts. Standing timber in- 
creased from $2 million in 1952 to over $500 
million in 1995. The total area in longleaf pine 
peaked in 1967 at 18,000 ha, declined to 10,000 
ha by the late 1980s and had increased again to 
16,000 ha by 1996. The combined loblolly and 
slash pine area peaked at 43,000 ha in the late 
1980s. In 1996, there were 26,000 ha of loblolly. 

Prescribed fire was not used extensively in the 

TABLE 4. SAWTIMBER AND PULPWOOD HARVESTS, 
1953-1996 (AVERAGE VOLUME HARVESTED PER YR IN cu- 
BIC METERSa) 

Sawtimber Pulpwood 

Hard- Hard- Total 
Time period Pine wood Pine wood combined 

1955-1960 5148 0 2613 0 7762 
1961-1973 11377 0 46903 0 58281 

1974-1985 22570 1606 66093 1537 91805 
1986-1996 47081 1434 53185 2950 104650 

a Volume conversions from board feet (bf), cunits and cords to cubic 
meters from Husch et al. 1982; specific correction factors used include: 
1 comf = 1.54 cords; 1 ft3 = 6 bf. 

1950s in part due to operational difficulties, but 
its use increased thereafter (Table 3). It was not 
until the early 1970s that the responsibility for 
wildland fire suppression shifted from the du 
Pont Company to the SRI, resulting in an in- 
creased use of prescribed fire. Use of fire peaked 
in 1979-81 and then declined drastically due to 
smoke management regulations. It peaked again 
in 1990 and remained high after 199 1, as needed 
to recover the Red-cockaded Woodpecker and 
restore pine savanna. Prescribed burning was 
first done to reduce fuel accumulation and later 
to improve game habitat and reduce logging 
slash and hardwood competition. 

The extensive SRS forests that were once ru- 
ral farmland now serve as important wildlife 
habitat in the region, especially when consider- 
ing the degree of fragmentation of forests by ur- 
banization and agriculture in the surrounding 
Upper Coastal Plain (Kilgo et al. this volume; J. 
Pinder, unpubl. manuscript). This shift in land 
use has resulted in population increases for 
many animal species (Beavers et al. 1972). Ef- 
forts to control deer, hogs, and beaver popula- 
tions were begun in the 1960s. Currently, annual 
deer and hog hunts are conducted by Westing- 
house Savannah River Company (WSRC). In 
addition, on a portion of the site called the 
Crackerneck Wildlife Management Area, the 
South Carolina Department of Natural Re- 
sources (SCDNR) conducts hunts for white- 
tailed deer, hogs, Wild Turkey, waterfowl and 
small game. Additionally, SCDNR and SRI con- 
duct habitat enhancement for Wild Turkey and 
Northern Bobwhite (Colinus virginianus; Davis 
and Janecek 1997). 

A decline in the Red-cockaded Woodpecker 
population from about 26 birds in 1978 to 4 in 
1985 was attributed to a shortage of suitable 
cavity trees, interspecific competition for cavi- 
ties, and encroachment by midstory hardwoods 
(Jackson 1990). In cooperation with the SRI, the 
Department of Energy (DOE) began a recovery 
program in 1985 that involved habitat enhance- 
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ment, extensive monitoring, and population aug- 
mentation (DeFazio and Lennartz 1987). Since 
that time, midstory hardwood removal, pre- 
scribed fire, and longleaf pine planting have in- 
creased and the Red-cockaded Woodpecker pop- 
ulation has increased to 114 individuals. Since 
1991, 60% of the forested acres has been man- 
aged as potential Red-cockaded Woodpecker 
habitat in long-rotation longleaf (120 years) and 
loblolly pine (80 years) stands while the remain- 
ing 40% is managed on 50-yr rotations. 

RESEARCH SET-ASIDES 

In 1951, the AEC-SROO invited the univer- 
sities of Georgia and South Carolina (Davis and 
Janecek 1997) and the Philadelphia Academy of 
Sciences (Patrick et al. 1967) to gather baseline 
data from different habitats on the SRS to mon- 
itor ecological impacts of facilities construction 
and operation. In 1952, the manager of AEC- 
SROO recommended that 4,856 ha, representing 
ecologically different land types on the SRS, be 
set aside from reforestation and used for ecolog- 
ical research projects (letter from C. A. Nelson, 
Manger, AEC-SROO, to G. H. Giboney, 2 Feb- 
ruary 1952). 

The first two areas that were eventually estab- 
lished as set-asides were identified as represent- 
ing minimally disturbed forest types and com- 
prised less than 40 ha. Today, a total of 5,668 
ha, comprising 7% of the total SRS area, are part 
of a set-aside program administered by the 
SREL. Thirty tracts of land, ranging in size from 
3 to 2980 ha have been reserved for ecological 
research and are protected from public access 
and most routine site operations (Davis and Ja- 
necek 1997). The set-asides were established to 
represent the major plant communities and hab- 
itat types indigenous to the SRS. They are used 
in many long-term ecological studies, and as 
“control” sites in evaluating potential impacts 
of operations on other areas of the SRS (Davis 
and Janecek 1997). In 1972, the AEC designated 
the SRS as the first of seven National Environ- 
mental Research Parks (NERP). The purpose of 
the NERP program is to provide tracts of land 
where human effects on the environment can be 
studied (Davis and Janecek 1997). 

ECOLOGICAL IMPACTS OF DOE OPERATIONS 

The aquatic and terrestrial environments of 
the SRS have been affected by a variety of per- 
turbations including thermal effluents, which 
had ended by 1988 (Wike et al. 1994), fly-ash 
runoff, construction of facilities for radioactive 
waste (Dukes 1984), as well as the release of 
low-level radionuclides, chlorine (as an algi- 
tide), and certain metals (Gibbons et al. 1980). 
Specifically, radiocesium (13’Cs) was produced 

during the operation of the five production re- 
actors. Several hundred curies of 13’Cs were re- 
leased from leaking fuel elements into streams 
in the late 1950s and 1960s and smaller quan- 
tities were released from fuel reprocessing op- 
erations. Radiocesium concentration and trans- 
port mechanisms for the atmosphere, surface 
water, and groundwater have been extensively 
studied by the Savannah River Technology Cen- 
ter (SRTC) and ecological mechanisms have 
been studied by SREL (Carlton et al. 1992). 

Par Pond and L Lake represent the largest in 
a network of several reservoirs constructed to 
cool the effluents of two production reactors 
(Workman and McLeod 1990). Water from the 
Savannah River has been diverted into the 1069- 
ha Par Pond since the late 1950s. The 400-ha L 
Lake was constructed as a flow-through cooling 
reservoir in 1985. 

When the five nuclear production reactors 
were active, high temperature (>70 C) cooling- 
water effluents were released into thermal canals 
that flow into the Par Pond and L-lake reservoir 
systems, or into the major tributaries of the Sa- 
vannah River (Gibbons et al. 1980, Yanochko et 
al. 1997). The Savannah River is at least 19 km 
from any of the reactors, and at the point of 
entry the effluent water was seldom elevated 
more than 2 to 3 C above ambient temperature. 
However, the intermediate thermal conditions 
between release from the reactors and entry into 
the swamp or river systems provided a diversity 
of aquatic habitats (Sharitz and Gibbons 1979, 
Gibbons et al. 1980). The aquatic areas that re- 
ceived hot water continuously for 25 years and 
the post-thermal-recovery areas of different ages 
have been the focus of several studies examining 
metabolism, thermal tolerance, genetics, dispers- 
al, species diversity, productivity, growth and 
development, and the synergistic effects of tem- 
perature and other forms of environmental stress 
(Gibbons et al. 1980). 

Major studies of the Par Pond reactor cooling 
reservoir system have focused on subjects rang- 
ing from thermal ecology to radionuclide uptake 
by free-living organisms. In 1991, Par Pond was 
drawn down approximately 6 m to allow repair 
of the retaining dam, which reduced the reser- 
voirs surface area by about 50%. That process 
killed the aquatic macrophytes, exposing the 
contaminated mudflats and allowing quick col- 
onization by terrestrial vegetation (Brisbin et al. 
1996). Par Pond reservoir refill from rainfall be- 
gan in August 1994, and in December 1994, ac- 
tive pumping of water from the Savannah River 
was begun. Full pool was attained by January 
1995 (Brisbin et al. 1996). During the drawdown 
period, research was conducted to determine the 
effects of radiological contamination on poultry 
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production (Peters et al. 1995), remediation of 
radionuclide contaminated soils (See1 et al. 
1995; D. C. Adriano, unpubl. data), health risks 
to hypothetical residents of a radioactively con- 
taminated lakebed (Whicker et al. 1993), and 
potential health risks to the public concerning 
consumption of Mourning Doves (Zenaida mm- 
rouru; Burger et al. 1997, Kennamer et al. 
1998). In addition, during and immediately after 
the refill period, research was conducted to de- 
termine the effects on resident alligator and win- 
tering waterfowl populations (Brisbin et al. 
1992; K. E Gaines, unpubl. data). 

Storage of high-level radioactive liquid waste 
in large underground tanks and solid radioactive 
waste in SRS Burial Grounds have had impacts 
on the site as well (Dukes 1984). A coal-fired 
power plant (the 4 x lo8 Btu h “400 D Area 
Plant”) discharges sluiced fly and bottom ash 
into a series of open settling basins. A continu- 
ous flow of surface water from a secondary ba- 
sin enters a 2-ha drainage swamp, which enters 
a tributary of the Savannah River (Beaver Dam 
Creek). Past investigations of the D-Area basins, 
swamp, and Beaver Dam Creek have found en- 
richment of water, sediments and biota of such 
elements as Al, As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, 
Se and Zn (Cherry and Gutherie 1977, Evans 
and Giesy 1978, Cherry et al. 1979, Alberts et 

al. 1985, Saudhu et al. 1993, McCloskey and 
Newman 1995, Rowe et al. 1996). 

In summary, the SRS provides a unique set- 
ting for environmental research. Long- and 
short-term studies conducted on the 78,0OO-ha 
NERP have provided insights into the ecological 
impacts of management and land use. The fol- 
lowing chapters discuss some of the avian stud- 
ies that have been conducted on the SRS and in 
surrounding areas. Their focus ranges from life 
history and population dynamics to endangered 
species management. 
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EARLY AVIAN RESEARCH AT THE SAVANNAH RIVER SITE: 
HISTORICAL HIGHLIGHTS AND POSSIBILITIES FOR THE 
FUTURE 

J. MICHAEL MEYERS AND EUGENE I? ODUM 

Abstract. Avian biology and collection of baseline population data was a major part of the first 
decade (1951-1961) of field research at the Savannah River Site (SRS). Baseline inventories involving 
organisms and land-use types were part of the mission in the early contracts between the Atomic 
Energy Commission (now the Department of Energy) and the University of Georgia prior to the 
establishment of the Savannah River Ecology Laboratory (SREL) as a National Environmental Re- 
search Park Laboratory. About 27% of the SREL publications during this first decade dealt with birds. 
Since that time, research on the SRS landscape has expanded and broadened with less than 10% of 
the publications dealing with birds. SRS changed also from an agriculturally dominated area with ca. 
40% open areas (fields, crops, pastures) to a timber-managed area with ca. 80% forests, 12% open 
areas, and 2% open water impoundments. Baseline breeding bird populations of the SRS in the 1950s 
were typical for the region with avian species richness and density increasing with the age and suc- 
cession of the vegetation (O-26 species and densities of O-741 pairs/km2 for the habitats surveyed). 
During the first decade at the SRS, the resident game bird population of Northern Bobwhites (Colinus 
virginianus) increased and the Mourning Dove (Zenaidu macrouru) population, a migratory upland 
game bird, remained stable. Current avian research efforts, as well as new opportunities to reexamine 
the breeding bird populations and the landscape of SRS, will provide a better understanding of the 
potential causes of declines of neotropical migratory birds, declines of resident and migratory game 
birds, and how habitat influences invasions and extinctions of breeding birds in the region. Emphasis 
for future research and monitoring should be on neotropical migratory bird populations in decline 
(Yellow-billed Cuckoo, Coccyzus americanus; Eastern Wood-Pewee, Contopus virens; Wood Thrush, 
Hylocichla mustelina; Prairie Warbler, Dendroica discolor; and Painted Bunting, Passerina ciris), 
resident species in decline (e.g., Loggerhead Shrike, Lanius Zudovicianus), certain species groups (e.g., 
waterfowl and wading birds), important habitat, and recent invasions and extinctions of breeding 
species. Old growth forested wetlands should be monitored because of the large number of neotropical 
migratory birds that depend on this habitat in the southeastern United States. A variety of survey 
techniques will be needed to determine population trends: line transects, call or song playbacks, 
roadside point surveys (call counts for game birds), aerial surveys, and presence or absence of species 
within stratified areas of SRS. The SRS provides opportunity for avian research at the landscape level 
with the potential to solve problems important to the survival of many bird populations as well as to 
increase our knowledge on how to manage and conserve our avian natural resources for the future. 

Key Words: abundance. bird community, breeding, census, game, habitat, history, landscape, Neo- 
tropical migrants, species richness. 

In 1951 a proposal for ecological studies on the Research emphasis during the first decade was 
Savannah River Site (SRS) submitted by Dr. Eu- on (1) ecological succession on the abandoned 
gene P. Odum was approved by the U.S. Atomic farmland (about 40% of the area), (2) invento- 
Energy Commission (AEC). The AEC at that ries of selected species or species groups as a 
time was in the process of acquiring a 315~mi* basis for assessing the effects of plant operations 
(780&m*) tract on the South Carolina side of the and future changes that would come with the 
Savannah River just below Augusta, Georgia, expected extensive land-use changes, and (3) ra- 
for the construction of the Savannah River Plant dioecology, especially use of radionuclide trac- 
(SRP) to produce weapons-grade nuclear mate- ers for elucidating ecological processes such as 
rial. Thus began a very long contract between energy flow and food chain dynamics. 
the University of Georgia and the federal energy Bird censuses and the preparation of a de- 
agency (now called the Department of Energy) tailed annotated checklist became a major part 
for ecological research on SRS that continues to of the inventory phase of the program because 
this day. In 1958 a permanent University of Odum, three graduate students, and the first Uni- 
Georgia laboratory facility, now known as the versity of Georgia resident ecologist, Dr. Robert 
Savannah River Ecology Laboratory (SREL), Norris, were competent field ornithologists. John 
was established on the site. An account of the Hatcher, Director of the SRS U.S. Forest Service 
first proposals and the first decade of work by program (the “Savannah River Project”), then 
the University of Georgia team has been pub- engaged in large-scale pine tree planting on the 
lished (Odum 1987). abandoned agricultural fields, was an avid bird- 
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FIGURE 1. Trends in bird publications in compari- 
son with all publications of the Savannah River Ecol- 
ogy Laboratory, Savannah River Site, South Carolina, 
195551994. 

watcher whose contributions are acknowledged 
in Norris (1963). In addition, the late Dr. Fred 
Denton, then a University of Georgia Medical 
School professor and leading authority on birds 
of the Augusta region, Dr. David Johnston (an- 
other Odum graduate student), and Gordon 
Hight, an amateur bird-bander from Rome, 
Georgia, contributed a great deal to the early 
bird studies. 

An inventory of breeding birds conducted by 
Robert Pearson from 1952-1953 covered suc- 
cessive stages of ecological succession from old 
fields to mature forests (E. I? Odum, unpubl. re- 
port to AEC, 1953-1954). Robert Norris’s cen- 
suses of floodplain and hammock broad-leaved 
forests followed in 1956-1957 (Norris 1963). 
Pearson was a student of S. Charles Kendeigh 
of the University of Illinois and was a research 
associate at SRS from 1952-1953. Norris ob- 
tained his M.S. with Odum at the University of 
Georgia and his Ph.D. with Dr. Joseph Grinnell 
at the University of California, Berkeley. He was 
the University of Georgia’s first resident ecolo- 
gist and worked full time on SRS from 1956- 
1958. 

About 27% of the University of Georgia pa- 
pers published during the first decade dealt with 
birds (Fig. l), compared with <lo% during the 
next three decades, as interests of the SREL staff 
shifted to other taxonomic groups such a cold- 
blooded vertebrates, and other research interests 
such as wetland ecology, biogeochemistry, eco- 
toxicology, and population genetics. Of the cur- 
rent SREL senior staff, only Dr. I. Lehr Brisbin 
has published extensively in ornithology, with 
waterfowl being a special interest because of the 
concern that migratory species might transport 

radioactive substances off the site (Brisbin 
1991a). Among campus staff, Dr. H. Ronald Pul- 
liam and his students and post-doctoral associ- 
ates have recently completed an important study 
of the relationships between Bachman’s Sparrow 
(considered to be a species of concern; see Ap- 
pendix for scientific names of all species men- 
tioned in text or tables) and alternative timber 
harvest programs (Pulliam et al. 1992, Dunning 
et al. 1995). Their models show how sparrow 
populations can be sustained with an economi- 
cally feasible management program that in- 
cludes both short- and long-rotation timber har- 
vesting (Liu et al. 1995). Dr. David Krementz of 
the USGS Patuxent Wildlife Research Center 
and his students have recently completed re- 
search on survival and habitat relations of shrub- 
scrub birds of the SRS. In the last decade, Dr. 
Malcolm Coulter and Larry Bryan (see this vol- 
ume) have published extensively on Wood Stork 
biology and management, which provided infor- 
mation for the recovery of this endangered bird. 
Recently, a new group of avian researchers from 
the Savannah River Institute and Warnell School 
of Forest Resources, The University of Georgia, 
and the Department of Biological Sciences, 
Clemson University, have published their work 
on breeding birds at the SRS (Kilgo et al. 
1997,1998; Savannah River Site, SC, breeding 
bird censuses in Supplement to Journal of Field 
Ornithology from 1993-1997). As with bird 
studies everywhere, amateurs have contributed 
observations on the SRS, including Christmas 
Bird Counts. 

To put all this in perspective of the 45-year 
history of SRS, we have prepared Table 1, which 
shows the distribution of the 171 SREL bird pa- 
pers (out of 2,100 total, or 8%) published be- 
tween 1955 and 1994 by the SREL. Most papers 
deal with single species or groups of related spe- 
cies of waterbirds, passerines, and game birds. 
Breeding birds censuses of the SRS have been 
published recently (not included above) and are 
valuable information for determining changes in 
SRS avian populations and communities since 
the 1950s. 

EARLY AVIAN STUDIES AT THE 
SAVANNAH RIVER SITE 

Detailed descriptions of the environment of 
the SRS may be found in White and Gaines (this 
volume). Much of the avian research at the SRS 
centered on avian populations and census meth- 
ods, especially in the first years (see below). 
Ecological studies require good baseline data on 
the animal populations involved, which was the 
first objective of the research team under the di- 
rection of Odum. After completion of these stud- 
ies, avian research branched into studies on 
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TABLE 1. DISTRIBU~ON OF SAVANNAH RIVER ECOL- 
OGY LABORATORY (SREL) PUBLICATIONS ON BIFCDS (17 1 
OR 8%) OUT OF 2,100 TOTAL PUBLICATIONS FROM 1953- 
1996 

Number of publi- 
Publication groups cations (%) 

By hierarchical levels 
Single species 112 (66) 
Multiple species 43 (25) 

(usually families or related groups) 
Population level (censuses) 5 (3) 
Avian radioecology (see Brisbin 10 (6) 

1991a) 
Savannah River Site and region 

(Norris 1963) 
1 (Cl) 

By taxonomic or ecological group 
Waterfowl 
Passerines 
Storks 
Herons 
Game birds 
Birds of prey 
Experimental birds 
Woodpeckers 
Avian Radioecology 

50 
30 
16 
10 
11 
9 
9 
3 
10 

physiology, energy flow, predation, radiation bi- 
ology, and territoriality. Researchers concentrat- 
ed on the old fields that developed after the 
abandonment of thousands of agricultural fields. 
These areas were simple systems that could be 
studied easily and that would provide an ecolog- 
ical understanding of the SRS. Two major re- 
search projects, energy flow through old-field 
consumers and selective predation of Savannah 
Sparrows, provided in-depth information on the 
old field habitat in relation to bird populations 
(Norris 1960, Odum et al. 1962). 

OLD FIELD EMBERIZID STUDIES 

The Savannah Sparrow population dominated 
the winter bird community of old fields at the 
SRS during in the 1950’s (Norris 1963). Avian 
research concentrated on this species and pro- 
vided important information for one of the major 
consumers in old fields (Johnston 1956, Norris 
and Hight 1957, Odum and Hight 1957; Norris 
1960, 1961a,b; Odum 1960, Odum et al. 1962). 
Some of the methods developed and improved 
upon during this study are still in use today. For 
example, Norris (1961b) significantly improved 
the aging of birds using skull development 
(modified from Miller 1946) by eliminating cut- 
ting of the skin to view the skull. Most bird ban- 
ders use this important method today. Investi- 
gators also demonstrated that effective use of 
mist nets could provide valuable data on bird 
populations, especially during winter (Odum and 
Hight 1957). However, it was Norris’s intensive 

research of Savannah Sparrows that provided 
some fascinating results of the effects of pre- 
dation on races of this species, as well as a novel 
method of studying birds confined in the wild 
under semi-natural conditions (Norris 1960). 

Five geographical races of Savannah Spar- 
rows co-existed in old field 3-412 of the SRS 
and intermingled in the same areas and habitat 
(Norris and Hight 1957, Odum and Hight 1957, 
Norris 1960). Norris (1960) enclosed a circular 
area (0.4 ha) of the old field and studied an ex- 
perimental population of wing-clipped Savannah 
Sparrows from January to May, 1957. He called 
this beta-confinement in comparison to alpha- 
confinement, which he described as birds con- 
fined in small cages. Heavy predation began in 
early March and continued for weeks. Norris at- 
tributed the mortality mainly to owl predation, 
because of field signs and because an index of 
predation intensity was high on moonlit nights. 
It seemed also that a density-dependant relation- 
ship was apparent in the beta-confined popula- 
tion; however, this relationship was not a simple 
one when affected by the intensity of moonlight 
and on the particular method used to analyze the 
intensity of predation. Other observations by 
Norris indicated that the confined sparrow pop- 
ulation was more vulnerable during nights of 
migratory unrest. During this time, flying spar- 
rows gathered in the fields in preparation for 
their presumable northerly, nocturnal departure. 
Large fluttering flocks of sparrows may have at- 
tracted predators. Norris supported this with fur- 
ther evidence that remains of wing-clipped birds 
were found more than expected at the northern 
edge of the enclosure. 

Norris’s Savannah Sparrow study also dem- 
onstrated evidence of selective predation. A 
darker race of the Savannah Sparrow (P. s. la- 
brudorius), declined at a much slower rate than 
the other four races for the wing-clipped birds. 
One possible explanation of this was that dark 
races remained longer in the spring of 1956 
(Norris and Hight 1957); however, in the spring 
of 1957, this was not true for Zubradorius, which 
migrated northward at the same period as other 
races (Norris 1960). Therefore delays in migra- 
tory unrest were not responsible for lower mor- 
tality. Although Zabrudorius is darker than other 
races, it’s doubtful that color had much effect on 
predation since it occurred at night. Comparison 
of dorsal coloration also provided no difference 
in protective coloration between the races. The 
labradorius race was the heaviest and most so- 
cially dominant of the five sparrow races. Its sta- 
tus, size, and moderate conspicuousness proba- 
bly provided labradorius with increased ability 
to survive the winter. 

Odum et al. (1962) contributed a functional 
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approach, through energy flow, to an ecological 
study by using the population level to elucidate 
the systems ecology of old fields. The three most 
important consumer groups of the fields were 
studied: old field mice (Peromyscus polionotus), 
Savannah Sparrows, and grasshoppers and crick- 
ets (Melanoplus femur-rubrum, M. biliterous, 
and Oecanthus nigricomis). The granivores, Sa- 
vannah Sparrows and old field mice, required 
lo-50% of the annual seed crop in the fields to 
survive. In contrast, the herbivorous orthopter- 
ans required only 2-7% of the energy of the an- 
nual above ground standing crop. Energy flow 
in kilocalories mm2 yr-I, however, was only 3.6 
for the sparrows, almost double at 6.7 for the 
mice, and eight times at 25.6 for the orthoptera. 
Very little energy was channeled into production 
(2% for mice, 15% for grasshoppers, and very 
small amounts for sparrows in the form of fat 
deposits); most of the energy flow was required 
in the form of respiration to maintain the stand- 
ing crop. Therefore, food was more likely to be 
limiting to granivores than to foliage-consuming 
herbivores in the old-field ecosystem. Odum et 
al. (1962) concluded that granivores in terrestrial 
ecosystems were intermediate between herbi- 
vores and carnivores in terms of density and en- 
ergy flow. 

PREMIGRATORY FAT AND DEPARTURE OF 
HUMMINGBIRDS 

Norris et al. (1957) research on migration 
physiology was another important contribution 
of the 1950s avian studies. The opportunistic in- 
vestigators studied a notable concentration of 
migrating Ruby-throated Hummingbirds on the 
SRS by marking, observing, and measuring fat 
gained during September and prior to their 
southerly departure. Mass, and particularly fat 
content, increased significantly after mid-Sep- 
tember (Fig. 2). At the time of this study many 
doubted that birds, and especially humming- 
birds, traveled nonstop across the Gulf of Mex- 
ico, but believed instead that they followed the 
coast. The heaviest hummingbirds in this study 
carried about 2 g of fat, which was calculated to 
be enough to migrate nonstop for 1,333 km, 
more than the distance across the Gulf of Mex- 
ico to Central America. 

TERRITORIAL AND HOME RANGE STUDIES 

Odum and Kuenzler (1955) developed meth- 
ods of measuring home range and territory char- 
acteristics in birds, which was important to de- 
velopment of the concepts in home range and 
territory today. They followed singing males and 
plotted territories, the quantitative aspect of 
which had been relatively unexamined at that 
time. A result of the study was the concept of 
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FIGURE 2. Changes in weight and fat deposition in 
Ruby-throated Hummingbirds in late summer and fall 
(redrawn from Norris et al. 1957). 

maximum territory versus utilized territory in 
birds. Its development used the observational- 
area curve, which was refined from the species- 
area curve used by ecologists. In all three spe- 
cies of birds studied they found that territory 
size was much smaller while adults were en- 
gaged in feeding nestlings than when the pair 
was engaged in nest building and incubation. 
This finding refuted the idea that territories are 
defended only for food resources. 

EARLY AVIAN RADIATION STUDY 

Radiation effects on wildlife at the SRS pro- 
vided some idea of the potential effects on hu- 
mans. Norris (1958) conducted one of many of 
these studies on nesting Eastern Bluebirds. Birds 
were exposed to X-irradiation at a high dosage 
rate of 23.5 rlmin while incubating in nest box- 
es. Most received 200 to 600 r. Although the 
sample size was small, adults and nestlings were 
suspected of having a much greater resistance to 
radiation. Embryos, however, were deemed 
more vulnerable to radiation. 

BASELINE AVIAN STUDIES 

An important component of the avian research 
conducted on SRS consisted of a series of cen- 
suses designed to develop baseline information 
on bird species abundances and distribution. Re- 
searchers selected avian study areas to represent 
all available successional habitat types in 1950 
(Table 2), which are described in detail with 
photographs in Norris (1963). They surveyed 15 
habitat types (N = 76 areas, total of 729 ha) with 
compass, tape, or pacing, and made maps for 
locating the positions of birds. Avian surveys 
were conducted from just before dawn for 2-5 
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TABLE 2. BREEDING BIRD DENSITIES BY HABITATS, before sunrise and lasted 2 hr. Three routes were 
SAVANNAH RIVER SITE, SOUTH CAROLINA, 1951-1953a surveyed for 8 yr from 1952-1959. 

Habitats 

MeaIl 
density of 
breeding 

Number birds 
Total area of (pairs/ 

N (ha) species kmz) 

Cultivated fields 
Corn 
Cotton 
Other 

Uncultivated fields 
Horseweed 
Aster 
Broomsedge 

Carolina bays 
Forests 

Pine (young) 
Pine-scrub oak 
Scrub oak 
Oak 
Deciduous (no oak) 
Creek flood plain 
River swamp 

Fence rows/house sites 

8 38 1 3 
6 31 0 0 
4 30 0 0 

1 12 1 7 
11 174 4 10 
11 136 1 22 
3 80 8 44 

6 30 6 74 
4 47 11 103 
2 16 9 136 
4 24 16 170 
2 23 26 452 
2 74 11 227 
1 10 23 682 

11 4 11 741 

a R. Pearson’s unpublished data, as recorded in E. P Odum’s annual report 
to the Atomic Energy Commission, 1953-1954. 

hr, depending on the habitat. In most habitats, 
observers spot-mapped singing males in the es- 
tablished area according to Williams’s method 
(1936); however, in the swamp forest, surveyors 
established a line transect and mapped singing 
males within 100 m of the line (200-m strip). 
All areas were visited for five or more times, 
depending on habitat type, to establish the num- 
ber of surveys necessary to account for 90% of 
the total observed bird populations. Thereafter 
for open fields, with sparse bird populations, 
only two surveys were necessary to meet the 
90% rule, but four to five surveys were neces- 
sary in forested areas with relatively high avian 
densities. 

Initially, observers conducted avian surveys 
from 1951-1953 (E. l? Odum, unpubl. report to 
AEC, 1952, 1953). Later, some additional sur- 
veys were conducted in swamp forests and Car- 
olina bays by spot-mapping singing males (Nor- 
ris 1957a,b) and in oak hammocks and swamp 
forests by recording singing birds along a tran- 
sect (Norris 1963). Norris also compiled avian 
information into an annotated list (Norris 1963). 

For game birds (e.g., Mourning Doves and 
Northern Bobwhite), road-side surveys were 
conducted along 32-km routes with stops every 
1.6 km (Golley 1962). At each stop, up to four 
observers counted the number of calls indepen- 
dently for each species. Surveys began 30 min 

These baseline studies revealed that breeding 
bird species richness (total number of species) 
and densities increased with succession of the 
plant community (Table 2). Below, we present 
breeding bird census results for plant succes- 
sional stages arrayed from young to old. 

FIELDS 

Cultivated areas lacked any bird community. 
Of the 18 areas investigated during two years, 
only one, a corn field, was occupied by a 
Mourning Dove, which probably nested along 
the field edge (Table 3). Considerably more spe- 
cies (range l-8) occupied uncultivated fields (N 
= 23) at low densities (2 range from 7-22 pairs/ 
km2; Table 2). Eastern Meadowlarks, Field Spar- 
rows, and Prairie Warblers dominated unculti- 
vated fields at relatively low densities (3-9 pairs/ 
km*). Other birds, such as the Eastern Kingbird, 
Eastern Bluebird, and Orchard Oriole were 
found nesting in uncultivated fields; however, 
their home ranges extended well beyond the 
field boundary (Table 3). 

BAYS 

Species richness and breeding pair density of 
bay communities were relatively low (8 species 
and f = 44 pairs/km*) but higher than fields (Ta- 
ble 4). As would be expected, both terrestrial 
and aquatic species occupied Carolina bays. 
Eastern Meadowlarks (as in uncultivated fields), 
Red-winged Blackbirds, and Killdeer dominated 
bay habitat in 1952-1953 (Table 4). Least Bit- 
terns, Purple Gallinules, Ring Rails, and Virgin- 
ia Rails occurred at lower densities (l-4 pairs/ 
km2) and frequencies (1 of 2 yr), and their pres- 
ence probably depended on the amount of stand- 
ing water during the breeding season. Later in 
1957, Norris (1957b) found no change in breed- 
ing densities of bitterns, no breeding rails, and 
gallinules present but not breeding (Table 4). 
Norris also found much higher densities of Red- 
winged Blackbirds and much lower densities of 
Eastern Meadowlarks 5 yr later. 

PINE AND PINE-OAK SCRUB FORESTS 

Species richness and breeding bird density in- 
crease with the height and layering of the veg- 
etation, which is true for most bird community 
changes associated with plant succession. Con- 
sequently, pine and pine-oak forests contained 
more breeding species and higher densities than 
early successional fields (Table 2). Pine-oak hab- 
itats (N = 4) with an additional vegetative layer 
contained higher species richness (11) and den- 
sities of breeding birds (X = 103 pairs/kmz) than 
pine habitat that lacked the scrub oak layer (N 
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TABLE 3. BREEDING BIRD POPULATION DENSITIES (PAIRS/KM~) BY SPECIES FOR CULTIVATED FIELDS, UNCULTI- 
VATED FIELDS, AND PINE AND PINE-OAK SCRUB HABITATS, SAVANNA RIVER SITE, SOUTH CAROLINA, 1951-1953a 

Species common name 
Cultivated tieldsb 

1951-1952 

Uncultivated fieldsC 

1952 1953 

Pine and pine-oak scrubd 

1952 1953 

Mourning Dove *e * * 

Red-headed Woodpecker * * 

Eastern Wood-Pewee 
Great Crested Flycatcher * 

Eastern Kingbird * * 

Blue Jay * 

Caroline Chickadee 
Tufted Titmouse 
Brown-headed Nuthatch 4.0 

Blue-gray Gnatcatcher + 

Eastern Bluebird * * 

White-eyed Vireo + 

Pine Warbler 23.7 

Prairie Warbler 3.0 21.0 
Summer Tanager 2.1 
Northern Cardinal 5.2 
Eastern Towhee 4.0 
Bachman’s Sparrow 11.9 
Chipping Sparrow 2.7 
Field Sparow 5.2 3.7 
Eastern Meadowlark 9.1 7.4 
Orchard Oriole * 

a R. Pearson’s unpublished data, as recorded in E. P Odum’s annual repon to the Atomic Energy Commission, 1953-1954. 
b Three sites totaling 99 ha. 
c 23 sites totaling 302 ha in 1952 and 304 ha in 1953. 
d 10 sites totaling 76 ha in 1952 and 8 sites totaling 56 ha in 1953 (pine trees harvested on two sites). 
e Species nesting on the site but territory or home range extends beyond the site for an undetermined distance. 
f Species with territories but < 1.2 pair&m*. 

* 

3.5 
* 

* 

+ f 

5.2 
3.5 

30.4 
16.1 
+ 
12.3 
3.5 
10.6 
+ 

= 6, species richness = 6, ff = 74 pairs/kmz). 
Species common to southern pine forest domi- 
nated pine and pine-oak scrub (Table 3). Pine 
Warblers, a species dependent on southern pine 
forests, dominated the bird community in these 

TABLE 4. BREEDING BIRD POPULATION DENSITIES 
(PAIRS/KM~) BY SPECIES FOR CAROLINA BAYS, SAVANNAH 
RIVER SITE, SOUTH CAROLINA, 1952, 1953, AND 1957 

Carolina bay& 

Species 

Pied-billed Grebe 
Least Bittern 
King Rail 
Virginia Rail 
Purple Gallinule 
Killdeer 
Eastern Kingbird 
Red-winged Blackbird 
Eastern Meadowlark 
Others (upland passerines) 

1952 1953 1957 

3.7 
2.5 
1.2 
2.5 
4.9 

9.9 
22.5 

1.2 

*C 

4.9 5.2 

3.7 +d 
8.6 

6.9 
13.8 63.8 
18.8 3.5 

6.9 

a R. Pearson’s unpublished data, as recorded in E. P Odum’s annual report 
to the Atomic Energy Commission and published surveys (Norris 1957b). 
b Three bays totaling 80 ha in 1952-1953 and same 3 totaling 58 ha in 
1957. 
c Species nesting on the site but territory or home range extends beyond 
the site for an undetermined distance. 
d Species with territories but <I .2 pairs/km*. 

habitats (23-30 pairs/lcm2). Another parulid and 
neotropical migrant, the Prairie Warbler, was 
also common (16-21 pairs/lun2). The Bachman’s 
Sparrow, which is also limited to southern pine 
forest, occurred at lower densities (11-12 pairs/ 
km*). Most of the species breeding in pine hab- 
itat were residents (e.g., Pine Warbler, Bach- 
man’s Sparrow, Carolina Chickadee, Tufted Tit- 
mouse, Brown-headed Nuthatch, Northern Car- 
dinal, Eastern Towhee, and Chipping Sparrow). 
Only a few other neotropical migratory birds, 
such as the White-eyed Vireo and Summer Tan- 
ager, occurred in pine forests, and then at much 
lower densities (<3 pairs/km*) than in other for- 
ests (Tables 3 and 5). 

OLD HOME SITES AND FENCE Rows 

Using 10 as the most abundant indicator for 
a species’ density, the following breeding birds 
were ranked for residential areas and along 
fence row vegetation: Northern Mockingbird 10, 
Orchard Oriole 7, Northern Cardinal 6.5, East- 
em Kingbird 5.5, Brown Thrasher 4.5, Blue Jay 
3, Eastern Bluebird 2.5, Yellow-breasted Chat 
2.5, House Sparrow 2, Indigo Bunting 1.5, 
Northern Bobwhite 1, Purple Martin 1, Painted 
Bunting 1, and European Starling 1. Breeding 
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TABLE 5. BREEDING BIRD POPULATION DENSITIES 
(PARS/KM*) OF DECIDUOUS FOREST HABITATS, SAVAN- 
NAH RIVER SITE, SOUTH CAROLINA, 1952-1953 

Groupb 1952 1953 

Group A (occurred in all wetland and upland forests) 
Mourning Dove *c * 

Yellow-billed Cuckoo 8.4 6.7 
Red-bellied Woodpecker * * 

Downy Woodpecker * * 

Hairy Woodpecker * * 

American Crow * 

Carolina Chickadee 3.5 15.3 
Tufted Titmouse 10.1 8.4 
Carolina Wren 20.5 24.2 
Blue-gray Gnatcatcher 27.2 22.0 
Red-eyed Vireo 54.4 30.6 
Northern Cardinal 34.1 22.0 
Eastern Towhee 8.4 3.5 

Group B (occurred in upland oak and deciduous for- 
ests) 

Northern Flicker * 

Eastern Wood-Pewee 6.9 4.4 
Great Crested Flycatcher * * 

Eastern Kingbird * 

Blue Jay * * 

Brown Thrasher * 

Pine Warbler +d 4.4 
Summer Tanager 11.6 9.4 
Blue Grosbeak * * 

Indigo Bunting * * 

Orchard Oriole * 

Group C (occurred in all forests except oak) 
Turkey Vulture * 

Broad-winged Hawk * * 

Ruby-throated Hummingbird 2.7 5.7 
Acadian Flycatcher 31.1 50.9 
Wood Thrush 22.7 14.1 
White-eyed Vireo 45.5 39.5 
Yellow-tbroated Vireo 8.4 8.4 
Northern Parula 62.5 57.1 
Yellow-throated Warbler 8.4 19.8 
Kentucky Warbler 14.1 8.4 
Hooded Warbler 24.7 19.8 

Group D (conjined to flood plain and swamp forests) 
Yellow-crowned Night Heron * 

Wood Duck * 

Barred Owl * 

Chimney Swift * 

Pileated Woodpecker * 

American Redstart * 

Prothonotary Warbler 49.4 61.8 
Swainson’s Warbler 6.2 
Louisiana Waterthrush 12.3 6.2 

a R. Pearson’s unpublished data, as recorded in E. P. Odum’s annual report 
tn the Atomic Energv Commission, 1953-1954. 
b Group A was 9 s%s totaling 57 ha; Group B was 6 sites totaling 42 
ha; Group C was 5 sites totaling 35 ha; Group D was 3 sites totaling 16 
ha. 
c Species nesting on the site but territory or home range extends beyond 
the site for an undetermined distance. 
d Species with territories but < 1.2 pairs/km*. 

species occurring at the lowest relative density 
(0.5) in this habitat were Loggerhead Shrike, 
Red-bellied Woodpecker, Blue Grosbeak, Sum- 
mer Tanager, Chipping Sparrow, Mourning 
Dove, and Common Yellowthroat. Painted Bunt- 
ings and Yellow-breasted Chats were found only 
in lowland fence rows. House Sparrows, Purple 
Martins, and European Starlings were confined 
to old home sites. 

DECIDUOUS FORESTS 

Both wetland and upland deciduous forests 
contained relatively high avian species richness 
and densities (Table 2). Available SRS data were 
categorized initially by birds that were found in 
Group A = all deciduous forests (wetland and 
upland), Group B = upland oak and other up- 
land deciduous forests, Group C = all deciduous 
forests except oak, and Group D = only in flood 
plain and swamp forests (Table 5). Neotropical 
migratory species were commonly found at 
higher species richness and densities in decidu- 
ous than pine forests (Tables 3 and 5). 

Group A (all deciduous forests-wetland and 
upland) 

The Red-eyed Vireo dominated in all decid- 
uous forests and occurred most frequently of all 
the neotropical migratory birds (Table 5). The 
most frequent resident, the Northern Cardinal, 
co-dominated deciduous forests with the Caro- 
lina Wren and other residents (Carolina Chick- 
adee, Tufted Titmouse, and Eastern Towhees), 
and the Blue-gray Gnatcatcher, another neotrop- 
ical migrant. Yellow-billed Cuckoos were also 
found frequently at lower densities. 

Group B (upland oak and other upland forests) 

Species in this group are commonly referred 
to as “woodland edge species” and most are 
neotropical migrants (Table 5). Summer Tana- 
gers and Eastern Wood-Pewees dominated this 
habitat type. All other species’ densities were 
low or the species were using other habitat for 
most of their home range (e. g., Brown Thrasher 
and Orchard Oriole). 

Group C (all deciduous forests except oak) 

Almost all species of this group were neo- 
tropical migrants (Table 5). Northern Parula, 
Acadian Flycatcher, and White-eyed Vireo dom- 
inated all deciduous forest habitat except oak. 
Other common breeding species in this habitat 
were Hooded Warbler, Wood Thrush, Yellow- 
throated Warbler, Kentucky Warbler, and Ruby- 
throated Hummingbird. 

Group D (floodplain and swamp forests only) 

Important breeding birds of wetland forests 
were all neotropical migratory birds (Table 5). 
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TABLE 6. BREEDING BIRD POPULATION DENSITIES 
(PAIRS/KM*)• F OLD GROWTH FORESTHABITATS,SAVAN- 
NAH RIVER SITE, SOUTH CAROLINA, 195&1957 

Species 

Steel 
Creek- 

Upper Three Runs oak 
Creek-flood plain ham- 

forest mock 
forest 

1956a 1957b 19~56~ 

Yellow-billed Cuckoo 
Barred Owl 
Ruby-throated Hummingbird 
Red-bellied Woodpecker 
Pileated Woodpecker 
Acadian Flycatcher 
Great Crested Flycatcher 
Fish Crow 
Carolina Chickadee 
Tufted Titmouse 
Carolina Wren 
Wood Thrush 
Blue-gray Gnatcatcher 
White-eyed Vireo 
Yellow-throated Vireo 
Red-eyed Vireo 
Pine Warbler 
Northern Parula 
Prothonotory Warbler 
Swainson’s Warbler 
Kentucky Warbler 
Louisiana Waterthrush 
Hooded Warbler 
Summer Tanager 
Northern Cardinal 

25 

10 
5 

62 

20 
37 
20 
5 

15 
47 
10 

136 

49 
12 
17 
12 

32 

22 

30 
IO 
12 

+= 

82 
+ 
+ 
10 
+ 
40 
IO 
40 
49 
10 

111 
+ 
30 
20 
10 
30 
IO 
69 
20 
49 

25 

10 
17 
10 
62 

7 

40 
22 
12 
12 
47 
10 
74 

96 
32 
10 
32 

54 
7 

40 

a Strip census of singing males (total area unknown), Norris 1963. 
b Area spot-mapping of singing males (5.ha survey), Norris 1957a 
c Species with territories but <IO pairs/km2. 

Prothonotary Warblers dominated forested wet- 
lands with standing water during the breeding 
season. Less frequent and at much lower densi- 
ties were Louisiana Waterthrush and Swainson’s 
Warbler. 

Four to jive years later 

Norris (1957a,b, 1963) recensused breeding 
birds in deciduous forests for the floodplain and 
oak hammock sites during 1956 and 1957 at Up- 
per Three Runs Creek and Steel Creek (Table 
6). Areas censused were smaller than prior cen- 
suses. He found similar species richness (19-23) 
and breeding bird densities (573-662 pairs/km2) 
in these forests when compared to earlier cen- 
suses by Pearson. Red-eyed Vireos still domi- 
nated both forests. Six other neotropical migra- 
tory birds (Yellow-billed Cuckoo, Acadian Fly- 
catcher, White-eyed Vireo, Northern Parula, 
Kentucky Warbler, and Hooded Warbler) co- 
dominated these forests. Blue-gray Gnatcatch- 
ers, another migrant, occurred at slightly lower 
densities. Norris found fewer Prothonotary War- 
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FIGURE 3. The mean number of Northern Bobwhite 
calling on three survey routes located inside and out- 
side of the Savannah River Site, 1952-1959 (redrawn 
from Golley 1962). 

blers and a new breeding bird, Yellow-throated 
Vireo, 5 yr later. Other neotropical migratory 
birds occurred at similar densities censused 5 yr 
earlier (Tables 5 and 6). 

Northern Cardinals remained the most abun- 
dant resident breeding bird 5 years later, while 
others, e.g., the Carolina Wren and Tufted Tit- 
mouse, occurred at similar low densities after 5 
yr. Norris found considerably more Downy 
Woodpeckers in 1956-1957 than 5 yr earlier. 

GAME BIRDS 

Eight years of Northern Bobwhite roadside 
surveys revealed a significant positive trend in 
relative population within the SRS and no 
change outside the SRS (Fig. 3; Golley 1962). 
Relative densities of Mourning Doves remained 
fairly constant inside and outside the SRS from 
1952-1959 (Fig. 4; Golley 1962). Establishment 
of the SRS created thousands of fallow fields, 
which are considered excellent habitat for bob- 

so - 
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FIGURE 4. The mean number of Mourning Dove 
calling on three survey routes located inside and out- 
side of the Savannah River Site, 1952-1959 (redrawn 
from Golley 1962). 
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whites, especially during the first 3-4 yr (Stod- 
dard 1931:362). Bird hunting was not allowed 
on the SRS after 1951. 

DISCUSSION 

BREEDING BIRD COMMUNITIES OF THE SAVANNAH 
RIVER SITE 

Species richness within the successional seres 
of the SRS during the 1950s were similar to oth- 
er areas in the southeastern United States (John- 
ston and Odum 1956, Meyers and Johnson 1978, 
Meyers and Odum 1991). Compared to other 
southeastern areas, SRS breeding bird densities 
were considerably lower in Carolina bays and 
young pine forests. Breeding bird densities in 
fields, oak forests, and forested wetlands varied 
within the ranges for those found in the south- 
east (up to 750 pairs/km*). 

The SRS’s ephemeral grasslands provided lit- 
tle structural diversity for a rich breeding bird 
community. The fields changed rapidly during 
the first years, from 1 to 4 and sometimes up to 
7 yr, when shrubs and trees began to dominate 
the grassland. Densities of <lOO pairs/km2 and 
58 breeding species are expected in this habitat 
(Johnston and Odum 1956). Although breeding 
bird populations are low in uncultivated fields, 
they do provide substantially more habitat for 
breeding birds than cultivated fields, which pro- 
vide little to no habitat. 

Carolina bays provided habitat for few breed- 
ing birds species with low densities. Species 
richness (7-S) in the bays equaled that found in 
three similar habitats of the Okefenokee Swamp, 
Georgia (Meyers and Odum 1991). Breeding 
bird density, however, was considerably lower 
in the SRS bays than in similar Okefenokee wet- 
land habitats, which were two- to eight-times 
higher in densities. Compared to other wetland 
habitats in the eastern United States, Carolina 
bay breeding bird densities were from 25% of 
the densities found in the southeast to only 5% 
of densities found in similar wetlands of the 
northeast (Meyers and Odum 1991). One expla- 
nation for large differences in breeding bird den- 
sity between Carolina bays and other similar 
wetland habitat may be an energetic relation- 
ship. Unlike other swamps with inputs from riv- 
ers, Carolina bays on the SRS receive very little 
nutrient input from outside the system. They are 
also deficient in available nutrients, with precip- 
itation as the main external source of nutrients 
(Sharitz and Gibbons 1982). 

Shrub or young forest habitat provides more 
habitat layers than grasslands, and therefore 
more niches, for species of breeding birds (Mac- 
Arthur et al. 1962). Young pine forest habitat, 
however, with a closed canopy and little spatial 

heterogeneity, provides less (Johnston and 
Odum 1956, Odum and Kroodsma 1977). Both 
statements were true for these habitats on the 
SRS during the 1950s. However, breeding bird 
densities were 30-50% lower than those found 
in similar pine forests of the Piedmont and 
Coastal Plain of Georgia (Johnston and Odum 
1956, Meyers and Johnson 1978, Meyers and 
Odum 1991). We offer no clear explanation for 
this, but suspect that low nutrient availability or 
lack of moisture (especially in the sandhills) on 
these habitats may reduce the breeding bird den- 
sities. Similar habitats in southeastern Georgia 
with much higher breeding bird densities were 
prescription burned every 4-5 yr, which releases 
nutrients to the soil, and were much wetter than 
the sandhill habitat on the SRS. 

Older upland and wetland forests on the SRS 
supported a species richness (19-23) and breed- 
ing bird density (300-750 pairs/kmz) similar to 
other forests in the southeast with few excep- 
tions (Johnston and Odum 1956, Meyers and 
Johnson 1978, Meyers and Odum 1991). Older 
upland pine-hardwood and hardwood forest hab- 
itat investigated in Arkansas, Louisiana, and 
North Carolina provided habitat for 900-1940 
pairs/km* of breeding birds, which is 36-190% 
higher than those on the SRS (maximum of 662 
pairs/km2) in the 1950s (Meyers and Johnston 
1978). However, a lo-year breeding bird census 
in the same old growth pine forest in Savannah, 
Georgia, revealed that densities can vary widely, 
from 300-900 pairs/km* in any given year 
(Meyers and Johnston 1978). Therefore, it is 
likely that breeding bird densities in older up- 
land forests of the SRS may be higher or lower 
than 700 pairs/km* in certain years. Breeding 
bird densities (900 pairs/km*) of black gum 
swamp forests in the Okefenokee Swamp were 
only slightly higher than those found in river 
swamp forest on the SRS, while species richness 
was slightly lower in the Okefenokee Swamp 
habitats, which could be related to the phenom- 
enon that fewer bird species breed at southern 
than at more northern latitudes in the eastern 
United States (Figs. 5 and 6; Meyers and Odum 
1991). 

GAME BIRDS 

Migratory game bird populations are moni- 
tored by the state of South Carolina in cooper- 
ation with the federal government, but not on 
the SRS. Mourning Dove roadside survey routes 
should be repeated on the SRS to determine 
changes since the 1950s (Golley 1962). South 
Carolina’s dove population is the only one that 
has declined under hunting regulations in the 
southeastern United States (J. Berdin, pers. 
comm.). Some comparisons have been made of 
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SRS, SC SW GA SE GA 

Areas (north to south) 

FIGURE 5. The regional diversity of breeding bird 
families and species for the southeastern U. S. (from 
Norris 1951, 1963; Laerm et al. 1980). Demonstrates 
the “reverse latitudinal gradient” from north to south 
(left to right on graph). 

Mourning Dove and Northern Bobwhite surveys 
on and off the site with counts higher off the 
SRS (Kilgo et al. 1997; J. Kilgo, pers. comm.). 
It is possible that recent and repeated investi- 
gations may provide valuable information in 
managing doves, because dove hunting is not 
allowed on most the SRS. 

Declines of Northern Bobwhites have also 
been of concern in the South recently (Brennan 
1991). Although bobwhites increased in the first 
decade after establishment of the SRS, expected 
declines occurred after 1950s as forests gradu- 
ally replaced abandoned farmland (Golley 
1962). By investigating if these declines have 
continued, we should be able to hypothesize 
causes for decline throughout the range of the 
bobwhite by looking at land use changes, use of 
pesticides, and other factors inside and outside 
the boundary of the SRS. Statistically designed 
quail call counts (same method as Golley 1962) 
should be repeated at least every 3 years for at 
least 2 consecutive years (if possible, annually), 
so that these hypotheses can be investigated. 

FUTURE RESEARCH, QUESTIONS OF BREEDING 
STATUS,AND WHAT TO MONITOR? 

Breeding bird reinvasions and range expansions 
in the southeastern U.S. 

Of great importance in the study of breeding 
bird communities in the eastern United States, 
though it is usually overlooked, is the relation- 
ship that fewer species of birds breed at southern 
latitudes (Cook 1969). Unlike in the western 
United States, where the number of breeding 
bird species increases with decreasing latitude, 
a “reverse latitudinal gradient” is present in the 
east, even over relatively short distances from 

0 Number of wood warblers 

I Number of sparrows and finches 

SRS, SC SW GA SE GA 

Areas (north to south) 

FIGURE 6. The regional diversity of breeding wood 
warblers, sparrows, and finches for the southeastern U. 
S. (from Norris 1951, 1963; Laerm et al. 1980). Dem- 
onstrates the “reverse latitudinal gradient” from north 
to south (left to right on graph). 

South Carolina to Georgia (Figs. 5 and 6). From 
the SRS to southeastern Georgia the number of 
breeding wood warblers and finches declines by 
eight species (Figs. 5 and 6). This relationship 
must be taken into account when comparing re- 
gional avifauna in the South. More specifically, 
it is important to monitor species at the SRS that 
have ranges in the entire eastern range as well 
as the southeastern region. Breeding bird species 
of the southeastern region may have a wider 
range of habitats, which could translate into 
more available habitat for the species (MacAr- 
thur 1972, Tramer 1974, Odum et al. 1993). 

Invasions of new breeding birds into the SRS 
are possible and more than likely are occurring 
now. Fewer breeding birds in the South may 
mean more habitat available for breeding birds, 
which could invade from northern or western 
U.S. Since the 1940s in Georgia, many new 
breeding species have established southern ex- 
tensions or recolonizations of their ranges, 
which may have been accelerated by habitat 
changes (Odum et al. 1993). For example, 
breeding Song Sparrows can be found in abun- 
dance in central Georgia now, whereas during 
the 1940s they were not known to breed south 
of Georgia’s mountain valleys (Odum et al. 
1993). Residential areas with water nearby seem 
to be the first breeding habitat occupied by in- 
vading Song Sparrows in Georgia. However, 
most of the residential habitat at SRS has de- 
clined since 195 1, so we would not predict range 
extensions by this species into the SRS. Many 
other species, however, may be expanding their 
ranges into the SRS and South Carolina (see Sa- 
vannah River Site, SC, sites in 1993-1997 Jour- 
nal of Field Ornithology Supplements; Kilgo et 
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al. 1997, 1998). These recent surveys revealed 
that Black-and-White Warblers, Ovenbirds, and 
American Redstarts are uncommon breeding 
birds in the 199Os, whereas they were absent in 
the 1950s. Invasions are more likely to come 
from the north or west than from the south 
(Odum et al. 1993). 

Neotropical migratory birds in decline 

“Neotropical migratory birds” has become 
popular term in the last decade because of bird 
population declines. Unfortunately, many people 
have different ideas on what species or groups 
actually are declining, and surveys can be biased 
(Geissler and Link 1988). Thus the question has 
become: are neotropical migratory birds really 
declining? 

Peterjohn et al. (1995) highlighted patterns of 
population trends for neotropical migratory birds 
based on the Breeding Bird Survey (BBS, 1966 
1991), a road-side 50-stop survey of 3 mm/stop 
at 0.8 km intervals. Peterjohn et al. used a bi- 
nomial test: does the percentage of the species 
that have positive trends differ from 50%? Early 
during the survey period (19661979) 78% (P 
< 0.01) of all neotropical migratory birds in the 
eastern region had increasing trends, but more 
recently (1980-1991) only 36% (P < 0.01) of 
the species were increasing. Over the entire pe- 
riod (19661991), no trend was evident, with 
58% of the neotropical migratory species in- 
creasing (P > 0.10) in the eastern region. It is 
possible that the current downward trend (from 
78% increasing to 36% increasing) will reverse 
itself in the next decade. However, continued de- 
clines both for those species already in a 30-year 
decline and for additional species will mean 
more populations at risk of extirpation or ex- 
tinction. 

It is evident that monitoring all breeding birds 
at the SRS may not answer questions about de- 
clining populations and how to reverse these 
trends. Also, intensive monitoring only can be 
cost effective by using trained volunteers, e.g., 
the BBS, which may or may not be possible at 
the SRS. It may be more reasonable or cost ef- 
fective to emphasize groups of breeding birds, 
specific habitats, and absence or presence of rar- 
er birds (e.g., breeding invaders or local extinc- 
tions) that usually can not be surveyed in a way 
that provides reliable population trends (Geissler 
and Link 1988). 

What populations of breeding bird species may 
be declining at SRS? 

In the eastern United States from 1966-1991 
the following breeding birds, which also occur 
on the SRS, have had significant annual declines 
(%/yr): Yellow-billed Cuckoo (-1.7%, P < 

O.Ol), Eastern Wood-Pewee (- 1.3%, P < O.Ol), 
Wood Thrush (-2.9%, P < 0.01) Prairie War- 
bler (-2.2%, P < O.Ol), and Painted Bunting 
(-2.8%, P < 0.01) (Peterjohn et al. 1995). Most 
of these species occurred on the SRS at numbers 
>5-10 pairs/km2. We recommend a selected 
habitat/species approach to monitor declining 
populations that have densities >5 pairs/km*. 
Habitats to include in the surveys are older 
growth pine forests with an open canopy, clear 
cut pine forests, bottomland forests, and swamp 
forests. 

Prairie Warblers and Eastern Wood-Pewees 
should be surveyed over a long term (20 yr) to 
determine possible causes for their decline. This 
might be accomplished in cooperation with cur- 
rent and future research of Bachman’s Sparrow 
at the SRS. The survey should be designed to 
sample an adequate number of pewee’s since 
this species is the least common of the three 
(Droge et al. 1993a,b). Other species, especially 
the common residents (e.g., Pine Warblers), also 
could be included in the survey to provide ad- 
ditional information on potential causes for de- 
clines. Declining populations of Wood Thrushes 
and Yellow-billed Cuckoos should be monitored 
by surveying breeding populations in mature 
bottomland hardwood forests, oak hammocks, 
and swamp forests. Other species that would be 
important to monitor in these forests, because 
they are common and because populations are 
stable or increasing (Peterjohn et al. 1995), 
might include Red-eyed Vireo, White-eyed Vir- 
eo, Prothonotary Warbler, Northern Panda, and 
Hooded Warbler. Long-term information on 
breeding bird populations of bottomland and 
swamp forests is also an excellent way to mon- 
itor many neotropical migratory birds, which are 
found at higher densities and species richness in 
these forests than in most pine forests (Meyers 
and Odum 1991). Pre-1950s losses of southern 
pine forests, particularly the longleaf pine com- 
munity, as well as recent losses of forested wet- 
lands in the South may affect bird populations 
(Sharitz and Mitsch 1993, Ware et al. 1993). 
These losses as well as the changes in landscape 
structure complicate the scientists’ and manag- 
ers’ tasks of developing management plans for 
the conservation of birds (Freemark et al. 1995). 
Long-term monitoring of the avian community 
may provide managers with results that benefit 
biodiversity management (multi-species ap- 
proaches) on the SRS (Block et al. 1995). The 
SRS’s large land area provides excellent oppor- 
tunities to monitor bird populations. Experimen- 
tation or modeling also may be required to fur- 
ther explain the causes of declines in neotropical 
migratory birds on SRS or in the region. 
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TABLE 7. BIRD SPECIES THAT ARE LIKELY INDICA- 
TORSOFCHANGEANDWHERECURRENTSTATUSSHOULD 
BE COMPARED TO THAT REPORTED IN THE 1950s (NOR- 
RIS 1963) 

Species 

Pied-billed Grebe 

1950s StatUS 

Herons and egrets 

Least Bittern 

Canada Goose 
Hooded Merganser 
Broad-winged Hawk 
American Kestrel 
Northern Bobwhite 

King Rail 

Purple Gallinule 

American Woodcock 
Mourning Dove 

Common Ground- 
Dove 

Yellow-billed Cuckoo 

Great Homed Owl 
Short-eared Owl 

Common Nighthawk 

Red-headed Wood- 
pecker 

Red-cockaded Wood- 
pecker 

Great Crested Fly- 
catcher 

Barn Swallow 
House Wren 

Bewick’s Wren 

Marsh Wren 

Wood Thrush 

Eastern Bluebird 

Blue-gray 
Gnatcatcher 

Loggerhead Shrike 

White-eyed Vireo 

Red-eyed Vireo 

breeding bird in Carolina 
bays and ponds 

none found breeding with 
possible exception of 
Green-backed Heron 

breeding bird in Carolina 
bays 

not breeding 
not found breeding 
rare breeding bird 
uncommon breeding bird 
common resident, need to 

repeat 1950s call counts 
breeding bird in Carolina 

bays 
breeding bird in Carolina 

bays 
rare breeding bird in 1950s 
common breeding bird, need 

to repeat 1950s call 
counts 

rare, occasional visitor near 
fields and Carolina bays 

common breeding bird in 
floodplain and hammock 
forests 

uncommon resident 
common winter visitor in 

old fields 
common breeding bird in 

open-canopy pine forests 
common breeding bird near 

wooden power poles 
infrequent permanent resi- 

dent 
fairly common breeding bird 

in pine-hardwood forests 
not breeding 
winter resident only, not 

breeding 
fairly common winter resi- 

dent 
breeding bird in Carolina 

bays 
fairly common breeding bird 

in floodplain hardwoods 
common resident in fields or 

open woodlands 
common breeding bird of 

hammocks and floodplain 
forests 

common resident in fields 
and shrub-scrub habitat 

common breeding bird in 
broadleaf forests and 
scrub 

most common breeding bird 
in broadleaf forests 

TABLE 7. CONTINUED 

Species 1950s StatUS 

Northern Parula 

Yellow-throated War- 
bler 

Prairie Warbler 

American Redstart 

Prothonotary Warbler 

Swainson’s Warbler 

Kentucky Warbler 

Hooded Warbler 

Yellow-breasted Chat 

Orchard Oriole 

Brown-headed Cow- 
bird 

Summer Tanager 

Painted Bunting 

Eastern Towhee 

Savannah Sparrow 

Grasshopper Sparrow 

Bachman’s Sparrow 

Field Sparrow 

Song Sparrow 

abundant breeding bird in 
broadleaf forests 

uncommon, probable breed- 
ing bird in swamp forests 

common breeding bird in 
fields, scrub, and young 
forests 

suspected rare breeding bird 
in broadleaf forests 

common breeding bird in 
swamp forests and along 
streams 

fairly common breeding bird 
in swamp and broadleaf 
forests 

fairly common breeding bird 
in moist broadleaf and 
floodplain forests 

common breeding bird in 
broadleaf forests and bot- 
tomland near swamp for- 
ests 

common breeding bird in 
fields, scrub, and young 
forests 

common breeding bird at 
old home sites and hedge- 
rows 

not detected as breeding 
bird 

fairly common breeding bird 
in open pine-hardwood 
forests 

fairly common breeding bird 
along lower terraces of 
river 

common permanent resident 
of shrubby pine-hardwood 
forests 

abundant winter resident of 
old fields 

uncommon winter visitor, 
regular occurrence 

fairly common permanent 
resident of open pine for- 
ests, rarer in winter 

common permanent resident 
of old fields, breeding on 
lower terraces 

very common winter visitor 
of open, scrubby areas 

Rare birds and species’ extinction and 
immigration 

Rare bird populations are difficult to monitor. 
We propose that rare to uncommon species pre- 
viously known on the SRS, or suspected to be 
there in the near future because of changes in 
land use, be monitored using presence/absence 
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surveys for the species by habitats from strati- 
fied random transects (or areas, e.g., timber 
compartments) on the SRS. Species richness es- 
timates for rare to uncommon species (or the 
“species at risk” bird community) as well as 
rate of change in species richness over time can 
be determined and tested with probability (Bou- 
linier et al. 1998, Nichols et al. 1998a,b). These 
new methods will allow us to better understand 
changes associated with the environment. 
Changes in species richness would be quantita- 
tive and testable (significantly increasing or de- 
creasing) rather than a number index (Burnham 
1981). 

For which species should we expect changes 
(local extinctions and invasions)? Species that 
are likely indicators of change (e.g., regional 
population declines/increases for reasons other 
than habitat loss) should be compared with in- 
formation from the 1950s and with future sur- 
veys (Table 7; Norris 1963). Obviously one type 
of survey will not be sufficient to locate all the 
species. Waterbirds have increased because of 
large increases in open water habitat and habitat 
changes caused by operations on the SRS during 
the last 40 years. Roosting, nesting, and aerial 
counts may be required to adequately survey 
waterbirds. Many common landbirds that are 
likely indicators of landscape change, such as 
the Red-eyed Vireo, should be monitored (Table 
7). These species can be surveyed most effec- 
tively by line transects; however, point counts 
and spot-mapping of territorial males should be 
done for comparisons. Others, e.g., the Logger- 

head Shrike and Common Ground Dove, may 
be monitored efficiently by roadside surveys, 
such as the call counts developed for game birds 
(with and without call playbacks). For the more 
secretive birds, tape playbacks of calls or songs 
may be required for adequate surveys. Both win- 
ter and spring-summer surveys must also be 
considered to determine avifaunal changes on 
the SRS. With standardization of methods and 
continual surveys, e.g., every 3-4 yr or more 
often, much could be learned about birds of the 
SRS. This knowledge may elucidate causes for 
declines and increases, as well as potential meth- 
ods through management and preservation to 
maintain the bird community on the SRS and in 
the eastern United States. With such a large area 
available for research it would be prudent to use 
the landscape of the SRS to test hypotheses in- 
volving the bird community. Much could be 
learned about bird communities and populations 
in relation to habitat change by studying an ad- 
jacent similar area of the same size as SRS, but 
with completely different land use trends in the 
last 45 yr. With increases in human populations, 
especially in the southeastern United States, 
more research of large species groups or bird 
communities on the SRS may be important to 
the survival of many bird populations as well as 
to our knowledge on how to manage our re- 
sources for the future. 
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APPENDIX 1 SCIENTIFIC NAMES OF BIRDS MEN- 
TIONED IN TEXT OR TABLES 

APPENDIX 1 CONTINUED 

Pied-billed Grebe 
Least Bittern 
Yellow-crowned Night 

Heron 
Wood Stork 
Turkey Vulture 
Canada Goose 
Wood Duck 
Hooded Merganser 
Broad-winged Hawk 
American Kestrel 
Northern Bobwhite 
King Rail 
Virginia Rail 
Purple Gallinule 
Killdeer 
American Woodcock 
Mourning Dove 
Common Ground Dove 
Yellow-billed Cuckoo 
Great Homed Owl 
Barred Owl 
Short-eared Owl 
Common Nighthawk 
Chimney Swift 
Ruby-throated Hum- 

mingbird 

Podilymbus podiceps 
Ixobrychus exilis 
Nyctanassa violacea 

Mycteria americana 
Cathartes aura 
Branta canadensis 
Aix sponsa 
Lophodytes cucullatus 
Buteo platypterus 
Falco sparverius 
Colinus virginianus 
Rallus elegans 
Rallus limicola 
Porphyrula martinica 
Charadrius voctferus 
Scolopax minor 
Zenaida macroura 
Columbina passerina 
Coccyzus americanus 
Bubo virginianus 
Strix varia 
Asio frammeus 
Chordeiles minor 
Chaetura pelagica 
Archilochus colubris 

Red-headed Woodpecker Melanerpes erythrocephalus 
Red-bellied Woodpecker Melanerpes carolinus 
Downy Woodpecker Picoides pubescens 
Hairy Woodpecker Picoides villosus 
Red-cockaded Wood- Picoides borealis 

pecker 
Northern Flicker Colaptes auratus 
Pileated Woodpecker Dryocopus pileatus 
Eastern Wood-Pewee Contopus virens 
Acadian Flycatcher Empidonax virescens 
Great Crested Flycatcher Myiarchus crinitus 
Eastern Kingbird Tyrannus tyrannus 
Loggerhead Shrike Lanius ludovicianus 
White-eyed Vireo Vireo grisceus 
Yellow-throated Vireo Vireo flavifrons 
Red-eyed Vireo Vireo olivaceus 
Blue Jay Cyanocitta cristata 
American Crow Corvus brachyrhynchos 
Fish Crow Corvus ossifragus 
Purple Martin Progne subis 

Barn Swallow Hirundo rustica 
Carolina Chickadee Poecile carolinensis 
Tufted Titmouse Baeolophus bicolor 
Brown-headed Nuthatch Sitta pusilla 
Carolina Wren Thryothorus ludovicianus 
Bewick’s Wren Thryomanes bewickii 
House Wren Troglodytes aedon 
Marsh Wren Cistothorus palustris 
Blue-gray Gnatcatcher Polioptila caerulea 
Eastern Bluebird Sialia sialis 
Wood Thrush Hylocichla mustelina 
Northern Mockingbird Mimus polyglottos 
Brown Thrasher Toxostoma rujion 
European Starling Stumus vulgaris 
Northern Parula Par&a americana 
Yellow-throated Warbler Dendroica dominica 
Pine Warbler 
Prairie Warbler 
Black-and-White War- 

bler 
American Redstart 
Prothonotary Warbler 
Swainson’s Warbler 
Ovenbird 
Louisiana Waterthrush 
Kentucky Warbler 
Common Yellowthroat 
Hooded Warbler 
Yellow-breasted Chat 
Summer Tanager 
Eastern Towhee 
Bachman’s Sparrow 
Chipping Sparrow 
Field Sparrow 
Savannah Sparrow 
Grasshopper Sparrow 
Song Sparrow 
Northern Cardinal 
Blue Grosbeak 
Indigo Bunting 
Painted Bunting 
Red-winged Blackbird 
Eastern Meadowlark 

Dendroica pinus 
Dendroica discolor 
Mniotilta varia 

Setophaga ruticilla 
Protonotaria citrea 
Limnothlypis swainsonii 
Seiurus aurocapillus 
Seiurus motacilla 
Oporornis formosus 
Geothlypis trichas 
Wilsonia citrina 
Icteria virens 
Piranga rubra 
Pipilo erythrophthalmus 
Aimophila aestivalis 
Spizella passerina 
Spizella pusilla 
Passerculus sandwichensis 
Ammodramus savannarum 
Melospiza melodia 
Cardinalis cardinalis 
Guiraca caerulea 
Passerina cyanea 
Passerina ciris 
Agelaius phoeniceus 
Stumella magna 

Brown-headed Cowbird Molothrus ater 
Orchard Oriole Icterus spurius 
House Sparrow Passer domesticus 
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HISTORICAL WINTER STATUS OF THREE UPLAND 
AMA4ODRAMUS SPARROWS IN SOUTH CAROLINA 

DOUGLAS B. MCNAIR AND WILLIAM POST 

Abstract. Museum specimens can be a resource to ornithologists who wish to examine the status of 
birds because they may provide reliable field data that document the historical status of birds of 
management interest. We compared the historical winter status of Le Conte’s (Ammodramus Zeconteii), 
Henslow’s (A. henslowii), and Grasshopper (A. savannarum) sparrows in South Carolina based on 
specimens collected by Arthur T Wayne and Leverett M. Loomis in the late 19” and early 20” 
centuries. In comparison to Henslow’s and Grasshopper sparrows, Le Conte’s Sparrow was abundant 
during “incursion” years (4-5 fold increase above the maximum annual count for any other year), 
inland (Piedmont), and on the coast, and had a significantly higher proportion of females. Le Conte’s 
Sparrow was less common on the coast than Henslow’s Sparrow during non-incursion years. Henslow’s 
and Grasshopper sparrows were not regular winter residents in the Piedmont. Compared to their present 
known winter status in South Carolina, Le Conte’s and Henslow’s sparrows were much more abundant 
70-l 15 years ago. This change in past and current winter abundance could be attributed to breeding 
range contractions and reductions of eastern populations because of habitat loss, to similar events on 
the winter range, or a combination of factors on both the breeding and winter range. These problems 
and possible biases associated with specimen data are discussed. This study demonstrates the useful- 
ness of historical museum data toward detecting changes in the population status of selected species. 

Key words: abundance, Ammodramus henslowii, Ammodramus leconteii, Ammodramus savannarum, 
distribution, Grasshopper Sparrow, Henslow’s Sparrow, Le Conte’s Sparrow, South Carolina, winter. 

Museum specimens can be a resource to orni- 
thologists and other individuals who wish to ex- 
amine the status of birds because they may pro- 
vide reliable field data that document the histor- 
ical status of birds of management interest. We 
use a museum approach in historical ornithology 
to understand long-term bird populations of 
three secretive sparrows pertinent to the Savan- 
nah River Site (SRS) and the southeastern Unit- 
ed States. The data are not from the SRS di- 
rectly, but they are from the general region 
(South Carolina). Therefore, the results of our 
analyses are relevant to managers assessing sta- 
tus of these sparrows in the SRS. 

Ammodramus sparrows that occupy upland 
habitats in winter are secretive, and prefer open 
areas with dense groundcover. Consequently, 
these sparrows are difficult to detect on their 
winter range. Odum and Hight (1957), Norris 
(1963), Johnston (1969), and Maxwell et al. 
(1988) used mist-nets at isolated locations in 
South Carolina (Savannah River Site, Aiken and 
Barnwell counties), Florida (Gilchrist County), 
and western Texas to determine the winter status 
of Le Conte’s (A. leconteii) and Grasshopper (A. 
savannarum) sparrows in specific habitats. 
Snead et al. (1957, 1958), Imhof (1960), and 
Viers (1974, 1978, 1980, 1981, 1982, 1983) 
counted both of these sparrows on winter bird 
population study plots in Alabama (Jefferson 
County) and Louisiana (Natchitoches Parish) to 
determine their status at two air fields. Recent 
research has expanded our knowledge of the 
winter status of Le Conte’s, Henslow’s (A. hen- 

slowii), and Grasshopper sparrows in the north 
Gulf coastal plain of the southeastern United 
States (McNair 1998, unpubl. data; Plentovich 
et al. 1998; R. Carrie et al., unpubl. data; M. 
Woodrey et al., unpubl. data). However, knowl- 
edge of the historical winter status of these spar- 
rows is limited. Observers on Christmas Bird 
Counts, for example, seldom detect these species 
(Lowther 1996, Vickery 1996; Butcher and 
Lowe 1990 in Pruitt 1996 and references there- 
in; contra Herkert 1997). Most other historical 
sources of information have also been inade- 
quate (e.g., for Henslow’s Sparrow, see Pruitt 
1996; for Le Conte’s Sparrow, see Walkinshaw 
1968, Lowther 1996). 

The only detailed information on the histori- 
cal winter status of these three species in the 
Southeast is from South Carolina. Arthur T. 
Wayne (1888, 1894, 1910, 1918; Brewster 1886) 
collected many specimens of all three species 
during winter on the coast (Beaufort and 
Charleston counties) in the late 19th and early 
20” centuries (1884-1927). Leverett M. Loomis 
(1879, 1882, 1885, 1886, 1891) collected many 
specimens of Le Conte’s Sparrow inland (Ches- 
ter County), during the late 19th century (1879- 
1892), and fewer Grasshopper and Henslow’s 
sparrows (Loomis 1891, Post and Gauthreaux 
1989). The collecting activities of Loomis and 
Wayne overlapped during eight winters (1884- 
1892). The publications of both men focused on 
Le Conte’s Sparrow, which was not discovered 
in South Carolina until the 1880s (Loomis 1882, 
Brewster 1886), later than Grasshopper and 
Henslow’s sparrows (cf. Baird et al. 1874). 

32 
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We evaluate the historical winter status of 
these three upland Ammodramus sparrows in 
South Carolina by assessing specimen evidence 
collected by Wayne and Loomis, and the asso- 
ciated information available from their publica- 
tions. We focus on Wayne’s data from Charles- 
ton County. 

METHODS 

We recorded the specific localities, years, and num- 
bers for each species of upland Ammodramus sparrow 
collected by Wayne and by Loomis. For Wayne, we 
treated the data from Charleston and Beaufort counties 
separately; data from Beaufort County are too limited 
to permit detailed analyses. These data and additional 
information on sex and age were extracted from spec- 
imen labels or from Wayne’s journals, which are de- 
posited in the Charleston Museum. We verified or 
checked this information when possible with the pub- 
lished accounts by Wayne and Loomis. We found no 
discrepancies. 

Our analyses assume that each species is approxi- 
mately equally conspicuous and difficult to detect on 
the winter range, where birds are usually flushed in- 
dividually (see Grzybowski 1983a,b for data on Grass- 
hopper and Le Conte’s sparrows; McNair 1998, pers. 
obs.) (although see Odum and Hight 1957 and Norris 
1963, who stated that local Le Conte’s Sparrows 
flushed less readily). Hence, we assume that each spe- 
cies is approximately equally collectible. We used Chi- 
square tests in our analyses. 

RESULTS 

DISTRIBUTION AND ABUNDANCE 

Wayne collected Grasshopper, Henslow’s, and 
Le Conte’s sparrows on the coast of South Car- 
olina in Charleston County at a minimum of 14, 
20, and 17 sites, respectively, from a total of 42 
sites. The distribution of sites where Le Conte’s 
and Grasshopper sparrows were collected was 
significantly different (x2 = 10.81, P < 0.01). 
Pairwise combinations between the other two 
species were not different (Le Conte’s vs. Hen- 
slow’s: x2 = 3.36, P > 0.05; Grasshopper vs. 
Henslow’s: x2 = 1.03, P > 0.05). 

Over 42 winters, Wayne collected Grasshop- 
per, Henslow’s, and Le Conte’s sparrows on the 
coast of South Carolina in Charleston County in 
20, 24, and 18 years, respectively (Table 1). The 
frequency of occurrence among species over 
these years was not significantly different (xz2 = 
0.90, P > O.OS), nor were any pairwise compar- 
isons between species. 

Le Conte’s Sparrow had three incursion years 
(4-5 fold increase above the maximum annual 
count for any other year: 1893-1894, 1909- 
1910, 1917-1918), when Wayne (1894, 1910, 
1918; journals) collected a total of 116 birds in 
Charleston County (yearly maxima of 34-42, 
daily maxima of 6; Table 1). Neither Henslow’s 
or Grasshopper sparrows had incursion years. 

Henslow’s Sparrow (77 birds) was signifi- 
cantly more numerous than Le Conte’s (44 
birds) or Grasshopper (33 birds) sparrows in 
Charleston County during Le Conte’s non-incur- 
sion years (xz2 = 25.67, P < 0.01). The maxi- 
mum number of Henslow’s, Le Conte’s, and 
Grasshopper sparrows collected during non-in- 
cursion years was 7, 9, and 5 birds (daily max- 
ima of 4, 5, and 2), respectively. 

During non-incursion years in Charleston 
County, Wayne collected Henslow’s Sparrows 
on about twice as many days (66) as Le Conte’s 
(34 days) and Grasshopper (30 days) sparrows. 
The greater abundance of Henslow’s Sparrow 
during Le Conte’s non-incursion years compared 
to the other two species is based on this differ- 
ence, and not on the daily average of collected 
birds: 1.17 birds/day each for Grasshopper and 
Henslow’s sparrows and 1.29 birds/day for Le 
Conte’s Sparrow. During incursion years, 
Wayne’s daily average of Le Conte’s Sparrow 
was 1.63 birds/day. Although Wayne did not 
collect any birds in 10 winters, all three Am- 
modramus sparrows were collected over approx- 
imately the same number of years. 

In Beaufort County, Wayne (1888, 1910; jour- 
nals) collected 36 Henslow’s Sparrows (daily 
maximum of 5) in January and February 1888 
in an old rice field near Yemassee. During this 
expedition, he also collected three Grasshopper 
and one Le Conte’s sparrows at the same site. 
Wayne’s daily average in Beaufort County of 
Henslow’s Sparrow was 2.25 birds/day. 

In the Piedmont at Chester County, Loomis 
(1882, 1885, 1891) collected at least 66 Le 
Conte’s Sparrows and saw many others during 
four consecutive incursion winters (1881-1885). 
In one incursion winter (1884-1885; Brewster 
1886, Loomis 1886), Le Conte’s Sparrow was 
present inland, but absent on the coast, indicat- 
ing that Le Conte’s Sparrows incursions do not 
always reach the coast. In the following five 
winters (1885-1890), Loomis (1886, 1891) col- 
lected or saw five birds in three seasons, com- 
pared to the two birds that Wayne collected in 
two seasons on the coast. Over all years, Le 
Conte’s Sparrow occurred in 7 of 13 (54%) win- 
ters in the interior, not significantly different 
from its frequency of occurrence on the coast 
(43%; x2 = 0.43, P > 0.05). Extreme dates of 
occurrence of Le Conte’s Sparrow in the interior 
were 11 November (1881) to 30 March (1885) 
(non-incursion years only: 19 December 1889 to 
3 March 1888), where the maximum count was 
12 on 10 December 1881 (Loomis 1882). 

Loomis (1885) collected at least 15 specimens 
of Henslow’s Sparrow during autumn and spring 
migration. Unlike Le Conte’s Sparrow, Hen- 
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TABLE 1. NUMBER OF BIRDS BY SEX RATIO AND NUMBER OF DAYS BIRDS WERE COLLECTED PER YEAR BY A.T. 
WAYNE OVER 42 WINTERS (1883-1925) FOR EACH OF THREE SPECIES OF UPLAND AMMODRAMUS SPARROWS ON THE 
COAST OF SOUTH CAROLINA IN CHARLESTON COUNTY 

Number of birds (number of days birds were collected) 

Winter year Grasshopper HenSlOW’S Le Conte’s TOtal 

1883-1884 
1884-1885 
1885-1886 
1886-1887 
1887-1888 
1888-1889 
1889-1890 
1890-1891 
1891-1892 
1892-1893 
1893-1894 
1894-1895 
1895-1896 
1896-1897 
1897-1898 
1898-1899 
1899-1900 
1900-1901 
1901-1902 
1902-1903 
1903-1904 
1904-1905 
1905-1906 
1906-1907 
1907-1908 
1908-1909 
1909-1910 
1910-1911 
1911-1912 
1912-1913 
1913-1914 
1914-1915 
1915-1916 
1916-1917 
1917-1918 
1918-1919 
1919-1920 
1920-1921 
1921-1922 
1922-1923 
1923-1924 
1924-1925 
Subtotal 
TOTAL 

1 VOb 

5/o (4) 
l/O 
l/O 

1u 
O/l/lU (2) 

O/l 
l/O 
1u 

l/l (2) 

2U (2) 

1u 
O/l 
O/l 

O/l 
l/2 (3) 

2/o (2) 

l/O 
2/l (3) 

2/o (2) 

18/9/6U 
33 (32) 

l/O 
7/o (4) 
l/O 
213 (3) 

l/O 
O/l 
O/l 
214 (4) 

l/O 
l/l (2) 
2/o (2) 
2/o (2) 

2/0/2u (3) 

214 (5) 
l/l (2) 
212 (3) 
213 (5) 

O/l 
212 (4) 

1u 

215 (7) 
312 (4) 
3/3/1u (7) 
l/O 
40/33/4u 
77 (66) 

O/l 

7/25/8Ud ( 18) 

o/7 (5) 
1u 
1u 

0/3/1u (3) 
o/2 (2) 
l/l (2) 

O/l/lU (1) 
2/l (3) 

5/32/5U (35) 

O/l 
217 (8) 

5/26/3U ( 18) 34 (18) 

0/1/2u (3) 
1/2/4U (2) 
O/l 

23/l 11/26U 
160 (105) 

1 
1 

13 (8)c 
2 (2) 
6 (3) 

1 
1 

41 (19) 
6 (4) 
1 

10 (8) 
3 (3) 
4 (3) 
3 (3) 
1 

10 (7) 
4 (4) 
8 (5) 
3 (3) 
7 (5) 
9 (7) 

43 (35) 
4 (4) 
2 (2) 

12 (11) 

3 (3) 

1 
13 (12) 
12 (6) 
10 (10) 

1 
nae 
270 (193) 

a male. 
b female. 
c total number of days bxds were collected each year may be less than sum for all three species because individual birds of different species may be 
collected on the same day. 
a u = unknown. 
e na = not applicable. 

slow’s was not found in winter. Loomis (1891) TIMING OF OCCURRENCE 

stated the Grasshopper Sparrow was a rare strag- 
gler during winter (December through March), 

All three species of Ammodramus sparrows 
were collected on the coast of South Carolina in 

with occasional arrivals in February during fa- Charleston County during the same winter in 8 
vorable weather; he listed only five occurrences of 32 years (Table 1). There were no differences 
in December and January. in species’ abundance. No species pairwise 
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comparisons were significantly different (Grass- 
hopper vs. Henslow’s: x2 = 0.52, P > 0.05; 
Grasshopper vs. Le Conte’s: x2 = 0.04, P > 
0.05; Henslow’s vs. Le Conte’s: x2 = 0.00, P > 
0.05). Grasshopper Sparrows were collected on 
the coast over a period of seven and one-half 
months (20 September 1895 to 8 May 1906), 
longer than the other two species (5-6 months). 
Extreme dates of occurrence for Henslow’s 
Sparrow were 19 October to 30 March, for Le 
Conte’s, 9 November to 27 April (during non- 
incursion years only, 9 November to 27 Febru- 
ary). Most records for Grasshopper (76%) and 
Henslow’s (88%) sparrow were from October 
through January, and for Le Conte’s Sparrow, 
from November to January (89%). 

SEX AND AGE RATIOS 

Most Le Conte’s Sparrows collected by 
Wayne on the coast in Charleston County were 
females (111 of 134,83%; also see Wayne 1894, 
1918), with no difference in the proportion be- 
tween incursion and non-incursion years. The 
sex ratio of Le Conte’s Sparrows was signifi- 
cantly different (x2 = 56.48, P < 0.01) from that 
of both Grasshopper (males = 18, females = 9, 
x2 = 2.37, P > 0.05) and Henslow’s (males = 
40, females = 33, x2 = 0.49, P > 0.05) spar- 
rows, based on an expected value of 1: 1. Most 
Le Conte’s Sparrows collected inland were not 
sexed; the available sample (N = 10; only four 
birds sexed) is too small to be useful. 

The age ratios from a pooled sample of Hen- 
slow’s (6 ad., 16 imm.; 27% adult) and Le 
Conte’s sparrows (9 ad., 21 imm.; 30% adult) 
were not significantly different from an expected 
value (based on proportion of 2 adults, 4 im- 
matures) of 1:2. The sample for the Grasshopper 
Sparrow was insufficient to test for differences 
in age ratios. 

DISCUSSION 

BIASES ASSOCIATED WITH SPECIMEN DATA 

Interpretation of our results depends upon 
evaluation of the possible biases associated with 
the collection methods of Wayne, and to a lesser 
extent, with those of Loomis in the interior. We 
know the sites where Wayne sampled, but not 
their characteristics. From accounts in his jour- 
nals, we know he located most sparrows with a 
bird dog (pointer), and then shot them as they 
flushed. We assume that Loomis used approxi- 
mately the same methods. Wayne (1910) sug- 
gested that Grasshopper Sparrows occurred in 
sandier fields (drier, sparser sites), but possible 
habitat differences among collecting sites cannot 
be evaluated. Wayne sampled a large number of 
old field habitats, most of which were dominated 
by broomsedge (Andropogon spp.; e.g., Wayne 

1894), but he provided few additional details. 
Inland at Chester, Loomis (1882, 1885, 1891) 
obtained most of his birds at one site, although 
he noted that Le Conte’s Sparrow had the most 
restricted habitat. The results of Loomis and 
Wayne are generally consistent with other stud- 
ies that document co-occurrence of the three 
sparrows at the same sites (Lowther 1996; D. B. 
McNair, unpubl. data; C. R. Chandler, pers. 
comm.). All three species probably have subtle 
microhabitat preferences within old field habitats 
(cf. Odum and Hight 1957). 

The greater abundance of Le Conte’s Sparrow 
compared to either Henslow’s or Grasshopper 
sparrows in the Piedmont during winter is not 
an issue. We believe that the greater abundance 
of Le Conte’s Sparrow compared to either Hen- 
slow’s or Grasshopper sparrows on the coast 
during incursion years, which Wayne (1894, 
1918) recognized, is a true biological event and 
not a result of selective collecting. During non- 
incursion years, Wayne collected all three spe- 
cies over approximately the same number of 
years (Table l), and we doubt that he would de- 
viate from this pattern in the three incursion 
years, as he collected Le Conte’s Sparrows dur- 
ing both incursion and non-incursion years at the 
same sites (e.g., Percher’s Bluff). The greater 
abundance of Le Conte’s Sparrow in the interior 
of South Carolina during both incursion and 
non-incursion years, which the data of Loomis 
and Wayne demonstrate, also supports our view 
that Wayne probably did not selectively collect 
Le Conte’s Sparrow on the coast compared to 
the other two sparrows. While Le Conte’s Spar- 
row was not discovered in South Carolina until 
the 1880s and specimens may have had more 
value than the other two species, any differences 
in motivation and collecting activities among 
Wayne and Loomis were probably minor, based 
on the similar number and length of their pub- 
lications on Le Conte’s Sparrow. 

It is just as likely that Wayne oversampled 
Henslow’s Sparrows and undersampled Le 
Conte’s and Grasshopper sparrows on the coast 
in Charleston County during non-incursion 
years. We doubt that Wayne would have col- 
lected fewer Le Conte’s Sparrows unless Hen- 
slow’s Sparrow was more abundant. 

For Grasshopper Sparrow, Wayne (1910) stat- 
ed that many individuals overwintered (although 
the daily maximum he collected was two). His 
general qualitative statements were not always 
accurate, however (cf. Blackpoll Warbler, Den- 
droica striata; McNair and Post 1993b). 

The duration of the winter period and timing 
of arrival of autumn migrants and wintering 
birds (December and January) for each of the 
three upland Ammodramus sparrows in South 
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Carolina in this study is consistent with other 
data from the Southeast (Post and Gauthreaux 
1989, McNair and Post 1993a, Lowther 1996, 
Vickery 1996, Pruitt 1996). However, the timing 
of departure for these three species in late winter 
and early spring is not well defined because of 
undersampling. Wayne redirected his collecting 
efforts to other species after mid-winter; e.g., the 
sharp-tailed sparrow complex (A. cu~ducut~s 
and A. nelsoni), of which he collected over 600 
specimens (W. Post, unpubl. data). Habitat dis- 
turbance (e.g., prescribed winter bums; Wayne 
1910, 1918) at Wayne’s collection sites may also 
have been a factor. We are unaware of collecting 
biases associated with sex and age ratios for any 
of the three species during winter. 

WINTER STATUS OF LE CONTE’S AND HENSLOW’S 
SPARROWS 

With the possible exception of information 
obtained by Audubon and Bachman on Hen- 
slow’s Sparrow (Baird et al. 1874), Wayne and 
Loomis obtained more data on the winter status 
of Henslow’s and Le Conte’s sparrows than the 
combined efforts of all other individuals in 
South Carolina (Post and Gauthreaux 1989, 
McNair and Post 1993a). The absence of Hen- 
slow’s Sparrow from the Piedmont during winter 
is consistent with data from other states, which 
document that their primary winter range in the 
Southeast is largely congruent with the lower 
coastal plain where the longleaf pine (Pinus pa- 
Zustris) ecosystem was dominant (e.g., Missis- 
sippi; M. Woodrey in Pruitt 1996). The local 
abundance of Henslow’s Sparrow in favorable 
habitat (abandoned rice fields; cf. Brown 1879) 
during mid-winter and scarcity of the other two 
sparrows at this site in Beaufort County (Wayne 
1888) was probably a normal event, not an in- 
cursion. Large numbers of wintering populations 
of Henslow’s Sparrow also occurred in other 
states at the turn of the century (Pruitt 1996), 
which coincided with well-documented increas- 
es of breeding populations on abandoned farm- 
land in the northeast and north-central states 
(Herkert 1994, Pruitt 1996). 

Specimen data from several states other than 
South Carolina document the concentration of 
Le Conte’s Sparrow at the eastern edge of their 
winter range (Florida: Brewster 1882, Wayne 
1895, Howell 1932; Alabama: Brown 1879; 
Mississippi: Allison 1899) and migratory routes 
(Illinois: Ridgway 1883, Poling 1890; Wiscon- 
sin: Kumlien and Hollister 1903 in Lowther 
1996) in the late 19th and early 20th centuries. Le 
Conte’s Sparrow formerly bred as far southeast 
as northeast Illinois (Lowther 1996), but data 
supporting a parallel, widespread increase in his- 

torical eastern breeding populations of Le 
Conte’s Sparrow are lacking. 

Since Wayne’s work, Le Conte’s Sparrow was 
not reported in South Carolina until the mid- 
1950s. Odum and Hight (1957) captured 10 
birds in an old field in the upper coastal plain at 
the Savannah River Site during the winter of 
1954-1955. One to four birds also occurred in 
this area in three other winters in the mid-1950s 
(Norris 1963). Since then through the 1980s Le 
Conte’s Sparrow was reported but five times 
(McNair and Post 1993a). In the 1990s with an 
increase in observer effort for wintering grass- 
land birds, Le Conte’s Sparrow was found ca. 12 
times over seven winters (McNair and Post 
1993a; reports in Briefs for the Files of The 
Char). All reports have been of single birds ex- 
cept for a local concentration during two years 
in the upper coastal plain at Santee National 
Wildlife Refuge; the high count was 11 birds on 
9 March 1996 (Davis 1997). Since the mid- 
1950s only ca. 25 credible records or reports of 
Henslow’s Sparrow exist from South Carolina; 
ca. 13 during the 1990s over six winters 
(McNair and Post 1993a; W. Post, unpubl. data; 
reports in Briefs for the Files of The Chat). Most 
counts were single birds; the daily maximum 
was three. In Charleston County, we captured 
one Le Conte’s and one Henslow’s sparrow (and 
ca. 15 Grasshopper Sparrows) in a 40 ha old 
field dominated by broomsedge, Puspulum, and 
Punicum grasses. This field is located on James 
Island, near the Mt. Pleasant sites where Wayne 
collected many of his Ammodrumus sparrows. 
Post also captured one Henslow’s Sparrow dur- 
ing migration in late October at Mt. Pleasant. In 
the lower coastal plain of Georgia north of the 
Altamaha River, few Henslow’s Sparrows have 
been located in old fields over the past five years 
(C. R. Chandler, pers. comm.). More birds, al- 
though still low numbers (maxima of 2-3 day) 
have been located in longleaf pine flatwoods (C. 
R. Chandler, pers. comm.). A few Le Conte’s 
Sparrows have been observed with these Hen- 
slow’s sparrows. 

All quantitative data on Le Conte’s and Hen- 
slow’s sparrows in South Carolina are from old 
field habitats, although Henslow’s Sparrows are 
most abundant in pine savannas (Plentovich et 
al. 1998; D. B. McNair, unpubl. data; M. Wood- 
rey and C. R. Chandler, unpubl. data). Broom- 
sedge fields also were once an important habitat 
for these two species in South Carolina. Little is 
known about how loss of this habitat affected 
their populations (Lowther 1996, Plentovich et 
al. 1998). Wayne and Loomis sampled only old 
fields (primarily broomsedge). Old fields were 
burned frequently, often annually in late winter, 
then left undisturbed for one growing season, as 
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in Charleston County (Wayne 1894). This prac- 
tice would favor regrowth of broomsedge, which 
probably would make the sites more favorable 
to the three upland Ammodramus sparrows. In 
Alabama and Louisiana, broomsedge and ber- 
muda grass (Cynodon dactylon) were the dom- 
inant species in grasslands that were mowed an- 
nually or more often at two air fields, where 
mean counts of Le Conte’s Sparrow on winter 
bird population study plots ranged from 3-15 
birds/40 ha during winters when the species was 
present (Snead et al. 1957, Snead et al. 1958, 
Imhof 1960; Viers 1974, 1978, 1980, 1981, 
1982, 1983). In the coastal plain of Alabama, 
man-made sites burned the previous year on 
lands intensively managed for timber production 
had the highest densities of Henslow’s Sparrows 
(Plentovich et al. 1998). Sampling of old fields 
(including Charleston County), especially in the 
199Os, has failed to detect substantial numbers 
of these sparrows in South Carolina. Wayne and 
Loomis evidently had little difficulty locating 
Henslow’s and Le Conte’s sparrows, and the few 
records and reports of these species since the 
mid- 195Os, underscores our perception that both 
sparrows were much more numerous in South 
Carolina 70-l 15 years ago than they have been 
since (Post and Gauthreaux 1989, McNair and 
Post 1993a; contra Lowther 1996). This decline 
is consistent with elimination of large areas of 
grassland habitat in the Southeast since the 
1950s and of their conversion to row crops 
(USDA 1950, 1975, 1986; Lymn and Temple 
1991) and pine plantations (Fairey 1973, Pruitt 
1996). The present relative scarcity of old fields 
as winter habitat in South Carolina has probably 
contributed to the decline of Henslow’s and Le 
Conte’s sparrow winter numbers. The urbaniza- 
tion of Charleston County has also contributed 
toward the local decline of both species. 

The decrease of wintering populations of Le 
Conte’s and Henslow’s sparrows in South Car- 
olina has been substantial, although systematic 
surveys will probably detect more birds, as dem- 
onstrated by recent studies on the coastal plain 
of Georgia (C. R. Chandler, unpubl. data). The 
decrease of Henslow’s Sparrow also coincides 
with a widespread decline of breeding popula- 
tions from throughout its range since the 1960s 
(Askins 1993; Herkert 1994, 1997; Pruitt 1996). 
The decrease has been accompanied by a range 
contraction in the northeast United States (Pruitt 
1996). Northeastern breeding birds probably 
wintered in the southeast Atlantic coastal plain, 
including South Carolina. 

In contrast to Henslow’s Sparrow, Le Conte’s 
Sparrows have increased on Breeding Bird Sur- 
vey routes (Price et al. 1995 in Lowther 1996). 
This increase has not been paralleled by increas- 

es in numbers on the winter range in South Car- 
olina (McNair and Post 1993a). In South Caro- 
lina, Le Conte’s Sparrow now occurs at the pe- 
riphery of its winter range, but it is unclear if 
this was the case during the period of Wayne 
and Loomis. Le Conte’s Sparrow was more nu- 
merous inland than on the coast in South Caro- 
lina (Post and Gauthreaux 1989; McNair and 
Post 1993a, this study) and had a female-biased 
sex-ratio, which is probably consistent with its 
occurrence on the periphery of its range. How- 
ever, Gauthreaux (1982) stated that immatures 
are most likely to move the greatest distances, 
which we did not confirm. The basis for this 
apparent inconsistency needs further study. 

WINTER STATUS OF GRASSHOPPER SPARROW 

The Grasshopper Sparrow has remained a lo- 
cally uncommon winter visitor on the coast of 
South Carolina since the time of Wayne (1910; 
see Post and Gauthreaux 1989, McNair and Post 
1993a), although total numbers have undoubt- 
edly declined because of the loss of grassland 
habitat. The winter status of Grasshopper Spar- 
row in the Piedmont is less certain (Post and 
Gauthreaux 1989). Historically, the Grasshopper 
Sparrow was less abundant than Henslow’s or 
Le Conte’s sparrows. At present, the Grasshop- 
per Sparrow is a much more abundant autumnal 
migrant and winter resident on the coast than the 
other two species (Post and Gauthreaux 1989, 
McNair and Post 1993a; W. Post and D. B. 
McNair, unpubl. data). 

MANAGEMENT RECOMMENDATIONS 

All three upland Ammodramus sparrows in- 
habit large, open fields with dense groundcover 
(Henslow’s Sparrows also occur in open long- 
leaf pine forest with suitable groundcover). Hab- 
itat management for Henslow’s Sparrow should 
focus on restoration of dense groundcover (wire- 
grass Aristida spp., beakrush Rynchospora spp.) 
in the longleaf pine ecosystem in the lower 
coastal plain of the Southeast (Pruitt 1996). Ad- 
ditional efforts should focus on man-altered hab- 
itats such as old fields, e.g., the coastal plain of 
South Carolina. 

Habitat management for Le Conte’s and 
Grasshopper sparrows should focus on l-5 yr- 
old moist and dry broomsedge, crabgrass (Dig- 
itaria ischaemum), and Panicum fields in the 
coastal plain and mid-to-lower Piedmont (cf. 
Dunning and Pulliam 1989, Lane 1989). Only 
Odum and Hight (1957) have published some 
details on habitats used during winter in South 
Carolina, that of a 4-yr old field inhabited by Le 
Conte’s and Grasshopper sparrows in the Savan- 
nah River Site. Perhaps because it occurs at the 
periphery of its range, Le Conte’s Sparrow prob- 
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ably has the most specialized habitat require- 
ments of the three species in the Southeast. It 
appears, however, to tolerate more forbs among 
grassy vegetation than the other two species, at 
least in old fields (Loomis 1882, Odum and 
Hight 1957). Large fields should be maintained 
to promote habitat diversity for all three species, 
including trickles or runs. Most sites for the 
three grassland sparrows in the Southeast have 
been 40-80 ha (Loomis 1882, Odum and Hight 
1957, Imhof 1960, Johnston 1969, Viers 1974), 
although Wayne (1918) collected Le Conte’s 
Sparrows concentrated in a broomgrass field as 
small as 4 ha. In the absence of better infor- 
mation, the minimum recommended size is 40 
ha, identical to breeding season requirements 
(Pruitt 1996). 

We rarely have detailed, reliable field data in 
the southeastern United States that document the 
historical status of birds of management interest. 

Museum data can fill this gap, if carefully ana- 
lyzed (cf. McNair 1986a,b). The present study 
provides an example by demonstrating the use- 
fulness of historical museum data toward de- 
tecting changes in the population status of three 
secretive sparrows in South Carolina. Biases 
may be associated with museum data (specimens 
and egg sets), however, and the investigator 
should be aware of these pitfalls (McNair 1985, 
1987, 1995; Post 1995; McNair and Post 1999, 
this study). 
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INTEGRATION OF RESEARCH WITH LONG-TERM MONITORING: 
BREEDING WOOD DUCKS ON THE SAVANNAH RIVER SITE 

ROBERT A. KENNAMER AND GARY R. HEPP 

Abstract. In 1981, long-term monitoring of the breeding of Wood Ducks (Aix sponsa) was initiated 
on the Savannah River Site by the Savannah River Ecology Laboratory in partial response to envi- 
ronmental legislative requirements surrounding the restart of a U.S. Department of Energy nuclear 
production reactor (L-Reactor). Although the reactor itself was operated only for two years, the study 
of Wood Ducks continues today, 15 years following its initiation, and has made significant contribu- 
tions to our basic understanding of the population ecology of this unique species, and waterfowl in 
general. 

Marking and recapturing individual females in nesting boxes were key aspects of the long-term 
study because it enabled us to produce annual population parameter estimates (e.g., population size, 
survival rate, recruitment), which are valued indicators of population stability. We were able to gen- 
erate precise parameter estimates, though marking relatively small numbers of breeding females, be- 
cause capture probabilities were high. Identifying field methods (e.g., long-term consistency in capture 
effort) that allowed precise parameter estimation was among the most important consequences of our 
work. The longevity of the monitoring effort was also important because it allowed us to examine the 
natural range of variation in reproductive characteristics of this species. We used retrospective analyses 
of the long-term data and initiated companion short-term studies to explore factors related to and 
responsible for the identified variation within the population. 

Our work illustrates some of the beneficial aspects of ecological research derived from long-term 
monitoring efforts: they generate essential baseline data and provide a means of continually refining 
management practices, provide answers to important ecological questions that cannot be addressed 
easily by using experimental methods, and establish a foundation for formulating and testing new 
hypotheses. In this paper, we review the conditions that motivated the initiation of this study, the 
initial goals of the work, and the ecological knowledge that has been gained thus far from the com- 
mitment of SRS managers and researchers to long-term population monitoring. 

Key Words: Aix sponsa; Anatidae; breeding ecology; long-term study; population ecology; Savannah 
River Site; South Carolina; Wood Duck. 

In 1980, the U.S. Department of Energy (DOE) 
made a decision to restart a nuclear production 
reactor, L-Reactor, on the Savannah River Site 
(SRS) in west-central South Carolina because of 
increased demand for weapons-grade plutonium. 
The L-Reactor previously had been operated 
from 1953 until 1968 when it was placed on 
stand-by status. Since reactor operations re- 
quired the discharge of circulated cooling water, 
the DOE intended to release L-Reactor thermal 
effluents directly into Steel Creek upon restart 
as it had done during earlier operations of that 
same reactor. Heightened public awareness of 
environmental issues during the 197Os, however, 
had resulted in the passage of extensive legis- 
lation related to environmental protection. The 
National Environmental Policy Act (NEPA) and 
the Federal Water Pollution Control Act (includ- 
ing the Clean Water Act of 1977) specified nu- 
merous areas such as water quality, wetlands 
protection, and habitat alteration that the DOE 
was required to evaluate before restarting the re- 
actor (Smith et al. 1981). Furthermore, Execu- 
tive Orders 11988 and 11990 specifically ad- 
dressed alterations of wetland ecosystems for 
federal projects, while regulations such as 10 
CFR 1022 and the Sikes Act (PL 93-425) 

placed controls over habitat and wildlife man- 
agement issues on federal lands (Smith et al. 
1981). Under the provisions of these legislative 
mandates, the DOE developed plans to prepare 
an Environmental Impact Statement for the pro- 
ject. The University of Georgia’s Savannah Riv- 
er Ecology Laboratory received DOE funding to 
assist in the collection of environmental infor- 
mation for addressing the legislatively mandated 
questions. 

Wood Ducks (Aix sponsa) occur naturally on 
no other continent and are uniquely adapted to 
living in forested wetlands where they nest in 
cavities of trees. Sportsmen, bird watchers, and 
researchers have long been attracted by this col- 
orful waterfowl species. Wood Ducks, for ex- 
ample, comprise more than 10% of the annual 
waterfowl harvest in the United States, and in 
the Atlantic and Mississippi Flyways it is second 
only to the Mallard (Anus platyrhynchos) in 
numbers of birds shot annually (Hepp and Bell- 
rose 1995). 

Much of the popularity of Wood Ducks can 
be associated with their highly publicized pop- 
ulation collapse and subsequent recovery during 
the early part of the 20ti century. In the late 
18OOs, populations of Wood Ducks began to de- 
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cline largely due to the market hunting profes- 
sion, and by the early 1900s concern was ex- 
pressed for the observed dramatic decrease 
(Bellrose 1990). In 1918, legal hunting of Wood 
Ducks was banned by the Migratory Bird Treaty 
Act, leading to a population upswing over the 
next 20 years (Bellrose 1990). Since the 1930s 
thousands of nest boxes have been erected by 
the public and government agencies; these have 
further contributed to the success and expansion 
of locally breeding populations of this species. 

As early as the mid-1930s Wood Ducks com- 
monly were found in swamps and lagoons along 
the Savannah River forming the border between 
South Carolina and Georgia (Murphy 1937). 
Wood Ducks were considered locally abundant 
in the vicinity of the SRS as a breeding species 
prior to the closure of the site to the public in 
1952 (Murphy 1937). Fendley (1978) studied 
the ecology of Wood Ducks using nest boxes in 
the Steel Creek area on the SRS in the mid- 
1970s following the 1968 shutdown of the L- 
Reactor, and provided baseline information from 
which new studies could be developed. 

INITIATION OF THE LONG-TERM WOOD 
DUCK STUDY 

Impacts resulting from earlier operations of 
the L-Reactor had altered habitats within the 
lower reaches of Steel Creek and the surround- 
ing Savannah River Swamp System into which 
Steel Creek emptied, creating a large flooded 
herbaceous marsh (Steel Creek delta, >lOO ha) 
with extensive standing dead timber (Sharitz et 
al. 1974, Smith et al. 1981). In addition to the 
thermally induced effects on the ecosystem, 
from 1960 to 1970 approximately 260 curies of 
the fission products collectively termed radi- 
ocesium (primarily 13’Cs, 30-yr half-life) were 
released inadvertently into Steel Creek (Marter 
1970). 

Earlier research of Fendley (1978) suggested 
that the impacted/recovering Steel Creek area 
had a higher carrying capacity for breeding 
Wood Ducks than either before or during the 
period of reactor effluent discharges. The pro- 
posed reactor restart therefore had the potential 
to substantially reduce local habitat for breeding 
Wood Ducks and other species of wintering mi- 
gratory waterfowl. 

The primary emphasis of the newly organized 
study was to assess Wood Duck reproduction 
within the Steel Creek ecosystem with a nest 
box monitoring program. Nest boxes also were 
established in several other SRS wetlands to 
serve as “control” habitats for comparative 
studies. Nest boxes (Fig. 1) were checked ap- 
proximately weekly during the breeding season. 
We estimated dates of nest initiation, and count- 

ed and individually labeled eggs; females were 
captured, weighed, and banded, and nest fates 
were determined. In some years, we weighed 
newly hatched ducklings and then web-tagged 
the young with #l monel fish-fingerling tags for 
future identification. Other methodological de- 
tails are given in Hepp et al. (1989, 1990) and 
Hepp and Kennamer (1992, 1993). 

IMPACT STUDIES OF THE NUCLEAR 
REACTOR RESTART 

Results of nest box monitoring from the early 
1980s confirmed that habitat alterations in lower 
Steel Creek associated with former thermal ef- 
fluent discharges from L-Reactor were favorable 
to breeding Wood Ducks (Smith et al. 1981, 
1982). The opening of the otherwise closed-can- 
opy swamp allowed establishment of an exten- 
sive herbaceouslshrub marsh with species such 
as parrot-feather (Myriophyllum brusiliense), cut 
grass (Leersia spp.), knot grass (Scirpus cyper- 
inus), smartweed (Polygonum spp.), buttonbush 
(Cephalanthus occidentalis), and black willow 
(Sulix nigra; Sharitz et al. 1974, Smith et al. 
1981). Wood Ducks probably were attracted to 
such an area because it provided the essential 
requirements for both nesting and brood-rearing; 
natural cavities produced by primary excavators 
were abundant in the dead standing timber, and 
the herbaceouslshrub marsh provided an abun- 
dance of food and cover for young Wood Ducks. 
Nest-box use by Wood Ducks in this habitat av- 
eraged 30-70% annually (Smith et al. 1982). 

At Upper Three Runs Creek, a natural south- 
eastern blackwater stream that also empties into 
the Savannah River, no habitat alterations from 
site activities ever had occurred. This river 
swamp forest was characterized generally by a 
closed canopy of bald cypress (Taxodium disti- 
chum) and tupelo gum (Nyssa aquatica) along 
the stream channel, with mixed bottomland 
hardwood species such as white ash (Fraxinus 
americana), red maple (Acer rubrum), water 
hickory (Curya aquatica), and water elm (Pla- 
nera aquatica) found throughout the seasonally 
inundated floodplain (Smith et al. 1981, Work- 
man and McLeod 1990). Such floodplain areas 
are considered the traditional habitat of Wood 
Ducks in the southeastern United States (Bell- 
rose and Holm 1994). Nest box use by Wood 
Ducks in this undisturbed riparian habitat (lo- 
20% annually), however, was consistently lower 
than that in disturbed sites (Smith et al. 1982). 

Since ongoing environmental studies in 1981 
and 1982 identified habitats in the Steel Creek 
corridor and delta as being favorable to breeding 
and wintering waterfowl, as well as to endan- 
gered Wood Storks (Mycteriu americana) and 
threatened American Alligators (Alligator mis- 
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FIGURE? 1. Distribution of Wood Duck nest box locations on the Savannah River Site, South Carolina. Lo- 
cations (N = 16) designated by closed circles were available prior to 1984; additional locations (N = 3) 
designated by open circles were available beginning in 1984. 

sissippiensis), further concerns focused on eco- 
system impacts likely to result from restarting 
the reactor and their effects on these species. 
The consensus was that if reactor effluents were 
to be discharged directly into Steel Creek in a 
manner similar to earlier operations, the Steel 
Creek corridor and delta would revert to highly 
simplified communities typical of other SRS 
streams already receiving thermal effluents at 
that time (Smith et al. 1982). For any chosen 
course of action, the unavoidable increased wa- 
ter flows would alter the natural hydrology of 
the system and a process of mitigating the pos- 
sible negative impacts would have to be imple- 
mented. Thus, in 1984, additional Wood Duck 
nest boxes were erected in wetlands adjacent to 
the Steel Creek floodplain (Fig. 1, open circles) 
that would not be affected by the proposed re- 

actor restart (Smith et al. 1983). These “miti- 
gation” boxes along with existing nest structures 
continued to be monitored for Wood Duck use 
in the long-term study. 

Among the options considered for handling 
thermal reactor effluents was the DOE-preferred 
direct discharge of effluents into streams and the 
less-desirable construction of a cooling-water 
impoundment or cooling tower. However, the 
National Pollution Discharge Elimination Sys- 
tem (NPDES) provisions of the Clean Water Act 
no longer allowed direct discharge of thermal 
waters, thus excluding the DOE’s preferred op- 
tion as a viable alternative (McCort et al. 1988). 
Therefore, in the fall of 1984, construction be- 
gan on a 405ha cooling impoundment (L-Lake; 
Fig. 1) within the Steel Creek drainage, up- 
stream from the delta. L-Reactor was finally re- 
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started on 31 October 1985, but was only in op- 
eration for about two years. 

STUDIES USING THE LONG-TERM 
MONITORING DATA 

ESTIMATION OF POPULATION PARAMETERS 

The study of life-history characteristics is an 
important facet of ecology, particularly in stud- 
ies of population regulation. Along with infor- 
mation on fecundity of individuals or groups of 
individuals, estimates of population parameters 
such as survival and recruitment are essential to 
examine fitness and to infer the stability of pop- 
ulations. In the case of game species such as the 
Wood Duck, population parameter estimates can 
be used by resource managers to assess effects 
of hunter harvest on populations. 

Most female Wood Ducks that nested in boxes 
on the SRS each year were captured and marked 
with U.S. Fish and Wildlife Service leg bands. 
We used capture histories of individual females 
to estimate several population parameters for 
breeding females on the SRS (Hepp et al. 
1987a). Annual survival rates of waterfowl, in- 
cluding Wood Ducks, had been determined pre- 
viously through the development and use of 
models to analyze band-recovery data (e.g., An- 
derson 1975, Nichols et al. 1982, Conroy and 
Eberhardt 1983), but few studies had used cap- 
ture-recapture models to estimate population pa- 
rameters of breeding birds (Hepp et al. 1987a). 
We estimated annual survival, population size, 
and recruitment of breeding females using the 
Jolly-Seber (J-S) capture-recapture model for 

open populations (Table 1). Capture probabili- 
ties over the course of the study were generally 
high (Table l), averaging 0.85 ? 0.02 (SE), and 
resulted in relatively precise parameter esti- 
mates. High capture probabilities were a conse- 
quence of consistent researcher commitment to 
capture nesting females among years, aided by 
weekly nest box checks. 

FEMALE RECRUITMENT 

To examine sources of variation in recruit- 
ment of female Wood Ducks, we marked over 
2,900 day-old ducklings in six breeding seasons 
and tested whether hatch date and body mass at 
hatching influenced subsequent recruitment of 
females into the breeding population (Hepp et 
al. 1989). Most studies have reported an inverse 
relationship between survival probability and 
hatch date (Perrins 1965, Pierotti 1982, Cooke 
et al. 1984, Dow and Fredga 1984, Martin and 
Harmon 1987), and tests of the relationship be- 
tween body mass and post-fledging survival in 
birds have produced varying results (Perrins 
1980, Nur 1984, Newton and Moss 1986, Martin 
and Hannon 1987). 

Most (73%) returning females were first 
found nesting as yearlings (Table 2). We found 
that females hatching late in the nesting season 
returned to breed at the same rate as early- 
hatched females. We attributed this result to the 
long breeding season of Wood Ducks in South 
Carolina (15-yr mean of 129 days for nest es- 
tablishment) and suggested that hatching date 
may be relatively more important at more north- 

TABLE 1. JOLLY-SEBER ESTIMATES OF POPULATION PARAMETERS FOR BREEDING WOOD DUCKS USING NEST BOXES 
ON THE SAVANNAH RIVER SITE, SOUTH CAROLINAS 

yr w 

Population size 

N1 SE 6%) 

Survival rate Recruitment Capture probability 

+, SE (44 4 SE (a,) p, SE (PO 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 

Means 

_ _ 
29.5 5.9 
44.4 11.8 
37.5 3.8 
48.0 0.0 
62.6 8.1 
42.1 2.9 
62.8 2.0 
95.3 5.0 

109.1 8.7 
80.6 4.9 
97.7 5.9 
92.0 0.0 

111.4 4.3 
123.2 5.5 
109.5 5.7 

_ 

76.3 

_ 

1.5 

0.41 0.11 
0.71 0.17 
0.62 0.12 
0.59 0.09 
0.52 0.09 
0.50 0.07 
0.68 0.08 
0.77 0.06 
0.64 0.07 
0.52 0.06 
0.62 0.07 
0.52 0.05 
0.61 0.05 
0.56 0.05 
0.58 0.05 

_ _ 
_ _ 

0.59 0.02 

_ _ 
23.4 10.4 
10.0 6.7 
25.7 1.9 
36.6 5.1 
11.4 3.4 
34.3 2.3 
46.8 4.0 
48.2 6.4 
24.1 4.7 
47.3 4.9 
41.4 2.5 
55.7 3.2 
61.2 4.5 
38.7 4.3 

_ _ 
_ _ 

36.1 0.7 

- _ 
0.69 0.17 
0.44 0.14 
0.83 0.11 
1.00 0.00 
0.83 0.10 
0.84 0.08 
0.95 0.05 
0.89 0.06 
0.79 0.07 
0.84 0.07 
0.88 0.06 
1.00 0.00 
0.93 0.05 
0.91 0.05 
0.88 0.06 

_ _ 

0.85 0.02 

a Bias-adjusted estimates of Seber (1982) are presented. Goodness-of-fit (Pollock et al. 1985) x2 = 11.7, 15 df, P = 0.70. 
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TABLE 2. AGES OF FEMALE WOOD DUCKS WHEN CAPTURED DURING FIRST NESTING ATTEMFTS~ 

Year of 
Female age (yr) 

TOtal 
hatch 1 2 3 4 5 6 E,“lllS 

1982 9 1 0 0 0 0 10 
1983 6 0 0 0 0 0 6 
1984 4 5 1 0 0 0 10 
1985 7 0 0 0 0 0 7 
1986 16 2 1 0 0 0 19 
1987 16 7 4 0 1 0 28 
Total 58 (73%) 15 (19%) 6 (8%) 0 1 (1%) 0 80 

a Data from 2,945 web-tagged ducklings (males and females) hatched from 1982-1987, and with at least 8 years of potential recovery. 

ern latitudes where shorter breeding seasons 
(e.g., 7-yr mean of 66 days for nest establish- 
ment in Massachusetts; Grice and Rogers 1965) 
may limit the ability of late-hatched young to 
mature sufficiently before fall migration. We 
also found that body mass at hatching had no 
effect on recruitment of Wood Duck neonates in 
5 of 6 years, and suggested that duckling body 
mass may be linked to recruitment only in years 
when habitat conditions are poor and food for 
growing Wood Ducks is not readily available. 

PHILOPATRY AND NEST-SITE FIDELITY 

Many species of migratory birds exhibit a 
high degree of fidelity to natal areas and previ- 
ous breeding sites (Greenwood and Harvey 
1982). We used long-term data involving the 
capture and recapture of breeding females and 
day-old ducklings to study philopatry and nest- 
site fidelity of female Wood Ducks (Hepp et al. 
1987a, 1989; Hepp and Kennamer 1992). Wa- 
terfowl exhibit female-biased philopatry (Roh- 
wer and Anderson 1988), so analyses were lim- 
ited to females. There were two objectives to 
these studies. First, we assessed the degree of 
philopatry and nest-site fidelity exhibited by 
Wood Ducks. Second, we evaluated sources of 
variation in nest-site fidelity and determined the 
benefits of returning to the same nest site in con- 
secutive years. 

Philopatry of adult female Wood Ducks ini- 
tially was assessed indirectly by comparing the 
average annual survival rate estimated with the 
J-S capture-recapture model for open popula- 
tions (see discussion above and Table 1) with 
survival estimated using band-recovery models 
(Hepp et al. 1987a). The J-S model estimates the 
proportion of females surviving and returning to 
the general study area, while band recovery 
models estimate only survival. We found no dif- 
ference in these two survival estimates and con- 
cluded that surviving adult females on the SRS 
showed a high probability of returning to the 
study area (Hepp et al. 1987a). 

Natal philopatry was examined by marking 

day-old ducklings with web-tags and recapturing 
the females as adults when they returned to nest 
in boxes (Hepp et al. 1989). Forty percent (27 
of 67) of returning females nested on the wet- 
land study site where they had hatched; return- 
ing females that did not nest on their natal wet- 
land nested nearby (N = 40, 2 = 1.6 ? 0.2 [SE] 

km). Local density of breeding females (fe- 
males/box) did not influence whether females 
nested on their natal wetland (Hepp et al. 1989). 

Female ducks often return to use the same 
breeding site from one year to the next (Ander- 
son et al. 1992). We tested several predictions 
concerning sources of variation in nest-site fi- 
delity of Wood Ducks and the consequences of 
returning to the same nest site (Hepp and Ken- 
namer 1992). Females that nested successfully 
used the same box to a greater extent (47.2%) 
in the next breeding season than those that were 
unsuccessful (10.8%). A positive association be- 
tween nest success and nest-site fidelity also oc- 
curred within breeding seasons, between first 
and second nests. However, female age (yearling 
or adult) and population size did not influence 
nest-site fidelity. 

Females returning to the same box nested ear- 
lier than females using different boxes, but did 
not have larger clutches (Table 3) or greater nest 
success. Females that nested unsuccessfully im- 
proved their nest success the following year by 
using a different nest box (Hepp and Kennamer 
1992). 

EFFECTS OF AGE AND EXPERIENCE ON 
REPRODUCTIVE PERFORMANCE 

Parental age often has been shown to have an 
important effect on reproductive success in birds 
(S&her 1990). Older individuals of many spe- 
cies nest earlier in the season, produce larger 
clutches, and have greater fledging success than 
younger conspecifics (Raveling 198 1, Rockwell 
et al. 1983, Afton 1984, Reese and Kadlec 1985, 
No1 and Smith 1987, Harvey et al. 1988). How- 
ever, most studies do not separate the effects of 
age from the potentially confounding effects of 
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TABLE 3. LEAST-SQUARES MEANS 2 SE OF THE RELATIVE DATE OF NEST IN~IATION AND CLUTCH SIZE OF FIRST 
NESTS (BY TYPE OF NEST SITE FIDELITY) FOR FEMALE WOOD DUCKS ON THE SAVANNAH RIVER SITE (SAMPLE SIZES 

IN PARENTHESES; HEPP AND KENNAMER 1992) 

Nest fidelity type 
Relative date of 
nest miti&xP Clutch sbeb 

Same nest box 23.3 2 2.3 (106) AC 12.3 ? 0.4 (33) A _ I 
Different nest box, same wet- 

land 35.9 2 2.3 (95) B 11.2 t 0.4 (31) A 
Different nest box and wet- 

land 42.4 -c 3.2 (52) B 12.0 k 0.5 (20) A 

a Initiation date of nests was expressed as the number of days elapsed since initiation of the first nest each year. 
b Nonparasitized nests. 
F Least-squares meam m columns followed by dlfferent upper case letters are significantly different (P < 0.05). 

breeding experience. We used data from the 
long-term study to test whether reproductive 
success of Wood Ducks was age specific and to 
evaluate several explanations for age-specific 
variation (Hepp and Kennamer 1993). 

Yearling females initiated nests 11-19 days 
later than older females. Heavy females, inde- 
pendent of age, nested earlier than light females. 
However, clutch size, mean egg mass, and num- 
ber of ducklings were not affected by female age 
when body mass and nesting date were consid- 
ered (Table 4). We also found no evidence that 
differential survival of yearling females ex- 
plained age-related patterns of reproduction 
(Hepp and Kennamer 1993). 

We separately tested the effects of breeding 
experience and age on nesting date and female 
body mass. Two year-old females that had nest- 
ed as yearlings were heavier and initiated nests 
almost 4 weeks earlier than two-year-old fe- 
males not known to have previous breeding ex- 
perience (Table 5). Nesting date of inexperi- 
enced two-year-old females did not differ from 
that of yearlings, but body mass of the former 
group was greater (Table 5). These results sug- 
gest that prior breeding experience has a greater 
effect on nesting date than female age per se. 

Overall, age had little effect on reproductive 
success of Wood Ducks. Breeding experience in- 
fluenced timing of nesting, and females that 
nested early in the breeding season had several 

advantages over those that initiated nests later; 
early-nesting females produced larger clutches, 
hatched more young from successful nests, were 
at less risk from predators (primarily black rats- 
m&es, Elaphe obsoleta), and were more likely 
to initiate second nests (Hepp and Kennamer 
1993). 

SECOND BROODS 

Most North American waterfowl do not nest 
successfully more than once each breeding sea- 
son. Wood Ducks, however, are capable of hav- 
ing two broods in a single nesting season (e.g., 
Odom 1970, Fredrickson and Hansen 1983). On 
the SRS, females commonly produced two 
broods in a season, but frequency of double 
broods varied annually (O-19% of successful 
nests). 

We found that frequency of double broods 
was related positively to length of the breeding 
season (Fig. 2). In general, mild winters with 
abundant rainfall contribute to an early nesting 
season onset, while drought conditions reduce 
late-season nesting. Typically, less than 5% of 
all successful nests were second nests when the 
period of nest initiations was less than about 110 
days. Conversely, when periods of nest initiation 
were 145 days or longer, as much as 19% of all 
successful nests were second nests. This rela- 
tionship is similar to that reported from a broad 
geographic area, where both breeding season 

TABLE 4. ONE-WAY ANALVSIS OF COVARIANCE TESTING THE Emcrs OF Wool DUCK AGE (1-5 YRS) ON CLUTCH 

SIZE, MEAN EGG MASS, AND NUMBER OF DUCKLINGS PER NEST WITH NESTING DATE AND FEMALE BODY MASS AS 

COVARIATES (HEPP AND KENNAMER 1993) 

Independent variable 

Clutch size Mean egg ma% Ducklings per nest 

F df P F df P F df P 

Age 1.05 4,91 NS 0.38 4,88 NS 0.56 4,65 
Nesting datea 43.17 1,91 *** 7.08 1,88 ** 12.25 1,65 
Female body mass 4.09 1,91 * 45.14 1,88 *** 4.09 1,65 
R2 0.36 0.50 0.34 

a Nesting date of first nests standardized (x - X) to control for annual variation. NS > 0.05; * < 0.05; ** < 0.01: *** < 0.001. 

NS 
*** 
* 
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TABLE 5. RESULTS OF T-TESTS EVALUATING EFFECTS OF FEMALE WOOD DUCK AGE AND EXPERIENCE ON REPRO- 
DUCTIVE PERFORMANCE CHARACTERISTICS, TIME OF NESTING (DEVIATION FROM POPULATION MEAN, IN DAYS) AND 
FEMALE BODY MASS (G) (FROM HEPP AND KENNAMER 1993) 

Comparison 

Nesting datea Female body IIMSS 

x t df P x t df P 

Experienced adults - 12.8 591 
VS. 8.07 180 0.0001 2.12 316 0.03 

Inexperienced adults 13.0 581 
Inexperienced adults 13.0 581 

vs. 0.09 204 0.93 4.82 200 0.0001 
Yearlings 13.5 551 

a Time of nesting standardized (x - n) to control for annual variation in nest initiation date. 

length and incidence of second broods declined 
with increasing latitude (see Moorman and Bal- 
dassarre 1988). 

We found no relationship between female age 
or early incubation body mass and the probabil- 
ity of producing a second brood (Kennamer and 
Hepp 1987). However, double-brooded females 
lost a smaller percentage of body mass (4.3%) 
during incubation of first nests than single- 
brooded females (9.4%). We suggested that 
greater weight loss by females during incubation 
reduced the chance of producing a second brood 
by increasing the time necessary to replenish nu- 
trient reserves. Alternatively, weight loss exhib- 
ited by single-brooded females may have been 
sufficiently stressful to terminate reproductive 
activity (Bluhm et al. 1983). 

CONCURRENT SHORT-TERM STUDIES 

Long-term population monitoring provided 
the foundation for developing useful new field 
techniques, exploring natural sources of varia- 
tion in the population, and developing and test- 

“90_ 100 110 120 130 140 150 160 

PERIOD OF NEST INITIATIONS 

FIGURE 2. Relation between Wood Duck breeding 
season length (i.e., period of nest initiations) on the 
Savannah River Site in South Carolina and the occur- 
rence of second broods, 1982-1996. 

ing new hypotheses. Numerous short-term stud- 
ies were initiated that served not only to com- 
plement our long-term study, but also to advance 
our understanding of Wood Duck population 
ecology and enhance the species’ management 
potential. 

AGE DETERMINATION OF BREEDING FEMALES 

Techniques for determining age are important 
for studying many aspects of population ecolo- 
gy. Knowledge of population age structure is 
useful for estimating annual production rates, 
and for determining age-specific differences in 
survival and reproduction. We developed a 
quantitative method using wing feather charac- 
teristics to distinguish yearling from adult fe- 
male Wood Ducks during the breeding season 
(Harvey et al. 1989a). We used a sample of fe- 
males that included adults (N = 39), yearlings 
(N = 31), and females of unknown age (N = 
48) from which we pulled the tenth secondary 
(SlO), first primary (Pl), and the most proximal 
greater covert (MPGC). A total of 16 measure- 
ments was taken of these three feathers, and dis- 
criminant analysis procedures selected three 
variables that provided the greatest separation of 
the age groups. These variables included the 
length (mm) of SlO from the !irst dark barbs to 
the tip of the vane, mass (mg) of Pl, and width 
(mm) of the MPGC. The discriminant model 
correctly classified >90% of known-age female 
Wood Ducks (Harvey et al. 1989a). This tech- 
nique has allowed us to age unmarked females 
captured at nests, thereby increasing our sample 
of known-age females. 

VARIATION IN EGG AND DUCKLING COMPONENTS 

There has been great interest in how water- 
fowl acquire and use nutrients for reproduction 
(Alisauskas and Ankney 1992). Allocation of 
nutrients by breeding females can influence sub- 
sequent growth (e.g., O’Connor 1975) and sur- 
vival (e.g., Ankney 1980) of offspring. We 
therefore examined within- and among-female 
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TABLE 6. VARIATION IN MASS AND COMPOSITION OF 
EGGS AMONG WOOD DUCK HENS (N = 87 EGGS FROM 
29 FEMALES; HEPP ET AL. 1987~) 

Vtiable 

Among-female 
variance compo- 

nent (%)a R2 b 

Fresh-egg mass 
Yolk 

Wet 

Dry 
Water 
Lipid (%) 
Lipid (g) 
Lean dry mass 

Albumen 
Wet 

Dry 
Water 

Shell 
Wet 

Dry 
kJ/egg 

71.0 

53.0 
52.3 
56.4 
68.9 
52.0 0.19* 
55.9 0.20* 

78.2 0.36** 
74.5 0.31** 
78.1 0.34** 

73.1 0.25* 
79.7 0.18* 
55.0 0.29** 

0.35** 

0.1s* 
0.21* 
NS 
NS 

B P < 0.0001 for all variables. 
b Summarizes results of regression analyses to test effects of the body 
mass of female Wood Ducks on the mass and composition of eggs. Values 
used in the analyses were within-clutch means (N = 24). 
NS = P > 0.05; * = P < 0.05; ** = P < 0.01. 

variation in the size and composition of eggs and 
investigated the relationship between egg mass 
and the structural size, body mass, and lipid re- 
serves of ducklings (Hepp et al. 1987b). 

Most variation (52-80%) in the size and com- 
position of eggs was due to variation among fe- 
males (Table 6). Composition of eggs did not 
vary with female age; however, mass and com- 
position of eggs were related positively to body 
mass of females, and the relationship was 
strongest for albumen components. Heavy fe- 
males produced heavier eggs with larger yolk, 
albumen and shell components than light fe- 
males. In addition, female body mass was in- 
dependent of female structural size (i.e., tarsus 
and wing length). 

We suggested that early incubation body mass 
provides a good index to the “quality” of pre- 
breeding females. Estimates of female lipid re- 
serves before egg-laying, for example, were cor- 
related positively (r, = 0.66, P = 0.001) with 
body mass in early incubation. Heavy females 
with large lipid reserves may be more effective 
in gathering exogenous protein than light fe- 
males, which could explain the stronger rela- 
tionship between female mass and the protein- 
rich albumen component. These results are con- 
sistent with the idea that female Wood Ducks 
may delay egg production until they reach a 
threshold level of lipid reserves (Alisauskas and 
Ankney 1992). 

For females producing two clutches in a sin- 

gle breeding season, egg mass and clutch size 
were greater in first nests than in second nests 
(Kennamer and Hepp 1987), indicating a lower 
commitment of nutrients to second clutches. We 
examined egg composition for two complete sets 
of first and second clutches (41 eggs). Total 
clutch lipids averaged 14.9 g less in second 
clutches than in first clutches; reduced lipid al- 
location to individual eggs of second clutches 
accounted for 14% of the total reduction in 
clutch lipids, while 86% of the total reduction in 
lipids was due to reduced clutch size in second 
clutches. 

Relationships between egg size and the size 
and composition of the neonate indicated that 
components of day-old Wood Ducks increased 
in direct proportion to fresh-egg mass. While 
egg mass was a relatively good predictor of 
duckling mass, there was not a strong relation- 
ship between egg mass and lipid content of the 
neonate, suggesting that rate of lipid metabolism 
varied among developing embryos (Hepp et al. 
1987b). 

BODY MASS DYNAMICS AND REPRODUCTIVE 
Costs ~0 INCUBATING FEMALES 

Incubating birds must provide the proper ther- 
mal environment for embryonic development 
while maintaining their own physical condition. 
The ability of individuals to successfully balance 
these conflicting demands potentially could in- 
fluence current and future reproductive success. 
Body mass of female waterfowl varies in an an- 
nual cycle and typically is lowest at the end of 
incubation. Interspecific differences in the pro- 
portion of body mass lost during incubation re- 
flect different levels of metabolic reserves and 
varying incubation strategies (Afton and Paulus 
1992). We documented changes in female body 
mass during incubation and examined sources of 
variation in these changes (Harvey et al. 1989b). 
We also tested whether body mass of incubating 
females was related to their reproductive success 
and survival (Hepp et al. 1990). 

Incubating female Wood Ducks lost an aver- 
age of 1.3 ? 0.1 (SE) g/day (3 l-day average 
incubation period; Bellrose and Holm 1994), 
which is among the lowest reported for water- 
fowl (Afton and Paulus 1992). Change in body 
mass was highly variable (range = + 1.5 to -4.3 
g/day) and was not related to clutch mass, nest- 
ing date, or female age; females that were heavi- 
er at the beginning of incubation lost body mass 
at a greater rate than light females. We suggested 
that heavy females possess greater post-laying 
lipid reserves to use during incubation than light 
females. These remaining lipids may provide in- 
cubating females with an important buffer, be- 
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yond which they must use endogenous protein 
or spend less time incubating and more time for- 
aging to meet energy requirements. 

Early incubation body mass of individual fe- 
males was similar in consecutive years, but there 
was little consistency in rate of incubation body- 
mass change between years. Varying and unpre- 
dictable environmental conditions (e.g., food 
availability, wetland conditions) may affect the 
rate at which female mass changes during in- 
cubation (Harvey et al. 1989b). 

Body mass at the start of incubation was not 
related to either hatching success or length of 
the incubation period (Hepp et al. 1990). In one 
of three years, females that were heavy at the 
end of incubation survived better to the next 
breeding season than those that were light. Re- 
duced survival of light females in the one year 
coincided with greater loss of body mass in that 
year, indicating that incubation can be an im- 
portant reproductive cost to females in some 
years. We found no evidence that incubation 
costs affected reproduction in the next breeding 
season (Hepp et al 1990). 

INTRABROOD DEVELOPMENTAL ASYNCHRONY 

Waterfowl commonly begin incubation before 
they finish laying eggs (Afton and Paulus 1992), 
thus creating developmental asynchrony within 
clutches. However, precocial broodmates must 
be prepared to leave the nest together shortly 
after hatching, generally 524 hr. Embryos ap- 
parently are able to synchronize time of hatch 
by adjusting developmental rates (Vince 1964, 
1968). 

We examined levels of developmental asyn- 
chrony in Wood Duck clutches and found that 
at the end of laying, embryo development 
ranged from O-5 days (2 = 2.2 days; Kennamer 
et al. 1990). Large clutches showed greater lev- 
els of developmental asynchrony than small 
clutches, and in one of two years, clutches with 
more than 3 days of developmental asynchrony 
had reduced hatching success. 

Arnold et al. (1987) showed that viability of 
duck eggs declines with time, and they proposed 
that females begin incubation before clutches are 
complete to maintain high hatching success. 
Flint et al. (1994) suggested that variation in egg 
composition within clutches may permit syn- 
chronized hatch. We therefore investigated the 
relationship of laying sequence to the size and 
composition of Wood Duck eggs (Kennamer et 
al. 1997). 

We found that patterns of Wood Duck egg 
size and composition were related to laying se- 
quence; egg size increased during the first half 
of laying and decreased thereafter (Fig. 3, top). 
Furthermore, egg-laying sequence effects were 
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EGG-LAYING SEQUENCE 
FIGURE 3. Relations between fresh-egg, yolk lipid, 
and dry albumen masses (deviations from within- 
clutch means) and laying sequence (standardized for 
different clutch sizes) for 11 first clutches of Wood 
Ducks from the Savannah River Site in South Caroli- 
na, 1991-1992. Figures are taken from Kennamer et 
al. (1997). 
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EGG-LAYING SEQUENCE 

FIGURE 4. Relation between lipid indices (lipid 
mass/lean-dry egg-content mass; deviations from with- 
in-clutch means) and laying sequence (standardized for 
different clutch sizes) for 11 first clutches of Wood 
Ducks from the Savannah River Site in South Caroli- 
na, 1991-1992. Figure is taken from Kennamer et al. 
(1997). 

component specific; for neutral lipids (compris- 
ing 65.5% of dry yolk), near-average absolute 
levels were evident until about 75% of the clutch 
was completed and then declined (Fig. 3, mid- 
dle). Mass of dry albumen tended to increase 
sharply initially and then decrease as with fresh- 
egg mass (Fig. 3, bottom). We further found that 
fat indices (g egg lipid/g lean-dry egg contents) 
indicated that first-laid eggs of Wood Ducks 
were proportionately better provisioned with lip- 
ids than all other eggs in the clutch (Fig. 4), 
containing about 2.5 kJ more energy per gram 
of lean-dry egg contents than even the largest 
eggs in the clutch. These extra lipids could pro- 
vide the energy necessary for the young of first- 
laid eggs to delay hatching while later-laid eggs 
complete incubation. Our results thus support 
the idea that intraclutch variation in egg size and 
composition may enable female Wood Ducks to 
initiate incubation before clutch completion and 
still allow for a synchronous hatch without com- 
promising the hatching success of first-laid eggs 
(Kennamer et al. 1997). 

CONCLUSIONS 

Potential impacts on wetland habitats from re- 
activating a nuclear production reactor provided 
the initial motivation and funding for the study 
of Wood Duck breeding on the Savannah River 
Site. The work originally was designed simply 
to monitor breeding by this species and compare 
reproduction in areas affected versus not affect- 
ed by thermal effluent from the reactor. Al- 
though the proposed habitat changes were never 

fully realized, Wood Duck reproductive data 
have been collected for 15 years. We have used 
these data to produce descriptive studies and to 
test specific hypotheses using retrospective anal- 
yses (Nichols 1991) where questions were for- 
mulated a priori. 

Using nest boxes to monitor reproduction of 
Wood Ducks had two clear advantages. First, fe- 
males used nest boxes extensively, so the time- 
consuming activity of searching for nests was 
eliminated; nest boxes made it easy to examine 
nests and to collect reproductive data. Second, 
females and their ducklings could be captured 
more easily in nest boxes and marked through 
vigilant efforts. Marking and recapturing indi- 
viduals were key aspects of both the long-term 
monitoring and research, because it enabled us 
to estimate important population parameters and 
to study within population movements of fe- 
males. Because recapture probabilities were 
high, we showed that precise parameter esti- 
mates could be obtained by marking relatively 
small numbers of breeding females. Identifying 
methods that allowed precise estimation of im- 
portant population parameters with which to es- 
tablish baseline information on the population 
was one of the most important outcomes of our 
research. 

Long-term studies are essential for answering 
questions about slow processes and rare events 
(Likens 1989). However, duration of many pop- 
ulation-level studies is relatively short (l-3 yrs) 
because of funding constraints. Results from 
short-term studies may be misleading, especially 
if the biological phenomena of interest are 
linked to processes with high annual variation. 
The intent of many of our analyses was to ex- 
plore sources of variation in female survival and 
reproduction. Thus, the long-term aspect of our 
research was important because it allowed us to 
measure the natural range of variation likely to 
be found in the system. Survival of adult fe- 
males, for example, was not constant but varied 
annually, ranging from 41 to 77%. Reproductive 
variables (e.g., length of the nesting season, 
clutch size, and frequency of producing a second 
brood) also showed significant annual variation. 
Using data encompassing numerous years and 
different environmental conditions provided for 
more powerful tests of specific hypotheses. Our 
long-term work provided more meaningful and 
effective monitoring because of the insight 
gained through examination of the factors relat- 
ed to and/or responsible for the wide range of 
natural variation in population characteristics. In 
the future, continued monitoring will allow SRS 
natural resource managers to better project pop- 
ulation responses to different habitat manage- 
ment scenarios by taking into consideration the 
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full range as well as the causes of this natural 
variation. 

Field experiments are generally the best way 
to test hypotheses in ecology because the vari- 
able(s) of interest can be manipulated while con- 
trolling other factors or allowing them to vary 
independently of main effects (Hairston 1989). 
However, it frequently is impossible to ade- 
quately conduct manipulative field experiments. 
Long-term mensurative data (like ours) allow 
testing of hypotheses in situations where manip- 
ulative field experiments are impractical (Krebs 
1991). For example, we were able to separately 
test the effects of age and breeding experience 
of females on their reproductive success by sim- 
ply posing appropriate a priori questions that the 
long-term data could answer (Hepp and Ken- 
namer 1993). Although a controlled experiment 
that manipulated breeding experience of similar 
aged females may have provided a stronger test 
of the age-experience hypothesis, it would have 
been extremely difficult to accomplish under 
field conditions. 

We believe that our research illustrates some 
of the beneficial aspects of ecological research 
derived from long-term rigorous monitoring ef- 
forts: they generate baseline data and the com- 

parative data essential for resource managers to 
continually assess effects of management prac- 
tices, provide answers to important ecological 
questions that cannot be easily addressed using 
experimental methods, and establish a founda- 
tion for formulating and testing new hypotheses. 
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MITIGATION FOR THE ENDANGERED WOOD STORK ON 
SAVANNAH RIVER SITE 

A. L. BRYAN, JR., M. C. COULTER, AND I. L. BRISBIN, JR. 

Abstract. A proposed change in facility operations at the U.S. Department of Energy’s Savannah 
River Site in the early 1980s potentially threatened Wood Storks, a recently classified federally en- 
dangered species that foraged on that facility. The resulting interagency consultation was highly suc- 
cessful in that the impacted habitat was “replaced” by an approximately equal amount of foraging 
impoundments, managed specifically for this species, that were used extensively by the birds. Eco- 
logical studies conducted in support of this mitigation strategy provided invaluable information ad- 
dressing many of the “tasks” listed in the Wood Stork recovery plan as important to the recovery of 
the species. 

Kev Words: Denartment of Energy, endangered species, foraging habitat, mitigation, Mycteria amer- __ 
icana, Wood Stork, Savannah River Site. 

The Wood Stork (Mycteria americana) is a large 
wading bird that nests and forages in wetland 
habitats. In 1984, the species was listed as fed- 
erally endangered as a result of population de- 
clines believed to be related to the loss of for- 
aging habitat (USFWS 1986). Unlike many 
wading birds that feed visually, Wood Storks 
forage by tactilocation, requiring shallow wet- 
lands with high densities of their aquatic prey to 
forage efficiently (Kahl 1964). High densities of 
prey in shallow freshwater wetlands are typical- 
ly present as a result of decreasing water levels 
due to seasonal variation in rainfall and evapo- 
transpiration patterns (Coulter 1988). As wet- 
land acreages have declined in the 1900s par- 
ticularly in southern Florida, so have popula- 
tions of Wood Storks. 

Concerns increased for this species as popu- 
lation estimates declined by approximately 60- 
80% through the mid-1900s (Ogden and Patty 
1981, Kushlan and Frohring 1986). Concurrent 
with the population decline, the “center” of the 
population’s breeding range shifted northward 
(Ogden et al. 1987), with breeding first docu- 
mented in both Georgia and South Carolina in 
the 1970s and 198Os, respectively (Harris 1995, 
Murphy 1995). 

The U.S. Department of Energy’s (DOE) Sa- 
vannah River Site (SRS) occupies approximately 
78,000 ha of upper coastal plain/sandhill habitat 
in west-central South Carolina, and is bounded 
on its south-western border by the Savannah 
River. The primary function of the SRS was to 
operate nuclear reactors to produce plutonium 
and tritium to meet national defense needs for 
nuclear weapons. Since the mid-1950s water 
used to cool these reactors has been discharged 
into several streams feeding into the Savannah 
River. The discharged cooling waters altered 
many downstream aquatic habitats due to high 
water temperatures and fluctuating flow rates, in- 

cluding the creation of deltas where these 
streams entered the swamp system associated 
with the river (Savannah River Swamp System, 
SRSS). The L-reactor, which had discharged 
cooling water effluent into Steel Creek since 
1953, was placed on standby status in 1968. Due 
to an increased need for nuclear materials, in 
1980 the DOE decided to initiate the process of 
restarting the L-reactor. This process included 
the evaluation of potential environmental im- 
pacts on the Steel Creek delta, downstream of 
the L-reactor. 

Wood Storks have been observed in the cen- 
tral Savannah River drainage, which includes 
the SRS, since the early 1900s. Murphey (1937) 
reported that although storks did not breed in 
this area, sightings of large, late summer flocks 
of young-of-the-year birds were frequent. Norris 
(1963) also documented seeing storks on the Sa- 
vannah River “Plant” (now the SRS) in the mid- 
1950s and early 1960s. Research concerning the 
potential impacts of restarting the L-reactor, 
which would increase water flow into the Steel 
Creek delta, included an assessment of restart on 
Wood Storks, then a candidate species of con- 
cern being assessed for federal protection as an 
endangered species. This research suggested that 
effluents from the L-reactor would preclude the 
use of this habitat by feeding Wood Storks and 
that storks inhabiting the Birdsville Colony (ap- 
proximately 45 km to the south) likely would be 
negatively impacted by this habitat loss (Smith 
et al. 1982). All impacts suggested in this study 
were based purely on increased water levels, and 
did not consider possible contaminants in the ef- 
fluent as a potential threat. 

After the Wood Stork was classified as an en- 
dangered species in 1984 (Bentzein 1984), the 
DOE entered into a Section 7 consultation (En- 
dangered Species Act) with U.S. Fish and Wild- 
life Service (USFWS) concerning potential im- 
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The Savannah River Site, including the surveyed areas of the Savannah River Swamp SJ 

pacts on storks resulting from the L-reactor re- 
start. The USFWS agreed with the determination 
that the restart could impact negatively the en- 
dangered Wood Storks breeding at the nearby 
Birdsville colony. Due to this determination, the 
DOE entered an Interagency Agreement with 
USFWS to mitigate the lost foraging habitat by 
creating impoundments (the Kathwood foraging 
ponds; see description below) managed as Wood 
Stork foraging habitat (McCort and Coulter 
1991). Also, the DOE initiated a program to 
monitor the following: the SRSS to determine 
patterns of stork use; the breeding biology and 
foraging ecology of the Birdsville Colony; and 
Wood Stork use of the Kathwood foraging 

ponds. Since this initial consultation, the re- 
search program also has addressed additional 
potential impacts to this species resulting from 
SRS operations, including the drawdown of the 
Par Pond reservoir. 

INITIATION OF WOOD STORK RESEARCH 
ON SRS 

Monitoring to document Wood Stork use of 
the SRS initially focused on the SRSS, since the 
proposed restart would presumably impact the 
Steel Creek delta within that system (Fig. 1). 
The entire SRSS was monitored by aerial sur- 
veys of the open wetlands and drainages within 
the forested-palustrine system from 1983 
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TABLE 1. WOOD STORK USE OF THE SAVANNAH RIVER SWAMP SYSTEM BY YEAR AND AREA, 1983-1996a 

Nb 
Steel creek Inter-delta 

delta area 
Pen branch 

delta 
Four mile 

creek delta 
Beaver dam Average number 

creek storks observed 

1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
Totals 
Ave. 

Storks/ 
AreaNr 

Ave. 
Storks/ 
Area&w- 
vev 

35 87 0 6 
89 95 0 21 

120 9 0 9 
115 81 0 0 
123 139 0 0 
143 6 1 0 
99 9 1 5 
12 1 0 0 
34 1 16 1 
41 9 79 70 
40 22 1 16 
29 21 2 1 
26 5 7 0 
16 4 0 0 

880 480 100 129 

34.29 7.14 9.21 31.36 43.64 22.21 

0.55 0.11 0.15 0.50 0.69 0.35 

0 
102 
236 

0 
0 
0 
6 
0 
17 
10 
68 
0 

0 
439 

0 170 7.51 
46 106 4.16 

346 0 5.00 
94 15 1.65 
11 0 1.22 
0 0 0.05 
6 2 0.29 
12 0 1.08 
36 7 2.29 
0 4 4.20 

55 6 4.20 
5 1 1.03 
0 0 0.50 
1 0 0.31 

611 311 33.50 

a Numbers represent the total storks counted during that year 
b N = number of aerial surveys. 

through 1996. Six areas within the SRS were 
delineated: Beaver Dam Creek, Fourmile Creek 
delta, Pen Branch delta, Steel Creek delta, and 
the two inter-delta sections of the SRSS (Fig. 1). 
Approximately 900 aerial surveys for storks 
have been flown since 1983, with 89-143 flown 
per year in 1984-1989 and 12-41 surveys flown 
per year in 1983 and 1990-1996 (Table 1). 

Wood Stork use of the SRSS appeared to vary 
in relation to year, season, and area (of the 
SRSS). Annual averages suggest a general de- 
cline in stork use since the surveys were initi- 
ated (Table 1). These averages probably were 
influenced by the reduction in surveying effort 
in the last 5 years (1990-1996) of the project. 
Peaks of stork occurrence were observed in the 
SRSS from 1983-1985 and 1992-1993, and 
these peaks likely were associated with reactor 
operations. In 1983-84, testing of the L-reactor 
resulted in fluctuating water levels in the Steel 
Creek delta, presumably trapping fish in the del- 
ta areas and attracting storks in high numbers 
(Table 1; Fig. 2a). In 1985, C-reactor ceased op- 
erations, which resulted in lower water levels in 
the Four Mile delta and the inter-delta area to 
the east, also presumably trapping fish and at- 
tracting high numbers of storks (Fig. 2b). Final- 
ly, in 1992, K-reactor was tested for several 
weeks, which led to water level fluctuations in 
the Pen Branch delta. This area had received lit- 
tle stork use previously, but attracted storks dur- 

ing the reactor testing (Fig. 2~). Variation in 
stork use probably was also affected by (1) vary- 
ing annual reproductive success rates of the 
stork colonies (in a “good” year there are more 
juveniles dispersing), and (2) the influence of 
rainfall patterns on the availability of “natural” 
foraging habitats. Also, as reactor operations 
(and water flows) were reduced, vegetative suc- 
cession within the open areas of the SRSS prob- 
ably resulted in a reduced amount of foraging 
area within this system. 

Seasonal patterns were noted in regard to 
stork occurrence. The majority of stork obser- 
vations occurred in the late summer months, as 
breeding activity at the nearby Birdsville colony 
was coming to a close (Fig. 3). These observa- 
tions suggested that parent storks foraging for 
their nestlings rarely made trips to the SRSS to 
obtain prey, and that this wetland system was 
more important as a post-breeding/dispersal for- 
aging area. 

PAR POND DRAWDOWN 

Par Pond is an 1,100 ha reservoir on the SRS 
that served as a cooling reservoir for thermal 
effluent from two nuclear reactors from 1960 to 
1988. It was maintained at a constant water level 
from 1960 until July of 1991, when structural 
anomalies discovered in the reservoir dam re- 
sulted in the lowering of its water level by 6 m, 
reducing its volume and surface area by 50% 
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FIGURE 2. Total Wood Storks observed and average storks per aerial survey in the SRSS from 1983-1996. 
A. Steel Creek delta; B. Four Mile Creek delta; C. Pen Branch Delta. 

and 65%, respectively. Wood Storks do not typ- use of this site was due to the presence and con- 
ically forage in lacustrine habitats; however, sur- centration of mercury and several radionuclides, 
veys were initiated to see if this large-scale 
drawdown would make shallow parts of the res- 

particularly the gamma-emitting cesium 137, 

ervoir available for foraging storks and thus at- 
within this reservoir. Mercury concentrations in 
smaller stork prey-sized fish (Bryan et al. 1997) 

tract the birds to the site. The concern over stork have been documented at levels higher than rec- 
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FIGURE 3. Seasonal use of the SRSS by Wood 
Storks, 1983-1996. Use equals the total number of 
storks observed during that month divided by the num- 
ber of surveys (shown in parentheses). 

ommended in the diet of sensitive avian species 
(0.1 pg Hg/g fresh weight; Eisler 1987). Aerial 
surveys (weekly) of this reservoir for Wood 
Storks were initiated in July of 1991 and have 
been maintained from March-October through 
1996. 

Seventeen aerial surveys were flown over the 
Par Pond reservoir in 1991. Wood Storks were 
observed consistently on the reservoir from late 
July through mid-October. An average of 26.1 
+ 29.5 (SD) storks were observed on Par Pond 
per survey, with a maximum count of 85 storks 
on a single survey. Ground counts of the birds 
indicated the storks used the reservoir continu- 
ously during this period. Small, stork prey-sized 
fish, which typically inhabit the protective cover 
of the reservoir’s well-established macrophyte 
bed, were exposed to stork predation when water 
levels dropped below the level of the protective 
macrophytes. Surveys in subsequent years (ap- 
proximately 30 surveys per year, from March 
through October) have documented only one ad- 
ditional stork using this reservoir since that time, 
despite the continued low water level through 
1994. Presumably, the lack of use in subsequent 
years was the result of either (1) the density of 
prey-sized fish not recovering from predation 
pressures of storks and other aquatic predators 
in 1991, or (2) that the reservoir in its second 
year of drawdown (and beyond) no longer 
looked conducive visually as a foraging habitat 
(exposed mudflats perhaps suggesting a recent 
drawdown and concentrated prey) to attract 
storks. 

Another proposed action on the SRS that 
could potentially impact Wood Storks is a recent 

0 
MAY JUNE JULY AUG SEPT. OCT 

proposal to cease using the DOE’s “river water 
system” to maintain water depths in both the Par 
Pond and L-Lake reservoirs (DOE 1996a). This 
cessation could result in the fluctuation of Par 
Pond water levels and would result in the com- 
plete draining of L-Lake, a 405 ha reservoir 
perched on the Steel Creek drainage, which 
would then return to its original streambed. Both 
reservoirs contain fish with high mercury levels 
and, if their water levels drop substantially, they 
both potentially could attract Wood Storks seek- 
ing foraging areas. We have monitored both sites 
for stork use since 1991, as well as the mercury 
concentrations in prey-sized fish, to provide in- 
formation necessary to assess the potential risk, 
if any, of this proposed operation to the Wood 
Stork. Also, we monitor stork use and contam- 
inant levels of prey in natural wetlands on the 
SRS, typically Carolina bays and other ephem- 
eral wetlands with fish populations (Snodgrass 
et al. 1996), to provide information to DOE as 
custodian of the SRS and to allow comparisons 
to the impacted reservoir sites. Stork use of Car- 
olina bays is linked to rainfall patterns and their 
effects on wetland hydroperiod, particularly 
when and if a drawdown in water level occurs. 

CONTAMINANT STUDIES 

In response to contaminant concerns for the 
Wood Stork on the SRS, we initiated studies ad- 
dressing mercury intake by storks in colonies 
throughout the state of Georgia. First, prey fed 
to nestlings (and collected as regurgitant) were 
analyzed for mercury to determine the concen- 
trations present in typical (and non-SRS) food. 
This study indicated that mercury was present in 
all prey fed to nestlings, often at levels (0.1 ug 
Hglg fresh weight; Eisler 1987) which can affect 
sensitive avian species (Gariboldi et al. 1998). 
Freshwater prey species fed to stork nestlings 
throughout Georgia contained levels of mercury 
equal to or greater than levels in SRS prey-sized 
fish (Bryan et al. 1997). A study determining 
mercury concentrations present in nestling tis- 
sues (blood and feathers) in the same Georgia 
colonies is on-going. 

BIRDSVILLE COLONY STUDIES 

Studies were initiated in 1984 to address 
many baseline ecological and behavioral un- 
knowns concerning Wood Storks nesting in the 
Birdsville colony (Jenkins County, GA), the 
nearest source of storks foraging on the SRS. 
These baselines were needed in order to judge 
the impacts of SRS operations and mitigation 
attempts on this colony. While these studies 
were initiated in response to and in support of 
the mitigation efforts, they also provided much- 
needed information regarding this species in an 
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unstudied (i.e., northern) portion of their ex- 
panding range. This information included col- 
ony size fluctuation, reproductive success and 
breeding biology, foraging ecology, and habitat 
use. 

The Birdsville Colony expanded from approx- 
imately 100 nests in 1984 to over 300 nests in 
1993, then declined to about 250 nests in 1994 
(Coulter and Bryan 1995a; A. L. Bryan, unpubl. 
data). This latter decline probably has resulted 
from the formation in 1993 of a satellite colony 
within 5 km of Birdsville in Chew Mill Pond 
(also Jenkins County, GA) and its subsequent 
expansion from 45 nests to 100 nests. Therefore, 
this area has supported a total of approximately 
350 stork nests since 1993. Reproductive suc- 
cess for Birdsville storks is typically high (>2 
fledged young per nest), although interammal 
differences suggest catastrophic nest losses re- 
lated to differences in weather patterns in some 
years (Coulter and Bryan 1995a). Documented 
mortality factors included conspecific aggression 
(Bryan and Coulter 1991), raccoon predation, 
cold and/or severe weather, as well as the influ- 
ence of prey availability (Coulter and Bryan 
1993). 

Observations of parent storks within the col- 
ony documented an average foraging trip dura- 
tion (parent departing nest until it returns with 
food for young) of 4 hours (Bryan et al. 1995), 
suggesting a low likelihood of parent storks 
traveling as far as the SRS (45 km) to forage. 
Also, this program has placed leg bands on nest- 
ling storks since 1984. A number of these band- 
ed individuals have been observed back in the 
Birdsville colony each year, and a Birdsville 
stork banded as a nestling was observed nesting 
in the neighboring Chew Mill colony in 1995. 
Marked Birdsville storks have also been regu- 
larly observed in low numbers at the Kathwood 
mitigation ponds (see below). Banding opera- 
tions also have allowed for the collection of 
nestling food habits data, which indicated that 
the Birdsville storks typically prey on fish, par- 
ticularly sunfish (Centrarchidae), although other 
fish species common to ephemeral wetlands also 
are found in the diet (Depkin et al. 1992). 

More than 250 Wood Storks were followed 
from the Birdsville colony to foraging sites to 
determine foraging habitats used. The average 
direct foraging site distance was 12.0 km from 
the colony (Bryan et al. 1995), and 86% of the 
foraging sites were within 20 km of the colony 
(Coulter and Bryan 1993). Although single 
storks were followed from Birdsville to the 
SRSS in 1983 (Meyers 1984) and 1984, less 
than 5% of the total number of sites were in the 
foraging range associated with the distance to 
the SRS (240 km). Seasonal patterns were ob- 

served, with storks tending to travel greater dis- 
tances to forage in the latter half of the breeding 
season (Bryan and Coulter 1987). Storks or oth- 
er wading birds were already present at 55% of 
the foraging sites visited by storks, but they 
were typically present in very low numbers. The 
foraging sites visited were highly variable in re- 
gard to habitat type (small farm ponds and ditch- 
es to forested wetlands), but typically had little 
to moderate vegetative cover (Coulter and Bryan 
1993). This habitat data was incorporated into a 
foraging habitat mapping study utilizing satellite 
imagery, which documented the effects of 
weather patterns (primarily rainfall) on available 
foraging cover. Satellite imagery data suggested 
that the amount of foraging habitat could be re- 
duced by as much as 47% in a dry (lower than 
average rainfall) year (Hodgson et al. 1998). 
Fish were present at the majority of these sites 
in varying densities (0.0 to 249 per m2). Com- 
parisons of fish abundance at foraging sites with 
nestling dietary studies indicated that sunfish oc- 
currence in nestlings’ regurgitations was dispro- 
portionately higher than their occurrence at for- 
aging sites and that other species typically abun- 
dant at these sites, such as mosquitofish (Gam- 
busiu holbrookii), generally were not selected as 
prey (Depkin et al. 1992). 

KATHWOOD LAKE MITIGATION PONDS 

In order to “replace” the 16 ha of SRS for- 
aging habitat (Steel Creek delta) presumed to be 
impacted by the restart of L-reactor, the DOE 
negotiated with the National Audubon Society 
for the right to lease and modify the drained 
Kathwood Lake on their Silverbluff Sanctuary 
adjacent to the SRS in Aiken County, South Car- 
olina. This was approved and foraging impound- 
ments were constructed in 1985 and 1986. The 
four resulting impoundments were part of a 
gravity-flow water system in which each im- 
poundment could be raised or lowered indepen- 
dently (Coulter et al.1987, Coulter and Bryan 
1995b). The impoundments were stocked with 
bluegill sunfish (Lepomis macrochirus) and 
brown bullhead (Ameiurus natalis), both docu- 
mented stork prey (Depkin et al.1992) and 
thought to be compatible/non-competitive within 
this type of system. The ponds were maintained 
at full pool during the majority of the season and 
were lowered to a suitable depth for stork for- 
aging, typically in July, when stork nestlings 
were fledging and dispersing from the Birdsville 
colony. The impoundments were first available 
for storks in the summer of 1986. 

Storks used the impoundments from July 
through September 1986, and have foraged there 
every year since through 1996 (Bryan and Coul- 
ter 1995; A. L. Bryan, unpubl. data). Most storks 
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using the impoundments were immature birds 
(<4 yrs old), who made up >70% of the total 
storks present in most years (Bryan and Coulter 
1995). Storks banded as nestlings in the Birds- 
ville colony have been observed foraging at 
Kathwood in almost every year of its operation, 
indicating its importance to storks dispersing 
from that colony. However, in 1988, approxi- 
mately 35 nestlings fledged from Birdsville and 
over 150 fledged juveniles (hatching year storks) 
were observed at Kathwood in a group at one 
time, thus indicating that fledged juvenile storks 
from other colonies were using the impound- 
ments as well. And, in 1995 and 1996, nestlings 
banded in 1995 at the Harris Neck colony on the 
coast of Georgia also were observed foraging in 
the Kathwood impoundments. These impound- 
ments also function as a field laboratory in 
which to study the foraging behavior and inter- 
actions of Wood Storks and other wading birds. 
For example, Walsh (1990) compared foraging 
success rates of different-aged Wood Storks on 
these impoundments and nocturnal foraging has 
been found to be a common behavior of storks 
in this setting (Bryan 1996). 

CONCLUSIONS 

In response to a perceived threat to the en- 
dangered Wood Stork, an integrated long-term 
program was initiated to determine the timing 
and extent of stork use of the SRS site and the 
habitat requirements of the species. The findings 
from these studies led to the creation of man- 
aged foraging impoundments to replace the im- 
pacted habitat on the SRS, based on scientific 
data from this region rather than data from other 
studies. This research was initiated in an unstud- 
ied part of the species’ range, with the majority 
of the previous research occurring in the south 
Florida Everglades. The results of monitoring 
from various components of this project, in con- 
trast to the preliminary findings of the original 
L-reactor restart EIS research (Smith et al. 

1982), suggest that the majority of stork use of 
the SRS occurs post-breeding, with the SRS 
probably being more important to dispersing ju- 
veniles than to breeding adults. Regardless, the 
initial mitigation need (foraging habitat replace- 
ment) was met very successfully (McCort and 
Coulter 1991), and the program has adapted to 
provide data for current and possible future as- 
sessment needs (Par Pond, River Water System 
Shutdown, etc.) of the managers of the SRS. 

The studies also have gathered information 
that was not necessarily required to aid with the 
mitigation, but which has filled gaps in our un- 
derstanding of this species and, therefore, may 
be important to its recovery. Not only has this 
project met the required needs for DOE miti- 
gation, it also has addressed many of the 
“tasks” designated in the initial recovery plan 
for this species:. Task 11 l-locate foraging habi- 
tat; Task 111 l-develop technique to identify po- 
tential feeding area (GIS); and Task 1121-mon- 
itor prey response to water management 
(USFWS 1986). Recent contaminant studies ad- 
dress Task 3.8 in the revised recovery plan for 
this species (USFWS 1996). In this way, this 
program has proved to be of benefit to the long- 
term recovery of the Wood Stork over and be- 
yond the need to understand and mitigate the 
possible negative effects of nuclear industrial ac- 
tivities at this particular DOE site. 
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LONG-TERM STUDIES OF RADIONUCLIDE CONTAMINATION OF 
MIGRATORY WATERFOWL AT THE SAVANNAH RIVER SITE: 
IMPLICATIONS FOR HABITAT MANAGEMENT AND NUCLEAR 
WASTE SITE REMEDIATION 

I. LEHR BRISBIN, JR. AND ROBERT A. KENNAMER 

Abstract. Past nuclear industrial activities at the U.S. Department of Energy’s Savannah River Site 
(SRS) have resulted in low-level radionuclide contamination of a variety of the site’s wetlands, in- 
cluding a series of abandoned reactor cooling reservoirs. As a result of their long-term stable water 
levels and protection from public hunting and disturbance, these reservoirs have come to serve as a 
regionally important inland wintering site for diving ducks (Anatidae: Aythyinae) and other waterfowl 
species. These birds have been studied to determine the rates and patterns by which radionuclide levels 
in their whole body and muscle tissue have changed over time. Studies have focused particularly on 
the American Coot (FL&X americana) as a sentinel species. Coots have proved to consistently have 
the highest levels of contamination with the long-lived gamma-emitting radioisotope radiocesium 
(‘Ts), the most ubiquitous of the radioactive contaminants accumulating in biota on the SRS. From 
1971 through 1986, radiocesium body burdens of 3 11 coots decreased in a negative-exponential pat- 
tern, with an ecological half-life of about four years. Radiocesium levels were initially higher in two 
of the reservoir’s three arms where contaminated effluent had entered the watershed in the late 1950s 
to mid-1960s. Differing rates of decline of coot radiocesium burdens among arms of the reservoir 
reflected histories of reactor effluent flow that caused differential movement of this contaminant within 
the system. For the past two decades, average radiocesium levels in wintering coots have been well 
below those generally considered to be of concern for human consumption. However, our findings 
suggest the importance of continuing these contaminant monitoring programs while also maintaining 
a thorough understanding of the ecology and natural history of these birds on the SRS. Future options 
under consideration by the Department of Energy for its former reactor cooling reservoirs, intended 
as either cost-saving or remediation activities, include the cessation of make-up water pumping (lead- 
ing to widely fluctuating reservoir water levels) and permanent partial or complete reservoir drawdown. 
Our long-term information together with continued monitoring programs will be necessary to predict 
some of the possible radiological consequences of any such reservoir management activities. 

Key Words: American Coot, contamination, Fulica americana, long-term study, radiocesium, radi- 
onuclide, risk assessment, Savannah River Site, U.S. Department of Energy, waterfowl. 

Nuclear production facilities of the U.S. Depart- the site’s abundant wetlands are protected from 
ment of Energy (DOE) such as the Savannah public disturbance and have come to represent 
River Site (SRS) are charged with assuring that an important inland wintering refuge for diving 
habitats previously contaminated by site radio- ducks in the state of South Carolina (Mayer et 
nuclide releases will not threaten the health and al. 1986). As a result of these concerns, a wa- 
well-being of wildlife populations, site workers, terfowl research and monitoring program on the 
or the general public. Since the SRS is closed to SRS was initiated by the Savannah River Ecol- 
public access, there is little or no opportunity for ogy Laboratory in the early 1970s. From its in- 
persons to come directly into contact with con- ception, this program has focused on 137Cs (ra- 
taminated habitats, and offsite airborne and diocesium), a long-lived gamma-emitting radi- 
groundwater contaminant releases are monitored oisotope that is one of the most ubiquitous of 
routinely to assure that all associated health risks the fission-product contaminants of biota on the 
are minimized (e.g., Ashley and Zeigler 1978, SRS (Brisbin 1991a, 1993). The purpose of the 
Zeigler et al. 1987). However, a frequently over- present investigation was to examine long-term 
looked vector of onsite contaminants to the food changes in the bioavailability and accumulation 
chain of the public offsite is the hunting and of radiocesium in waterfowl on the SRS and to 
consumption of mobile fish and wildlife species, 
particularly gamebirds including waterfowl. 
Birds that reside in contaminated habitats within 
the secured boundaries of the SRS can leave the 
site quickly and move to nearby public hunting 
lands where they could be harvested and con- 
sumed by hunters and their families. This pos- 
sibility is of particular concern at the SRS where 

discuss the results within the context of risk to 
human consumers and the need for site manag- 
ers to be able to predict the radiological conse- 
quences of future habitat remediation and man- 
agement activities in these or similar reservoirs. 

Early studies of radiocesium levels in the mi- 
gratory waterfowl community wintering on the 
SRS have shown that the American Coot (here- 
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after coot), one of the most abundant members 
of that community (B&bin 1974, Mayer et al. 
1986), was also the “worst possible case” for 
radiocesium contamination in that it consistently 
showed higher body burdens of this radionuclide 
than other wintering species investigated (Bris- 
bin et al. 1973). The latter study also showed 
that radiocesium levels increased in SRS coots 
from October through February, with peak body 
burdens from December through February. 
Body burdens then declined from March through 
May, as the SRS’s winter-resident population 
was “diluted” by northward-moving spring mi- 
grants that had not wintered in SRS contami- 
nated wetlands. On the basis of this annual pat- 
tern, Brisbin and Vargo (1982) recommended 
the more-or-less stable period of peak body bur- 
dens between early December and late February 
of each year as the most appropriate time to 
sample coots to assess changes in radiocesium 
levels across years. Using this plan, these au- 
thors then showed that radiocesium levels in 
coots wintering on the SRS’s Par Pond reservoir 
declined during the period of 1971-1972 
through 1975-1976 as the isotope continued to 
undergo radioactive decay (physical half-life = 
30 yr) and/or was sequestered in the reservoir’s 
bottom sediments, thus reducing its availability 
to the birds (Brisbin 1991a). 

The Par Pond reservoir (Fig. 1) includes three 
major extensions-the North Arm (NA), Hot 
Arm (HA), and West Arm (WA). The history of 
previous reactor discharges to these three arms 
of the reservoir has created a spatial mosaic in 
contamination levels, with radiocesium levels in 
sediments and biota from the North Arm ex- 
ceeding those of the Hot and West Arms (Bris- 
bin et al. 1973). Brisbin and Vargo (1982) stated 
that this spatial contamination mosaic was main- 
tained as radiocesium levels declined from the 
winter of 1971-1972 through 1975-1976, with 
coots from the North Arm continuing to show 
the highest body burdens. Their analysis showed 
no significant effects upon radiocesium levels in 
the birds that could be attributed to any two-way 
or the three-way interaction of location (arm of 
the reservoir), month, and year, thus indicating 
that during that four-year period, the levels of 
greatest contamination in coots had not shown 
any tendency to move “downstream” out of the 
North Arm and into the other regions of the res- 
ervoir (Fig. 1). 

In the intervening years since the study by 
Brisbin and Vargo (1982), a number of addition- 
al studies have been conducted of the uptake and 
dynamics of radiocesium in Par Pond coots 
(Clay et al. 1980, Harris 1981, Potter 1987, Pot- 
ter et al. 1989). These and other unpublished 
studies provided data on coot radiocesium body 

1 
FIGURE 1. Map of the U.S. Department of Energy’s 
Par Pond reactor cooling reservoir system, showing the 
P and R nuclear production reactors, effluent canals 
(heavy lines), Ponds B and C, and Par Pond. Regions 
of Par Pond, including the North Arm, Hot Arm, West 
Arm and Main Lake are also shown. Arrows indicate 
the flow of former reactor cooling effluents, some of 
which contained elevated levels of 13’Cs (see text). 

burdens in one or more arms of Par Pond, 
through the winter of 1986-1987, using essen- 
tially the same sampling protocol as Brisbin and 
Vargo (1982), i.e., sampling birds during the pe- 
riod of maximum expected body burdens, from 
December through February. Although complete 
samples of 10 birds each were not always ob- 
tained from all three reservoir arms for all three 
months during these other studies, when com- 
bined with the data analyzed by Brisbin and Var- 
go (1982) these additional data provide a unique 
opportunity to determine the rates and patterns 
of change in the radiocesium body burdens of 
Par Pond coots over a 15-year period. Through- 
out these years, stable water levels were main- 
tained in Par Pond. The data presented here thus 
represent long-term “baseline” patterns of con- 
tamination decline that can be expected in such 
reservoir habitats if no water-level manipula- 
tions are undertaken for management purposes. 
This information therefore can be used to predict 
and assess the results of continuing to maintain 
stable water levels or implementing other habitat 
management options (e.g., remediations neces- 
sitating partial or complete drawdowns) in ra- 
dioactively contaminated reservoirs. 

The widespread occurrence of migratory wa- 
terfowl in contaminated wetlands at other former 
DOE nuclear weapons production sites in the 
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TABLE 1. SUMMARY STATISTICS FOR RADIOCESKJM WHOLE-BODY BURDENS (BQ/G WET MASS) OF AMERICAN COOTS 
COLLECTED FROM DECEMBER TO FEBRUARY WHILE WINTERING ON THE PAR POND RESERVOIR OF THE DOE SAVAN- 
NAH RNER SITE 

Hot arm North arm West arm 

YGU Mean (SD) RkUlg.2 Mean (SD) Rage Mean (SD) Range 

1971-72 0.44 (0.11) 0.214.66 0.51 (0.11) 0.28-0.71 0.40 (0.12) 0.25-0.87 
1975-76 0.33 (0.14) 0.03-0.55 0.41 (0.16) 0.20-0.74 0.24 (0.14) 0.01-0.54 
1977-78 0.20 (0.05) 0.10-0.33 0.36 (0.50) 0.12-2.97 0.17 (0.06) 0.10-0.31 
1984-85 0.04 (0.02) 0.02&07 0.06 (0.02) 0.04-0.08 0.05 (0.01) 0.034.06 
198687 0.08 (0.01) 0.07-O. 10 

Notes: Locations of the three reservoir arms are shown in Fig. 1. Anthmetic means are presented. Sample SIZES for each collection are given in text. 

United States (e.g., Fitzner and Rickard 1975, 
Halford et al. 1981) and in regions contaminated 
by nuclear accidents such as the Chernobyl site 
in the Ukraine (Brisbin 1991b) makes this in- 
formation particularly important since migratory 
waterfowl can accumulate contaminant body 
burdens and then rapidly move long distances 
away from such sites before being harvested by 
hunters (see calculations in Brisbin 1991a). In- 
formation of this kind can and therefore should 
be considered when making decisions concem- 
ing options for long-term use, public access, 
and/or the need to maintain surveillance/moni- 
toring programs at such sites until elevated lev- 
els of radioisotopes have declined due to phys- 
ical decay processes. 

METHODS 

Using gamma-spectroscopy techniques described by 
Brisbin et al. (1973) and Brisbin and Vargo (1982), 
whole-body burdens of radiocesium (expressed as Bec- 
querels [Bq] ‘37Cs/g wet mass) were determined for 
3 11 coots that were collected from the three arms of 
Par Pond. Including coots from the earlier studies, all 
birds were collected (shot) as follows: December 
1971-February 1972, 10 birds per month from NA, 
HA, and WA (90 birds); December 1975-February 
1976, 10 birds per month from NA, HA, and WA (90 
birds); December 1977-February 1978, 10 birds per 
month from NA, HA, and WA (90 birds); February 
1985, 10 birds each from NA and WA, and 11 birds 
from HA (31 birds); and December 1986, 10 birds 
from NA. These data thus represented radiocesium val- 
ues for 131 additional coots collected between Decem- 
ber 1977 and December 1986, beyond those 180 birds 
used in the original studies of Brisbin et al. (1973) and 
Brisbin and Vargo (1982). The coot whole-body radi- 
ocesium data used in this study are summarized in Ta- 
ble 1. 

Negative-exponential regressions were fit to the data 
for all birds, fitting each reservoir arm separately. 
Since radiocesium body-burden data from Par Pond 
coots tend to be log-normally distributed (Pinder and 
Smith 1975), all data were natural-log transformed be- 
fore applying a homogeneity of slopes model (PROC 
GLM; SAS Institute 1988). We used this analysis to 
test for differences of slope (i.e., rate of decline in 
annual peak radiocesium levels attained by the winter- 

ing coot populations) and intercept (i.e., predicted 
1965 geometric mean coot radiocesium levels) be- 
tween individual reservoir arms. We calculated inter- 
cepts as occurring in 1965 on the assumption that this 
would have been the first year that the wintering coot 
population on Par Pond would have been exposed to 
the maximum extent of contaminated reactor effluent 
input (Ashley and Zeigler 1980). In conducting this 
analysis, we treated winter season (i.e., different years) 
as a continuous rather than as a class variable as was 
done in the analysis reported by Brisbin and Vargo 
(1982). This change in analytical approach was neces- 
sitated in part due to the absence of samples from some 
arms of the reservoir during some winters (1984-1985 
and 1986-1987). In addition, since we analyzed data 
from more than two winter seasons, the interpretation 
of an interaction term between year and location (res- 
ervoir arm), with both effects treated as class variables 
as in the analysis by Brisbin and Vargo (1982), could 
be misleading and might not be clearly indicative of 
the overall similarity or dissimilarity of the rates of 
radiocesium decline across time among the different 
reservoir arms. We considered results significant at the 
P 5 0.05 level. 

RESULTS 

Negative-exponential regressions describing 
the long-term decrease in radiocesium whole- 
body burdens of coots in the three arms of Par 
Pond are presented in Fig. 2. Parameter esti- 
mates (intercepts and slopes) are presented in 
Table 2 for simple linear regressions of the re- 
lationship: Znly] = A + Bx, where y is the pre- 
dicted whole-body radiocesium level (Bq/g wet 
mass) in year x. Inspection of Type I (sequential) 
sums-of-squares from the homogeneity of slopes 
model comparing these three regressions indi- 
cated significant differences among average coot 
radiocesium levels in the three reservoir arms 
and across years (Table 3). A marginally signif- 
icant interaction between reservoir location and 
years (P = 0.054, Table 3) suggested that the 
rates (slopes) at which coot radiocesium body 
burdens were declining may differ between the 
three reservoir arms. Contrast analysis sums-of- 
squares indicated that the more rapid decline of 
radiocesium levels in coots from the Hot Arm 
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FIGURE 2. Negative-exponential regressions describing the long-term declines in American Coot whole-body 
‘Ys from the three arms of the contaminated former reactor cooling reservoir, Par Pond. Data points represent 
geometric means from a total of 3 11 coots collected over a 15year period. Sample sizes for given reservoir 
arms for given years are presented in text. The horizontal line represents the whole-body burden equivalent 
(0.47 Becquerels [Bq]/g wet mass) of the European Economic Community’s radiocesium limit in fresh meat for 
human consumption (0.60 Bq/g; EEC 1986). 

(Table 2) tended to differ from that of the other 
two arms combined (P = 0.053, Table 3), while 
there was no indication of a difference between 
slopes for the North vs. West Arms (P = 0.25, 
Table 3). 

Type III (partial) sums-of-squares for the ef- 
fect of reservoir location on intercept (coot ra- 
diocesium levels in 1965) approached signifi- 
cance (P = 0.09, Table 3). Contrast analysis of 
these intercepts indicated that the geometric 
mean radiocesium level in coots from the West 
Arm in 1965 was lower than that in coots from 
the combined North and Hot Arms (P = 0.029, 
Table 3), while those for coots from the North 
and Hot Arms did not differ from one-another 
(P = 0.65, Table 3) at that time. 

Finally, we compared Par Pond coot radi- 
ocesium whole-body burdens to levels generally 
considered to be safe for human consumption 
(0.60 Bq/g fresh mass of meat; EEC 1986). 
Based on the relationship of whole-body to skel- 
etal muscle levels of radiocesium in coots (Pot- 
ter et al. 1989), this limit would correspond to a 
fresh-mass whole-body burden of 0.47 Bq 137Cs/ 
g. All geometric means of coot radiocesium 
body burdens on Par Pond fell below this level 
after 1975 (Fig. 2). However, the geometric 
mean body burdens for Hot and North Arm 
coots were both above this level in the winter of 
1971-1972, and in the mid-late 1960s all such 
means would have been expected to exceed this 
level on the basis of regressions calculated in 

TABLE 2. PARAMETER ESTIMATES AND 95% CONFIDENCE INTERVALS (CI) FROM SIMPLE LINEAR REGRESSIONS (LN 
[yl = A + Bx) OF AMERICAN COOT WHOLE-BODY RADIOCESIUM (BQ/G WET MASS, Y) ON YEAR OF COLLECTION (X) 

Reservoir 
lOCat10tl 

Intercept (eA) Slope (B) 

Estimate 95% CI Estimate 95% CI RZ 

Hot Arm 1.47 1.16-1.87 -0.179 -0.201--0.157 0.72 
North Arm 1.36 1.11-1.67 -0.141 -0.159--0.123 0.71 
West Arm 0.99 0.72-1.35 -0.159 -0.188--0.130 0.54 

Notes; Estimates of intercepts (8, where e is the base of the natural logarithm) in Bq ‘37Cslg and slopes (B), are presented for the Hot, North, and 
West Arms of the Savannah River Site’s reactor-cooling reservoir, Par Pond. Intercept parameter estimates correspond m radiocesium levels that would 
have been expected to be found in ccxXs in the year 1965 (see text). 
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TABLE 3. RESULTS OF HOMOGENEITY OF SLOPES MODEL (PROC GLM; SAS INSTITUTE 1988) TESTING SPATIAL 
AND TEMPORAL EFFECTS OF WHOLE-BODY RADIOCESIUM (LN BQ/G WET MASS) IN AMERICAN COOTS WINTERING ON 

THE PAR POND REACTOR-COOLING RESERVOIR 

Source of 
variation df ssa (Type) F P 

(Model SS) 
Overall model 5,305 138.53 125.90 0.0001 

(Type I SS) 
Reservoir 2 7.10 16.14 0.0001 

location (Lot) 
Year 1 130.13 591.33 0.0001 
Year*Loc 2 1.30 2.95 0.054 

(Type III SS) 
Reservoir 2 1.07 2.43 0.09 

location (Lot) 
Year 1 127.58 579.74 0.0001 
Year*Loc 2 1.30 2.95 0.054 

(Contrast SS) 
Slope contrasts: 

Hot vs. Other Arms 1 0.83 3.76 0.053 
North vs. West 1 0.30 1.34 0.25 

Intercept contrasts: 
West vs. Other Arms 1 1.05 4.79 0.029 
North vs. Hot 1 0.05 0.21 0.65 

Norss: Model intercepts are compared by examination of Twe III sums-of-squares for the effect of resewxr location. Tested model intercepts were 
set to the year 1965 is,, text). - 
aSums-of-squares. 

. 

this study. After 1975, the radiocesium body 
burden of only one coot examined in this study 
exceeded the EEC limit. This bird contained a 
level of 2.97 Bq/g wet mass, and was collected 
in the North Arm of Par Pond in January of 
1978. 

DISCUSSION 

RADIOCESKJM LEVELS IN COOTS 

Coots wintering on Par Pond migrate from the 
contaminated area each spring and, while on 
their more northerly breeding grounds, they 
eliminate radiocesium accumulated from Par 
Pond. The summer elimination of radiocesium 
from coots is the result of physiological/ meta- 
bolic processes taking place in each individual 
bird’s body (i.e., biological elimination). The 
rate at which this elimination occurs (biological 
half-life; Potter 1987, Brisbin 1991a) should be 
sufficiently rapid to ensure that those birds re- 
turning to the reservoir each fall are essentially 
at background levels. Resightings of marked 
coots on Par Pond in successive winters confirm 
some level of fidelity to the reservoir as a whole 
and even to specific arms of the reservoir (Potter 
1987). Returning birds then re-acquire equilib- 
rium levels of radiocesium each winter (Brisbin 
et al. 1973), but with successively acquired equi- 
librium levels being lower each year as de- 
scribed in the present study (Fig. 2; Table 3). 
However, there is also a separate and distinct 

process of elimination of radioisotopes from en- 
vironments like Par Pond as contaminants are 
either sequestered in the reservoir’s bottom sed- 
iments or are otherwise removed by being 
flushed downstream (i.e., ecological elimina- 
tion). Rates of turnover of radionuclide contam- 
inants in various abiotic or biotic components of 
ecological systems may be quantified and com- 
pared in terms of ecological half-lives, which 
represent the amount of time required for a giv- 
en radioisotope level in a population or other 
ecosystem component to decrease by 50% under 
free-living natural conditions (B&bin 1991a). 

Calculated on the basis of an average regres- 
sion slope for the three arms of Par Pond as 
determined in this study, the ecological half-life 
of radiocesium in the wintering coot population 
on this reservoir was 4.3 years. Usually five 
such half-lives (i.e., the time required to reduce 
an initial contamination by 97%) is considered 
to represent the time required to essentially 
reach “background” levels of contamination 
(Brisbin 1991a). According to the ecological 
half-life calculated here, levels near background 
should have been reached by Par Pond coots 
about 22 years after the winter of 1965-1966, or 
by the winter of 1987-1988. Our data (Fig. 2; 
Table 3) show in fact that by the winter of 1986 
1987, radiocesium body burdens of Par Pond 
coots had begun to reach these levels, having 
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been reduced by 94% from the winter of 1965- 
1966 estimates. 

IMPLICATIONS FOR ECOSYSTEMS 

Brisbin (1991a) presented data for ecological 
half-lives of radiocesium in Wood Ducks (Air 
sponsa) and rat snakes (Elaphe obsoleta) inhab- 
iting bottomland river swamp habitat on the 
SRS. Although the biological half-lives of radi- 
ocesium differed greatly in these two species (6 
vs. 902 days, respectively), their ecological half- 
lives were relatively similar (1.9 vs. 3.8 years, 
respectively). Both of these values were less 
than Brisbin (1991a) reported for coots on Par 
Pond (>20 years). On inspection of the original 
data upon which this latter value was based, 
however, we found this estimation of the eco- 
logical half-life to have been incorrectly report- 
ed. The ecological half-life estimated for coots 
in this study (4.3 years) however, still reinforces 
the conclusion that radiocesium ecological turn- 
over rates and/or declines in waterfowl inhabit- 
ing the lentic Par Pond reservoir system are 
slower than in waterfowl inhabiting lotic swamp 
forest habitats. Radiocesium tends to persist lon- 
ger in biogeochemically stable lentic environ- 
ments than in lotic habitats where radiocesium 
is lost from the system through downstream 
movement and bioavailability of remaining ra- 
diocesium is reduced because of redeposited 
stream sediments (Brisbin et al. 1989, Brisbin 
1991a). 

Some of our results contrast with conclusions 
reached by Brisbin and Vargo (1982) with re- 
gard to differences in rates of decline of coot 
radiocesium levels among the three arms of Par 
Pond. These authors found no significant differ- 
ence in coot radiocesium levels due to the inter- 
action of location (arm of the reservoir) and 
year, for birds collected in 1971-1972 and 
1975-1976, and on that basis they concluded 
that there was a tendency for coots in all three 
reservoir arms to “decrease proportionally in ra- 
diocesium contents between years, . . .“(Brisbin 
and Vargo 1982:268). However, these authors’ 
analysis was based on untransformed data, and 
Par Pond coot radiocesium burdens tend to be 
log-normally distributed (Pinder and Smith 
1975). We therefore repeated the analysis of 
Brisbin and Vargo (1982) using only the 1971- 
1972 and 1975-1976 data as in their study, but 
using natural-log transformed data, and found a 
significant interaction between location and year 
(P < 0.03). This finding confirms our results re- 
ported here for the longer period 1971 through 
1986, indicating the more rapid decline of coot 
radiocesium body burdens in the Hot Arm than 
in the remainder of the reservoir (Table 3). This 
pattern may relate to the past history of reactor 

effluent and/or radiocesium introduction into Par 
Pond and its effect on movements of this con- 
taminant within the reservoir sediments and wa- 
ter column. 

The North Arm of Par Pond received cooling- 
water effluent from the R-reactor (Fig. 1) from 
the time of reservoir completion in 1958 until 
all reactor input to this arm ceased in 1964 
(Neil1 and Babcock 1971, Alberts et al. 1979). 
In contrast, the Hot Arm received cooling water 
effluent from the P-reactor (and to some extent 
the R-reactor; see Fig. 1) from 1958 until 1988 
when that reactor finally was placed on indefi- 
nite standby (Whicker et al. 1993). The intro- 
duction of contaminated effluents from R-reactor 
occurred primarily in 1963 and 1964 (total re- 
lease of about 130 curies [Ci] 13’Cs), and has 
been deemed responsible for the contamination 
of the entire reservoir since the time of its con- 
struction (Ashley and Zeigler 1980). In addition, 
in 1957, prior to the filling of Par Pond, contam- 
inated R-reactor effluent, carrying about 47 Ci 
of radiocesium, deposited contaminants along 
the streambed of Joyce Branch which later be- 
came Pond C (Fig. 1) and the Hot Arm of Par 
Pond (Ashley and Zeigler 1980). 

In the summer of 1976, Alberts et al. (1979) 
found Par Pond water concentrations of radi- 
ocesium to be higher in the vicinity of the lower 
dam retaining the Main Lake portion of the res- 
ervoir (Fig. 1) than near the upper reaches of the 
Hot Arm where much of this contamination 
originally had been introduced. They suggested 
that this may have resulted from the downstream 
flushing of contaminated water out of the Hot 
Arm. Later, Evans et al. (1983) found that ra- 
diocesium was remobilized annually from the 
sediments of Par Pond into the water column 
during periods of intense summer anoxia of the 
hypolimnion. Furthermore, Stephens et al. 
(1997), using Par Pond sediment slurries in lab- 
oratory experiments, determined that the release 
of radiocesium from sediments to overlying wa- 
ter is augmented by elevated levels of conduc- 
tivity. The introduction of Savannah River water 
(median specific conductance: 85 microsie- 
mens[yS]/cm at 25 C; Newman et al. 1986) into 
Par Pond as make-up water for circulation to 
reactors apparently increased the specific con- 
ductance in Par Pond (median value in the Hot 
Arm: 65 kS/cm at 25 C; Newman et al. 1986) 
from a level that probably was similar to that 
found in a nearby reservoir, Pond B, no longer 
receiving river water inputs (20-30 pS/cm at 25 
C; Alberts et al. 1988). The increase in radi- 
ocesium in the water column as a result of this 
process together with the continuing effluent 
pumping activity described earlier, effectively 
moved radiocesium from the Hot Arm to the 
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Main Lake through the introduction of relatively 
less contaminated effluents from P-reactor into 
the Hot Arm via Pond C. We suggest that this 
flow process over the thirty years that effluents 
were introduced into the Hot Arm resulted in 
substantial movements of dissolved/suspended 
radiocesium out of the Hot Arm and into the 
Main Lake and West Arm of the reservoir, there- 
by accounting for a more rapid decline in avail- 
ability of radiocesium to coots and other biota 
in the Hot Arm than in other portions of the 
reservoir, such as the North Arm. 

Our findings that coot radiocesium levels and 
rates of decline differed spatially within Par 
Pond suggest that on the average, most coots 
must confine their activities to relatively small 
areas of the reservoir. A study of coot move- 
ments on Par Pond (Potter 1987) confirmed such 
a suggested level of site fidelity when only 2% 
of 272 sightings of 85 marked birds occurred 
outside of the region where they had been ini- 
tially captured. In fact, 75% of the multiple re- 
sightings of 14 individuals were estimated to be 
less than 10 m from the previous sighting (Potter 
1987). 

MANAGEMENT IMPLICATIONS 

Our study describes radiocesium movements 
and patterns of spatial/temporal distribution un- 
der conditions of full-pool water level in Par 
Pond from the time of its formation in 1958 
through 1988. However, if future management 
needs should require alterations of water levels 
or flow patterns in this reservoir system, the 
rates and patterns of radiocesium decline indi- 
cated in this study might be altered significantly. 
It might even be possible for radiocesium levels 
to increase in these birds as the result of man- 
agement practices that either would remobilize 
or increase the bioavailability of radiocesium 
currently sequestered in the reservoir’s sedi- 
ments. Since the physical half-life of 13’Cs is 30 
yr and the ecological half-life of i3’Cs in the coot 
population is currently 4.3 yr, proportionally 
more radiocesium must still be present in abiotic 
portions of the Par Pond ecosystem than cur- 
rently remains in coots. There is also the pos- 
sibility that future departures from the reser- 
voir’s status quo might alter the rate at which 
radiocesium body burdens are now declining in 
coots and other waterfowl. If a decision should 
be made, for example, to return the Par Pond 
reservoir ecosystem to it’s former lotic nature, 
we would predict that the ecological half-life 
would decrease from the current 4.3 yr, and ap- 
proach Fendley’s (1978) estimate of 1.9 yr for 
Wood Ducks inhabiting lotic swamp forest hab- 
itat. We would also predict that if the manage- 
ment options of either naturally fluctuating res- 

ervoir water levels or partial reservoir draw- 
down are selected, an ecological half-life in wa- 
terfowl near the current 4.3-yr estimate or 
perhaps even higher would result from ecosys- 
tem destabilization and the resultant remobili- 
zation and increased bioavailability of radioces- 
ium. 

In 1991, it was necessary to lower the water 
level in the Par Pond reservoir by 6 m for over 
three years to make repairs to the retention dam. 
This temporary partial drawdown exposed near- 
ly half of the lake’s bottom sediments, and pro- 
vided an opportunity to evaluate any related 
changes in waterfowl radiocesium body burdens 
during this period. A preliminary assessment of 
samples collected during this period suggests 
that whole-body radiocesium levels in at least 
some coots increased to levels not seen since the 
study began more than 20 years earlier (I. L. 
Brisbin and R. A. Kennamer, unpubl. data). Fur- 
ther studies are therefore needed to document 
any changes that this drawdown may have pro- 
duced in the ecological half-life of these birds. 
A study of radiocesium levels in Mourning 
Doves (Zenaidu mucrouru) utilizing the exposed 
areas of the lakebed found that levels in these 
birds declined quickly (Kennamer et al. 1998), 
with an ecological half-life of about one year. 

The information reported above improves the 
accuracy of risk assessments designed to predict 
the probability that a bird might become con- 
taminated with radiocesium in a habitat such as 
the Par Pond reservoir and then migrate from 
the restricted area to be harvested and consumed 
by a member of the hunting public. While our 
data suggest that some birds in the past may 
have exceeded levels currently considered safe 
for human consumption (0.60 Bq/g fresh meat; 
EEC 1986), there is no evidence that any threat 
would exist from the consumption of coots using 
Par Pond under the long-term stable conditions 
described in this study. Since 1975, only one 
coot in this study exceeded the EEC limit of 
radiocesium for human consumption. This bird 
contained 2.97 Bqlg whole-body wet mass and 
was collected in January, 1978, in the North 
Arm of Par Pond, to where it had likely recently 
moved from Pond B (Fig. 2). Although radi- 
ocesium concentrations in Pond B coot tissues 
averaged 26 times higher than in Par Pond North 
Arm birds (Potter et al. 1989), Pond B coot den- 
sities (<2 birds per km shoreline) were about 
two orders of magnitude lower than at Par Pond, 
and Potter (1987) concluded that movement of 
coots between the two reservoirs probably oc- 
curred but was limited in extent. 

Assessments of risks to hunters from the con- 
sumption of radiocesiun-contaminated water- 
fowl from Par Pond must consider that annual 
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maximum levels of contamination, as are re- 
ported here, are not attained until mid-late win- 
ter when most waterfowl hunting seasons have 
been closed. Earlier in the fall, when birds are 
more likely to be harvested, contamination lev- 
els generally are lower since many birds have 
not yet had sufficient time to accumulate as- 
ymptotic body burdens (Brisbin et al. 1973). 
Moreover, those waterfowl species most eagerly 
sought by sportsmen in North America tend to 
have lower radiocesium body burdens than coots 
(B&bin et al. 1973). In contrast to numerous 
environmental contaminants (e.g., mercury) that 
bio-magnify in species feeding at higher trophic 
levels, in SRS reservoir systems, radiocesium 
accumulates in lower concentrations in carniv- 
orous, omnivorous, and piscivorous waterbirds 
than in the largely herbivorous coot (Brisbin et 
al. 1973, Brisbin 1993). There are many parts of 
the world where coots are consumed regularly 
as a staple of the diet (Ripley 1976). Studies of 
flyways in eastern Europe (Brisbin 1991b) have 
confirmed, moreover, that migratory waterfowl 
passing through those areas most contaminated 
by the Chernobyl nuclear accident are likely to 
winter in regions where coots are frequently 
consumed by humans. The results of our study 
are therefore particularly relevant to the predic- 
tion of long-term future risks to human health 
from radiation exposure resulting from such 
global contaminating events. 

Taken together, our results suggest the impor- 

tance of long-term studies of not only radionu- 
elide contaminant cycling, but also the basic 
ecology of migratory waterfowl and other ga- 
mebirds inhabiting contaminated habitats. Long- 
term studies can help to predict the future like- 
lihood of contaminant uptake and human expo- 
sure, and can serve as a baseline against which 
the consequences of future changes in habitat 
management practices can be evaluated. Finally, 
they also can be used (with caution) to project 
backward in time to learn more about past con- 
taminant uptake and exposure that might not 
have been as readily apparent at the time without 
the benefit of both long-term contaminant data- 
bases plus an enhanced understanding of the ba- 
sic ecology of the birds themselves. 

ACKNOWLEDGMENTS 

We are grateful to the many people whose efforts 
over the years have contributed to our understanding 
of the radioecology of waterfowl on the SRS and par- 
ticularly the coots of Par Pond. In addition to those 
whose studies we have cited, these include C. Bag- 
shaw, B. L. Cockerel, Jr., E Conger, I? A. Consolie, K. 
E Gaines, P. E. Johns, C. D. McCreedy, J. Sheehan, 
W. L. Stephens, Jr., A. L. Towns, and E Wright. I? M. 
Dixon provided helpful advice on statistical analyses, 
E W. Whicker and J. E. Pinder, III, provided useful 
insight during discussions of the results, and E W. 
Whicker and J. Burger contributed critical readings of 
the manuscript. This research was supported by Finan- 
cial Assistance Award Number DE-FC09-96SR18.546 
from the U.S. Department of Energy to the University 
of Georgia Research Foundation. 



Studies in Avian Biology No. 21:65-74, 2000. 

INTEGRATION OF LONG-TERM RESEARCH INTO A GIS-BASED 
LANDSCAPE HABITAT MODEL FOR THE RED-COCKADED 
WOODPECKER 

KATHLEEN E. FRANZREB AND E THOMAS LLOYD 

Abstract. The Red-cockaded Woodpecker (Picoides borealis) population at the Savannah River Site 
in South Carolina has been the subject of intensive management and research activities designed to 
restore the population. By late 1985, the population was on the verge of being extirpated with only 
four individuals remaining. Older live pine trees that Red-cockaded Woodpeckers require for cavity 
construction were limited as the result of timber harvesting that had occurred primarily prior to the 
1950s. To prevent the loss of this population and to provide for population growth, the habitat is now 
managed intensively, including construction of artificial cavities, control of cavity competitors, and 
removal of the hardwood mid-story to improve nesting habitat quality. Along with careful monitoring 
of the birds, translocations are being undertaken to enhance the number of breeding pairs and the 
overall population size as well as to minimize potential adverse genetic consequences of a small, 
virtually isolated population. During 19861996, we completed 54 translocations, installed 305 arti- 
ficial cavities, and removed 2,304 southern flying squirrels (Glaucomys volans) (a user of Red-cock- 
aded Woodpecker cavities). During this period, the number of breeding pairs of Red-cockaded Wood- 
peckers increased from 1 to 19 and the overall population size grew from 4 to 99 individuals. Addi- 
tional data collected pursuant to arthropod prey base, foraging behavior, and home range studies, have 
provided information that is helping us better understand and manage this species. We are in the 
process of synthesizing these data into a GIS-implemented computer based landscape model to assess 
the possible impacts of various management options on the long-term viability of the Red-cockaded 
Woodpecker on the site. 

Key Words: landscape habitat model, long-term research, Picoides borealis, Red-cockaded Wood- 
pecker, Savannah River Site. 

Red-cockaded Woodpeckers (Picoides borealis) 
are an endangered species that evolved in a fire- 
dependent pine ecosystem within the southeast- 
ern United States. They are cooperative breeders 
whose breeding unit, known as a group, consists 
of a breeding pair and sometimes one or more 
helpers, usually male offspring that the group 
has produced. Declines in population sizes and 
distribution of the species are the result primar 
ily of extensive land use conversion from forest, 
short rotation lengths (Jackson 1986, Ortego and 
Lay 1988, Conner and Rudolph 1989), hard- 
wood encroachment around cavity trees (Van 
Balen and Doerr 1978, Locke et al. 1983, Con- 
ner and Rudolph 1989, Costa and Escano 1989, 
Loeb et al. 1992), shortage of potential cavity 
trees (Hooper 1988, Costa and Escano 1989, Ru- 
dolph and Conner 1991), and demographic iso- 
lation (Costa and Escano 1989). Habitat quality 
and a limited number of cavities also may play 
a role (Copeyon et al. 1991, Walters et al. 
1992a,b). 

HISTORY OF THE RED-COCKADED 
WOODPECKER AT THE SAVANNAH 
RIVER SITE 

A description of the Savannah River Site 
(SRS) including land use and management his- 
tory is provided by White and Gaines (this vol- 
ume). In 1951, the Department of Energy (DOE) 

acquired 80,269 ha of contiguous land to devel- 
op the SRS as a nuclear production facility. Con- 
tracted to manage a portion of the site for DOE, 
the USDA Forest Service began an intensive re- 
forestation program to replant longleaf (Pinus 
palustris), loblolly (P. taeda), and slash (P. el- 
Ziottii) pines. The management arm of the USDA 
Forest Service on the site is referred to as the 
Savannah River Natural Resources Management 
and Research Institute (SRI). The research arm 
of the USDA Forest Service on the site is the 
Southern Research Station. 

Information on the historical population size 
of the Red-cockaded Woodpecker at the Savan- 
nah River Site is not available. By the end of 
1985, the population consisted of a breeding pair 
and two other single males. The stark reality was 
that trees that were suitable for new cavity con- 
struction were scarce and older trees that had 
cavities were becoming senescent and dying, 
thus making the continued existence of the bird 
on the site doubtful. In addition, the limited 
number of cavities that were present were used 
by a variety of species. 

In this paper we summarize the research at the 
SRS that has been designed both to enhance this 
perilously small population and to aid in the re- 
covery of this species throughout its range. In 
addition, we describe a GIS-based simulation 
model we are developing that incorporates our 

65 
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knowledge of the Red-cockaded Woodpecker 
into a landscape oriented assessment of potential 
population growth and timber cutting options. 

RED-COCKADED WOODPECKER 
RESEARCH AND RELATED 
MANAGEMENT ACTIONS AT THE 
SAVANNAH RIVER SITE 

Management activities at the SRS designed to 
benefit the Red-cockaded Woodpecker have fo- 
cused on improving habitat quality by control- 
ling the encroachment of the hardwood midsto- 
ry, by installing cavity inserts, and by minimiz- 
ing use of Red-cockaded Woodpecker cavities 
by southern flying squirrels (Glaucomys volans) 
and other cavity users (Gaines et al. 1995). Re- 
search has been directed at improving our un- 
derstanding of the population status, genetics of 
small populations, translocation protocols, for- 
aging behavior, home range characteristics, and 
the arthropod prey base. 

MIDSTORY CONTROL 

Beginning in 1985, an active midstory control 
program has included prescribed burning, com- 
mercial thinning, and other mechanical means 
that is essential to maintain or create suitable 
nesting habitat by minimizing midstory devel- 
opment. Without such midstory control, Red- 
cockaded Woodpeckers will abandon cavities 
once the midstory reaches a certain height or 
basal area and the area is no longer characterized 
as the open, mature pine forest that the species 
prefers (Conner and Rudolph 1989, Costa and 
Escano 1989, Hooper et al. 1991, Loeb et al. 
1992). Although it is not known why Red-cock- 
aded Woodpeckers abandon these clusters, Con- 
ner and Rudolph (1991) speculate that the pres- 
ence of an extensive hardwood midstory may 
increase the number of nest competitors, reduce 
the quality of foraging habitat near the nest trees 
so that feeding young becomes more difficult, or 
be counter to what the bird has become accus- 
tomed to through its evolutionary history. The 
cavity trees that are occupied by a given group 
are referred to as a “cluster,” and cavities are 
used nightly throughout the year. From 1985- 
1996, a total of 2,182 ha (2 = 181.8 ha/yr) of 
active clusters, inactive clusters, and recruitment 
stands (a recruitment stand is an area that does 
not contain a Red-cockaded Woodpecker group 
but that has been treated for midstory control 
and has been fitted with artificial cavities; see 
below) at the site were treated with some form 
of midstory control (W. Jarvis, pers. comm.). In- 
termediate and co-dominant pines in the over- 
story were treated mainly with commercial thin- 
ning to reduce the remaining pine basal area to 
13.8-18.3 m* per ha. These treatments continue 

to be employed as a method to improve foraging 
and nesting habitat. 

ARTIFICIAL CAVITY INSERTS 

Red-cockaded Woodpeckers prefer older, live 
pine trees for constructing their cavities (Steirly 
1957, Jackson et al. 1979, Conner and 
O’Hallaron 1987, Rudolph and Conner 1991). 
The limited availability of live pine trees of suf- 
ficient age to provide cavity trees was a major 
concern in the management of the population, as 
it precluded population expansion. After consid- 
erable time and effort, an artificial cavity insert 
was developed by David Allen at the SRS that 
could be installed inside the trunk of younger 
pine trees and was accepted by the birds (see 
Allen 1991 for details on the design, construc- 
tion, and installation). A drilled cavity technique 
(Copeyon 1990) was developed, but was not 
suitable for use at the SRS because the majority 
of available pine trees were too young for this 
procedure. Cavity restrictors, consisting of metal 
plates that are fitted over the cavity entrances 
(Carter et al. 1989), have been effective in pre- 
venting other species, especially Red-bellied 
(Melanerpes carolinus) and Pileated (Dryocopus 
pileatus) woodpeckers, from enlarging cavity 
entrances and usurping the cavities. From 1986- 
1996, 305 artificial cavities were installed by 
Forest Service personnel at the SRS, of which 
292 are still usable for roosting and nesting. 
Red-cockaded Woodpeckers readily accepted 
the artificial cavities and successfully repro- 
duced in them. 

CONTROL OF SOUTHERN FLYING SQUIRRELS AND 
SQUIRREL EXCLUDER DEVICES 

Southern flying squirrels are known to use 
Red-cockaded Woodpecker cavities extensively 
at the Savannah River Site. To minimize the po- 
tential adverse effects of squirrel cavity use on 
the Red-cockaded Woodpecker population, a 
squirrel monitoring program was initiated and 
any flying squirrels encountered during the rou- 
tine checks were destroyed. Active clusters, in- 
active clusters, and recruitment stands were in- 
cluded in the squirrel monitoring program. 

Cavity inspections varied from a low of 282 
in 1986 to a high of 4,594 in 1995 and resulted 
in 2,304 southern flying squirrels being removed 
and destroyed from artificial cavities, natural 
cavities, and nest boxes (Table 1). Most of the 
squirrels were taken from artificial cavities 
(1,5 11 squirrels from artificial cavities, 652 from 
natural cavities, and 141 from nest boxes). 

To determine the necessity of continuing the 
labor intensive squirrel removal program, an 
evaluation was made to assess the possible im- 
pact of squirrel removal on Red-cockaded 
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Woodpecker reproductive success. Such testing 
could not be conducted at the SRS because of 
the small Red-cockaded Woodpecker population 
size. A controlled experiment was undertaken at 
the Carolina Sandhills National Wildlife Refuge, 
South Carolina, to assess whether southern fly- 
ing squirrels adversely affected reproductive 
success of Red-cockaded Woodpeckers. The ref- 
uge provides habitat that is similar to the Savan- 
nah River Site (e.g., Upper Coastal Plain). Red- 
cockaded Woodpecker groups that nested in ar- 
eas in which flying squirrels had been removed 
by ground trapping and during cavity checks 
produced significantly more fledglings than con- 
trol clusters during both years of this study 
(1994 and 1995; Laves and Loeb 1996, Laves 
1996). Reproductive rates at the Savannah River 
Site (2.5 fledglings/breeding pair in 1994 and 
2.1 in 1995) were similar to those in the San- 
dhills study for clusters in which flying squirrels 
had been removed. 

A squirrel excluder device, or SQED, was de- 
veloped by Montague et al. (1995) in Arkansas 
as a means to control flying squirrels less labo- 
riously. It consists of paired strips of aluminum 
flashing stapled tightly to the bark above and 
below the cavity entrance. During testing of the 
new device in Arkansas, Montague et al. (1995) 
found that squirrels abandoned 6 of 10 cavities 
that had been treated by installing excluder de- 
vices, and Red-cockaded Woodpeckers reoccu- 
pied 10 of the 11 cavities (one treated cavity was 
not occupied previously by squirrels). Recently 
SQEDs were tested at the Savannah River Site 
in unoccupied Red-cockaded Woodpecker clus- 
ters and results indicated that the devices were 
effective in impeding cavity use by flying squir- 
rels (S. C. Loeb, in press). None of these SQED- 
treated cavity trees has been occupied by Red- 
cockaded Woodpeckers as of yet (S. C. Loeb, 
pers. comm.). At the SRS, a study is underway 
to evaluate whether Red-cockaded Woodpeckers 
will continue to use cavities after SQEDs have 
been installed. 

MONITORING, POPULATION STATUS, AND TRENDS 

As part of the intensive monitoring program 
for the Red-cockaded Woodpecker at the Savan- 
nah River Site, all cavities, whether natural (e.g., 
constructed by the Red-cockaded Woodpecker) 
or artificial, are monitored to determine cavity 
use. Cavities are checked from a ladder using a 
dentist’s mirror and flashlight to furnish infor- 
mation on the number of eggs, number of nest- 
lings, laying and hatching dates, and sex of nest- 
lings. Pledging success rate is determined by 
counting the number of fledglings in the cluster 
soon after the anticipated fledging date. 

Every adult on the site is banded with a U.S. 
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FIGURE 1. Sex ratio and population growth in response to intensive management of Red-cockaded Wood- 
peckers at the Savannah River Site, South Carolina (1985-1996; Franzreb 1997). 

Fish and Wildlife Service aluminum leg band 
and with a unique color plastic leg band com- 
bination to allow individual identification in the 
field. Birds were banded either as nestlings, 
when first captured on the site, or when relocat- 
ed to the site from elsewhere. 

Group and cavity monitoring data indicate 
population status, reproductive success, spatial 
distribution, and group composition. Survivor- 
ship and mortality rates are determined during 
monthly observations of groups throughout the 
year. During the breeding season (April-July) 
monitoring efforts are intensified and each group 
is observed weekly. Red-cockaded Woodpeckers 
return each night to roost singly in cavities. By 
checking the last known nightly roost, the status 
of individual Red-cockaded Woodpeckers usu- 
ally can be determined. Data are obtained rou- 
tinely for each group on survival, sex ratio, 
number of helpers, number of active/inactive 
pairs, location of nests, identity of breeding 
adults, fledging dates, number and sex of fledg- 
lings, and reproductive success. These data have 
been instrumental in monitoring the status of the 
population and our management efforts. 

From the late 1985 population level of four 
birds, the population at the SRS has grown to 
21 active groups and a total of 99 individuals by 
the end of the breeding season in 1996 (Fig. 1). 
Of these 21 groups, there were 19 breeding pairs 
of which 16 were reproductively successful, pro- 
ducing 43 fledglings (Franzreb 1997). 

For all years but 1988, the number of fledg- 
lings produced has increased every year and has 

varied from 3 to 43 (Fig. 2). Generally, male 
fledglings outnumber females; however, in 1988 
all fledglings were female. From 19851996, the 
mean fledging success defined as the number of 
fledglings/successful nesting attempt, was 2.3. 
The low was 1.6 in 1991 (N = 8 nesting at- 
tempts) and the high was 3.0 in 1985 (N = 1 
nesting attempt). 

POPULATION VIABILITY ANALYSIS AND GENETIC 
CONSIDERATIONS 

Haig et al. (1993) performed a series of pop- 
ulation and pedigree analyzes on the birds on 
the SRS to determine the prospects for long- 
term population viability at the site. They used 
OGENES gene-drop pedigree analysis, a tech- 
nique to measure genetic diversity in the current 
population relative to allelic diversity of its 
founders. Population viability, evaluated as the 
probability of persistence over the next 200 
years, was estimated using VORTEX, a Monte 
Carlo simulation of demographic events. Using 
these procedures, Haig et al. (1993) concluded 
that during the next 200 years, the population 
has a 68-100% chance of extinction, with out- 
come depending on stochastic environmental 
events and the extent of inbreeding depression. 
By annually translocating at least three females 
and two males to the SRS from donor popula- 
tions for a period of 10 years, the likelihood of 
survival of the population for the next 200 years 
is 96% (Haig et al. 1993). Based upon an as- 
sessment of genetic similarities of Red-cockaded 
Woodpecker populations, the Francis Marion 
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Site, South Carolina (19851996; Franzreb 1997). 

National Forest and Sandhills populations in 
South Carolina are genetically close to the birds 
at the SRS (Stangel et al. 1991). For this reason, 
and because both these populations are relatively 
large, Haig et al. (1993) recommended that these 
two areas serve as donor populations. 

TRANSLOCATIONS AND THE EXPERIMENTAL USE 
OF A MOBILE AVIARY 

In an effort to increase the population size and 
to increase the genetic diversity of the popula- 
tion, 54 Red-cockaded Woodpeckers were trans- 
located from either off-site populations (N = 21) 
or within the Savannah River Site (N = 33) from 
19861996 (Franzreb 1999). Birds were moved 
into clusters that had been provisioned with ar- 
tificial cavity inserts if no vacant natural Red- 
cockaded Woodpecker cavities were available. 
The goal of these translocations was to provide 
a mate to an established breeding bird who had 
lost its partner, or to form a new pair in unoc- 
cupied territory. Allen et al. (1993) report on the 
results of the initial 16 translocations, and the 
outcome of all 54 translocations is summarized 
by Franzreb (1999). Success was defined sub- 
jectively as the bird remaining at the release site 
or close by for at least 30 days after being re- 
leased. Thirty-one of 49 translocations (63.2%) 
involving subadult and adult Red-cockaded 
Woodpeckers were successful and 51.0% of the 
translocated birds have reproduced (Franzreb 
1999). Of the 54 moves, five were of nestlings, 
resulting in one success. 

In an effort to enhance the translocation suc- 

cess rate, we are testing a mobile aviary at the 
SRS. The aviary is approximately 5 m high and 
5 m in diameter, and consists of a frame with 
shade cloth and hardware cloth on the outside. 
It is erected around a living pine tree that con- 
tains either a natural or artificial cavity. Birds 
are captured and transported to the release lo- 
cation at the SRS where they are maintained in 
the aviary for lo-14 days. It is hoped that dur- 
ing this time period, the bird will develop an 
affinity for the site and be more inclined to re- 
main after it is released. 

FORAGING BEHAVIOR 

Providing a sufficient amount of quality for- 
aging habitat is a requisite for the reproductive 
success and recovery of the Red-cockaded 
Woodpecker. To accomplish this requires an un- 
derstanding and appreciation of the habitat char- 
acteristics that define suitable foraging habitat. 
Living pines were the overwhelmingly preferred 
foraging source for birds in Florida (Ligon 1968, 
1970; Nesbitt et al. 1978, DeLotelle et al. 1983, 
Porter and Labisky 1986) , Louisiana (Morse 
1972, Jones and Hunt 1996) South Carolina 
(Skorupa and McFarlane 1976, Skorupa 1979, 
Hooper and Lennartz 1981), Mississippi (Ramey 
1980), Oklahoma (Wood 1977), Virginia (Miller 
1978), and North Carolina (Repasky 1984). Red- 
cockaded Woodpeckers apparently prefer to for- 
age on large trees (Skorupa 1979, Hooper and 
Lennartz 1981, DeLotelle et al. 1983). In an ear- 
lier foraging study of two groups of Red-cock- 
aded Woodpeckers at the SRS, the birds foraged 
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on trees with the largest diameters (58% utili- 
zation vs. 8% availability; Skorupa 1979). 

Intersexual differences in foraging behavior 
have been observed for many woodpecker spe- 
cies, including the Red-cockaded Woodpecker. 
Most studies found that male Red-cockaded 
Woodpeckers tended to use the upper trunk area 
and limbs more than the females (Ligon 1968, 
Skorupa 1979, Repasky 1984, Hooper and Len- 
nartz 1981; cf. Morse 1972). The mean foraging 
height was lower for females (8.7 m) than males 
(14.1 m) on the Francis Marion National Forest, 
South Carolina (Hooper and Lennartz 1981). 

In 1992, a study was initiated at the SRS to 
assess foraging behavior in relation to quantified 
forest structural characteristics and to determine 
if there were any intersexual differences in for- 
aging. The results will interface with the con- 
current arthropod prey base research described 
below. Birds were followed throughout the day 
all months of the year over a 3-yr period. Ob- 
servations were taken at 15min intervals and 
included band identification number, sex, meth- 
od (peck, probe, glean, etc.), substrate (trunk vs. 
limbs), location in relation to the trunk/crown, 
foraging height, tree height, tree species, diam- 
eter at breast height (dbh), and tree condition 
(alive vs. dead). Preliminary analysis of the 
1992-1993 data indicates that male and female 
Red-cockaded Woodpeckers are segregating not 
by species of tree selected or by using trees of 
different heights, but mainly by foraging on dif- 
ferent components of the same trees, with males 
using the upper strata of the tree trunks and 
limbs significantly more than females (K. E. 
Franzreb, unpubl. data). Such habitat partition- 
ing provides a mechanism to use the available 
resources more efficiently, thereby, presumably 
enhancing survival and reproductive success. An 
analysis covering the entire 3-yr period is un- 
derway. 

ARTHROPOD PREY BASE AND PREY USE BY THE 
RED-COCKADED WOODPECKER 

The diet of the Red-cockaded Woodpecker is 
composed almost exclusively of arthropods. 
Red-cockaded Woodpeckers spend most of their 
foraging time capturing arthropods on live pine 
trees (Ligon 1968, Morse 1972, Wood 1977, 
Miller 1978, Nesbitt et al. 1978, Skorupa 1979, 
Ramey 1980, Hooper and Lennartz 1981, Pat- 
terson and Robertson 1981, DeLotelle et al. 
1983, Repasky 1984, Porter and Labisky 1986). 

To better provide for the foraging needs of 
this species, information is needed on the ar- 
thropod prey base and how the birds use it. Pro- 
viding for the dietary requirements of the young 
as well as adult woodpeckers also is important. 
To determine the diet of nestling Red-cockaded 

Woodpeckers at the SRS, four nest cavities were 
monitored using automatic cameras and infrared 
tripping devices (Hanula and Franzreb 1995, 
Franzreb and Hanula 1995). In 65% of the 3,000 
photographs of nest site visits by the adults, prey 
were identifiable and the majority (69.4%) were 
wood roaches (Parcoblatta spp.). Prey fed to the 
young were primarily a few common arthro- 
pods. Other common prey items were wood bor- 
er larvae (Cerambycidae or Buprestidae, 5.4%), 
Lepidoptera larvae (4.5%), spiders (Araneae, 
3.6%), and ants (Formicidae, 3.1%; Hanula and 
Franzreb 1995). 

Hooper (1996) examined the relationship of 
arthropod biomass on longleaf pine trees 22-127 
yrs old in winter on the Francis Marion National 
Forest in the coastal plain of South Carolina. He 
found that total arthropod biomass for the entire 
tree increased with tree age up to 86 yrs and then 
declined as the tree aged further. Arthropod bio- 
mass on the bole declined with increasing tree 
age, but increased with tree age on the dead and 
live limbs for trees up to 80 yrs-old. 

At the SRS, the diversity, abundance, and bio- 
mass of arthropods on 50-70 yr-old longleaf 
pine trunks was investigated to assess seasonal 
variability of prey and to determine if prey orig- 
inated on the tree bole or moved there from else- 
where (Hanula and Franzreb 1998). Crawl, 
flight, and pitfall traps were monitored continu- 
ously for 12 months at the SRS. Results indi- 
cated that over 400 genera of arthropods were 
represented on the bark. In trees with barriers to 
arthropod movement up the tree, the arthropod 
biomass was reduced by 40-70%. Arthropod 
biomass was distributed relatively evenly along 
the tree bole and was highest in the fall of the 
year. Little of the arthropod biomass found on 
the trunk was comprised of organisms that re- 
sided exclusively in that area. Moreover, a large 
proportion of biomass on the trunk originated 
either in the soil/litter layer or was the result of 
a diverse fauna that flew onto the bark surface. 

Hess and James (unpubl. ms cited in James et 
al. 1997) found that arboreal ants were the main 
component of adult Red-cockaded Woodpecker 
diets in the Apalachicola National Forest, Flor- 
ida. James and co-workers (1997) hypothesized 
that fire may indirectly enhance the availability 
and quantity of ants because it influences how 
nutrients are cycled through the plant commu- 
nity, which is reflected in the ground cover com- 
position. Hanula and Franzreb (1998) demon- 
strated that the arthropod prey base of the Red- 
cockaded Woodpecker that is found on the boles 
is an open system whereby arthropods move be- 
tween the litter/soil layer and the tree boles. 
Therefore, it appears that an appropriate fire 
management schedule would control not just en- 
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croaching mid-story vegetation, but also would 
have a beneficial effect on the prey base. 

As Red-cockaded Woodpeckers do not mi- 
grate, the availability of suitable prey throughout 
the year is important. Skorupa and McFarlane 
( 1976) speculated that prey was readily available 
to the Red-cockaded Woodpecker at the SRS in 
the stmrmer but was limited in winter. However, 
results of the extensive arthropod study con- 
ducted recently at the SRS described above sug- 
gest that Red-cockaded Woodpeckers do not ex- 
perience periods of low arthropod availability on 
the bole portion of the trees (Hanula and Franz- 
reb 1998). In fact, Hanula and Franzreb (1998) 
found that arthropod biomass was highest in the 
fall and winter. 

To manage foraging habitat of the Red-cock- 
aded Woodpecker effectively, it is essential to 
understand the habitat needs of the arthropods 
on the bark that constitute the major prey items 
for the woodpecker. Because arthropods now are 
known to move readily between the bark surface 
and the forest floor or understory vegetation, the 
habitat requirements of the prey species in these 
areas as well as on the bark surface should be 
considered in the interest of providing adequate 
Red-cockaded Woodpecker foraging habitat. 

HOME RANGE 

During a 5-month study in 19761977 of two 
groups of Red-cockaded Woodpeckers at the 
SRS, Skorupa (1979) found that territory size 
(the defended area) was smaller in the summer 
than winter, with a minimum size of 15.8 ha in 
the stmrmer and 16.0 ha in the winter. Skorupa 
(1979) speculated that the younger forest at the 
SRS provides lower quality foraging habitat than 
older habitat available elsewhere and that the ef- 
fects of habitat quality are significant in the win- 
ter. The mean home range size (defined as the 
area used by the group, but not necessarily de- 
fended) of the Red-cockaded Woodpecker is 
variable (129 ha in Florida, Porter and Labisky 
1986; 70.3 ha in coastal South Carolina, Hooper 
et al. 1982; and 148.1 ha for Florida; DeLotelle 
et al. 1983). One must be cautious when com- 
paring home range sizes obtained by different 
estimators as not all estimation techniques pro- 
vide similar results. 

Home ranges were delineated for 7 groups of 
Red-cockaded Woodpeckers at the SRS to de- 
termine size, configuration, and temporal (an- 
nual and seasonal) changes. Data were collected 
from May 1992 through May 1995 by following 
the birds and recording locations every 15 min- 
utes using a Pathfinder Professional Global Po- 
sitioning System unit. Locations were differen- 
tially corrected and interfaced with GIS using 
ARC/INFO (for details see Franzreb and Barn- 

hill 1995). Preliminary home range analyses us- 
ing the minimum convex polygon and bivariate 
normal ellipse home range estimators as de- 
scribed in the computer program HOME 
RANGE (Ackerman et al. 1990) indicate that 
home range sizes vary from 46.5 to 128.6 ha (K. 
E. Franzreb, unpubl. data). Selection of a home 
range estimator for each group was determined 
using the HOME RANGE program, which eval- 
uates each data set to assess which, if any, of 
the included estimators are appropriate for a par- 
ticular data set. In depth analysis of the home 
range data is underway. 

INTEGRATION OF RED-COCKADED 
WOODPECKER RESEARCH AND 
MANAGEMENT ACTIVITIES 

The Southern Research Station has been re- 
sponsible for the monitoring, translocation, and 
overall research endeavor for the Red-cockaded 
Woodpecker at the SRS since 1985. As part of 
this effort, the research staff prepared reports on 
an annual basis that thoroughly summarized all 
Red-cockaded Woodpecker related activities that 
had been undertaken on the site that year and 
provided a current estimate of the overall pop- 
ulation size, sex ratio, number of active groups, 
number of southern flying squirrels removed, 
and information on reproduction and mortality. 
Throughout the years there have been numerous 
meetings held to address the status of the Red- 
cockaded Woodpecker on the site, discuss re- 
search findings, review the outcomes of ongoing 
management actions, and plan for future activi- 
ties. This successful partnership is chronicled in 
Gaines and co-workers (1995). 

In 1991-1992, when SRI staff prepared the 
management plan for the Red-cockaded Wood- 
pecker on the site (G. D. Gaines, Savannah Riv- 
er Site Red-cockaded Woodpecker Management 
Plan, unpubl. report), research staff provided in- 
put into its development and extensive technical 
review. This management plan is in the process 
of being revised. The draft results of the forag- 
ing behavior and home range studies of the Red- 
cockaded Woodpecker on the site were provided 
to SRI for consideration in reformulating the 
management plan. 

The U.S. Fish and Wildlife Service guidelines 
(USFWS 1989) for managing Red-cockaded 
Woodpeckers include providing foraging habitat 
within 800 m of an active Red-cockaded Wood- 
pecker cluster that contains a minimum of 6,350 
live pine stems with a dbh 2 25.4 cm and a pine 
basal area of at least 804 m2. Anything less than 
this would require data to substantiate that the 
birds would not be adversely affected under Sec- 
tion 7 of the Endangered Species Act of 1973, 
as amended. SRI envisions using the foraging 
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data that research has provided to propose in- 
cluding some of the live pine stems that are 
20.3-24.4 cm dbh within 800 m of active clus- 
ters to meet the overall requirement of 6,350 live 
pine stems (J. Blake, pers. comm.). Moreover, 
the U.S. Fish and Wildlife Service is now work- 
ing on revising the Red-cockaded Woodpecker 
Recovery Plan (USFWS 198.Q and the guide- 
lines for foraging may be modified pending the 
completion and approval of this plan. 

Regardless of the outcome of the new recov- 
ery plan and possible modifications in the exist- 
ing U.S. Fish and Wildlife Service guidelines, 
the foraging data, long-term reproductive and 
population data, and home range information 
obtained at the SRS will be instrumental in help- 
ing define a more appropriate conservation strat- 
egy for this species at the site. Moreover, the 
model described below relies on site-specific in- 
formation in its development. Although some of 
this information, such as that on foraging ecol- 
ogy, home range size, and population dynamics, 
is available from elsewhere in the range, it is 
rare to find all these data from one site and ob- 
tained over such a prolonged period of time. Use 
of such information should strengthen the reli- 
ability of the model. 

A GIS-BASED MODEL FOR RED- 
COCKADED WOODPECKER HABITAT AT 
THE SAVANNAH RIVER SITE 

Our discussion to this point has focused on 
research designed either to understand Red- 
cockaded Woodpecker biology or to develop 
management options that can be used in a pop- 
ulation recovery strategy. A major obstacle to 
the application of these research results is a lack 
of analytical tools to evaluate and to track over 
time the spatial interconnectedness of Red-cock- 
aded Woodpecker recovery strategies, forest 
stand management actions (in the form of thin- 
ning and regeneration harvests), and forest 
growth dynamics. In response to this need, we 
initiated a research project designed to link Red- 
cockaded Woodpecker demographics and habitat 
needs with a spatially referenced model of forest 
structure. Forest structure is defined here as the 
within-stand, unit-area distribution of tree di- 
ameter classes based on measurements at breast 
height. Change in forest structure is modeled by 
tracking harvesting actions over time as to type, 
location, amounts removed, and/or residual den- 
sities, and by modeling the growth of the trees 
that remain. 

A primary product of the research is a spatial 
simulator of forest structure that integrates ex- 
isting and planned geographic databases, Red- 
cockaded Woodpecker demographics, and fore- 
casting of forest growth. The simulator allows a 

resource manager to choose specific stands for 
thinning or clearcutting at given times over mul- 
ti-year planning cycles and then simulate the ef- 
fects on the Red-cockaded Woodpecker popu- 
lation. Alternatively, the resource manager may 
permit the simulator to select stands for thinning 
or clearcutting using target harvest volume 
goals, harvest decision rules (such as the resid- 
ual basal area left in thinned stands), and con- 
straints arising because of Red-cockaded Wood- 
pecker needs. The simulator has the capacity to 
evaluate the interacting impacts of Red-cockad- 
ed Woodpecker habitat requirements and the 
harvesting of trees. This is accomplished by run- 
ning the simulator in two modes. One mode 
specifies a given amount of harvesting activity, 
the level of which is set by a harvesting target, 
and then evaluates over time the maximum num- 
ber of Red-cockaded Woodpecker foraging areas 
that the resulting forest structure can support. A 
second mode identifies a desired number of Red- 
cockaded Woodpecker breeding groups, and 
then simulates harvesting actions (over time) 
that will not compromise the Red-cockaded 
Woodpecker population goal. 

CONCEPTUAL APPROACH USING SRS DATABASES 

Present stand inventory data for the SRS con- 
sists of spatial information in the form of a GIS 
layer of stand boundaries, with associated data 
on the stand’s forest type, age, and merchanta- 
bility class (e.g., sapling, pole, mature, or saw 
timber). A major shortcoming of this data set is 
that it lacks complete information on productiv- 
ity and stocking (the amount of basal area per 
unit-area). For example, many stands lack the 
basic measure of productivity (referred to as site 
index), only a few have basal area stocking es- 
timates, and none have diameter distributions 
per unit area (our selected measure of forest 
structure). 

The scope of the simulation is constrained to 
the pine and mixed pine-hardwood forest types 
on the SRS because this is where the harvesting 
activity occurs and where the Red-cockaded 
Woodpeckers nest and forage. Because the di- 
ameter distributions are the basic data needed to 
drive the forest growth simulation, we devel- 
oped a way to generate unbiased estimates of 
tree diameter distributions (“tree lists”) for each 
stand. To approximate the diameter distributions 
for the pine and mixed pine-hardwood forest 
types, we used an approach that approximates 
diameter distributions from a network of per- 
manently located and periodically remeasured 
forest inventory plots established on the SRS 
land base. These data were obtained under con- 
tract by the Forest Inventory and Analysis (FIA) 
unit of the USDA Southern Research Station. 
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Approximately 800 inventory plots are distrib- 
uted uniformly across the SRS land base. There 
are 2,225 stands within the area covered by the 
model. Therefore, even with this very dense set 
of inventory plots, not every one of the 2,225 
stand polygons has an inventory plot associated 
with it. We developed the tree list assignments 
for each stand by relating the empirical diameter 
distributions from the permanent plots to the 
variables of forest type and stand age. 

The estimated species-specific tree diameter 
list is used as input to a distance-independent, 
individual-tree growth simulator. Bolton and 
Meldahl (1990) used this kind of model form in 
developing SETWIGS for southern forest types 
using growth measurements from permanent- 
plot forest inventory data located throughout the 
South. Furthermore, SETWIGS has been incor- 
porated into a growth model delivery system 
maintained by the USDA Forest Service called 
FVS (Forest Vegetation System). We decided to 
use FVS because it has a permanent technical 
support and development staff who provide help 
with fitting, maintaining, and/or modifying the 
models in the system. 

Although the simulator is for pine dominated 
stands, may of these stands still have hardwood 
mid-stories that need to be included in the forest 
structure description because they can be present 
in significant enough quantities to negatively af- 
fect the suitability of the habitat for Red-cock- 
aded Woodpecker nesting and foraging. Two 
data sources are being used to estimate the quan- 
tity and location of this mid-story component. 
One source is GIS-based orthoimagery (Sumer- 
all and Lloyd 1995) developed from 1951 pan- 
chromatic aerial photography taken when the 
SRS was acquired by the Federal government. 
The value of these data lies in the spatial iden- 
tification of two broad land use conditions (for- 
ested and agriculture) present at the time the 
area was purchased and replanted. It turns out 
that these two land use conditions are related to 
current mid-story structure differences. The 
quantity of hardwood mid-story is being esti- 
mated from the FIA permanent plot inventory 
data, and the location of the mid-story over the 
entire landscape is being determined using the 
orthoimage land use classification. 

Since the model simulates a dynamic forest, 
the simulator needs a way to mimic change in 
the location and aerial extent of management 
and Red-cockaded Woodpecker usage areas. 
Mimicking change is accomplished by breaking 
the GIS-depicted land base into small, contigu- 
ous, hexagonally shaped land units (polygons). 
These land units are small enough to be rela- 
tively uniform as to topography and soil type, 
and when aggregated, are capable of accurately 

approximating the larger forest stand polygons 
from which they are derived. Spatial objects 
such as Red-cockaded Woodpecker foraging ar- 
eas, stand boundaries, burned areas, and treat- 
ment locations (for examples, areas that have 
been thinned) are represented in GIS data bases 
as closed polygons. In the real world these 
boundaries are not static over time. For example, 
only a portion of a stand might be burned, or a 
Red-cockaded Woodpecker foraging area can 
change over time as the result of harvesting ac- 
tivity or from competition for foraging habitat 
needed by newly established Red-cockaded 
Woodpecker groups. Our approach to providing 
this dynamic quality to our simulator is to ap- 
proximate stands by aggregating these small, 
hexagonal polygons. By modeling the effects of 
silvicultural activities and Red-cockaded Wood- 
pecker usage, we gain the dynamic quality we 
seek. As we decrease the size of these small, 
uniform, hexagonal polygons, the accuracy of 
using contiguous aggregations to approximate 
stands, foraging areas, etc., increases. However, 
at the same time, computation time and data 
storage needs increase. 

To determine the most appropriate size for the 
new, hexagonal units, we experimented using a 
number of possible cell sizes. We did this by 
overlaying grids of different cell sizes on the 
stand boundary GIS data layer. When any par- 
ticular hexagonal polygon encompassed more 
than one stand, it was assigned the attributes of 
the stand with the most area within it. After test- 
ing a range of cell sizes, we selected a 3-ha unit. 
Only a few small, linearly shaped stands were 
lost in this conversion process. Our analysis sug- 
gested that a 3-ha sub-area was an appropriate 
compromise between computation time and 
minimizing the loss of stands in the conversion. 
We also chose to use a hexagonal polygon rather 
than the usual square shape implied by the nor- 
mal grid process built into GIS software because 
all polygon center points are equally distant to 
their neighbors, and it allows the demographics 
model to simulate fledgling dispersal in six di- 
rections instead of only the four that would have 
been accommodated by a square polygon. 

The bird dispersal model is not yet developed, 
but it will be probability-based and will use hab- 
itat information from the forest structure simu- 
lator to predict availability of Red-cockaded 
Woodpecker foraging areas. All foraging areas 
will be formed around “seed” cells that contain 
trees suitable for natural cavity construction or 
installation of artificial cavity inserts. New 
groups will be formed either by artificial cavity 
creation (with or without translocation of birds 
into the new nesting sites), or by natural dis- 
persal from established breeding pairs into 
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neighboring or distant areas using a probabilistic 
prediction. New foraging areas will be created 
by aggregating hexagonal cells into areas that 
meet minimum foraging requirements. Red- 
cockaded Woodpecker research on foraging re- 
quirements will be used to delimit foraging ar- 
eas. Foraging area associated with a given group 
is changed by the model over time as the pop- 
ulation grows and adjusts to the changing com- 
petition from nearby groups and the accumulat- 
ed effects of timber harvesting. 

A management scenario builder will be de- 
veloped that either accepts user-supplied actions 
and translates policies and user-supplied goals 
(e.g., a fixed annual harvest target, burning tar- 
gets, or artificial cavity installation rates) into 
year-by-year events occurring in specific stands. 
This module uses standards and guidelines that 
deal with the full array of management actions. 
It allows unconstrained implementation, that is, 
ignoring standards and guidelines, or con- 
strained implementation. Priority can be given 
to either the harvesting goal or the Red-cock- 
aded Woodpecker population goal. When the 
simulator selects stands for harvesting as op- 
posed to user-selection, the scenario manage- 
ment builder will only harvest in compliance 
with guidelines. 

SIGNIFICANCE OF THE SIMULATOR 

Some elementary examples of applications 
can help illustrate the significance of this re- 
search. The resource manager can evaluate the 
effect of a user-supplied, time-sequenced set of 
harvesting actions on the Red-cockaded Wood- 
pecker population expansion. In this case, the 
management scenario builder is instructed to 
give priority to the harvesting activities. A sec- 
ond example could use the same simulations to 
track effects of the harvesting plan on the total 
number of potential (as opposed to actual) nest- 

ing/roosting sites for the Red-cockaded Wood- 
pecker over time. A third application example 
could switch the priority for actions from har- 
vesting to establishment of new breeding groups 
at specific places. In this case, the potential nest- 
ing sites identified could be used to develop a 
time-sequenced plan of artificial cavity creation 
by identifying suitable locations for new nesting 
sites. Using the location of new groups as input, 
a follow-up simulation would allow only har- 
vesting that does not compromise the location- 
specific Red-cockaded Woodpecker objective. 

The general significance of this simulator is 
its value as a decision aid that uses spatial data 
as the vehicle for capturing the interconnected 
effects of multiple resource management actions 
on outputs from the same land base. It will more 
fully and effectively use the foraging behavior, 
home range, and population demographics re- 
search results for the Red-cockaded Woodpecker 
that have been developed for the SRS. The sim- 
ulator has application potential beyond the SRS 
and provides a major step in developing decision 
tools that will evaluate more than the two re- 
source goals considered here. 

ACKNOWLEDGMENTS 
This research was funded by the Department of En- 

ergy, Savannah River Site, and its cooperation is grate- 
fully acknowledged. We thank Savannah River Natural 
Resource Management and Research Institute staff (es- 
pecially .I. Irwin, .I. Blake, E. LeMaster, and W. Jarvis) 
and G. Gaines for providing support throughout the 
course of this work. M. Lennartz deserves special 
credit for involvement through 1990. We are grateful 
to the numerous hard-working research field support 
staff, in particular D. Allen, C. Dachelet, K. Laves, J. 
Edwards, D. Ussery, I? Johnston, and K. Shinn, as well 
as wildlife biologists, foresters, and technicians at the 
Savannah River Natural Resource Management and 
Research Institute and donor populations for their out- 
standing efforts on behalf of this project. We extend a 
special thanks to D. Stewart for his help with the GIS- 
model. 



Studies in Avian Biology No. 21:75-80, 2000. 
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Abstract In the late 1980s and early 1990s mutual research interests between land managers at the 
Savannah River Site and biologists at the University of Georgia resulted in a landscape-ecology study 
of the Bachman’s Sparrow (Aimophilu aestivalis). This species had been declining throughout its range 
for several decades and was considered a species of management concern by the U.S. Forest Service. 
The reasons for its decline were obscure, but the distribution of suitable habitat across complex 
landscapes was a possible factor. Thus the species seemed well suited for a pioneer study on landscape 
influences on avian population dynamics. A cooperative research program developed from these mu- 
tual interests, including quantifying the landscape and local habitat patterns shown by the sparrow, 
spatially explicit modeling of population response to landscape change, and demographic field studies 
of reproductive success, survivorship and dispersal. These studies are summarized, and the value of 
the research to both management and research interests is discussed. 

Key Words: Aimophila aestivalis, Bachman’s Sparrow, BACHMAR demography, habitat distribution, 
landscape ecology, management impacts, spatially explicit modeling. 

Ecologists, wildlife biologists, and land manag- 
ers have seen the importance of expanding the 
spatial scale of research and land-use planning 
from the traditional focus on local, site-specific 
phenomena to those that operate over landscape 
scales (Haas 1995, Turner et al. 1995, Villard et 
al. 1995). Active land management is one an- 
thropogenic force that changes the distribution 
and quality of habitat patches across large, com- 
plex areas (i.e., “landscapes”). Land managers 
are interested in how organisms and populations 
respond to landscape change, because such re- 
sponses are critical to understand if managers 
are to consider how wildlife will be affected by 
regional land management. Ecologists, on the 
other hand, have expanded the spatial and tem- 
poral scales of population biology and commu- 
nity ecology to create the relatively new field of 
landscape ecology. The study of impacts of ex- 
perimental changes in the distribution or quality 
of habitats across a landscape is often a desired 
goal of landscape studies. However, landscapes 
are difficult to manipulate experimentally for all 
but the smallest organisms (Forman and Godron 
1986, Wiens and Milne 1989, Johnson et al. 
1992). In managed landscapes, such changes oc- 
cur regularly, are predictable (in fact, are 
planned well in advance), and are roughly rep- 
licated in space at scales that are normally hard 
to manipulate experimentally. Thus, the needs 
and interests of managers and basic ecologists 
coincide to make managed lands an excellent 
opportunity for studies in landscape ecology. 

In 1988, when students and associates of Dr. 
H. Ronald Pulliam at the University of Georgia 
began studies of Bachman’s Sparrows (Aimo- 
phila aestivdis) at the Savannah River Site 

(SRS), it quickly appeared that the species might 
be a good candidate for landscape-level studies. 
The sparrow was found in pine stands managed 
by the U.S. Forest Service for threatened and 
endangered species, native communities, and 
timber production. Timber management changed 
the within-stand characteristics of individual 
stands on a semi-annual basis, and therefore the 
locations of suitable habitat for a given species 
were temporally dynamic. Thus, the manage- 
ment strategy at SRS could potentially have a 
strong impact on species that occupy pine wood- 
lands. Little was known locally about Bach- 
man’s Sparrow at the time our studies began; 
published reports even seemed to disagree about 
what habitat the species occupied and whether 
it was migratory or a permanent resident (Hardin 
and Probisco 1983). Most importantly, through- 
out its range Bachman’s Sparrow was often de- 
scribed as being absent from seemingly suitable 
habitat (Nicholson 1976, Hall 1983). Our initial 
surveys (described below) indicated that the bird 
was often absent from stands that were isolated 
from other occupied habitat patches. This sug- 
gested to us that landscape effects could be im- 
portant-“suitable” patches might be unoccu- 
pied if they were located in disjunct or unsuit- 
able landscapes. 

The Savannah River Natural Resources Man- 
agement and Research Institute (SRI) was also 
interested in gaining more information about the 
sparrow because the species had declined 
throughout its range since the 1930s and was 
absent from large portions of its former range 
(Brooks 1938, Haggerty 1988, Dunning 1993, 
Sauer et al. 1997). In the southeastern United 
States, Bachman’s Sparrow was one of the high- 
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est ranking “species of management concern” 
for the U.S. Forest Service (a classification that 
includes species not on the official list of threat- 
ened and endangered species). The sparrow was 
classified as a “Category 2” species by the U.S. 
Fish and Wildlife Service (USFWS) in the 
1980s. This ranking suggested that the species 
might warrant listing under the U.S. Endangered 
Species Act, but too little information existed to 
make such a determination. (The list of Cate- 
gory 2 species was eliminated by the USFWS 
in 1996, but the species formerly on the Cate- 
gory 2 list are still of management concern to 
the USFWS [Crystal 19971.) 

Thus, our interest in Bachman’s Sparrow as a 
study organism for landscape studies coincided 
with the SRI’s need for better local information 
on how this species might be affected by timber 
management. We began a study of the sparrow’s 
habitat use, both on a local and landscape scale, 
with funding from the Savannah River Ecology 
Laboratory (University of Georgia) and the SRI 
(U.S. Forest Service), with additional support in 
later years from the National Science Founda- 
tion and the U.S. Environmental Protection 
Agency. Studies ran from 1988-1997, with 
some continuing studies planned for the future. 

Our work has included (1) local-scale habitat 
analysis; (2) landscape-scale analyses; (3) theo- 
retical analyses linking spatially explicit popu- 
lation models to dynamic landscapes created by 
a geographic information system (GIS); and (4) 
demographic field studies in different habitats, 
emphasizing demographic variables found to be 
important in model simulations. In this paper, we 
briefly summarize these integrated studies, em- 
phasizing the benefits we have seen from work- 
ing in these rapidly changing landscapes. 

LOCAL SCALE STUDIES 

Bachman’s Sparrow is associated with various 
age classes of pine forest throughout the south- 
em portion of its range (Dunning 1993). In fact 
the subspecies found in South Carolina was long 
called the “Pine Woods Sparrow.” But at the 
start of our study, it was not clear what kinds of 
pine woods were used. Some published sources 
described sparrow habitat as old-growth pine 
forest (Allaire and Fisher 1975, Meanley 1988), 
while other sources emphasized open habitat 
such as the edges of fields, old pastures and 
clearcuts (Burleigh 1958, Hardin et al. 1982, 
Hardin and Probisco 1983). Our initial study in 
1988 therefore focused on the local-habitat char- 
acteristics that have been emphasized in tradi- 
tional avian ecology: we surveyed sparrows 
across a spectrum of age classes and pine spe- 
cies to determine which habitats were occupied 
(Dunning and Watts 1990). We found that Bach- 

man’s Sparrows occupied the youngest (l-5 
year old clearcuts) and oldest (open mature pine 
at least 80 years old) age classes, but not pine 
stands of intermediate age. The occupied age 
classes shared a suite of vegetation characteris- 
tics, including a relatively dense layer of grasses 
and forbs in the ground layer and few tall shrubs 
or understory trees (Dunning and Watts 1990). 

We confirmed these local-habitat patterns by 
examining habitat occupancy in other South 
Carolina regions where management practices 
differed from those on the SRS. For the most 
part, the sparrows occupied stands whose 
ground vegetation had the same characteristics 
as occupied sites on the SRS. For instance, at 
the Francis Marion National Forest, near 
Charleston, South Carolina, sparrows were pres- 
ent in middle-aged (30-80 year old) pine forest, 
an age class that was not occupied at the SRS 
(Dunning and Watts 1990, 1991). At Francis 
Marion National Forest, middle-aged and mature 
pine stands are managed similarly and have the 
same vegetation characteristics. 

In some regions, the density of suitable hab- 
itat patches was much lower than at either the 
SRS or the Francis Marion National Forest. In 
these regions, our ability to identify occupied 
sites by their vegetation characteristics was 
much poorer. For instance, at the Sumter Na- 
tional Forest in the Piedmont of South Carolina, 
most patches of clearcut habitat were scattered 
in small portions of National Forest land, which 
were themselves distributed over a matrix of pri- 
vately owned farmland and forest. In spite of 
what appeared to be suitable vegetation in many 
of these cleat-cuts, few sparrows were found. For 
example, only 8 of 38 clearcuts surveyed in 
1990 were occupied (Dunning et al. 1995a). 
This further suggested that sparrows might not 
occupy isolated clearcuts even if the local site 
characteristics were suitable. 

LANDSCAPE-LEVEL STUDIES 

During our initial 1988 surveys, sparrows 
were not present in all patches that appeared to 
contain suitable vegetation characteristics. A 
wider set of surveys in 1989 contirmed that 
many clearcut patches of suitable age and con- 
dition were not occupied in the western half of 
the SRS. We surveyed 50 stands from 1989- 
1991 to determine if landscape characteristics 
helped explain this pattern of sparrow occupan- 
cy (Fig. 1). The 50 sites were stratified by clear- 
cut age (l-2 yr old versus 3-5 yr old) and land- 
scape quality (study site close to [<0.6 km] or 
far from [>0.6 km] other suitable habitat). A 
complex pattern emerged suggesting landscape 
variables were important. Young clearcuts close 
to other suitable habitat supported significantly 
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Savannah River Plant 
Bachman’s Sparrow Study Sites 

FIGURE 1. Locations of 1989 study sites on Savan- 
nah River Site. Grouping of study sites into four quad- 
rants reflected differences in landscape characteristics 
among regions of the SRS. 

more sparrows than isolated clearcuts, and 
regions of the SRS dominated by older or more 
isolated clearcuts supported very few sparrows 
(Fig. 2). In particular, the western portion of the 
SRS had few sparrows in suitable habitat patch- 
es, which were mostly isolated, older clearcuts. 

One factor that could account for decreased 
occupancy in isolated stands is poor dispersal 
ability by the sparrow. If sparrows did not dis- 
perse freely across unsuitable habitat, then the 
Forest Service policy of scattering clearcuts 
throughout the forest could create many land- 
scapes where individual patches of suitable hab- 
itat are too distant from existing sparrow popu- 
lations to be occupied readily. This problem 
would be exacerbated by the narrow time win- 
dow during which most clearcuts were suitable. 
Due to rapid regrowth of planted pines on the 
SRS, many clearcuts had the open field charac- 
teristics that seemed most attractive to the spar- 
rows for only 3-4 years post-planting. Thus, the 
sparrows may be dispersing across a landscape 
where suitable habitat exists only briefly and in 
unpredictable locations. This should put a pre- 
mium on dispersal ability (Dunning and Watts 
1990). 

Unfortunately, Bachman’s Sparrows proved 

0.0 
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FIGURE 2. Effect of regional (quadrant) grouping of 
study sites on Bachman’s Sparrow density in 1989. 
Density = number of singing male sparrows per 10 ha. 
Quadrants refer to regions numbered in Fig. 1. Error 
bars = 1 SE. 

difficult at first to catch, band, and follow in 
large numbers. Thus, documenting their dispers- 
al ability directly was problematic, and we mea- 
sured dispersal ability indirectly by monitoring 
the sparrow’s colonization of patches of differ- 
ent isolation within small regions of the SRS 
(Dunning et al. 1995a). In these regions, we se- 
lected study sites that were different from one 
another in their degree of isolation. We hypoth- 
esized that if sparrows had poor dispersal ability, 
then newly available sites close to known spar- 
row populations should be occupied earlier and 
support larger populations than sites that were 
more isolated, but of the same age. We moni- 
tored sparrow occupancy in two regions that al- 
lowed this comparison from 1991-1993, and 
found strong support for the poor-dispersal hy- 
pothesis (Dunning et al. 1995a). Sparrows col- 
onized the clearcuts closest to existing popula- 
tions first. Most interestingly, the most isolated 
patches in one study region were never colo- 
nized during the 3-4 years in which their local 
(within-patch) characteristics appeared to be 
suitable. Thus, the hypothesis that patch isola- 
tion strongly affects sparrow distribution was 
supported (albeit indirectly). It should be noted 
that other bird species occupied all of the study 
sites in these regions, suggesting that the land- 
scape was not as limiting to other species. 

GIS/POPULATION MODELING 

Although Bachman’s Sparrows occupy both 
clearcuts and mature (>80 yr old) pine forest, 
the vast majority of the sparrow population on 
the SRS is found in clearcuts, primarily because 
mature forest is locally rare. Less than 200 ha 
(0.5%) of mature forest exists on the 770 km2 
SRS. For the most part, therefore, timber harvest 
by the U.S. Forest Service determines the land- 
scapes in which the sparrows exist by creating 
clearcuts. Because an individual clearcut is suit- 
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able for only 3-8 years (most commonly 3-4 
years during our study), regional landscapes 
change quickly. A portion of the SRS may lose 
most of its suitable habitat within 5 years if new 
clearcuts are not generated. This rapidly chang- 
ing landscape is tailor-made for landscape ecol- 
ogy, since researchers can expect a population 
response to a specific landscape design within a 
short time period (e.g., Dunning et al. 1995a). 

On a more practical level, the SRI was inter- 
ested in how their management strategies af- 
fected the status of the sparrow within the SRS. 
The SRI adopted a new management plan for 
plant and animal populations in 1992 (SRFS 
1992). This plan proposed many changes in for- 
est management over a 50-year period, with the 
probable result of substantially changing forest 
structure during that period (Liu 1992, 1993). 
The SRI was interested in assessing how species 
of management interest such as the sparrow 
might respond to changes in landscape structure 
proposed in the management plan. Because the 
management plan covers a 50-year period, field 
experiments were not a practical way to answer 
this question. Instead, we developed a spatially 
explicit population model to simulate landscape 
change and sparrow population dynamics at the 
required spatial and temporal scales (Pulliam et 
al. 1992, Liu et al. 1995). 

Spatially explicit models incorporate the exact 
spatial locations of objects of interest in the 
landscape (Dunning et al. 1995b). These objects 
can include individual organisms, populations, 
habitat patches, barriers to dispersal, and other 
relevant factors. In our spatially explicit popu- 
lation model, individual organisms were placed 
on a grid representing a specific landscape (Pul- 
liam et al. 1992). The individuals gained habitat- 
specific demographic traits (reproductive suc- 
cess, survivorship, estimated from published lit- 
erature sources) associated with the habitat patch 
in which they were located. Individuals moved 
across the landscape according to specific dis- 
persal algorithms. The model we developed 
(called BACHMAP) followed individuals 
through an annual cycle of reproduction, mor- 
tality and dispersal, and then derived population 
characteristics such as population size or time to 
extinction by summing over all individuals. Pop- 
ulation characteristics can be estimated annually 
during a simulation period, projected over an en- 
tire simulation, or averaged among replicate 
simulations (Liu 1993, Liu et al. 1995). Spatially 
explicit models are extremely data-intensive and 
subject to error if initialized or structured poorly 
(Conroy et al. 1995), but when used carefully, 
the models provide a means of examining pos- 
sible population responses to long-term manage- 

Savannah River Site 

Bachman’s Sparrow 
Suitable Habitat 

FIGURE 3. Locations of suitable patches of clearcut 
habitat (as defined by stand age) in 1991. Hatched area 
in lower right corner represents the SE comer region 
used in BACHMAP modeling. 

ment over large spatial scales (Dunning et al. 
1995b, Turner et al. 1995). 

We built a spatially explicit model by linking 
a sparrow population model to a landscape map 
of the southeast corner of the SRS (Fig. 3). The 
landscape map included about 6000 ha, and was 
created from the stand-and-compartment timber 
database maintained by the SRI (CISC database; 
see Hamel and Dunning this volume). The map 
of stands was digitized into ARC/INFO, and a 
grid of hexagons was overlaid onto the original 
map. Each hexagon cell represented 2.5 ha, 
which is the size of a Bachman’s Sparrow ter- 
ritory (Haggerty 1988, Stober 1996), and, thus, 
could be occupied by a single reproductive fe- 
male. Characteristics of the original stands were 
assigned to the associated hexagonal cells in the 
grid data layer. The result was a hexagon grid 
of cells whose habitat characteristics and spatial 
distributions were similar to the original land- 
scape (Liu et al. 1995). 

BACHMAP placed individuals on this land- 
scape grid to match known patterns of habitat 
occupancy in 1989, and followed individuals 
and their progeny for 50 simulated years. At the 
start of each simulation year, the ages of habitat 
in all cells were increased by 1 yr, and manage- 
ment options were applied. For instance, under 
a 30-yr forest rotation, all 30-yr-old stands 
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FIGURE 4. Typical BACHMAP population trajec- 
tory using forest management options outlined in 
SRFS (1992). Error bars = 1 SE. Adapted from Liu et 
al. (1995), reprinted by permission of Blackwell Sci- 
ence, Inc. 

would be harvested, creating new clearcuts. 
Stands were selected for harvest based on the 
broad guidelines of the management plan (SRFS 
1992). Dispersing sparrows settled in l-5 yr old 
clearcuts and mature stands, and gained a habi- 
tat-specific reproductive success depending on 
the age of the stand in which they settled. For 
more details on the model structure and param- 
eterization see Liu (1993). 

Our simulations suggested that the population 
of Bachman’s Sparrows in the southeastern re- 
gion would decline sharply during the first de- 
cade of the SO-yr management plan, then even- 
tually increase slowly (Fig. 4). The simulations 
suggested that the sparrow population would 
meet or exceed the Forest Service management 
goals for this species, but only during the final 
decade of the management plan. Liu et al. 
(1995) simulated several modifications of the 
plan to see how the management goals could be 
met more quickly. One such modification was to 
change management in the middle-aged stands 
(especially 40-80 yr stands) to provide the same 
ground-cover characteristics found in mature 
pine forest. 

This suggestion from the simulations is being 
field tested by a pilot program adopted by the 
SRI in the early 1990s. To provide more habitat 
for the endangered Red-cockaded Woodpecker 
(Picoides borealis), which also uses older forest 
with the same vegetation structure associated 
with the sparrows, the SRI is thinning and bum- 
ing middle-aged forest stands. These modified 
sites (referred to as “woodpecker recruitment 
stands”) have the potential for providing more 
suitable habitat for the sparrow in middle-aged 
stands, as suggested by the sparrow model sim- 
ulations and field studies (Gobris 1992, Liu et 
al. 1995, Wilson et al. 1995). In April 1997, a 
male Bachman’s Sparrow was heard singing on 
territory in a woodpecker recruitment stand, two 
years after treatment (J. B. Dunning, pers. obs.); 
this particular stand had not been occupied by 

sparrows prior to modification. Demographic 
studies (see below) have also established that 
sparrows will occupy the woodpecker recruit- 
ment stands (Stober 1996, Christie 1997). If im- 
plemented throughout the SRS, our simulations 
suggest that the woodpecker recruitment pro- 
gram will provide enough habitat to stabilize the 
sparrow population and meet or exceed manage- 
ment goals through most of the 50-yr extent of 
the current plan (Liu et al. 1995). 

DEMOGRAPHIC FIELD STUDIES 

One of the important uses of spatially explicit 
population models is to identify the demograph- 
ic variables that may have the greatest impact 
on populations in a given landscape (Dunning et 
al. 1995b). Once identified, field researchers can 
concentrate their field studies on the most im- 
portant demographic and life history traits. Since 
there is never enough time, personnel, or money 
to study all possible aspects of a species of in- 
terest, field research will be most effective if fo- 
cused on a limited number of critical variables 
likely to be affecting a population. Modeling can 
help identify these most critical variables 
through sensitivity analyses (Jorgensen 1986, 
Pulliam et al. 1992). 

In sensitivity analyses, a series of simulations 
are run where input values for a single parameter 
in the model are varied within a predetermined 
range (i.e., a percentage of nominal values) 
while other model parameters are held constant. 
Output from the model is monitored to deter- 
mine how sensitive model performance is to the 
nominal value used for the parameter under 
study. If the model output does not vary sub- 
stantially despite large changes in input value, 
the model is said to be relatively insensitive to 
the nominal value used for that parameter. If 
small changes in the initial parameterization 
yield large changes in model output, then the 
model is relatively sensitive to that parameter. 
Care must be taken that accurate initial values 
be used for sensitive parameters, because param- 
eterization errors may be magnified during mod- 
el performance (Conroy et al. 1995). In the most 
complex sensitivity analyses, values for combi- 
nations of parameters can be varied in a factorial 
experimental design, to test for sensitivity to in- 
teraction effects between model parameters (see 
Pulliam et al. 1992). 

Pulliam et al. (1992) and Liu et al. (1995) 
examined model sensitivity to reproductive suc- 
cess, survivorship, dispersal, and landscape 
characteristics. The BACHMAP model proved 
to be most sensitive to demographic traits, es- 
pecially survivorship and reproductive success. 
In response to these results, we initiated field 
demographic studies in 1994 (Stober 1996, 
Christie 1997). While we had collected data on 
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reproductive success and other demographic 
traits since the beginning of this project, this 
kind of data was extremely hard to gather in 
sufficient samples, because the sparrows are dif- 
ficult to follow in the field, and nests are hard 
to find. Survivorship data are even scarcer, be- 
cause the species is relatively difficult to cap- 
ture, mark, and relocate (Dunning 1993). In the 
absence of local field data for these traits, we 
depended on published information (especially 
Haggerty 1986, 1988) for model parameteriza- 
tion. 

Starting in 1994, David G. Krementz and col- 
leagues initiated a series of studies on survival 
rates, reproductive rates, habitat use, and home- 
range size. Using an intensive mark-recapture 
study, they were able to capture many sparrows 
(-150 individuals). A subsample of these were 
marked with radio transmitters during the 1994- 
1997 breeding seasons. Sex-, habitat- (clearcut 
versus mature forest), and year-specific patterns 
in breeding-season survival rates were estimat- 
ed. Comparisons of survival rates between sex- 
es, habitats, or among years failed to reveal any 
significant differences. However, statistical pow- 
er of these tests were low, ranging from 20- 
60%. Point estimates suggested habitat-specific 
differences for all factors. 

Reproductive rates were comparable to those 
determined by Haggerty (1988, 1998) for Ar- 
kansas populations. Differences in daily nest- 
survival rates were determined for early- versus 
late-initiated nests, egg versus nestling periods, 
and between years (1995-1996; Stober 1996). 
All monitored females made multiple nesting at- 
tempts, and one female attempted to triple 
brood. Sparrows proved to be persistent nesters 
through a long breeding season (April-August). 

Home ranges were estimated using radiote- 
lemetry locations. Again, these estimates were 
comparable to those by Haggerty (1986, 1998) 
estimated from Arkansas. Home-range size was 
significantly larger in mature than in younger 
stands. We hypothesize that differences in food 
availability and abundance between forest age 
classes might cause these differences. Typical 
daily sparrow movements were restricted to a 
core area of -1 ha within the home range. In 
most cases, all activities were confined to the 
home range, although we documented dispersal 
movements most often associated with failed 
nesting attempts. In addition, we documented 
large scale (> 1 km) movements in response to 
prescribed summer bums. To the best of our 
knowledge, these dispersing individuals did not 
obtain mates during the remainder of the breed- 
ing season. 

WHAT HAS BEEN GAINED? 
The research has proven beneficial in a num- 

ber of ways, spanning the information needs of 
both basic researchers and land managers. First, 
we have a better ecological understanding of a 
species that has undergone a dramatic popula- 
tion decline in the last 50 years, and which is of 
management concern in the southeastern United 
States. More fundamentally, the research pro- 
gram has explored how a species of apparently 
limited dispersal ability (compared to most pas- 
serines found in the same study sites) is affected 
by rapid landscape change. This knowledge has 
given us a better understanding of the impor- 
tance of monitoring habitat change at different 
spatial scales, and a working system for studying 
landscape ecology with birds. Parts of the re- 
search program have profitably explored new 
techniques for studying small passerines, includ- 
ing miniaturized radio transmitters for the study 
of dispersal and demography, and spatially ex- 
plicit models for population and landscape stud- 
ies. Comparison of our demographic studies and 
published values from other parts of the species’ 
range is an important part of validation of the 
BACHMAP model. 

The research also yielded results that support 
the mission of the Savannah River Institute on 
the SRS. We believe our results give managers 
a better appreciation of how timber management 
affects target species, especially by modifying 
the landscape through which these birds disperse 
and breed. By linking our population model to 
the stand-and-compartment database that the 
SRI compiled for timber management purposes, 
we increased the value of SRI data and thus in- 
creased the value of their research and data col- 
lection programs. Finally, our research created 
new databases that can be used by other re- 
searchers within the SRI for other purposes. For 
example, the distributional and density data col- 
lected during field work has been used to para- 
meterize a new set of bird/habitat models by 
U.S. Forest Service researchers (J. C. Kilgo, 
pers. comm.). Thus, this collaboration between 
researchers and the SRI has increased the value 
of the research done by both parties. 
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EFFECTS OF LONG-TERM FOREST MANAGEMENT ON A 
REGIONAL AVIFAUNA 

JOHN C. KILGO, KATHLEEN E. FRANZFCEB, SIDNEY A. GAUTHREAUX, JR., KARL V. MILLER, 

AND BRIAN R. CHAPMAN 

Abstract. We compared breeding bird populations on and off of the Savannah River Site (SRS), 
South Carolina, to determine whether management practices on SRS have affected abundance and 
composition of the resident avifauna. We assessed relative abundance by comparing Breeding Bird 
Survey (BBS) data from six routes off SRS with three surrogate routes generated using point-count 
data from four research projects on SRS. Total number of species per route did not differ on- and off- 
site. Total number of birds per route was greater off SRS than on. Twenty-three species were more 
abundant on than off SRS, and 33 species were more abundant off than on SRS. Species more abundant 
off SRS primarily were those that prefer agricultural or urban habitats, whereas those more abundant 
on SRS primarily prefer mature forest habitat. We conclude that management practices on SRS have 
resulted in a landscape that supports many species not otherwise common in the region. 

Kev Words: Breeding Bird Survev. forest management, landscape effects, point counts, Savannah 
River Site, South Car&na. 

The Savannah River Site (SRS) is a 78,891-ha 
tract in Aiken, Barnwell, and Allendale counties 
in the upper coastal plain of South Carolina. Pri- 
or to acquisition by the U.S. Department of En- 
ergy in the early 1950s the land was largely in 
agricultural production. Subsequent to acquisi- 
tion, open areas were reforested by plantings and 
natural succession (White and Gaines this vol- 
ume). Forest resources currently are managed by 
the U.S. Forest Service (USFS) for timber pro- 
duction and wildlife habitat needs (see White 
and Gaines this volume for more detailed dis- 
cussion of SRS management). Approximately 
89% of SRS is in closed canopy forest, primarily 
managed pine (loblolly, longleaf, and slash; see 
Table 1 for scientific names) and bottomland 
hardwood (Table 1). In contrast, only 62% of the 
southern portion of South Carolina’s coastal 
plain is forested, whereas 23% is in agriculture 
and 9% is urban (Tansey and Hutchins 1988). 
Thus, the degree of forest cover, and therefore 
overall landscape structure, differs considerably 
between SRS and the surrounding lands. We 
compared breeding bird populations on and off 
of SRS to determine whether management prac- 
tices on SRS have affected abundance and com- 
position of the resident avifauna. If those prac- 
tices have not affected bird populations, off-site 
monitoring programs should be sufficient to 
track populations on-site. However, if SRS man- 
agement practices have affected bird popula- 
tions, on-site monitoring also may be necessary. 

METHODS 

The North American Breeding Bird Survey (BBS) 
is the most comprehensive bird census database avail- 
able for nearby off-site areas. The BBS, a program of 
the Biological Resources Division of the U.S. Geolog- 
ical Survey, uses volunteer labor to survey perma- 

nently established routes once per year during the 
breeding season in early June (Robbins et al. 1986). 
An observer drives a 39.4~km route (24.5 mi), stop- 
ping every 0.8 km (0.5 mi) for a total of 50 stops. At 
each stop, all birds detected within 0.4 km (0.25 mi) 
of the observer during a 3-min count are recorded. 
Surveys begin at 0.5 h before official sunrise and are 
conducted only during acceptable weather (good visi- 
bility, little or no precipitation, and no more than light 
winds). We used data from the six BBS routes that at 
least partially fell within 80 km of the SRS boundary 
and were in the same physiographic province; three 
were in Georgia and three were in South Carolina. 

No BBS routes existed on SRS. Therefore, we used 
point-count census data from four recent studies con- 
ducted on SRS (Kilgo 1996, Buffington et al. 1997; K. 
E. Franzreb, unpubl. data; S. A. Gautbreaux, Jr., un- 
publ. data) to generate three surrogate “BBS” routes. 
Although objectives and habitat types sampled in each 
study differed, all used standard point-count method- 
ology (Ralph et al. 1995). Sampling occurred between 
5 May and 25 June. Counts were conducted from sun- 
rise to 3.5 h post-sunrise. For this reason, night birds 
were less likely to be detected on point counts than on 
BBS routes, which began at 30 min before sunrise. 
Therefore, we eliminated the goatsuckers (Common 
Nighthawk, Chordeiles minor, Chuck-will’s_widow, 
Caprimulgus carolinensis, and Whip-poor-will, C. vo- 
ciferus) and the Barred Owl (Strix varia) from analysis 
(no Eastern Screech-Owls, Otus asio, were recorded). 
All birds detected from a point were recorded in dis- 
tance intervals of <50 and >50 m. Birds flying over 
the point were recorded separately by Franzreb (un- 
publ. data) and Gauthreaux (unpubl. data) but were not 
recorded by Kilgo (1996) or Buffington et al. (1997). 
Consequently, birds such as crows and vultures, most 
commonly recorded when flying over a point, may be 
slightly underrepresented in the SRS data. Buffington 
et al. (1997) and Kilgo (1996) conducted 5-min point 
counts, subdivided into intervals of l-3 min and 4-5 
min, whereas Franzreb (unpubl. data) and Gauthreaux 
(unpubl. data) conducted IO-min counts, subdivided 
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TABLE 1. HABITAT TYPES ON THE SAVANNAH RIVER 
SITE AND THE U.S. FOREST SERVICE CODES FROM WHICH 
THEY WERE DERIVED 

USFS 
forest 
fYPe 

Habitat type code Code description 

Longleaf 
pine 

Loblolly- 
slash pine 

Pine- 
hardwood 

Upland 
hardwood 

Bottomland 
hardwood 

21 

22 
31 
32 
34 
35 

12 

13 
14 
26 
44 

46 

47 

53 

56 

57 
82 
58 

61 

62 

63 

64 

67 

68 

72 

Longleaf pine (Pinus 
palustrus) 

Slash pine (P. elliottii) 
Loblolly pine (P. rue&r) 
Shortleaf pine (P. echinatu) 
Sand pine (P. clausa) 
Eastern red cedar (Juniperus vir- 

ginianus) 
Shortleaf pine-oak (Quercus 

SPP.) 
Loblolly pine-hardwood 
Slash pine-hardwood 
Longleaf pine-hardwood 
Southern red oak (Q faZcazu)-yel- 

low pine (P. spp.) 
Bottomland hardwood-yellow 

pine 
White oak (Q. aZba)-black oak 

(Q veZutina)-yellow pine 
White oak-red oak (Quercus 

spp.)-hickory (Carya spp.) 
Yellow poplar (Liriodendron ruli- 

pryera)-white oak-red oak 
Scrub oak (Quercus spp.) 
Black walnut (Juglans nigra) 
Sweet gum (Liquidambar styra- 

cifua)-yellow poplar 
Swamp chestnut oak (Q. mi- 

chau.xii)-cherrybark oak (Q.$ 
var. pagodaefolia) 

Sweet gum-Nuttall oak (Q. nut- 
raZZii)-willow (Salix spp.) 

Sugarberry (Celtis Zuevigata)- 
American elm ( CJZmus ameri- 
cana)-green ash (Fraxinus 
pennsylvanica) 

Laurel oak (Q. ZaurifoZia)-willow 
oak (Q. phellos) 

Bald cypress (Taxodium disti- 
chum)-water tupelo (Nyssa 
aquatica) 

Sweet bay (Magnolia virgini- 
ana)-swamp tupelo (N.s. var. 
bZfora)-red maple (Acer rub- 
rum) 

River birch (Bezulu nigra)-syca- 
more (Platanus occidentalis) 

into intervals of l-3, 4-5, and 610 min. We included 
all birds detected from each point, regardless of dis- 
tance, during the first 3-min period. No point counts 
were conducted along roadsides. 

Although some studies sampled multiple points per 
stand, we randomly selected only one point from each 
stand. Buffington et al. (1997) sampled one stand in 
each of three successional stages of bottomland hard- 

wood forests during 1994. Kilgo (1996) sampled 20 
upland hardwood sawtimber stands, 20 pine sawtimber 
stands, and 20 bottomland hardwood sawtimber 
stands, all during 1994. Franzreb (unpubl. data) sam- 
pled all stands within Red-cockaded Woodpecker (see 
Table 3 for scientific names) buffer zones (N = 86 
points) during 1995. Gauthreaux (unpubl. data) sam- 
pled 75 points during 1994-95 that were established 
by the USFS Forest Inventory and Analysis program 
using an approximately 1,000 X 2,000-m grid overlaid 
on the site. Thus, 224 stands of all major forest types 
and ages occurring on SRS were sampled. 

We classified habitats on SRS using the USFS Con- 
tinuous Inventory of Stand Condition (CISC) database, 
which contains information on the entire land base of 
SRS, by stand. This information includes forest type, 
according to USFS codes, and age of each forest stand. 
We condensed the USFS forest types into five habitat 
types: (1) longleaf pine forest; (2) loblolly and/or slash 
pine forest; which also included insignificant acreages 
of shortleaf pine and Eastern redcedar; (3) mixed pine- 
hardwood forest; (4) upland hardwood forest; and (5) 
bottomland hardwood forest (Table 1). Six percent of 
the area of SRS was classified as nonforested. Non- 
forested areas, which included industrial facilities, 
rights-of-way, and bodies of water, were excluded from 
consideration in determining proportional area of hab- 
itats on site because no census data were available for 
those habitats. For this reason, we eliminated wetland 
birds (waterfowl, wading birds, and kingfishers) from 
the analysis. We used stand age to subdivide the six 
types into four successional stages similar to the pro- 
cedure developed by USFS Region 8 biologists for use 
in the BIRDHAB GIS program, which is based on Ha- 
me1 (1992). These types were regeneration (O-2 yr), 
seedling/sapling (3-9 yr), pole timber (lo-30 yr), and 
sawtimber (>30 yr). We included with the regenera- 
tion stage the small amount of acreage classified as 
grass (USFS forest type 96) and brush (USFS forest 
type 99). Thus, 20 habitats were delineated: four suc- 
cessional stages of five habitat types. 

We selected 50 point counts from SRS databases for 
each surrogate BBS route. To produce routes represen- 
tative of habitat conditions occurring on SRS, we used 
the proportional area of each habitat type on site as 
the expected proportion of the routes (i.e., 50 points) 
that each habitat type should occupy. We used a ran- 
dom number generator to determine number of points 
expected in each habitat type for each route if 50 
points were randomly located on SRS based on the 
expected proportions (Table 2). This approach simu- 
lated the expected composition of a randomly placed 
39.4~km section of road (or BBS route) on SRS. We 
randomly selected from the datasets the ‘number of 
point counts needed for each habitat type. When an 
insufficient number of point counts were available for 
a habitat type, we substituted point counts from the 
most similar habitat type with excess points. For ex- 
ample, three point counts from longleaf pine regener- 
ation stands were substituted for three point counts 
from loblolly pine regeneration stands, because the 
bird communities of these types did not differ (J. B. 
Dunning, unpubl. data). 

We compared the total number of individuals of 
each species counted per route (i.e., summed over the 
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TABLE 2. NUMBER OF POINT COUNTS WITHIN EACH HABITAT TYPE ON THE SAVANNAH RIVER SITE USED To 
GENERATE THREE “BREEDING BIRD SURVEY” ROUTES 

Successional 
Number of points 

Forest type stage Area (ha) PWZeIlt Rf I Rf 2 Rf 3 

Longleaf pine Regeneration 858 1.1 2 0 1 
Seedling/Sapling 4,364 5.8 2 2 1 
Poletimber 1 2,070 2.7 3 0 1 
Sawtimber 9,235 12.4 8 4 6 

Loblollylslash pine Regeneration 2,788 3.7 2 3 2 
Seedling/Sapling 7,962 10.6 3 7 8 
Poletimber 5,781 7.7 2 2 3 
Sawtimber 20,315 27.2 15 12 18 

Pine-hardwood Regeneration 0 0.0 0 0 0 
Seedling/Sapling 189 0.2 0 1 0 
Poletimber 289 0.4 0 0 0 
Sawtimber 2,105 2.8 3 2 0 

Upland hardwood Regeneration 0 0.0 0 0 0 
Seedling/Sapling 55 0.1 0 0 0 
Poletimber 724 1.0 0 0 2 
Sawtimber 1,740 2.3 0 1 2 

Bottomland hardwood Regeneration 126 0.2 0 0 0 
Seedling/Sapling 1,675 2.2 1 2 0 
Poletimber 2,615 3.4 0 2 0 
Sawtimber 11,877 15.9 9 12 6 

Total 74,768 100.7 50 50 50 

50 stops or points) between the SRS routes and the 
BBS routes using two-sample t-tests. We tested the 
assumption of equal variances using the F-test for 
equality of variance. When this test indicated that var. 
iances were not equal (P < 0.05), we used unequal 
variance t-tests. We felt justified in comparing BBS 
data (i.e., roadside counts) with point count data (i.e., 
off-road counts) because the detection of forest species 
is similar between roadside and off-road counts (Keller 
and Fuller 1995). Small roadside openings apparently 
are not avoided by area-sensitive birds (Keller and Ful- 
ler 1995). 

A potential bias inherent in our approach may exist 
because habitat conditions along the BBS routes might 
not have represented those in the region. For example, 
if more forested habitat existed in the region than oc- 
curred within the detection distance from roads, forest 
interior species would be under-represented and edge 
species would be over-represented on the BBS routes. 
However, if the habitat conditions along the BBS 
routes did not differ from overall habitat conditions in 
the off-site areas (i.e., on- and off-road), an accurate 
assessment of birds occurring off-site was achieved by 
the BBS methodology. 

To address that potential bias, we used satellite im- 
agery and a Geographic Information System to com- 
pare the landscape composition of areas surrounding 
the BBS routes. Habitat-classified data (LANDSAT 
Multi Spectral Scanner, 80 X 80 m pixels) were avail- 
able for portions (2 = 82.4% coverage) of the three 
routes in east-central Georgia. Five cover types were 
defined from the data: open water, pine forest, hard- 
wood forest, scrub forest (including turkey oak, suc- 
cessional [5-15 yr old], and residential open forests), 
and open habitats (including bare soil, row crop agri- 
culture, and herbaceous fallow fields and pastures). We 

superimposed buffer strips of two widths (140 m [Bart 
et al. 19951 and 1 km) along the portions of the routes 
covered by the satellite image and tallied the total 
number of cells of each type that fell within or were 
intersected by the strips. We calculated percent com- 
position by type for each route and averaged over the 
three routes. 

RESULTS 

Eighty species that were detected among the 
six BBS routes in Georgia and South Carolina 
and the three constructed routes on SRS were 
included in analysis. Total number of species per 
route did not differ (t = 0.84, P = 0.21) on (2 
= 53.0, SE = 1.9) and off SRS (.Z = 55.5, SE = 
1.7). Eight species were detected on SRS that 
were not detected off SRS, whereas 20 species 
were detected off SRS that were not detected on 
SRS (Table 3). 

Total number of birds per route was greater (t 
= 3.77, P = 0.004) off SRS (X = 661.2, SE = 
50.6) than on SRS (2 = 372.0, SE = 31.2). In- 
cluding species that were detected only on SRS, 
17 species were more abundant on SRS than off 
(P < 0.05; Table 3). Including those detected 
only off SRS, 32 species were more abundant 
off SRS than on (P < 0.05; Table 3). Thirty-one 
species did not differ in abundance (P > 0.05) 
on and off SRS. 

Distribution of habitat types near (within 140 
m) the three BBS routes in Georgia generally 
was similar to that in the larger landscape (with- 
in 1 km of BBS routes; Table 4). Forested types 
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TABLE 3. COMPARISON OF BIRD ABUNDANCE (MEAN 2 SE) ON THE SAVANNAH RIVER SUE (SRS) AS INDEXED 
USING THREE “BREEDING BIRD SURVEY” (BBS) ROUTES GENERATED FROM POINT COUNT DATA, WITH BIRD ABUN- 
DANCE OFF THE SRS, AS INDEXED USING SIX ACTUAL BBS ROUTES 

Abundance! 

Species On SRS Off SRS f-test (P) 

Species detected only on SRS 
Wild Turkey (Meleagris gallopavo) 
Ruby-throated Hummingbird (Archilochus colubris) 
Red-cockaded Woodpecker (Picoides borealis) 
White-breasted Nuthatch (Sitta carolinensis) 
American Redstart (Setophaga ruticilla) 
Ovenbird (Seiurus aurocapillus) 
Louisiana Watertlnush (Seiurus motacilla) 
Hooded Warbler (Wilsonia citrma) 

Species more abundant on SRS 
Pileated Woodpecker (Dryocopus pileatus) 
Tufted Titmouse (Baeolophus bicolor) 
Brown-headed Nuthatch (Sitta pusilla) 
Yellow-throated Vireo (Vireo fZavzfrons) 
Red-eyed Vireo (Vireo olivaceus) 
Northern Panda (Parula americana) 
Pine Warbler (Dendroica pinus) 
Prairie Warbler (Dendroica discolor) 
Kentucky Warbler (Gporornisformosus) 

Species detected only off SRS 
Turkey Vulture (Cathartes aura) 
Mississippi Kite (Zctinia mississippiensis) 
Killdeer (Charadrius voctferus) 
Rock Dove (Columba livia) 
Chimney Swift(Chaetura pelagica) 
Eastern Phoebe (Sayomis phoebe) 
Homed Lark (Eremophila alpestris) 
Purple Martin (Progne subis) 
Rough-winged Swallow (Stelgidopteryx serripennis) 
Barn Swallow (Hirundo rustica) 
American Robin (Turdus migratorius) 
Gray Catbird (Dumetella carolinensis) 
Loggerhead Shrike (Lanius ludovicianus) 
European Starling (Sturnus vulgaris) 
Yellow-throated Warbler (Dendroica dominica) 
Eastern Meadowlark (Sturnella magna) 
Boat-tailed Grackle (Quiscalus major) 
Common Grackle (Quiscalus quiscula) 
House Finch (Carpodacus mexicanus) 
House Sparrow (Passer domesticus) 

Species more abundant off SRS 
Northern Bobwhite (Colinus virginianus) 
Mourning Dove (Zenaida macrouru) 
Eastern Kingbird (Tyrunnus tyrannus) 
Blue Jay (Cyanocittu cristata) 
Northern Mockingbird (Minus polyglottos) 
Brown Thrasher (Toxostoma rufum) 
Northern Cardinal (Cardinalis cardinalis) 
Indigo Bunting (Passerina cyanea) 
Blue Grosbeak (Guirucu cuerulea) 
Red-winged Blackbird (Agelaius phoeniceus) 
Brown-headed Cowbird (Molothrus uter) 
Orchard oriole (Zcterus spurius) 

Species for which abundance did not dt#er on and off SRS 
Black Vulture (Coragyps atratus) 
Red-shouldered Hawk (Buteo Zineutus) 
Red-tailed Hawk (Buteo jamaicensis) 
Common Ground-Dove (Columbina passerina) 

2.0 ? 0.6 0.0 2 0.0 0.074b 
0.7 k 0.3 0.0 5 0.0 0.184b 
2.0 k 1.0 0.0 2 0.0 0.184b 
0.3 lr 0.3 0.0 k 0.0 0.423b 
1.3 2 0.7 0.0 ? 0.0 0.184b 
1.7 2 0.3 0.0 ? 0.0 0.038b 
1.7 IT 0.3 0.0 2 0.0 0.03gb 
7.0 + 1.5 0.0 k 0.0 0.045b 

6.0 ? 0.6 
24.7 ‘- 5.8 

5.3 ? 1.9 
1.3 ? 0.3 
7.7 2 1.7 
8.7 + 1.2 

27.3 rf: 5.9 
4.7 2 0.3 
1.7 5 0.3 

1.2 2 0.3 
9.5 2 1.6 
1.2 ? 0.7 
0.2 2 0.2 
2.0 5 0.7 
2.0 2 0.8 
8.0 2 2.3 
0.5 % 0.2 
0.3 2 0.2 

0.000 
0.011 
0.031 
0.009 
0.008 
0.002 
0.007 
0.000 
0.010 

0.0 2 0.0 4.2 + 1.6 0.050b 
0.0 k 0.0 0.2 t 0.2 0.363b 
0.0 + 0.0 3.0 2 1.1 0.05gb 
0.0 r 0.0 1.8 ? 1.5 0.27Sb 
0.0 k 0.0 11.2 2 3.2 0.017b 
0.0 2 0.0 0.7 2 0.5 0.235b 
0.0 2 0.0 0.8 2 0.8 0.363b 
0.0 2 0.0 19.3 2 8.7 0.077b 
0.0 2 0.0 0.2 2 0.2 0.363b 
0.0 2 0.0 5.7 2 2.4 0.065b 
0.0 c 0.0 2.8 ? 0.9 0.03ob 
0.0 k 0.0 2.5 2 0.9 0.037b 
0.0 k 0.0 2.7 2 0.6 0.007b 
0.0 2 0.0 12.7 ? 6.6 0.115b 
0.0 ? 0.0 1.0 2 0.6 0.175b 
0.0 L 0.0 7.0 ? 2.6 0.044b 
0.0 2 0.0 0.2 + 0.2 0.363b 
0.0 + 0.0 44.8 C 15.8 0.036b 
0.0 * 0.0 1.3 ? 0.6 0.082b 
0.0 2 0.0 12.8 t 7.0 0.126b 

5.7 -c 0.7 24.7 2 3.6 0.003b 
15.0 2 4.0 66.0 2 7.1 0.002 

1.3 2 1.3 14.7 ? 1.4 0.001 
10.3 + 1.8 30.3 2 3.7 0.009 

1.0 + 1.0 44.0 t 9.6 0.007b 
1.0 * 0.0 9.8 2 2.9 0.030 

14.0 2 4.5 47.5 % 4.7 0.003 
9.3 ? 1.8 18.7 ‘- 1.8 0.014 
3.3 2 1.2 14.5 ? 2.0 0.008 
0.7 t 0.7 14.2 ? 4.6 0.03 lb 
1.3 2 0.3 8.1 t 1.7 0.009b 
0.3 + 0.3 11.8 ? 2.7 O.OOgb 

0.7 k 0.7 
1.3 2 0.7 
0.3 2 0.3 
0.3 2 0.3 

7.3 t 3.5 
0.8 * 0.5 
0.8 * 0.3 
2.2 ? 1.4 

0.117 
0.598 
0.351 
0.411 



REGIONAL VERSUS SITE AVIFAUNA-Kilgo et al. 85 

TABLE 3. CONTINUED 

Species On SRS Off SRS t-test (P) 

Yellow-billed Cuckoo (COCCYZUS americanus) 
Red-headed Woodpecker (M&nerpes etythrocephalus) 
Red-bellied Woodpecker (Melanerpes carolinns) 
Downy Woodpecker (Picoides pubescens) 
Northern Flicker (Coluptes aurutus) 
Eastern Wood-Pewee (Contopus kens) 
Acadian Flycatcher (Empidonux virescens) 
Great Crested Flycatcher (Myiurchus crinitus) 
Fish Crow (Corvus ossijirugus) 
Carolina Chickadee (Poecile curolinensis) 
Carolina Wren (Thryothorus Zudoviciunus) 
Blue-gray Gnatcatcher (Polioptilu caertdeu) 
Eastern Bluebird (Siulia siulis) 
Wood Thrush (Hylocichlu mustelina) 
White-eyed Vireo (Vireo griseus) 
Black-and-white Warbler (Mniotiltu vuria) 
Prothonotary Warbler (Protonoturiu citreu) 
Swainson’s Warbler (Limnothlypis swainsonii) 
Common Yellowthroat (Geothlypis trichas) 
Yellow-breasted Chat (Icteria virens) 
Summer Tanager (Pirungu t-ubru) 
Painted Bunting (Passerina ciris) 
Eastern Towhee (Pipilo erythrophthalmus) 
Bachman’s Sparrow (Aimophilu uestivulis) 
Chipping Sparrow (Spizella passerma) 
Field Sparrow (Spizella pusilla) 
American Goldfinch (Curduelis tristis) 

3.3 5 0.3 
6.7 t 2.3 

15.0 I 1.5 
2.3 k 0.7 
3.0 + 1.5 
7.7 t 1.8 
6.7 -c 1.5 

23.0 2 4.0 
3.0 2 1.5 
9.0 k 1.0 

17.7 * 1.9 
7.3 2 0.9 
3.3 * 1.2 
4.3 2 0.9 
7.3 % 3.0 
1.0 2 0.6 
0.6 2 0.3 
0.3 +. 0.3 
3.7 _c 1.2 
2.0 lr 2.0 

12.0 2 2.0 
0.3 + 0.3 

14.0 2 4.7 
5.0 ? 1.5 
2.3 ? 0.3 
1.7 2 0.9 
0.7 2 0.3 

2.7 2 0.9 0.640 
1.0 2 0.5 0.133b 

15.5 2 2.4 0.894 
4.2 2 0.9 0.247 
0.8 2 0.5 0.119 
3.8 k 0.9 0.066 
1.5 2 0.3 0.067b 
6.5 k 1.0 0.05 lb 

15.0 ? 8.7 0.228b 
6.8 2 1.3 0.318 

18.8 2 5.5 0.890 
3.8 2 1.1 0.076 
4.7 f 1.1 0.486 
4.0 c 1.3 0.873 
4.7 2 1.0 0.471 
0.2 2 0.2 0.106 
1.8 2 0.9 0.398 
0.2 2 0.2 0.626 
2.2 ? 0.5 0.222 
4.7 2 2.0 0.435 
7.2 ? 1.4 0.084 
1.8 ? 0.8 0.244 

25.3 % 3.3 0.090 
0.3 t 0.3 0.089b 
1.0 * 0.7 0.234 
5.8 ? 1.7 0.147 
0.7 + 0.5 1.000 

a Expressed as number of individuals detected per route. 
b Unequal variance t-test. 

(pine and hardwood) accounted for a slightly 
greater proportion of the area within 1 km 
(36.4%) than within 140 m (32.5%) of the 
routes. Conversely, open habitats accounted for 
a slightly greater proportion of the area within 
140 m (58.6%) than within 1 km (55.3%). 

DISCUSSION 
The relative abundance of birds in the region 

surrounding SRS was nearly twice that of birds 

TABLE 4. COMPARISON OF RELATIVE DISTRIBUTION 
(% COMPOSITION) OF HABITAT TYPES NEAR (WITHIN 140 
M) THREE BREEDING BIRD SURVEY ROUTES WITH THAT 
IN THE BROADER LANDSCAPE (WITHIN 1000 M OF THE 
ROUTES) IN EAST-CENTRAL GEORGIA 

Distance from road 

Cover type 140 m 1,ooo m 

Open water 0.6 0.8 
Pine forest 6.4 7.6 
Hardwood forest 26.1 28.8 
Scrub foresta 8.2 7.6 
Open groundb 58.6 55.3 

a Includes turkey oak (Quercus laevis), successmnal, and residential open 
forest. 
b Includes bare soil, row crop agriculture, herbaceous fallow field, and 
herbaceous pasture. 

on SRS. The most probable explanation for the 
greater abundance of birds detected off SRS is 
that a greater diversity of land use practices, in- 
cluding agriculture and urban/suburban devel- 
opment, was present off-site. Areas under these 
land uses provided habitat for more species. For 
example, Killdeer, Horned Lark, Eastern Mead- 
owlark, Eastern Kingbird, Blue Grosbeak, and 
Brown-headed Cowbird commonly are associ- 
ated with field, pasture, or edge habitats, and 
Rock Dove, Chimney Swift, Purple Martin, 
House Finch, and House Sparrow commonly are 
associated with urban or residential habitats. De- 
veloped areas were present on SRS that were not 
sampled, and these areas supported populations 
of urban birds; all of the above-mentioned spe- 
cies have been documented to occur on SRS 
(Mayer and Wike 1997). Developed areas com- 
prised <5% of the area of SRS, so their impact 
on abundance comparisons likely would have 
been minimal had we data to include them in 
analysis. However, inclusion of these areas may 
have impacted the species richness estimates for 
SRS, and the number of species detected only 
off SRS may have been reduced considerably. 
Additionally, J. B. Dunning (unpubl. data), 
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working in forest regeneration stands on SRS, 
documented the presence of several species re- 
ported herein as occurring only off SRS. These 
species, present but only locally common or un- 
common on SRS, included Mississippi Kite, 
Rough-winged Swallow, Barn Swallow, Gray 
Catbird, Loggerhead Shrike, and Common 
Grackle, in addition to some of the urban birds 
mentioned above. As with any sampling meth- 
odology, species were missed. For this reason, 
Table 3 should not be viewed as a comprehen- 
sive list with regard to SRS birds, but rather as 
a representative sample of the species occurring 
in non-developed habitats on SRS. Similarly, 
species recorded off SRS likely are only a rep- 
resentative sample. 

The difference in land-use patterns on- and 
off-site also explains the greater abundance of 
forest birds on SRS. Of the species that were 
more abundant on-site, most were species that 
preferred mature forested habitats of either bot- 
tomland hardwood or longleaf pine. These in- 
cluded Red-cockaded Woodpecker and Prairie 
Warbler in longleaf pine forest, and American 
Redstart, Louisiana Waterthrush, Hooded War- 
bler, and Kentucky Warbler in bottomland hard- 
woods. Both mature longleaf pine and bottom- 
land hardwood forests are more prevalent on 
SRS than off. Both are considered by Partners 
In Flight to be ecosystems of high priority for 
bird conservation (W. C. Hunter, in prep.). Fur- 
thermore, many species more abundant on SRS 
were forest-interior species (e.g., Pileated Wood- 
pecker, Red-eyed Vireo, American Redstart, 
Kentucky Warbler; Robbins et al. 1989, Kilgo et 
al. 1998). Apparently, the continuously forested 
landscape of the SRS increased the effective size 
of suitable habitat patches (i.e., stands) for these 
species, and thus supported greater densities 
(Kilgo et al. 1997). 

A potential bias that may have contributed to 
the differences we observed relates to the dif- 
ferent sampling methodologies of the BBS and 
point counts. When compared with off-road 
counts, roadside counts such as the BBS may 
over-represent species that prefer edge habitats 
(Keller and Fuller 1995), apparently because of 
the greater amount of edge habitat (i.e., that cre- 
ated by the right-of-way) that is sampled. How- 
ever, such a bias was not a concern in our study 
if the roadside counts sampled the habitat actu- 
ally available in the region. That is, if the region 
was dominated by edge or brushy habitat, more 
of these habitats were expected to be sampled 
by the BBS routes, and therefore more edge or 
brush birds were expected. Our GIS analysis of 

landscape composition indicated that the strip 
within 140 m of the BBS routes generally was 
similar to the larger landscape in both forested 
habitat (32.5 vs. 36.4%, respectively) and open 
habitat (58.6 vs. 55.3%, respectively). If these 
differences are not merely attributable to sam- 
pling error, the relative abundance of birds in the 
off-site areas that prefer open or brushy habitat 
may be slightly over-estimated, whereas that of 
forest birds may be slightly under-estimated. 
However, we believe that, due to the magnitude 
of the differences in bird populations on and off 
of SRS, this bias had minimal impacts on our 
analysis. 

We conclude that SRS provides the habitat 
conditions necessary to support a large suite of 
forest birds not otherwise common in the region. 
Eleven of the species that were either more 
abundant or occurred only on site are ranked as 
“high priority” or higher for the area by the 
Partners In Flight prioritization scheme (Hunter 
et al. 1993; W. C. Hunter, in prep.), and one, 
Red-cockaded Woodpecker, is an endangered 
species whose population on site is increasing 
(Franzreb and Lloyd this volume). This situation 
exists because of the presence of rare habitats 
on SRS (longleaf pine and bottomland hardwood 
forest) and the overall landscape composition 
and configuration of SRS. However, forest man- 
agement conducted at the expense of other land 
uses (agriculture and urban development) also 
precludes the presence of habitat conditions for 
many species. The conservation needs of each 
group (i.e., forest versus non-forest birds) should 
be considered in large-scale land use planning. 

The differences in bird populations on and off 
SRS necessitate a monitoring program on site to 
supplement ongoing regional monitoring pro- 
grams such as the Breeding Bird Survey. How- 
ever, we demonstrated that if such on-site infor- 
mation is lacking, long-term research projects 
may provide useful comparative information in 
lieu of standard monitoring programs if the re- 
search data are collected following standardized 
guidelines such as those of Ralph et al. (1995) 
for point counts. 
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FIFTY YEARS OF ORNITHOLOGICAL COVERAGE AT SRS: WHAT 
SPECIES AND GROUPS HAVE FALLEN THROUGH THE CRACKS? 

D. ARCHIBALD MCCALLUM, SHERRY LEATHERMAN, AND JOHN J. MAYER 

Abstract. Over the past 50 years, SRS has been the site of numerous ornithological studies, both 
applied and basic. Although monitoring the entire avifauna has never been the goal of these studies, 
the spatial, temporal, and taxonomic coverage have nevertheless been extensive. In this paper, we 
attempt to distill published review papers and others in this volume into a single assessment of 
coverage. In addition to showing the successes of this body of work, our compilation shows the 
temporal periods, species, and higher taxonomic groups that have received little or no coverage. We 
found that waterfowl and other waterbirds have been well-covered throughout the half-century. Three 
endangered species (Wood Stork, Mycteria americana, Bald Eagle, Haliaeetus leucocephalus, and 
Red-cockaded Woodpecker, Picoides borealis) have received considerable attention for the past 2-3 
decades. Upland gamebirds were a focus principally during the early years, and landbirds in general 
received little attention between the 1950s and the early 199Os, when extensive terrestrial censusing 
was initiated. Two groups that are frequently singled out for study, raptors and cavity nesters, have 
not been studied at SRS as guilds, and aerial foragers and nocturnal species have received little 
attention. While overall coverage has been good, we suggest that the status of SRS as a National 
Environmental Research Park calls for a more proactive attempt at comprehensive long-term moni- 
toring of the avifauna on and off site, which could be accomplished through partnerships already in 
place. 

Key Words: bird populations, contaminants, Department of Energy (DOE), Forest Service, long-term 
monitoring, National Environmental Research Park (NERP), radionuclides, Savannah River Ecology 
Laboratory (SREL), Savannah River Institute (SRI), Savannah River Site (SRS), silvicultural impacts, 
South Carolina, thermal impacts. 

Seen from space, the Savannah River Site (SRS) 
is a vast patch of nearly continuous forest green 
in a surrounding matrix of agricultural fields, 
ditches, woodlots, and human residences (White 
and Gaines this volume). The current distribution 
of habitats on the SRS was created through the 
long-term land management of the SRS by the 
U.S. Forest Service, funded through the Depart- 
ment of Energy (DOE), and in response to the 
DOE’s programmatic goals. One result of this 
management is that the avifauna on the SRS dif- 
fers from that found in the agricultural lands and 
human residential areas that dominate the land- 
scape matrix off-site (Kilgo et al. this volume). 
For instance, the SRS has a higher proportion of 
forest than do private lands in the region, and 
therefore supports more forest birds. The SRS 
offers at least potential source habitat for many 
forest-dwelling species that are uncommon in 
the surrounding landscape. Conversely, species 
typical of agricultural fields or other open hab- 
itats may be under-represented on the SRS (Kil- 
go et al. this volume). 

Research on the birds of the SRS has been 
dominated by studies required to meet program- 
matic goals of DOE or the Forest Service. Thus, 
the research done to date is not completely rep- 
resentative of the whole avifauna. Programmatic 
emphases have varied since the creation of the 
SRS; thus different species have been studied at 
different times over the past 40-plus years. The 

emphasis on certain species has been diminished 
somewhat by additional studies conducted for 
reasons extrinsic to the mission of SRS (e.g., by 
visiting faculty and students), and explicit at- 
tempts to monitor the entire avifauna (e.g., the 
annual Christmas Bird Count). Some species and 
higher taxa, however, remain poorly known on 
the site. 

The purpose of this paper is to document how 
intensively and extensively this avifauna has 
been studied since the establishment of the site. 
The major focus is to identify those species and 
higher taxa that have fallen through the cracks 
in the extensive floor of coverage on the site. 
We address this goal by documenting in tabular 
form the species that have received coverage, 
both intentional and coincidental. Both pub- 
lished sources (from this volume and the open 
literature) and unpublished in-house reports 
have been consulted. The result is a compilation 
of taxa and ecological associations that allows 
us to identify which groups have been studied 
least and are not currently under study. 

METHODS 

Our data were species listed in tables or text in for- 
mal reports, both published in the open literature and 
in-house. These included journal articles, Savannah 
River Ecology Laboratory (SREL) documents, and 
SRS documents. Theses were not consulted, but were 
reviewed recently by Mayer et al. (1997). Original 
analysis of raw data, such as field notes, banding re- 
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cords, and museum specimens was beyond the scope 
of this study. We did, however, use raw Christmas Bird 
Count data compiled by K. E Gaines, C. Eldridge, and 
L. L. Eldridge (unpubl. data). 

We constructed a spread-sheet in which the rows 
were all the species recorded on SRS (Mayer et al. 
1997), and each source document was represented by 
a column. To add some temporal depth to the tabula- 
tion, each decade since 1950 was represented in the 
appropriate cell by a numeric code (e.g., 50 for 1950- 
59, 60 for 1960-69, etc.). To save space, we combined 
data from studies that covered only one or a few spe- 
cies into a single column (Table 1, column 10). We 
used this coverage table to identify species and higher 
taxonomic groups that have received no or little cov- 
erage. We complemented the table with results of a 
discussion group at the symposium to identify, in a 
second table, taxa that may need more intensive cov- 
erage in the future (Table 2). 

RESULTS AND DISCUSSION 

Table 1 shows 254 species recorded by Mayer 
et al. (1997) as occurring on SRS. We found 192 
species (99 nonpasserine, 93 passerine), repre- 
senting 50 families (26 nonpasserine, 24 passer- 
ine) and 17 orders (following the taxonomy of 
Post and Gauthreaux 1989) that have received 
some coverage (Table 1). Despite the large num- 
ber and percentage (76% of site list from Mayer 
et al. 1997) of species tabulated as covered, in- 
spection of the table reveals strong taxonomic 
and temporal biases in coverage. Noteworthy 
omissions are listed in Table 2 and discussed 
below. 

SRS has always had a programmatic interest 
in impoundments and wetlands (Table 1, col- 
tmms 3,4). The coverage of open-water habitats, 
and the mostly nonpasserine birds using them, 
has been extensive temporally and intensive 
methodologically. In winter, waterfowl and 
American Coots (scientific names of all species 
appear in Table 1) have been the main subjects 
of these studies (Brisbin et al. 1973, Brisbin 
1974, Mayer et al. 1986, Brisbin and Kennamer 
this volume; R. A. Kennamer, unpubl. data); 
while the major breeding anatid, the Wood 
Duck, has been studied continuously from 1981 
to the present (Kemamer and Hepp this vol- 
ume). Ciconiiform waders were studied as their 
habitat was being flooded by the impoundment 
of L Lake in the 1980s (Table 1, column 2; Bild- 
stein et al. 1994) and during the drawdown of 
Par Pond in 1991 (Bryan et al. 1996). Two en- 
dangered species that use aquatic habitats, the 
Bald Eagle and particularly the Wood Stork, 
have been the subjects of study (Table 1, column 
2; Bryan et al. 1996, this volume). 

Terrestrial birds, on the other hand, have re- 
ceived much less attention. Upland habitats were 
not a major programmatic concern, and follow- 
ing the pioneering studies of E. I? Odum and 

students on old-field succession in the 1950s 
(Table 1, column 1; Meyers and Odum this vol- 
ume), these birds received little attention until 
neotropical migrants became a focus of conser- 
vation efforts in the 1980s. In the early 1990s 
the Forest Service’s Savannah River Institute 
(SRI) initiated extensive annual breeding bird 
censusing effort in terrestrial habitats (Table 1, 
columns 6-8; Kilgo et al. this volume). This add- 
ed considerably to the scope of previously ex- 
isting studies of forest birds, which were mostly 
associated with management of the endangered 
Red-cockaded Woodpecker (Franzreb and Lloyd 
this volume). Terrestrial coverage focused on 
communities was supplemented by intensive 
work on the Bachman’s Sparrow and its asso- 
ciates in mature pine forest and early succes- 
sional habitats (Table 1, column 5; Dunning et 
al. this volume). 

Because of the conversion of the landscape 
from agricultural to forested land uses (White 
and Gaines this volume), coverage of open- 
country birds declined after the initial studies of 
succession directed by Odum (Meyers and 
Odum this volume). As the short-rotation pine 
plantations responsible for most of the increase 
in forest coverage matured, cleat-cuts offered 
open-country birds, at least the ones with small 
home ranges (mostly passerines), extensive if 
temporary footholds throughout the site. Dun- 
ning et al. (this volume) have studied the impacts 
of this landscape-level ephemerality on Bach- 
man’s Sparrows and other open-country passer- 
ines (Table 1, column 5). 

Falling under the rubric of open-country birds 
are two gamebirds (Mourning Dove and North- 
em Bobwhite), which were studied intensively 
in the 1950’s. The Northern Bobwhite has de- 
clined drastically because of habitat conversion, 
on SRS as well as in the Piedmont of the state 
(J. Cely, pers. comm.). Recently, the Mourning 
Dove has become the subject of intensive metal 
uptake and radioecology studies (Burger et al. 
1997, 1998; Kennamer et al. 1998), but its basic 
biology was not studied during the shift from 
open to forested habitat, 1960-1990. 

Another gamebird, the Wild Turkey, was pres- 
ent in small numbers in the Savannah River 
Swamp in the 1950s. In 1973-1974 the South 
Carolina Department of Natural Resources intro- 
duced 48 turkeys to SRS for propagation and, as 
of 1997,728 turkeys had been relocated to other 
areas in the state and beyond (Halverson et al. 
1997). Turkeys have been the subject of telem- 
etry studies in the 1990s (I. L. Brisbin, pers. 
comm.; J. C. Kilgo, pers. comm.). 

Given the intensive silvicultural management 
of the site, the lack, until recently, of explicit 
coverage and/or management of upland cavity- 
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TABLE 2. ECOLOGICAL GUILDS AND TEMPORAL PE- 
RIODS THAT ARE UNDER-REPRESENTED IN PAST AND 
CURRENT RESEARCH, AND PROBABLE REASONS FOR 
THEIR UNDER-REPRESENTATION 

Under-represented group 

Night birds (owls, goat- 
suckers) 

Aerial foragers (swifts, 
swallows) 

Raptors (hawks, owls, 
shrikes) 

Cavity nesters (except 
Wood Ducks) 

Stopover populations 

Probable ream” 

Require specific census 
techniques 

Require specific census 
techniques 

Spatial scale too large for 
point counts 

Current focus is on neo- 
tropical migrants 

Current focus is on 
breeding populations 

Winter populations Current focus is on 
breeding populations 

nesters is surprising. Short rotations may prevent 
the build-up of an inventory of snags, which are 
used by eight primary cavity-nesters (Table 1: 
seven woodpeckers and Brown-headed Nut- 
hatch) for excavation of new cavities. These 
cavities are then used by up to twelve species of 
small secondary cavity nesters found on the SRS 
species list (Table 1: Eastern Screech-Owl, 
Chimney Swift, Great Crested Flycatcher, Purple 
Martin, Carolina Chickadee, Tufted Titmouse, 
White-breasted Nuthatch, Carolina Wren, East- 
em Bluebird, European Starling, Prothonotary 
Warbler, and House Sparrow). Recent compari- 
sons of chemical and mechanical site prepara- 
tion (Kilgo et al. this volume) begin to address 
silvicultural impacts on these small cavity-nest- 
ers. Additionally, a large-scale experimental 
study of the role of coarse woody debris in 
structuring communities of cavity-nesting birds 
in loblolly pine forests was initiated by SRI 
just prior to this symposium (J. C. Kilgo, pers. 
comm.). 

Short rotations also prevent the buildup of an 
inventory of large and old trees that eventually 
would provide natural cavities for larger, facul- 
tative cavity-nesters such as vultures and owls. 
These species are probably limited to bottom- 
land situations, where large trees persist, or nest 
in alternative sites such as buildings. 

Studying the impacts of the site’s shifting 
landscape pattern on metapopulation dynamics 
of cavity nesters could be even more productive 
than studies of non-cavity nesters in clearcuts 
have been, because the former’s nests are so 
much easier to find than cup nests in shrubs and 
on the ground. Moreover, the site’s limited hu- 
man access also makes it seemingly ideal for 
studies of the mitigative effects of nest boxes on 
secondary cavity nesters in managed environ- 
ments. The feasibility of the latter suggestion is 

compromised somewhat by the failure of Amer- 
ican Kestrels (Beheler and Dunning 1998) and 
small passerines (D. A. McCallum, pers. obs.) 
to use boxes erected for their use. On the other 
hand, boxes erected for Wood Ducks have been 
used repeatedly, by nontarget as well as the tar- 
get species (Kennamer and Hepp this volume). 
Erection of boxes for barn-owls in developed 
parts of the site could be especially effective. 

A surprising omission in explicit coverage, 
given the level of interest on other federal lands, 
is raptors, both diurnal (falconiforms, shrikes) 
and nocturnal (strigiforms) (Table 2). Because of 
their large size and home ranges, many raptors 
require targeted surveys for adequate sampling. 
Fortunately, although raptors have not been 
studied as a group, several species have been 
studied individually. Once-a-year estimates of 
winter populations of all diurnal raptors (Christ- 
mas Bird Counts) and of Bald Eagles (Bryan et 
al. 1996) help identify trends. The SRI has aug- 
mented nesting structures for both Bald Eagles 
and Ospreys (W. L. Jarvis, pers. comm.). The 
American Kestrel was studied intensively for 
two years, 1995-1996 (Beheler and Dunning 
1998). Loggerhead Shrikes were covered in 
studies of clearcuts (Dunning et al. this volume), 
and in urban areas (Mayer and Wike 1997). 

Other nocturnal birds, primarily caprimulgi- 
forms, are likely to be under- or undetected with 
the point count methodology used in many re- 
search and monitoring projects (Table 2; Kilgo 
et al. this volume). Swallows (Hirundinidae) and 
swifts (Apodidae) are aerial foragers whose 
numbers are not well estimated without methods 
specific to their habits, but nests of species that 
breed locally (Purple Martin, Barn Swallow, 
Northern Rough-winged Swallow) are moni- 
tored in the developed/urban areas (J. B. Dun- 
ning, unpubl. data; J. J. Mayer, unpubl. data). 
Purple Martins may be valuable as sentinel spe- 
cies around waste sites, but attempts to establish 
colonies have met with only limited success (I. 
L. Brisbin, pers. comm.). 

The focus on breeding birds has left terrestrial 
birds largely unstudied during winter and migra- 
tion for the entire half century of SRS’s exis- 
tence (Table 2). This is an unfortunate omission, 
because several resident or wintering species re- 
corded in the 1950s (Meyers and Odum this vol- 
ume: Table 8) are no longer present on the site 
(e.g., Short-eared Owl) or in the state (e.g., Be- 
wick’s Wren). The major exception to the ab- 
sence of winter landbird coverage is the annual 
Christmas Bird Count (Table 1, column 9), spon- 
sored by the National Audubon Society (with 
recent co-sponsorship by the American Birding 
Association). This one-day count of all species 
in a 15-mi diameter circle is in fact the major 
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winter population monitoring scheme in North 
America, and the SRS count has provided in- 
valuable data since 1979. But, this is a volunteer 
effort, with variable participation. A more rig- 
orous and extensive approach to winter popula- 
tion monitoring is desirable. Data obtained in the 
pre-operational monitoring study for the pro- 
posed New Production Reactor (Ercolano 1992) 
provided a limited survey of these species. The 
inclusion of winter bird studies in recent mas- 
ter’s theses (Kilgo et al. this volume) is a step in 
the right direction. 

Winter studies are needed because the effect 
of land management practices may be just as 
significant for the many short-distance migrants 
that winter in South Carolina as it is for breeding 
species. For example, declines in populations of 
sparrows and other species that breed in mid- 
continent grasslands have recently aroused con- 
cerns. These are mostly “short-distance” mi- 
grants, some of which, e.g., Henslow’s Sparrow, 
winter in South Carolina. Henslow’s Sparrow is 
a species of concern for most land-management 
agencies in South Carolina and Georgia. 

The importance of stopover sites for migra- 
tory species should also be recognized (Table 2). 
SRS, which lies athwart the northward route of 
many neotropical migrants, may be a stopover 
site of immense value for these dwindling pop- 
ulations, but the use of the site by migratory 
passerines has only recently received attention. 
A study of spring and fall migrant use of early 
successional bottomland hardwood habitat was 
initiated just prior to this symposium (J. C. Kil- 
go, pers. comm.). 

CONCLUSIONS AND RECOMMENDATIONS 

SRS was the first National Environmental Re- 
search Park, and the presence of a DOE opera- 
tion on the site seems likely well into the future. 
The opportunity afforded by this tenure for com- 
prehensive monitoring and study of all bird pop- 
ulations on the site has not, however, been ex- 
ploited fully. The programmatic emphasis on 
wetlands has resulted in excellent coverage of 
nonpasserine aquatic birds, and many publica- 
tions in the open, peer-reviewed literature. A re- 
cent emphasis on risk assessment has resumed 
an early focus on upland game birds, and addi- 
tional work in this area may expand coverage 
somewhat. Indeed, the programmatic emphasis 
on fate and effects of contaminants seems to 
have led to underutilization of terrestrial birds as 
subjects by SREL, DOE’s chief provider of eco- 
logical research (Meyers and Odum this vol- 
ume). 

Another contractor, the USDA Forest Service, 
has begun to fill this void in the past decade with 
a variety of census projects. Although many of 

these have specific applied goals, Kilgo et al. 
(this volume) show how such results can be 
amalgamated into an approximation of compre- 
hensive basic research on the breeding birds of 
forested lands. Nevertheless, comparison of cen- 
sus results on and immediately off the site show 
that onsite bird communities are not represen- 
tative of the regional matrix (Kilgo et al. this 
volume), and suggest that SRS is a regional cen- 
ter of abundance for 13 species of neotropical 
migratory passerines, some of which are expe- 
riencing range-wide population declines. These 
authors conclude that the differences in bird 
populations on and off SRS necessitate a mon- 
itoring program on site to supplement ongoing 
regional monitoring programs such as the Breed- 
ing Bird Survey. As Forest Service research and 
policy emphases understandably change over 
time, we conclude that unless DOE makes long- 
term monitoring of bird populations on SRS a 
programmatic emphasis, coverage will continue 
to be piecemeal, and the opportunity to acquire 
a priceless data set on avifaunal change may 
well be lost. 

Moreover, despite the excellent coverage of 
terrestrial breeding bird populations fostered by 
Forest Service initiatives in the past decade, 
nonbreeding populations of terrestrial birds have 
received no intensive study. A 78,0OO-ha site 
with controlled access and a managed landscape 
has high potential as a major wintering and stop- 
over site for nonbreeding birds. Assessing and 
maintaining this potential should go hand in 
hand with maintenance of breeding bird popu- 
lations. 

During the first half century of SRS’s exis- 
tence, DOE’s environmental mission for SRS fo- 
cused on minimizing and mitigating impacts 
caused by local operations. Although this mis- 
sion will remain important in perpetuity, the next 
50 years will see great changes in industrial fo- 
cus at the former “bomb plant.” A more inclu- 
sive mission could make this NERP a world 
leader in adaptive management for biodiversity, 
which would compliment its well-deserved rep- 
utation in contaminant studies and environmen- 
tal monitoring. This potential leads us to rec- 
ommend that DOE undertake the following pro- 
grammatic goals and objectives for the next 
half-century: 

Explicit commitment to 50 years of year- 
round monitoring of bird populations in upland, 
bottomland, aquatic, and urban habitats on site, 
and in the off-site matrix. This will permit cor- 
relation with global as well as local environ- 
mental variation. 

Continued focused study on the impact of in- 
dustrial operations and silviculture on these bird 
populations. 
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Restoration and maintenance at sustainable 
levels of populations of endangered and threat- 
ened species; maintenance at sustainable levels 
of populations of species with declining global 
habitat availability. 

Specific objectives that would help implement 
these goals include: continuation of excellent 
studies of Wood Ducks and Wood Storks; con- 
tinued encouragement and study of Bald Eagle 
and Osprey nesting on site; initiation of inten- 
sive study of cavity-nester metapopulation dy- 
namics under stand-level, short-rotation timber 
management (including a site-wide nestbox pro- 
gram); continuation and expansion of intensive 
study of early-successional-species metapopula- 
tion dynamics under stand-level, short-rotation 
timber management; continuation and expansion 
of study of migratory forest-nesting birds; initi- 
ation of year-round monitoring of visiting and 
resident bird populations; active management of 

industrial fringes, rights-of-way, and early suc- 
cessional forest compartments for wintering 
sparrows and other regionally declining open 
country birds, such as Northern Bobwhite and 
Loggerhead Shrike. 

Expand leadership in the field of contaminant 
uptake and fate in birds by focusing on impacts 
on unexploited populations, in addition to im- 
pacts on humans. 

ACKNOWLEDGMENTS 

We thank other participants in the symposium for 
their exhaustive research and easily-read tables, which 
made our tabulation easy. Especially helpful were J. 
C. Kilgo, who provided two summaries of unpublished 
census data, R. A. Kennamer, who provided additional 
material from SREL, and K. Gaines, who provided 
Christmas Bird Count data. I. L. Brisbin, J. C. Kilgo, 
and J. B. Dunning improved the manuscript with their 
critical comments. Logistic support was provided by 
the USDA Forest Service and the College of Charles- 
ton. 



Studies in Avian Biology No. 21:104-108, 2000. 

PEOPLE AND DECISIONS: MEETING THE INFORMATION NEEDS 
OF MANAGERS 

JOHN BLAKE AND ELIZABETH LEMASTER 

Abstract. The process of identifying management information needs, providing credible results, and 
incorporating those results into land management decisions has been essential for the effective con- 
servation of avian communities. The Savannah River Institute funded 18 avian studies as part of a 
Biodiversity Program started in 1989. The factors that influenced the success of the management- 
research collaboration include an effort to understand the land manager’s decision making environment, 
land use alternatives, and a close working relationship among scientists and managers that built trust 
and ownership in the projects. Broad research needs identified include ecological restoration, key 
species and resources, landscape patterns and processes, and monitoring. Individual research studies 
evaluated avian community responses to silvicultural manipulations, landscape vegetation patterns, 
and potential influence of key resources such as soft mast and coarse woody debris. Geographic 
Information Systems technology provided a means to develop two important decision support tools. 
The first was a quantitative assessment of community habitat models, and the second was the appli- 
cation of spatially explicit modeling of sensitive or endangered species. 

Key Words: biodiversity, decision making, environmental assessments, geographic information sys- 
tems, habitat modeling, land management. 

In an early assessment of management infor- 
mation needs, Ackoff (1967) found that “most 
managers suffer from an over-abundance of ir- 
relevant information.” Yet, we find ourselves 
asking for more information to make decisions 
about the conservation and management of avi- 
an communities on public and private lands. 
Why does this apparent contradiction exist? A 
significant part of the problem results from the 
type of information that is being provided. Peo- 
ple and organizations also have their own per- 
sonalities and cultures that affect the utility of 
information. Given the concern for sustainable 
management of native communities and viable 
populations, it is important to refocus scientific 
efforts to generate information of greater utility. 
Management organizations also must provide a 
process for evaluating scientific information, and 
incorporating reliable results into land manage- 
ment decisions. 

In 1989, the Manager of the Savannah River 
Institute (SRI) proposed a biodiversity research 
program at the Savannah River Site (SRS). The 
Institute management staff decided on a mission 
oriented, problem solving approach. It was evi- 
dent to us that: (1) many land management par- 
adigms in conservation are influenced directly or 
indirectly by the behavior of avian groups; (2) 
there had been few systematic observations of 
avian communities in forested areas at SRS 
since the 1950s; and (3) genuine concerns ex- 
isted as to the impact of harvesting and silvi- 
cultural activities, land management policies, 
and facilities construction. Over the succeeding 
years, the Institute funded a total of 18 avian- 
related studies. This paper addresses general fac- 
tors that influence the success of the manage- 

ment-research collaboration at SRI, how re- 
search needs at SRI were developed, and how 
the resulting information might affect changes in 
land management at SRS. 

MANAGEMENT-RESEARCH 
COLLABORATION 

THE DECISION MAKING ENVIRONMENT 

The primary responsibility of the Institute’s 
staff is to make land management decisions con- 
sistent with the objectives of the Department of 
Energy, and then to implement those decisions 
given the resources and technology available. A 
key to identifying useful information is under- 
standing the decision making environment. Fail- 
ure to appreciate this simple fact often results in 
scientific studies with little relevance to man- 
agement issues, and in results that are ignored 
by practitioners. 

Managers contribute to the problem by having 
objectives that are ill-defined, e.g., “enhance 
naturalness.” We sometimes develop goals to 
manage and monitor species with little consid- 
eration of the metrics and costs involved. Our 
plans must be dynamic, but often are not, re- 
sulting in conflicts over time. Frequently, spatial 
scale is not appreciated. We have a difficult time 
articulating science questions beyond the classic 
“we need more information on . . . ,” but offer 
no specifics. Rarely do we take a complex issue 
and break it into tractable questions that can be 
addressed through systematic studies. The irn- 
portant questions may include the need to test 
assumptions in existing relationships, or to es- 
tablish the mechanistic bases for empirical ob- 
servations. The need for the latter can be diffi- 
cult for managers to appreciate. Scientists can 
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help translate our information needs into re- 
search questions by using a parsimonious sci- 
entific approach. 

From a manager’s perspective, answers to sci- 
ence questions that do not distinguish among al- 
ternative land management activities will not be 
valued. If the alternatives are too politicized, 
good science is not likely to impact choices ei- 
ther. If the scientists fail to appreciate the larger 
context of the management problem, particularly 
other impacts that may result from the altema- 
tives being considered, the information will be 
discounted. For example, social forces can sig- 
nificantly constrain alternatives. Serious health 
or liability problems may arise from ecological 
fire management strategies, or from restoring en- 
dangered species that impair adjacent landowner 
activities. It is technically difficult, particularly 
with biodiversity issues, to test alternative strat- 
egies directly, and to select a winner based upon 
a single variable. This requires that scientists of- 
ten apply some mental gymnastics, involving 
consistency with other data, and a few assump- 
tions, to extrapolate results to various manage- 
ment scenarios. However, the preference, when 
feasible, will be for more direct empirical tests 
contrasting alternative actions, and using simple 
metrics like richness, relative abundance, den- 
sity, reproduction, or survival. The dilemma for 
scientists is the willingness to allocate time to 
improve communications and trust, and to de- 
velop the necessary perspective on decision 
making, including objectives, alternatives, tech- 
nology, regulations, logistics, and costs. 

As a starting point, scientists might ask tbem- 
selves some simple questions. What decisions 
are being made by whom and at what level? De- 
cision making authority often is delegated de- 
pending on perceived risks and technical de- 
mands. Decisions may be left to a committee 
whose members have competing agendas and 
little accountability. Some individuals are more 
adaptive to new information, others are not. 
What level of information is needed to distin- 
guish among alternative actions? The purpose, 
in theory, of new information is to improve pre- 
dictability by increasing precision or reducing 
bias in specific actions. Those actions may be 
broad land use decisions, or specific ones about 
whether, when, or how to harvest a single stand. 
What technology and resources are realistically 
available? Managers are frequently limited by 
regulations or budget authorizations with the 
consequence that the ability to implement cer- 
tain alternatives is questionable. Are there reg- 
ulatory requirements, such as an environmental 
impact statement or a forest plan, involved? 
When biological assessments are done at the 
SRS, regulators want data sets comparing im- 

pacted vs. un-impacted areas. How will infor- 
mation be used? It is important to anticipate 
whether results will contribute to a formal pro- 
cess such as a quantitative model, qualitative 
guidelines, or to convince one individual to 
change his or her mind. 

MANAGERS AS PEOPLE 

A few axioms about human nature and the 
process of change include: (a) that stress is an 
important factor in the process of innovation; (b) 
that you generally get what you reward and what 
is most important to an organization may have 
nothing whatsoever to do with resource man- 
agement; and (c) individuals often see what they 
want to see, and hear what they want to hear. 
We all have our preconceived notions or favorite 
paradigms that are difficult to abandon in light 
of new information. 

At the personal level, an essential step in 
identifying research needs is establishing a dia- 
logue. Unfortunately, managers often see scien- 
tists as elitist and reluctant to treat them as equal 
partners in evaluating conservation strategies. 
Nevertheless, getting managers involved by de- 
fining their concerns, working together to estab- 
lish the science questions, and in reviewing pro- 
posals is essential. The latter helps to build own- 
ership in the results, and confidence that the sci- 
entists are largely free of bias associated with 
advocacy. This approach runs counter to the be- 
lief that collaboration with management will 
taint or compromise the science. Given the pre- 
vious statements, effective communication may 
not be easy. For example, managers may be re- 
luctant to criticize a scientific proposal, even one 
with obvious flaws, and they can be over- 
whelmed by unfamiliar literature and method- 
ology. 

Finally, many managers are not as analytical 
as scientists, and may not trust analytical-mech- 
anistic models. Many multi-million dollar deci- 
sions are based upon a significant amount of in- 
tuitive gestalt. Some managers prefer the per- 
sonal responsibility associated with using intu- 
itive judgments, while others prefer to avoid 
rational analysis altogether. Government agen- 
cies like to institutionalize decision-making as 
standards and guidelines to avoid personal cul- 
pability, and to have something that will hold up 
in court. 

IDENTIFYING RESEARCH NEEDS AT SRS 

THE PROBLEM 

When established in 1951, the SRS was a 
highly “domesticated” landscape dominated by 
farming, livestock, forestry, and hunting. Almost 
fifty years of federal management has trans- 
formed SRS from open habitats of agricultural 
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fields and cut-over forests to a closed forest en- 
vironment. Prescribed burning was aggressively 
re-introduced in 1977 to assist in the recovery 
of the Red-cockaded Woodpecker (Picoides bo- 
realis), and later to restore pre-settlement fire 
dependent communities. All these activities have 
without doubt altered vegetative conditions and 
wildlife populations to the extent that there are 
no truly un-impacted communities remaining. 
Despite past land use, the SRS currently sup- 
ports a remarkably species-rich flora and fauna, 
although their relative abundance and distribu- 
tion probably differs significantly from pre-set- 
tlement conditions. 

The Atomic Energy Commission sponsored 
an inventory of the entire flora and fauna in the 
early 195Os, and subsequently supported re- 
search on ecological processes. Over the inter- 
vening decades, public values changed as evi- 
denced by the amount of environmental legis- 
lation passed in the 1970s. People saw native 
plants, animals, and their communities as non- 
market “resources” that they wanted restored 
and sustained. What was once an innovative 
idea, i.e., inventory and monitoring, became an 
essential task. And whereas scientists historical- 
ly set the direction of scientific studies, regula- 
tory compliance demanded a more deliberate re- 
search agenda than just increasing our knowl- 
edge of ecological processes. 

By 1989, the prospect of new legislation or 
directives aimed specifically at biodiversity and 
ecosystem management suggested the need to be 
proactive. However, the potential mandates were 
too subjective (“ecosystem management”), in- 
tangible (“naturalness”), unmeasurable (“integ- 
rity”), or unamenable to study (whole ecosys- 
tems) to adequately define research questions. In 
the simplest sense, we had to know what species 
were here in the past, what species could poten- 
tially be here based on range and habitats, and 
how to restore those species. It was important to 
establish which species were utilizing the site, 
and whether they were resident, summer mi- 
grant, winter migrants, or transients. We needed 
to develop long-term monitoring that provided 
accurate and unbiased estimates, and which was 
relatively easy and inexpensive to perform. We 
had to refine and test expected relationships be- 
tween vegetation types, successional stages, 
landscape variables, structural variables, silvi- 
cultural activities, and species occurrence or 
abundance in order to predict possible impacts 
or benefits from manipulations. Were there 
source vs. sink habitats for sensitive species? 
Were there trends occurring over time and how 
were species distributed across SRS? We need 
to provide for all species, yet give particular at- 
tention to certain rare species, which incurs risks 

in that decisions are based on limited informa- 
tion about a few. 

THE SOLUTION 

The strategic solution was to target simple 
measurable objectives that could be more di- 
rectly related to the public’s perception of the 
issues. After some struggle, a document evolved 
that defined the biodiversity objective for SRS 
as “sustaining and restoring native species in 
structurally and functionally desirable commu- 
nities” (SROO 1993). The definition recognized 
the long history of human influence at SRS, the 
need to minimize the amount of technology in- 
volved in sustaining and restoring species, and 
that goals would be determined by human per- 
ceptions of a diverse landscape, not just techni- 
cal indices. 

The SRI research program was delineated into 
broad themes: ecological restoration studies, key 
species and resources, landscape patterns and 
processes, and monitoring. Ad hoc groups of 
managers and scientists met formally and infor- 
mally to develop and delineate specific research 
questions. Within the broad areas, major ques- 
tions were identified that addressed areas of 
“tension” between alternative competing hy- 
pothesis. Some of these questions had implica- 
tions for establishing the pattern and distribution 
of potential vegetation types across the SRS 
landscape, such as pre-settlement vegetation, 
land use history, and ordination of remnant nat- 
ural communities. Others were targeted at the 
effects of specific silvicultural manipulations 
and their effects on community richness and 
abundance. Development of restoration strate- 
gies obviously was important given past land 
use, but also important were answers to ques- 
tions about key resources, such as soft fruit or 
large woody debris, and their influence on the 
viability and distribution of native species. Re- 
search on landscape patterns and processes test- 
ed landscape and population processes that 
might significantly improve more traditional 
wildlife habitat models. The latter included a 
large experimental study of corridors. 

Under these broad themes, a number of avian 
studies were initiated. In many research projects, 
the avian community was seen as a response 
variable to various large scale experimental 
treatments, such as creation of bottomland hard- 
wood canopy gaps, removal of large woody de- 
bris, tree thinning, and site preparation. One 
study was directed at the importance of soft fruit 
to fall and winter migrants. The variation in 
community and species characteristics also were 
measured along gradients of successional stage, 
clear-cut size, hardwood patch size in agricul- 
tural and forested landscapes, and patch isola- 
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tion. More intensive individual species studies 
were implemented only when a species could 
serve as a model for a process or mechanism 
(predation, dispersal, etc.), or was sufficiently 
rare or sensitive to justify more detailed studies 
of population behavior. The SRI developed an 
avian monitoring effort using breeding bird cen- 
sus methodologies across the site during the 
nesting season to complement the Christmas 
bird count data collected during winter. Finally, 
several modeling projects were supported. In all, 
these have generated a considerable understand- 
ing of the avian community at SRS. 

EFFECTING CHANGES IN SRS LAND 
MANAGEMENT 

THE PROCESS 

The process for effecting change is an evolv- 
ing one. To begin with, a series of seminars for 
the SRI staff was implemented at their request. 
Reports, theses, and papers submitted to journals 
by students and scientists were copied and dis- 
tributed. These approaches affect mangers indi- 
vidually, that is, they can influence decisions 
made by each individual when and where they 
believe it is relevant. They work well with a sta- 
ble staff, and when one is testing fundamentals 
(e.g., How do corridors influence population 
processes?), or when straightforward results to 
interpret an experiment are available (e.g., Does 
leaving woody debris affect density of certain 
species?). In these cases, it is frequently better 
if scientists do not make management recom- 
mendations per se, but make a clear convincing 
case, in light of all available research, that the 
science is sound. Let the managers determine the 
implications and the level of acceptable risk. 

The more difficult problem is institutionaliz- 
ing new information without precluding subse- 
quent change. On federal lands, managers are 
obligated by law to address environmental im- 
pacts of their activities. Specifically, what will 
be the impact to flora and fauna from certain 
manipulations, and can we manipulate an area 
to improve conditions for a certain species with- 
out detrimentally affecting other species at a 
larger scale? Results from research at SRS that 
clearly relate to specific activities can be incor- 
porated into an environmental impact statement 
or assessment. The results, along with other 
studies, can influence the preferred alternative. 
Research also can be incorporated into more de- 
tailed operational management guidelines. A 
habitat matrix, which is a simple tabular way of 
expressing the relationship between a species at- 
tribute (occurrence, nesting, foraging, etc.) and 
habitat attributes (type, age, stand size, snags, 

mast species, edge, distance to water), can be 
developed as a tool for analyzing impacts. How- 
ever, the matrix rarely expresses the uncertainty 
in the relationships or weights variables quanti- 
tatively. 

The advent of Geographic Information Sys- 
tems (GIS) has provided a means for testing and 
using matrix relationships that includes uncer- 
tainty, quantitative parameters, variable scales, 
landscape attributes, and dynamic processes. 
The current status or future state in response to 
a specific alternative can be predicted on a 
“real” landscape. The SRS has been working 
with scientists to implement “spatially explicit” 
GIS modeling as a means for integrating re- 
search and institutionalizing results (Dunning et 
al. 1995). An approach underway is to test and 
refine the basic habitat matrix of Hamel (1992) 
using the SRS data sets (Kilgo 1996). Another 
approach for individual species is to construct 
dynamic meta-population models. The latter is 
being applied to the Red-cockaded Woodpecker, 
and “model” species, such as the Bachman’s 
Sparrow (Aimophila aestivalis), where popula- 
tion parameters are available, and when a more 
detailed analysis is required. 

WHAT CHANGES ARE OCCURRING? 

It is difficult to determine the impact from the 
studies because we are at the stage where the 
information is used individually, although some 
results are making their way into formal biolog- 
ical assessments. The SRI is incorporating the 
results into a GIS habitat model, and we are con- 
tinuing to develop spatially explicit models for 
a few species. There has been a realization of 
the enormous variability in existing habitat mod- 
els as well as some counter-intuitive results, 
such as the occasional use of open habitat by 
forest interior birds. One side benefit has been a 
revision of the forest inventory system to em- 
phasize structural measures of avian habitat. 
However, we still have not quantified winter mi- 
grant use, and we need to quantify reproduction 
and survival for various species in various hab- 
itats. It also is perplexing to try to obtain reliable 
data on rare species with low densities. 

The primary tool for shaping habitat condi- 
tions for plant and animal communities has been 
and will continue to be manipulation of the 
structure, composition, and pattern of the vege- 
tation through harvesting, silviculture and burn- 
ing, and selective removal or re-introduction of 
species. Despite negative connotations, harvest- 
ing, silviculture, and burning (or lack thereof) 
are effective tools in sustaining and restoring 
some communities. It is not so much what is 
done, as how, when, and where it is done that 
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DESIGNING AND PRESENTING AVIAN RESEARCH TO 
FACILITATE INTEGRATION WITH MANAGEMENT 
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Abstract. Both avian scientists and managers are responsible for the results of management decisions 
and the consequent effects that field applications have on bird communities. However, communication 
gaps arise between management and research as the two disciplines continue to specialize. Researchers 
must make an effort to bridge these gaps by designing studies with management utility and presenting 
results in a form that will reach a wide audience including managers. Basic research increasingly is 
shifting towards applied problems and applied research has moved towards basic ecological theory, 
thereby diminishing distinctions between the two. Avian scientists should continue to use the hypoth- 
etico-deductive method when performing research, but should emphasize scales and problems relevant 
to management. Once projects are completed, researchers should present results as quickly as possible, 
especially at meetings where scientists and managers interact. Adaptive resource management repre- 
sents a new opportunity for the integration of research and management because, by definition, it 
requires that the two endeavors work together. I include a case study of an interdisciplinary and 
coordinated research effort conducted on the Savannah River Site in South Carolina. The research is 
developed in a theoretical framework designed to answer broad ecological questions but retains its 
applicability to avian management. 

Key Words: adaptive resource management, avian, bottomland forest, communication, group selec- 
tion, management, research, scale, scientific method. 

Natural resource managers must integrate use of 
forest resources with changing ecological values 
(Sharitz et al. 1992). Natural resource scientists 
must apply sound scientific principles to solve 
problems that arise during management of nat- 
ural resources, and, therefore, should be judged 
by how well their efforts increase manager suc- 
cess. Interaction between scientists and manag- 
ers is required for the problem identification and 
resolution process to be effective and complete. 
However, poor communication between re- 
searchers and managers is a common phenom- 
enon that leads to inefficiency in both endeavors 
(Stoltenberg et al. 1970, Hanley 1994). 

Communication gaps between researchers and 
managers arise from a lack of mutual under- 
standing of the other’s responsibilities and goals 
(Macon 1967). Resource managers point out that 
researchers often are narrowly focused, imprac- 
tical, slow to arrive at solutions, and difficult to 
understand. In contrast, researchers object that 
managers do not use research results effectively 
and expect oversimplified solutions to complex 
problems, and that research is chronically under- 
funded relative to manager expectations (Hanley 
1994). Researchers and managers have different 
functions and goals, and as each continues to 
specialize, the number of people with both re- 
search and management experience will contin- 
ue to dwindle. Effective communication be- 
tween researchers and managers becomes in- 
creasingly important as management decisions 
become more complex and research continues to 
specialize (Macon et al. 1970). 

Avian scientists increasingly are working with 

forest and wildlife managers to improve under- 
standing of the relationships between forest 
management practices and avian ecology. Birds 
are a diverse and readily sampled group and avi- 
an habitat specialization based on physical char- 
acteristics of the environment is well document- 
ed (e.g., MacArthur and MacArthur 1961, An- 
derson and Shugart 1974, Holmes et al. 1979). 
These characteristics of bird communities and 
recent declines of some bird species in associa- 
tion with human influences (e.g., Terborgh 1989) 
have made applied avian research a priority top- 
ic. Consequently, avian scientists must strength- 
en communication with land managers and de- 
sign research that facilitates integration with 
management operations. 

RESEARCH DESIGN 

Fretwell (1972) stated that scientists adept at 
both theory and field work were most likely to 
make advances in ecology. However, opportu- 
nities for these types of scientists have been rare 
because of the substantial gap between applied 
and basic research. The primary function of ap- 
plied science is to provide knowledge to manage 
species for commercial, ecological, and/or aes- 
thetic value, while basic science strives to un- 
derstand nature for understanding’s sake 
(Romesburg 1991). Purely basic research, be- 
cause it is so specialized, appears narrow and 
often has no direct utility to management (Stol- 
tenberg et al. 1970). Recently, many natural re- 
source scientists have attempted to narrow the 
gap between basic and applied research. Sources 
of funding for basic research have dwindled and 
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scientists are increasingly required to justify 
their research in terms of its applicability 
(Brown 1992). Basic researchers have moved to 
applied problems and applied problems have 
shifted toward more basic ecological questions 
(Hanley 1994). Distinctions between basic and 
applied science are diminishing and increasingly 
irrelevant (Nudds 1979, Sharitz et al. 1992, 
Wiens 1992, Hanley 1994, Moffat 1994). Re- 
search that advances theory applicable to man- 
agement is ultimately the most useful research 
for management. 

Applied-basic science is basic science con- 
ducted in an applied area (Romesburg 1991). In 
this transition zone, basic information is 
screened for possible application (Macon et al. 
1970). Historically, applied research and man- 
agement have worked together closely, while 
each benefited from basic research peripherally 
(Hanley 1994). Basic and applied researchers 
should work jointly in developing scientific 
knowledge of ecological processes, while man- 
agers benefit from advances in science by revis- 
ing their analytical tools accordingly (Hanley 
1994). Increased competition for limited num- 
bers of positions, advanced education require- 
ments, and diversification of job applicants in 
the resource manager’s field have raised the 
qualifications of managers occupying existing 
positions. Therefore, managers should be able to 
understand relevant ecological theory and han- 
dle the additional responsibility of implementing 
sound research into management practice. How- 
ever, this should not free scientists from respon- 
sibility to apply sound scientific principles to 
solve problems and perform research that is ap- 
plicable to real-world situations. 

A priori decisions regarding problem selec- 
tion, experimental design, and site selection 
should be made with the manager’s needs in 
mind. There is a long time span between re- 
search and implementation, so research prob- 
lems should be timely and contemporary. The 
problems must have important application to 
management and also be favorable to developing 
predictive theory. Scientists funded by manage- 
ment institutions often take on broad and am- 
biguous problems and those funded by basic re- 
search institutions investigate more specialized 
problems (Hanley 1994). The most useful re- 
search is a compromise between these extremes. 

The present needs of management and the 
shortcomings of the management status quo can 
be identified through communication with field 
personnel and/or inventory and population mon- 
itoring. For example, field personnel might have 
pertinent information concerning which bird 
species are declining locally and theories relat- 
ing to the causes of the declines. Regional and 

larger-scale population trends can be obtained 
from long-term monitoring programs like the 
Christmas Bird Count, Breeding Bird Survey, 
and Breeding Bird Census. Using retroduction, 
asking questions about these trends and/or ex- 
amining the results of previous research, es- 
pecially qualitative studies (Romesburg 1981), 
scientists can identify pressing research needs. 

Unless natural resource scientists use rigorous 
scientific procedures following the hypothetico- 
deductive method (Romesburg 1981), our un- 
derstanding of the processes underlying the re- 
lationships between birds and management will 
stagnate. Once management decisions are made 
and implemented, they cannot be retracted. 
Therefore, decisions based upon poorly designed 
research could be detrimental to the wildlife 
meant to be conserved. Researchers must devel- 
op and test several alternative hypotheses 
(Chamberlain 1897). Testing of a single alter- 
native model may lead scientists to become at- 
tached to the “pet hypothesis,” resulting in in- 
complete and biased conclusions. Induction, 
which is based on observations of associations 
and correlations, cannot give knowledge about 
the processes that drive nature (Romesburg 
1981). Instead, during hypothesis formulation 
scientists must ask Why? and How? rather than 
What?. Applied-basic research should be done 
in a theoretical framework because it aids proper 
application of the scientific method (Nudds 
1979). 

However, the scientific method is difficult to 
apply in ecology because stochasticity, complex- 
ity, and unobserved or uncontrollable variables 
are common (Loehle 1987). Temporal variation 
in avian habitat selection can be annual or sea- 
sonal and spatial variation can occur at the ter- 
ritory, stand, or landscape level. Individual vari- 
ation can interact with both spatial and temporal 
variation to compound errors. Predictions de- 
fined in ways that can be tested unambiguously 
(Hartley 1994) and proper replication and con- 
trols aid in efficiently accounting for variability. 

The utility that research has to management 
is partially determined by the scales, both tem- 
poral and spatial, at which it is performed. His- 
torically, wildlife management decisions target- 
ed individual species rather than the entire com- 
munity and its system (Wagner 1977). However, 
the present trend is toward management of eco- 
systems and the maintenance of biological di- 
versity (Sharitz et al. 1992). In practice, man- 
agers must continue to manipulate at spatial 
scales equal to or larger than the size of existing 
stands and plan at temporal scales equal to the 
rotation lengths of those stands. Stand sizes and 
rotation lengths can be changed, but this usually 
takes time. Conversely, manipulative experi- 
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ments, in which replication and control are im- 
portant, usually are carried out on a small scale 
because the scientific method becomes increas- 
ingly difficult at larger scales (Hanley 1994). 
Logistics, especially the effort required to mea- 
sure habitat variables and the difficulty of ac- 
counting for variability at larger scales, limit the 
scale of experiments. 

The species or community in question may 
limit the scales that can be used in experimental 
approaches. For example, a landscape that is 
heterogeneous to a Prairie Warbler (Dendroica 
discolor) may be contained within a homoge- 
neous patch from the perspective of a Cooper’s 
Hawk (Accipiter cooperii). Research that docu- 
ments characteristics of Hooded Warbler (Wil- 
sonia citrina) nest substrates (e.g., substrate 
height and number of limbs at point of nest 
placement), while providing valuable knowledge 
concerning the ecology of the species, has little 
practical value to large-scale land management. 
Although managers continue to advance their 
ability to manipulate habitats at multiple scales, 
it may be impractical to control the height or 
growth patterns of a single substrate species. In- 
stead, managers would have to adjust these fine- 
scale results to a more coarse-grained scale (i.e., 
% cover of substrate species). Because results of 
small-scale experiments may not be relevant to 
larger systems (Carpenter 1996), scientists in- 
crease the utility of their research by targeting 
the scales at which management issues will be 
addressed and the habitat variables controllable 
by managers when they formulate hypotheses, 
make predictions, and develop an experimental 
design. Results from studies conducted at mul- 
tiple scales will more likely identify patterns of 
change between scales (Wiens 1989) and may 
be more easily incorporated into management 
prescription. 

Unless dealing with game species (e.g., har- 
vest regulations), managers manipulate bird 
communities by manipulating their habitats. 
Therefore, research that provides direct linkages 
to habitat creation and manipulation will have 
the most relevance to management operations. 
Scientists also can increase the utility of their 
research by making linkages to previous re- 
search or ongoing research projects. A series of 
short-term projects with a common tie can par- 
tially substitute for long-term research projects 
(e.g., Kilgo et al. this volume). Coordination of 
several specific studies may be used to answer 
a larger, more general question (Stoltenberg et 
al. 1970). 

ADAPTIVE RESOURCE MANAGEMENT 

Scientists can address large-scale questions by 
using management or natural manipulations as 

scientific experiments (Macnab 1983, Walters 
1986, Walters and Holling 1990, Sinclair 1991, 
Lancia et al. 1996). This approach, termed 
Adaptive Resource Management (ARM), inte- 
grates learning about a system and its mecha- 
nistic processes with ongoing management op- 
erations (Walters 1986, Lancia et al. 1996). 
ARM encourages that research and management 
be conducted simultaneously as one coordinated 
endeavor and that the two collaborate to take 
better advantage of planned management actions 
and manipulations (Lancia et al. 1996). Within 
a landscape, several alternatives are tested si- 
multaneously and as inferior alternatives are re- 
placed by more proven ones, the direction of 
management is altered coincidentally (Irwin and 
Wigley 1993). By definition, ARM promotes in- 
creased communication and collaboration be- 
tween researchers and managers. Rewards are 
shared equally by ecological science and wild- 
life management and distinctions between man- 
agers and researchers blur as the two are com- 
pelled into closer working associations (Macnab 
1983). Lancia et al. (1996) suggested an inter- 
disciplinary approach to adaptive management 
and the forging of partnerships among profes- 
sional societies with conservation interests. Such 
a coordinated effort could stimulate more crea- 
tive hypothesis development by researchers 
(Romesburg 1991) and operation on a more 
challenging professional level by managers 
(Macnab 1983). 

Researchers may have to accept some com- 
promise in the development of experiments in 
coordination with ongoing management, es- 
pecially because of constraints on randomization 
and replication (Lancia et al. 1996). Addition- 
ally, scientific monitoring at such large scales 
may be limited by common logistical problems 
such as shortages of manpower and funding. 
Two main challenges to the design of adaptive 
management experiments are the development 
of technical advancements and imaginative 
methods to sample ecological processes at large 
scales, and the establishment of administrative 
arrangements that would allow for long-term in- 
vestigations by researchers (Walters and Holling 
1990). 

Scientists and managers responsible for set- 
ting waterfowl harvest regulations already have 
begun implementation of ARM (Johnson et al. 
1993, Williams and Johnson 1995) with some 
initial success (Williams et al. 1996). Due to the 
uncertainty of the effects that harvests have on 
waterfowl populations, establishment of these 
regulations is a difficult task. Uncertainties arise 
from the complexity of regulatory options of- 
fered, the inconsistencies of regulations from 
year to year, and the large geographic range cov- 
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ered by waterfowl populations during the annual 
cycle (Williams and Johnson 1995). Williams 
and Johnson (1995) described the general pro- 
cess used by waterfowl managers and research- 
ers to implement ARM. First, the objectives for 
harvest management are established through 
communication between several cooperating 
groups, including state wildlife agencies, the 
U.S. Fish and Wildlife Service, Canadian and 
Mexican governments, and the public. The sta- 
tus of waterfowl populations is determined with 
monitoring programs, and the effect harvests 
have on populations from year to year is as- 
sessed. Data acquired from harvest surveys and 
population monitoring are used to update models 
that predict optimal harvest regulations. Even- 
tually, uncertainty is reduced to the point that 
the most appropriate model for describing pop- 
ulation dynamics is identified. Despite potential 
obstacles, active adaptive harvest management 
offers considerable benefits, including stronger 
links between migratory bird management and 
research (Williams and Johnson 1995). 

PRESENTATION AND 
RECOMMENDATIONS 

Managers depend on researchers for solutions 
to problems (e.g., species declines) that arise 
during management applications. Although re- 
searchers may directly address problems and de- 
velop potential solutions, most results are pre- 
sented as scientific publications, which most 
managers cannot translate into relevant prescrip- 
tions. However, there are steps that natural re- 
source scientists can take to make results more 
available and applicable to wildlife manage- 
ment. 

Once research projects are finished, results 
should be published or packaged for managers 
as quickly as possible. This usually is mandatory 
if the funding agency is management oriented. 
If results and recommendations do not reach the 
management sector until after the often long and 
drawn out publication process, their applicability 
to management may be outdated. It is best to 
package the results in a form that will reach 
managers at all levels including government, 
private industry, and private landowners. Ex- 
amples of such publications include experimen- 
tal forest bulletins and Cooperative Extension 
Service pamphlets. Managers can exhibit pub- 
lications, reports, and maps resulting from re- 
search activities as proof of their dedication to 
scientific advancement. 

Understandably, most research scientists are 
driven by performance evaluations based pri- 
marily on quantities of refereed publications in 
high quality journals. Time spent producing 
bulletins and pamphlets would detract from re- 

searcher ability to reach goals required for ten- 
ure or professional advancement. Goals estab- 
lished by administrators or upper-level manage- 
ment may not be in the best interest of natural 
resource management. Institutions and agencies 
that presently do not reward scientists that pub- 
lish manager-oriented publications should recon- 
sider such a policy or provide personnel specif- 
ically funded to link managers with research 
publications. 

When preparing results to be presented spe- 
cifically to managers, researchers should make 
recommendations that are cost effective, logis- 
tical, and practical. Hanley (1994) stressed that 
management should be left to translate ecologi- 
cal knowledge into the analytical tools needed 
for application. However, efforts by researchers 
to present recommendations in a relevant form 
will facilitate the process. Researchers should 
take special care to consider the manager’s time 
and spatial constraints. Economic constraints, 
beauracratic hurtles, or planning requirements 
can impede changes in management policy for 
decades. Researchers must plan for these time 
lags when making recommendations. During 
presentations to managers, scientists should be 
specific with objectives, hypotheses, altema- 
tives, and recommendations. Researchers should 
reduce the clutter of mathematical jargon present 
in most scientific publications, but remain care- 
ful not to overstep the limits of significance that 
statistics erect. If research does not have direct 
applicability to management, scientists should 
not attempt to assign management utility to re- 
sults. Invalid conclusions that overstep the 
boundaries of research applicability can retard 
the advancement of science and management. 

Scientists must actively engage in the logical 
flow of information (Stoltenberg et al. 1970). 
Attendance at professional meetings and project 
planning conferences where researchers and 
managers interact promotes idea transformation 
and translation. Written reviews and project 
progress reports, consulting services to manag- 
ers, advisory committees to management organ- 
izations (e.g., Ducks Unlimited, National Wild 
Turkey Federation, Partners in Flight), and liai- 
sons also help maintain information flow be- 
tween scientists and managers. Very little, if 
any, professional advancement may come from 
the extra effort taken to create these special 
pathways between management and research. 
However, the long-term benefits to avian ecol- 
ogy and conservation may provide more career 
satisfaction than one more technical publication. 

CASE STUDY: THE GAP PROJECT AT 
SAVANNAH RIVER SITE (SRS) 

Several individual research studies, covering 
diverse taxa, were initiated on SRS in a bottom- 
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land hardwood stand in which experimental can- 
opy gaps were created by group selection timber 
harvest. Six replicates of six gap sizes (0.015, 
0.031, 0.062, 0.126, 0.264, 0.503 ha) were cre- 
ated in the stand, and portions of the stand that 
were left unharvested were used as control rep- 
licates. Although the study was originally de- 
signed to examine the effects of gap size on her- 
bivory rates on woody and herbaceous plants by 
white-tailed deer (Odocoileus virginianus) and 
swamp rabbits (Sylvilugus aquaticus), the rig- 
orous experimental layout provided the oppor- 
tunity to study a variety of other ecological pro- 
cesses and species groups. 

THEORETICAL FRAMEWORK 

Upon learning that Savannah River Institute 
(SRI) managers were interested in the relation- 
ships between the artificial gaps and bottomland 
bird communities, several local researchers pro- 
ceeded to identify the important ecological ques- 
tions and what utility they had to management. 
Previous studies have documented increased 
bird use (e.g., species richness and abundance) 
in natural gaps relative to the surrounding forest 
(Schemske and Brokaw 1981, Willson et al. 
1982, Blake and Hoppes 1986, Martin and Karr 
1986, Wunderle et al. 1987). Blake and Hoppes 
(1986) and Martin and Karr (1986) attributed the 
increases to higher resource abundance in the 
disturbed areas. Forest-interior, area-sensitive 
species such as Kentucky (Orporomis formosus) 
and Hooded Warblers are adapted to internal for- 
est disturbances such as tree-fall gaps (Thomp- 
son et al. 1993, Kilgo et al. 1996). Researchers 
sought to investigate whether these relationships 
were similar in artificially created gaps, and, if 
so, for what reasons. 

MacArthur and MacArthur (1961) document- 
ed a positive relationship between bird species 
diversity and foliage height diversity (FHD). 
Runkle (1982) determined that with increased 
gap size, vegetation within gaps increased in 
woody species diversity, total basal area, and to- 
tal number of stems. Resource levels (i.e., fruit 
and insects) also might be higher in gaps be- 
cause of greater primary productivity associated 
with increased light levels (Halle et al. 1978). 
Consequently, habitat heterogeneity and FHD 
should be greater in the artificially created gaps, 
especially larger ones, than forested areas with- 
out gaps; thereby providing niches for a wider 
range of species as well as a greater abundance 
of individuals. Researchers developed two test- 
able predictions from this hypothesis: (1) species 
richness and individual species abundance will 
be greater in and around the artificial gaps, es- 
pecially the larger gaps, than the control areas; 
(2) species richness and individual species abun- 

dance in the gaps will increase with any tem- 
poral increase in the structure of the vegetation. 

JUSTIFICATION 

Between 2000 and 2030, annual hardwood 
timber removals from southern bottomland hard- 
wood forests are projected to increase from 
about 22.1 million m3 to about 36.3 million m3 
(U.S. Forest Service 1988). Group selection is a 
method commonly used to harvest bottomland 
timber, and it may adequately simulate the nat- 
ural disturbances that provide canopy openings 
and an uneven-aged structure (Pashley and Bar- 
row 1992). Forest fragmentation, resulting from 
stand-level disturbances, causes declines of 
some forest-interior species and local extinctions 
of others (Finch 1991). However, Hamel (1989) 
determined that Swainson’s (Limnothlypis 
swainsonii) and Hooded warblers, both forest- 
interior species, occurred at higher densities in 
selection harvests than in clearcut or uncut ar- 
eas. Therefore, it is possible that there is an area- 
related threshold where gap-phase disturbances 
such as those in selection harvesting operations 
begin to have similar effects as stand-level dis- 
turbances. With the relatively continuous range 
of gap sizes present in the study, the gap size in 
which early-successional species first appear 
(low-end threshold) and the size in which forest- 
interior species begin to disappear (high-end 
threshold) could be identified. Any information 
relating to these thresholds and results from the 
original predictions could be used to provide 
recommendations on the optimal opening sizes 
to be used in selection harvest operations. 

To maintain constructive interaction with 
managers, researchers presented annual progress 
reports to SRI personnel and periodic updates at 
local symposia. Study recommendations were 
made part of the logical information flow by 
making presentations of preliminary results at 
national conferences with both managers and re- 
searchers attending and presenting practical and 
clearly-stated management recommendations in 
a final report. Hopefully, all conceptual aspects 
of the research will be published in scientific 
journals in the future. 

The gap project is an exceptional example of 
an interdisciplinary approach to investigate a 
broad range of specific research questions and a 
coordinated effort to address a few general prob- 
lems. Among the scientists performing research 
on the gap site are botanists, ecologists, omi- 
thologists, herpetologists, and mammalogists. 
Among the managers based at SRI are computer 
specialists, silviculturalists, foresters, and wild- 
life biologists. The simultaneous presence of the 
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SRI personnel and the gap-project scientists pro- 
vides a unique opportunity for productive inter- 
action before, during and after each research 
project. 

CONCLUSION 

Avian ecologists have a great responsibility to 
the future of wildlife management. The success 
of future management decisions rests as much 
with scientists as it does with managers. The 
greatest challenge to research scientists is to 
conduct research that is developed in a theoret- 
ical framework and answers broad ecological 
problems but also has utility and application to 
avian management. Adaptive resource manage- 
ment is the potential solution to the problem of 
integrating research with management in the fu- 

ture. It ensures that managers and scientists 
jointly make decisions regarding management 
direction and uses ongoing management to an- 
swer research questions. However, ARM will re- 
quire willingness of basic researchers to operate 
in a more applied realm and compliance by man- 
agers to adjust field prescriptions to meet de- 
mands of experimental design. This increased 
cooperation should reduce the information 
swamping that managers currently undergo and 
provide pertinent, unambiguous answers to con- 
temporary management problems. 

ACKNOWLEGMENTS 
I thank S. M. Lohr, E. G. Darracq, D. C. Guynn, J. 

C. Kilgo, J. B. Dunning and K. R. Russell for their 
suggestions and comments on various drafts of the 
manuscript. I also appreciate the review and comments 
of D. G. Krementz. 



Studies in Avian Biology No. 21:115-121, 2000. 

INTEGRATING LONG-TERM AVIAN STUDIES WITH PLANNING 
AND ADAPTIVE MANAGEMENT: DEPARTMENT OF ENERGY 
LANDS AS A CASE STUDY 

JOANNA BURGER 

Abstract. Ornithologists in many regions have initiated long-term studies to examine trends in pop- 
ulations, reproductive success, and chemical contamination that are aimed at understanding the status 
of avian populations, and in predicting the health and stability of future populations. Yet, the design 
of such biomonitoring studies often does not include a management component, and may not be based 
on basic ecological knowledge. Thus the data from such studies are often ignored by planners and 
managers, either because they are unaware of the studies or because the studies do not meet their 
needs. I suggest that avian researchers would profit from understanding the data needs of planners 
and managers, and that cooperation in the early phases of study design would increase the usefulness 
of long-term avian studies to both managers and basic researchers. The integration of basic biological 
data into management decisions requires both the researcher and the manager, working in concert. 
Certain types of data gathered routinely for long-term studies will be extremely useful for all phases 
of remediation (including restoration) and management of degraded lands, while others will be less 
useful. While data from endangered birds are useful for a single management approach, long-term 
data sets that include population or community aspects will be most useful to managers in determining 
whether to preserve, and what size to preserve. Such data will also be useful in determining variation 
in assemblage structure, which is important in detecting impacts. Contaminants data will be most 
useful for decisions concerning whether to remediate, restore, or allow the land to remain a preserve, 
as well as determining the causes of biological impacts. For all types of data, the appropriate assess- 
ment of reference sites is critical to understanding human impacts. The Department of Energy sites 
serve as an important case study because many of these sites are associated with ecological laboratories 
that have long-term data sets on resident and migratory birds, as well as contaminant loads. 

Key words: avian studies, biomonitoring, Department of Energy, environmental planning, long-term 
studies, public policy, restoration, stewardship. 

For many years different academic disciplines 
have developed in relative isolation. Integration, 
when it occurred, often involved either closely 
related disciplines, or different levels of orga- 
nization. There has been a split between what is 
perceived as applied and basic research, rather 
than the realization that there is a continuum in 
research objectives. Yet solving many of our 
most pressing environmental problems on a na- 
tional scale will involve not only scientists that 
have either applied or basic expertise, but sci- 
entists with both aspects (Meffe and Viederman 
1995) or who are willing to work with scientists 
or managers with a different perspective. Con- 
servation biology and related disciplines are ma- 
turing to encompass economic, legal, and polit- 
ical issues as well (Meffe and Viederman 1995). 

Stewardship of natural resources is an impor- 
tant national priority, necessary to sustainability 
goals for the U.S. (Buzzelli and Lash 1996). 
Ecosystem integrity is an integral part of sus- 
tainable agriculture, fisheries, forestry and con- 
servation. Likewise, environmental quality is in- 
timately bound with conservation of natural re- 
sources (Buzzelli and Lash 1996). In national 
polls, concern for the environment ranks very 
high (Dunlap 1991), along with other environ- 
mental and health-related problems. Ornitholo- 

gists can contribute to such stewardship of en- 
vironmental resources by providing the neces- 
sary data to make knowledgeable management 
decisions. 

In this paper I examine the need for integra- 
tion between long-term avian studies, public 
planning, and adaptive management. I discuss 
avian studies and ecological risk, Department of 
Energy (DOE) sites as case studies for integra- 
tion of long-term avian studies and management, 
the usefulness of different types of long-term 
avian research for planning and management ac- 
tivities, and suggestions for optimizing the use- 
fulness of long-term avian studies for decision- 
making about remediation or management. 

Although this chapter uses the Savannah Riv- 
er Site (SRS) in South Carolina as a case study, 
the generality of the observations and sugges- 
tions apply to other DOE sites, as well as to 
Department of Defense sites, Superfund sites, 
and a variety of other contaminated sites that are 
being considered for public use. The amount of 
public land that is being considered for alternate 
land uses or is being decommissioned as a result 
of the ending of the Cold War is very large, and 
ecological data from avian studies can be used 
in both cleanup and future land use decisions. 
Cleanup is referred to by DOE personnel as re- 
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mediation (DOE 1991), although the resultant 
ecosystem may not mimic natural conditions. 

AVIAN STUDIES AND ECOLOGICAL RISK 

Risk assessments examine the potential risk to 
target organisms (or populations, communities 
or ecosystems) from chemical, physical, or bi- 
ological hazards. The National Research Council 
(NRC) (1983) formalized the human health risk 
assessment paradigm to include four parts: haz- 
ard identification, dose-response assessment, ex- 
posure assessment, and risk characterization. 
This basic paradigm has remained the same, and 
has been extremely useful in providing consis- 
tency in methods for identifying the risks to hu- 
man health (NRC 1993). 

Risk assessment is not strictly an academic 
discipline, but relates to managing risk in the 
public interest (Nathwani and Narveson 1995). 
Agencies such as the Environmental Protection 
Agency are focusing on setting priorities for 
what they can solve (Morgenstem and Sessions 
1988), and dealing with the complicated issue of 
their own evaluation of risk compared to that of 
the public. The public clearly places hazardous 
waste sites as a very serious environmental 
problem (Morgenstem and Sessions 1988, Kun- 
reuther 1991), and they hold the preservation of 
the ecosystems on those sites equally high (Bur- 
ger 1998). One important aspect of hazardous 
waste is to understand the risk they pose to eco- 
systems and their component parts. 

Several disciplines have studied or evaluated 
risks to non-human populations and the environ- 
ment, including ecology, wildlife and land man- 
agement, ecotoxicology, and more recently, res- 
toration ecology and ecological engineering 
(Odum 1957, Paine 1966, NRC 1986, Hoffman 
et al. 1990; Cairns 1991, 1993; Mitsch 1993). 
Ecological risk assessment has developed from 
the convergence of human health risk assess- 
ment, ecology, and ecotoxicology to provide 
data for environmental management and deci- 
sion-making (NRC 1993). Ecological systems 
are much more complex than the single-species/ 
single lifetime approach used in human health 
risk assessment, requiring modifications of the 
risk assessment paradigm for particular uses 
(Norton et al. 1992, Burger and Gochfeld 1996). 

Ecological risk assessment has emerged as an 
important discipline because it fulfills three 
needs: it can be used to assess the general health 
and well-being of animal and plant populations, 
communities and ecosystems; it can be used to 
evaluate competing risks (past, present or fu- 
ture); and it can inform decisions about future 
use of contaminated land. Long-term avian stud- 
ies can contribute necessary data for all of these 
objectives, and the existence of such data sets 

for DOE sites such as the SRS make them par- 
ticularly useful for assessing current damage, for 
designing remediation plans, and for evaluating 
remediation and management actions. Under- 
standing these risks involves developing a holis- 
tic biomonitoring plan that uses long-term data 
as a firm basis (Burger 1999). 

For example, long-term data sets on the pop- 
ulation levels and reproductive success of en- 
dangered species, such as Red-cockaded Wood- 
peckers (Picoides borealis) on SRS, can help de- 
termine which forests should be preserved, and 
the logging regime within that forest (Franzreb 
and Lloyd this volume). Information on repro- 
ductive success and contaminants of Wood 
Ducks (Aix sponsa) and other species can be 
used as indicators of environmental health and 
well-being (Kennamer et al 1993, Kennamer and 
Hepp this volume, Brisbin and Kennamer this 
volume). These studies can then be used as base- 
lines for comparison both to other areas within 
SRS or to other DOE sites. These types of stud- 
ies can be used to evaluate the health of DOE 
ecosystems, to measure changes in contaminants 
that pose human and ecological risks, and to in- 
form managers about preservation of habitats. 

Ecologists may need to develop expedited risk 
assessments that will allow more cost-effective 
answers that are less science-intensive (Cranor 
1995). But in some cases, such as at SRS, the 
presence of long-term data sets for birds will 
provide some of the necessary data for expedit- 
ed assessments. The presence of long-term data 
sets from many of the DOE sites provides a 
unique opportunity to integrate avian studies in 
management. For example, having long-term 
data on the habitat needs of Wood Storks (Myc- 
teria americana) provides necessary data for 
any risk assessment involving cleanup of habi- 
tats these species use (Bryan et al. this volume). 
Having long-term data on contaminants of 
American Coots (Fulica americana) from Par 
Pond on SRS allows managers to quickly ex- 
amine risks associated with any changes in wa- 
ter levels that expose sediments (Brisbin and 
Kennamer this volume). 

Long-term studies on birds can contribute 
markedly to risk assessments by providing data 
on population sizes and levels of reproductive 
success necessary to maintain healthy viable 
populations in existing habitats. Although the 
data from long-term studies were not specifically 
collected for risk assessments, they can contrib- 
ute because they allow analysis of the types of 
stressors with associated effects (hazard identi- 
fication). Another advantage of using birds is 
that they integrate over fairly large geographical 
regions, depending upon the choice of bird; re- 
cently Cairns (1995) and Suter (1990) noted the 
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importance of using larger scales in ecosystem 
evaluations. For example, studies with Bach- 
man’s Sparrow (Aimophilu aestivulis) have in- 
cluded large segments of SRS, leading to the 
opportunity for management on a landscape 
scale, necessary for a species that has such spe- 
cific requirement for forest stands of a particular 
successional stage (Pulliam et al. 1992, Dunning 
1993, Dunning et al. this volume). 

DOE SITES AS CASE STUDIES 

Many environmental problems involve con- 
taminated sites such as landfills, Comprehensive 
Environmental Response Compensation and Li- 
ability Act (CERCLA, or “Superfund”) sites, 
nuclear facilities, the siting of waste storage fa- 
cilities and nuclear power plants, and finally, 
dealing with the toxic legacy of the Cold War 
(Kunreuther et al. 1990; Slavic et al. 1991a,b; 
Barke and Jenkins-Smith 1993, Kivimaki and 
Kalimo 1993; Flynn et al. 1994a,b). For many 
years federal regulators and managers focused 
on point-source pollution and on Superfund sites 
(Russell 1991, Mones 1991), but recently the re- 
alization of the magnitude of contamination on 
DOE and Department of Defense sites has shift- 
ed the focus to federal lands. In the United 
States, many of the DOE sites that were for- 
merly involved in nuclear weapons production 
require clean-up before these lands can be used 
for recreational, industrial, or residential purpos- 
es, or placed in long-term stewardship. 

The DOE is involved in a massive cleanup, 
and the Office of Environmental Restoration 
within the Office of Environmental Management 
must manage the budget among programs based 
on considerations of site-specific health risks, 
ecological risks, regulatory requirements, and 
costs (Jenni et al. 1995). Grumbly (1996) noted 
that the DOE has contaminated sites in 34 states, 
with over 600 billion gallons of contaminated 
groundwater. The DOE complex houses over 
3000 tons of spent nuclear fuel, some of which 
is in pools that are now corroding, threatening 
to contaminate groundwater supplies. There are 
710 million gailons of radionuclide mixed waste 
at Hanford (in Washington), SRS, and Oak 
Ridge (in Tennessee) alone. Clearly the problem 
of remediation of DOE sties is a national pri- 
ority. Restoring these sites to a pristine state will 
be extremely costly, and the degree of cleanup 
will depend partly on future land use. Stake- 
holder views are critical to considerations of fu- 
ture land use (NRC 1995, Wernick 1995, DOE 
1996b, Commission on Risk Assessment and 
Risk Management 1996, Nakayachi 1998), and 
thus to the methods and types of cleanup re- 
quired (Fig. 1). 

Having decided to clean up these sites, several 
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FIGURE 1. Relationship of public policy, manage- 
ment, risk assessment, and the public at the Depart- 
ment of Energy as envisioned by the National Re- 
search Council (NRC 1994). 

other considerations follow: (1) how much 
should they be cleaned up; (2) what ecological 
constraints should apply to cleanup; and (3) 
what metrics shall be used to determine the suc- 
cess of clean up? An additional question ger- 
mane to ecologists is whether the cleanup itself 
will do more damage to the ecosystem, and its 
component organisms, than leaving the contam- 
ination alone (human health considerations 
aside; Dale and Parr 1998). The DOE must de- 
cide both the type of remediation and the degree 
of remediation (NRC 1994). Data from long- 
term studies can contribute to all four of these 
aspects, at least with respect to ecological issues. 

The job of cleanup on DOE sites is estimated 
to take until the year 2070, and although no sim- 
ilar estimate has been made for the large number 
of Department of Defense sites, the process will 
take many years. Thus, this is not a small prob- 
lem that will disappear in a few years. Further, 
the creation of new hazardous wastes makes it 
imperative to develop ecological risk method- 
ologies that managers can use for years to come, 
and avian data sets can provide useful informa- 
tion for the process. 

One important aspect ornithologists should 
bear in mind when considering the role of long- 
term avian studies in public planning and man- 
agement is that the DOE, and perhaps other fed- 
eral agencies as well, must take into account fu- 
ture land uses when making remediation and 
restoration decisions. DOE is committed to mul- 
tiple use of their lands where appropriate, in- 
cluding recreation and industrialization (DOE 
1996b). DOE is also committed to natural re- 
source management, with biodiversity as a ma- 
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TABLE 1. TYPES OF DATA USEFUL FOR MAKING DECISIONS ABOUT PRESERVATION OF LAND, REGARDLESS OF 

CURRENT CONTAMINATION OR DEGRADATION 

Biological 
LW4 Parameter 

Decision Size to 
to preserve preserve 

Landscape 
issues 

Individual 

Population 

Community/ 
Ecosystem 

Habitat preferences 
Changes in preferences 
Morphological changes 
Population size and trends 
Age and sex ratio changes 
Reproductive success trends 
Contaminant trend 
Species diversity changes 
Successional changes 
Endangered species 
Trends in guild populations 

X X 
X X 

X X X 
X 

X X X 
X 
X X X 

X X 
X X X 
X X X 

Norest An X indicates the data that will he useful in that decision. 

jor goal (DOE 1996b). These aspects should be 
considered in planning long-term studies. 

In their recent future land use report (DOE 
1996b), DOE acknowledged that inputs will be 
essential from a variety of stakeholder groups, 
including state and local governments, tribal 
governments, site-specific advisory boards, and 
other interest groups. DOE recognized seven 
land-use categories: agricultural, residential, rec- 
reational, industrial/commercial, open space, 
storage and disposal, and open space/recreation- 
al. Thus, open space and recreational (generally 
low level human use that can maintain the in- 
tegrity of natural ecosystems) make up three of 
the seven categories. DOE completed detailed 
future use plans for the 16 largest or most-con- 
taminated sites, using input from a variety of 
governmental, scientific, and stakeholder groups 
(DOE 1996b). They estimated that nearly 86% 
of the land acreage on these 16 sites should re- 
main open space, 2.4% should be open space/ 
recreational, and another 0.4% should be recre- 
ational. This suggests that a significant propor- 
tion of the land at DOE is slated to remain open 
space, and data from long-term avian studies 
could be critical to appropriate management of 
these sites, and to selecting which sites to main- 
tain. 

MANAGEMENT NEEDS AND LONG-TERM 
AVIAN STUDIES 

Managers, whether they are dealing with Su- 
perfund, DOE, Department of Defense, or other 
hazardous waste sites, require certain types of 
data for adaptive management. Adaptive man- 
agement includes maintaining on-going research 
to determine the effectiveness of management 
decisions, and altering management decisions 
when warranted. Since management goals often 
include preservation of healthy populations or 
communities, research involving managed and 

relatively pristine areas is needed to define 
“healthy” conditions. Adaptive management 
provides an opportunity for ornithologists to 
conduct basic research at reference sites while 
directly playing a role in adaptive management. 
Existing long-term data sets provide the basis 
for adaptive management. 

Since it is not possible to have data on all 
aspects of the life histories of all organisms in 
an ecosystem, indicators are essential (Hunsaker 
et al. 1990, Suter 1990). Birds are ideal indica- 
tors because they are diverse with respect to tro- 
phic level and life history strategies, some are 
long-lived and at the top of food chains, they are 
diurnal and highly visible, they are responsive 
to a variety of stressors, and they are of interest 
to the public (Burger and Gochfeld 1995). 

Currently, long-term studies on birds deal 
with aspects of individuals, populations, com- 
munities, and ecosystems (Table 1). Individual 
parameters measured include habitat prefer- 
ences, changes in habitat preferences, and ana- 
tomical abnormalities. Population parameters 
measured in long-term studies include popula- 
tion numbers and trends (the most popular of the 
long-term studies with birds), trends in repro- 
ductive success, changes in age or sex ratios, 
and trends in contaminant levels. Community or 
ecosystem parameters recorded in long-term 
studies include changes in species diversity, 
changes in numbers and distribution of endan- 
gered species, and successional changes in bird 
communities or guilds, among others (Sheehan 
1984, Burger and Peakall 1995, Linthurst et al. 
1995). When researchers and managers work to- 
gether to determine the types of data to be gath- 
ered before the initiation of a study, then the 
necessary data will be available to maximize 
ecosystem integrity and restoration goals. 

One of the important aspects of designing ex- 
periments and observations is the opportunity 
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for both managers and researchers to refine and 
select reference sites for comparison with poten- 
tially impacted sites. Recently Reynoldson et al. 
(1997) defined reference conditions as “the con- 
ditions that are representative of a group of min- 
imally disturbed sites organized by selected 
physical, chemical, and biological conditions.” 
Implicated in this definition is an understanding 
of natural variation, both temporally and spa- 
tially. Natural variation can encompass popula- 
tion size or growth rates, community structure, 
or ecosystem assemblages. Reference sites can 
be particularly useful on DOE sites because 
many of the sites are extremely large, with sev- 
eral square miles, providing minimally disturbed 
areas as well as those impacted by physical, 
chemical or biological disturbances. 

In most cases, long-term studies are conduct- 
ed on individual species, and concentrate on in- 
dividual and population parameters. These in- 
clude studies on Black-legged Kittiwake (Rissu 
triductylu; Coulson 1968), Black Skimmer (Ryn- 
chops niger; Burger and Gochfeld 1990), Com- 
mon Tern (Sterna &undo; Burger and Gochfeld 
199 l), Florida Scrub-jay (Aphelocoma cuerules- 
tens; Woolfenden and Fitzpatrick 1984) Great 
Tit (Punrs major; Perrins and McCleery 1985), 
Red-billed Gull (La-us novaehollundiae; Mills 
1989), Sparrowhawk (Accipiter Gus; Newton 
1986), and White Ibis (Eudocimus &bus; Bild- 
stein 1993; see also Newton 1989). 

The decisions that planners and managers 
have to make relate to current or future land use. 
The first decision, if land is disturbed or unde- 
veloped, is whether the site (or part of the site) 
should remain as a preserve. Data from long- 
term avian studies can be particularly useful in 
making this initial decision since the presence of 
viable, healthy populations of endangered spe- 
cies and species or assemblages of concern (i.e., 
forest interior-nesting neotropical migrants), will 
contribute to justification of this land use (Table 
1). But such data are only useful if they contain 
information on specific habitat requirements, vi- 
able population sizes, and territory requirements 
such that managers can determine what needs to 
be preserved. On SRS, data on Red-cockaded 
Woodpeckers and Bachman’s Sparrows has 
proven particularly useful to managers in deter- 
mining logging regimes, as well as the matrix of 
forest types required to preserve the species (see 
Dunning et al. this volume). 

If some of the land is to remain wild or rel- 
atively undisturbed, the following questions 
arise: what part of the land should be a preserve, 
what size should be preserved, and what land- 
scape issues are critical for the target resources? 
All of these questions require data from long- 
term avian studies to make reasonable judge- 

ments (Table 1). Landscape-scale issues require 
the most detailed studies from all levels of bio- 
logical organization. Further, long-term data sets 
dealing with birds are particularly useful for 
modeling population changes in a changing 
landscape (Pulliam et al. 1994), as would surely 
occur with either remediation or restoration. 

Decisions concerning preservation of land are 
those with which ornithologists are most famil- 
iar, and in which they often participate. Further, 
ornithologists frequently become involved when 
currently wild land is being considered for de- 
velopment, and the types of data listed in Table 
1 from long-term studies are often pivotal in the 
decision concerning whether to develop land or 
how much of it to develop. These data are fre- 
quently used extensively in environmental im- 
pact statements and in public hearings. 

However, the nation now faces a large set of 
future land use decisions that relate to the DOE 
sites, as well as to Department of Defense lands, 
that cover far more land than do Superfund sites. 
Many of the DOE sites are contaminated with 
nuclear and chemical wastes, and decisions must 
be made regarding cleanup. Although initially 
the U.S. Congress and the general public wanted 
to see these sites cleaned up to pristine condi- 
tions, the cost of such cleanup is prohibitive 
(Grumbly 1996). It is now clear that decisions 
must be made about what areas to clean up, and 
how clean they must be. Future land use and 
ecological considerations will drive such deci- 
sions since the degree of human health risk can 
be managed by controlling access and future 
land use. If there is no off-site migration of con- 
taminants, then human risk (and in many cases 
off-site ecological risk) can be reduced or elim- 
inated, if people are kept out of the site. 

The decisions that DOE must make regarding 
their lands include (1) whether to maintain the 
National Environmental Research Parks in their 
present state, (2) whether to remediate, (3) how 
much (amount of land) to remediate and to what 
contamination level, and (4) what to restore and 
to what degree. All four of these decisions de- 
pend on future land uses, which will be deter- 
mined by DOE in collaboration with various 
stakeholders, including scientists (NRC 1995, 
Wemick 1995, DOE 1996b, Commission on 
Risk Assessment and Risk Management 1996). 
Both their immediate and long-term actions will 
depend on regulatory considerations since DOE 
must work toward compliance with existing en- 
vironmental laws. In the 1970s several of the 
DOE sites that were large with much of their 
areas in natural ecosystems typical of their re- 
spective regions were declared National Envi- 
ronmental Research Parks and were devoted to 
the study of the effects of energy production on 
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TABLE 2. TYPES OF LONG-TERM DATA THAT WILL AID IN DECISIONS ABOUT MAINTENANCE OF DOE SITES AS 
NATIONAL ENVIRONMENTAL RESEARCH PARKS (NERPs) WHETHER TO REMEDIATE,~HETHER TO RESTORE ECOSYS- 
TEMS, AND WHETHER REGULATORY CONSTRAINTS INFLUENCE THEIR MANAGEMENTDECISIONS 

Biological 
Level NERP Remediation Restoration Regulation 

Individual 

Population 

Community/ 
Ecosystem 

Habitat preferences 
Changes in preferences 
Morphological changes 
Population size and trends 
Age and sex ratio changes 
Reproductive success trends 
Contaminant trends 
Species diversity changes 
Successional changes 
Endangered species 
Trends in guild populations 

X 

X 
X 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 
X X 

X X 
X 

Notes: An X mdicates where the data will be particularly useful in making that decision. 

the environment (Dale and Parr 1998). In 1972 
the Atomic Energy Commission designated the 
SRS as America’s first National Environmental 
Research Park (Gibbons 1993). 

There are two important aspects to the land 
use question for researchers: what are the eco- 
logical resources that stakeholders wish to pre- 
serve, and what are the ecological risks of pres- 
ent disruptions (biological, radiological, and 
chemical) and cleanup operations? Biologists 
should enter the discussion about how ecosys- 
tems are used, or such decisions will be made 
without data on use of ecological resources. For 
example, interviews with both sportsmen and 
the general public living around SRS indicated 
that maintenance of SRS as a National Environ- 
mental Research Park, Preserve, or for recrea- 
tion ranked the highest, and residential and in- 
dustrial uses ranked the lowest (Burger et al. 
1997a; Burger 1997, 1998). 

It is in the arena of the DOE lands that long- 
term studies can contribute to all aspects of de- 
cision-making (Table 2). Having long-term data 
on endangered species, sensitive species, or vul- 
nerable groups (such as neotropical migrants) 
will prove invaluable in making decisions about 
whether to maintain the NERPs in their current 
status, or to reduce their size (many of these 
decisions will be similar to those listed in Table 
1). 

Decisions to remediate will depend first on 
future land use, to which avian data can surely 
contribute. For example, the presence of func- 
tioning, interesting, unique ecosystems may sug- 
gest that some portion of the land should be used 
either for a preserve or for recreation. Decisions 
about what land to remediate, and the degree of 
remediation will depend also on the contaminant 
levels present. Trade-offs must occur between 
the presence of the current ecosystem (which 

may be functioning even though it is sli,ghtly 
contaminated), and the damage that the reme- 
diation will do to those systems. This damage, 
however, cannot be assessed without data on the 
existing ecosystems, and long-term data will be 
most useful since they will demonstrate not only 
current communities but their long-term viabil- 
ity. 

Restoration decisions will profit markedly by 
data from long-term studies since, with knowl- 
edge about individual, population, and commu- 
nity structure, it will be possible to define the 
level of restoration possible for that parcel of 
land, and the possible trajectory of recovery giv- 
en the avian assemblages that exist on the site 
prior to restoration. Restoration may be active or 
passive, and again, data from avian studies may 
contribute to the decision about whether to allow 
natural succession to occur or to speed it up by 
the process of restoration. 

Lastly, there are regulatory constraints that 
must be addressed in any planning or manage- 
ment decision (Bilyard et al. 1993), and some 
data from long-term studies are useful for this 
mandate (Table 2). In most cases, such data re- 
late to contaminant levels and the presence and 
status of endangered species. In both cases, 
long-term data sets with birds are particularly 
useful in establishing the current value of a site, 
in predicting its future value, in establishing 
management options, and in stewardship. 

Many DOE sites have cleanup and remedia- 
tion issues that revolve around the cooling ponds 
from their nuclear reactors that are no longer in 
operation. Continued maintenance of these 
ponds costs in the millions of dollars annually, 
and the question of no longer maintaining them 
is important. Data from long-term studies with 
contaminants can contribute to these decisions. 
For example, from September 1991 to Decem- 



LONG-TERM AVIAN STUDIES AND MANAGEMENT--Burger 

ber 1994 the water levels of Par Pond on SRS 
were lowered by 6 m. Par Pond had received the 
cooling water effluent that was periodically con- 
taminated with radiocesium and smaller amounts 
of other contaminants from 1954 to 1964. Dur- 
ing the drawdown, Mourning Doves (Zenaida 
macroura) feeding on the exposed sediments 
were collected for radiocesium and heavy metal 
analysis (Burger et al. 1997b, Kennamer et al. 
1998). Levels of radiocesium in the muscle tis- 
sue of doves from Par Pond were sufficiently 
high as to pose a potential human health risk if 
hunters had been allowed to hunt there every 
day during the dove hunting season. These data 
could be compared to levels in the tissues of 
other birds from long before the draw-down of 
Par Pond. These data are useful to managers and 
regulators in their decisions about future draw- 
downs, and were important data for them when 
deciding not to allow L Lake (another cooling 
pond on SRS) to revert to its previous levels. 

DESIGNING LONG-TERM RESEARCH FOR 
PLANNING AND LAND MANAGEMENT 

Many long-term studies with birds at SRS, 
and elsewhere, were designed many years ago 
to provide data on behavior, ecology, and repro- 
ductive success of individual birds, or groups of 
birds (Newton 1989). Thus they were not de- 
signed with management and pubic planning in 
mind. This, however, does not mean that the data 
are not useful for management and planning, nor 
does it mean that the data that are gathered in 
the future cannot be even more useful, often 
with only minor tinkering. 

Tables 1 and 2 indicate the types of data that 
would be useful to managers and planners, with 
the idea that some types of data can be gathered 
now, even if they were not part of the original 
protocol. For example, data from long-term 
studies can be used to design types of remedia- 
tion and restoration, and can be used as mea- 
sures of success of specific remediation or res- 
toration plans. Evaluating the effectiveness of 

remediation and restoration is an important as- 
pect of management. Without it we will be un- 
able to determine which methods to use in the 
future (Burger 1994, White 1996). 

Finally, risk assessors are defining a role for 
expert judgement in risk analysis (Otway and 
Winterfeldt 1992). While expert judgement has 
always played a role in risk assessment and 
management (Barke and Jenkins-Smith 1993), 
this role may increase in the future because good 
science may not always be able to provide the 
unambiguous facts necessary for decisions. In 
the context of avian research, the presence of 
scientists associated with long term-studies will 
provide a cadre of experts that are partially le- 
gitimized by these studies. An avian directory of 
long term studies, cross-referenced to species, 
types of studies, and contaminants or other an- 
thropogenic stressors, could provide an invalu- 
able stable of “experts” for aid in remediation, 
management, and planning decisions. 

In summary, ornithologists have participated 
in many long-term studies designed to gather in- 
formation on trends in populations, reproductive 
success, and chemical contamination. I suggest 
that avian researchers would profit from under- 
standing the data needs of planners and man- 
agers, and that cooperation in the early phases 
of study design will increase the usefulness of 
long-term avian studies. Further, long term data 
sets can be used to evaluate the relative impor- 
tance and uniqueness of habitat, contributing 
markedly to the initial decision of whether to 
remediate contaminated lands. 
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AN APPROACH TO QUANTIFYING LONG-TERM HABITAT 
CHANGE ON MANAGED FOREST LANDS 

PAUL B. HAMEL AND JOHN B. DUNNING, JR. 

Abstract. Forest land managers must determine the effects of their management on nontarget re- 
sources, resources for which no current inventory is available, and for which no past trend information 
exists. The tools available to managers to make these determinations consist of the inventory infor- 
mation gathered for those commodities desired to be produced, i.e., the target resources. A method is 
proposed here, using available land use records and bird data sets for the Savannah River Site, to 
reconstruct past land use conditions and bird community composition and distribution. In addition to 
describing habitat change and resource response, the method can estimate the amount of uncertainty 
inherent in assessing implications of land management decisions for nontarget resources. 

Key Words: bird-habitat relationships, forest history, forest management, habitat modeling, land man- 
agement planning. 

Forest land managers need to make rapid and 
accurate decisions to be effective natural re- 
source stewards. The quality of these decisions 
depends upon several factors, one of which is 
the accuracy of inventory information available. 
Unfortunately, land managers rarely have the 
staff to inventory resources other than those they 
produce intentionally. Inventories that are com- 
pleted focus on a few critical elements relevant 
to commodity production. Such inventory work 
is typically carried out in a cyclical fashion, in 
which managers return to individual forest 
stands on a regular basis. 

Information available to the decision-maker 
often is only the current inventory. Unless this 
individual has a long history of management re- 
sponsibility on the site, little information from 
the previous inventories will be available to 
them. Unfortunately, the details of earlier inven- 
tories often are not archived in a retrievable 
fashion. Because timber harvest rotation ages of- 
ten are longer than the careers of managers, it is 
unlikely that managers will have much infor- 
mation on the history of a stand or its historical 
productivity. 

If the absence of resource inventory infor- 
mation was the primary problem faced by man- 
agers, their tasks would be difficult enough. 
However, as conditions change over time, addi- 
tional resources often are identified as important 
products of the forest. As these resources are 
identified, forest managers become responsible 
for producing and monitoring them. 

This addition of resources to the targets of 
production is the problem of interest here. Ac- 
ademically trained to produce one set of re- 
sources, managers later in their careers find 
themselves required to produce other, nontarget 
resources as well. The managers cannot have 
been trained to produce these nontarget re- 
sources nor, more importantly, can they have ad- 

equate inventory information for these nontarget 
resources. The resource management nightmares 
that result from these circumstances are numer- 
ous. The Spotted Owl (Strix occident&s; Tho- 
mas and Raphael 1993) of the Pacific Northwest; 
the Bachman’s Warbler (Vermivora bachmanii; 
Evenden et al. 1977, Hooper and Hamel 1977, 
Remsen 1986), the pondberry (Lindera melissi- 
folia; DeLay et al. 1993), and the Red-cockaded 
Woodpecker (Picoides borealis; Hunter et al. 
1994, Conner et al. 1996) of the Southeast are 
all examples of such resource management 
nightmares. Ultimately, without an accurate un- 
derstanding of the habitats for these species and 
others, creatures of considerable value econom- 
ically, like the Passenger Pigeon (Ectopistes 
migratorius), aesthetically, like the Carolina Par- 
akeet (Conuropsis carolinensis), or ecologically, 
like the Ivory-billed Woodpecker (Campephilus 
principalis), are lost to future generations. 

In this brief paper, we propose a mechanism 
to address this problem using the lands of the 
Savannah River Site (SRS) managed by the Sa- 
vannah River Natural Resource Management 
and Research Institute (SRI) as a model. We 
suggest exploring potential effects of land man- 
agement planning by looking not for more so- 
phisticated means to anticipate the future but by 
taking advantage of current technology and un- 
derstanding of ecological processes to reinter- 
pret the historical record of land use. The objec- 
tives of this paper are to (1) outline a process to 
retrofit current land-use information into a his- 
tory of the SRS, and (2) suggest methods to ap- 
ply existing bird-habitat relationships to develop 
predictions of past bird communities. A by- 
product of this process will be a method for for- 
est land management planners to evaluate con- 
sequences of decision-making processes on 
birds and to use those evaluations to guide future 
decision-making. 

122 
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THE RECONSTRUCTION PROCESS 

The proposed process involves a reconstruction of 
the past land use environment. The reconstruction uses 
available information projected back into the past, as- 
sesses the accuracy of those backward projections 
based upon examination of past records, makes pre- 
dictions of later conditions of nontarget resources from 
the reconstructions of the past, and compares those 
predictions to subsequent measurements of those re- 
sources. We outline several methods to conduct the 
reconstructions. The several bird community studies 
presented by others in this volume provide the “non- 
target resources” for which the projections can be 
made. 

TECHNIQUES SUGGESTED FOR RECONSTRUCTING FOREST 
HISTORY 

Three techniques are outlined for reconstructing for- 
est history. They are (a) strict backtracking from pres- 
ent inventory coverage, (b) successive backtracking 
using past inventory coverage, and (c) re-evaluation of 
old aerial photographs. Each of these techniques is ca- 
pable of projecting a past forest condition that can be 
mapped. The utility of using several of these tech- 
niques on the SRS is that with the extensive history 
of forests and bird communities maintained by re- 
searchers on the site, it will be possible to develop 
several depictions of the history and compare them 
with each other. The result of the comparison will be 
information useful to managers in other locations who 
may have only one of these methods at their disposal 
to reconstruct the history of the forest. 

Strict backtracking from present inventory coverage 

The most straightforward method of reconstructing 
the history of the forest on the SRS is to use the cur- 
rent inventory of existing tabular files and maps of 
stands. These data are maintained in a management 
information system, the Continuous Inventory of Stand 
Conditions (CISC), and a set of maps maintained in a 
geographic information system (GIS). By associating 
characters of age and composition with the mapped 
stands, it is possible to estimate the mosaic of forest 
conditions in approximately lo-yr intervals into the 
past from the present to the establishment of the SRS 
in the 1940s. This technique should be relatively easy 
to apply, and is limited only by the unavailability of 
information on the previous composition of stands re- 
cently harvested or otherwise modified, as by fire. 
Where stands are regenerated, the previous CISC data 
for that stand can be used to continue the projection 
of history in the stand. One important qualifier for this 
process will be the extent to which this stand infor- 
mation is actually available. Much of it may have been 
lost or destroyed as no longer relevant information. A 
second qualifier is the extent of the area that can be 
typed by this method. If the area that cannot be typed 
is large, this technique will be less useful than if that 
area is small. 

The steps in this process are 
1. Quantify age-condition-structure relationships us- 

ing a cross-sectional approach, given the existing CISC 
data. 

2. Backtrack in lo-year time intervals to estimate 
expected situation during each interval. 

3. Overlay bird-habitat affinity information (e.g., 
Hamel 1992) onto the projected habitat situations for 
specific time periods. 

The result of applying this process will be a set of 
maps of distribution of habitats for particular bird spe- 
cies, with associated smtabilities, for the entire SRS at 
specified times. From these maps can be derived sum- 
maries of extent of habitats believed to be present at 
the specified times. Empirical associations of relative 
abundance with habitat condition (e.g., Hamel 1992, 
Hamel et al. 1988) will indicate relative abundance of 
species at specified times. Comparison of the abun- 
dance and quality of habitats and relative abundance 
of the birds suggested by this process for the specified 
times will indicate the suggested trend in habitat avail- 
ability and relative abundance for the species during 
the period of time since establishment of SRS. The 
individual snapshots of habitat availability and sug- 
gested relative abundance are the outcomes available 
for comparison among methods for projecting the past 
conditions on SRS. 

Using past inventory coverage-successive 
backtracking 

To the extent that they are available, historical CISC 
records also will permit construction of the forest for 
stands at particular times in the past. This is the equiv- 
alent of using the current CISC data base for depicting 
the forest at the present time. Although perhaps the 
most effective way to reconstruct the management 
view of the forest at some time in the past, this method 
likely suffers from lack of available records, an unfor- 
tunate casualty of the management focus on current 
conditions and the next management action. Useful for 
monitoring and managing intended resource uses, such 
a focus reduces the managers’ ability to inventory and 
monitor the nontarget resources in their care. 

From each of these sets of historical records, a past 
history can be developed as in the first technique. 
Comparison of these histories is a useful check on the 
use of management data to depict history. Differences 
between the maps projected from the first technique 
and actual past maps from this technique reflect at least 
two sorts of errors, both of which are relevant to pre- 
dicting occurrence of nontarget resources from stand 
inventory information. The differences confound error 
introduced by the projection process with error intro- 
duced by the variation in individuals who did the ini- 
tial inventories and prepared silvicultural prescriptions 
for the areas. Comparison of retrofit projections with 
actual past estimates, however, does provide an im- 
portant measure of change, despite problems with ob- 
server variability in preparing stand maps from inven- 
tory information (stand typing). 

As in the first technique, projections of bird com- 
munities can be overlain onto the projections of habitat 
conditions to estimate bird communities at particular 
times in the past. Comparisons of bird community es- 
timates derived from retrofitting current stand infor- 
mation with estimates derived from using actual past 
estimates is again a measure of observer variability in 
typing. Until this sort of error can actually be mea- 
sured, however, it will not be possible to ascertain 
whether it exists at an acceptable level. 

A potentially appealing use of past inventory infor- 
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TABLE 1. SCHEMATIC OF USE OF CURRENT AND PAST VEGETATION AND BIRD DATA SETS TO RECONSTRUCT AND 
TEST LAND USE HISTORY 

Prediction data set (test data set) 

Time Period current 

Current A(T)= 
10 yrs ago F 
20 yrs ago F 
30 yrs ago F 
40 yrs ago F 
50 yrs ago F 

CISC data gathered (air photos) 
past 

10 20 30 40 50 

P P P P P 

A(T) P P P P 
F A(T) P P P 
F F A(T) P P 
F F F A(T) P 
F F F F A(T) 

a Symbols in the table reflect whether the vegetation maps are A - actual, or F - forecasts of the future based upon actual measurements in the 
past, or P - historical projections into the past of measurements made later. (T) - indicates that aerial photographs can be used to test measurements 
made on the ground; they can also be used to evaluate both Projected and Forecast maps. 

mation will be the use of earlier CISC inventories to 
project both backward and forward in time (Table 1). 
Each of the past CISC data sets can be used to project 
both forward and backward in time to establish a set 
of predictions of habitat conditions for all the time 
periods to be examined. The utility of this approach 
will be that it provides a method to compare the ac- 
curacy of predictions made with data of different lag 
times, i.e., in which the predictions are one, two, etc. 
re-entry cycles removed from the actual inventory in- 
formation on which they are based. 

Retyping old aerial photographs 

A series of aerial photographs exists for the SRS, as 
they do for many areas. It is possible to conduct an 
inventory of forest resources from each of these sets 
of photographs, and to identify individual stands and 
map them. This method, called forest typing, involves 
interpretation of the photographs and determination of 
the extent of stands of similar conditions of composi- 
tion (forest type) and structure or successional stage 
(stand condition class). Although a respected method 
of forest inventory and management work, it suffers 
in that it takes a great deal of time to retype old aerial 
photographs. 

The strength of this approach is that it will allow 
comparison of the projections of CISC with replicable, 
objective data sets compiled from the aerial photos. 
Observer variation is potentially controllable by hav- 
ing a single individual conduct the silvicultural pre- 
scriptions from the photographs themselves. Ground- 
truthing of the old photographs obviously will not be 
possible. Bird data can be overlain onto the projections 
of the aerial photos as well, as in the other methods. 

SRS-AN IDEAL CASE STUDY AREA 

SRS is an ideal area on which to test this ap- 
proach or apply this model. The size, forest mix, 
location, and forest management activity con- 
ducted by SRI on SRS are representative of Na- 
tional Forests or of other managed forest lands 
in the South. The advantage of SRS is the avail- 
ability of relatively long-term investigations of 
resources other than timber. This array of bio- 
logical data provides the opportunity to evaluate 

how well managers might anticipate effects of 
management activities on nontimber resources. 

APPLICATION OF THE RECONSTRUCTION PROCESS 

As an example of this process, we analyzed 
the 1988 CISC database for the SRS to estimate 
changes in habitat from 1950-1988. We used the 
1988 CISC database because it was the oldest 
complete database available to us. As mentioned 
above, information on prior history is lost when 
stands are regenerated and data on new stand 
conditions are inserted into the CISC database. 
Thus use of more current databases would result 
in the loss of more information on prior history. 

We selected 4-7 compartments in each of 
three regions of the SRS, regions devoted pri- 
marily to Forest Service management. We ex- 
cluded heavily industrialized areas from this test. 
The selected compartments also were located 
away from the Savannah River floodplain, 
which has different soils, hydrology, and forest 
types than the upland portions of the SRS. We 
excluded areas within the compartments identi- 
fied in the CISC database as deciduous forest 
because studies of these forest types have shown 
little temporal change in distribution on the SRS 
since the 1950s (J. Pinder, pers. comm.). The 
following amounts of pine forest and open hab- 
itats remained for analysis: northwest (NW) re- 
gion (compartments 14-17, 2,227 ha), northeast 
(NE) region (compartments 24-29, 4,475 ha), 
and southeast (SE) region (compartments 76, 
80-85, 4,812 ha) (Table 2). We classified the 
remaining pine forest and open habitat stands in 
these regions by lo-yr age class using the year 
of planting recorded in the CISC database. 

We then made a series of assumptions to ex- 
trapolate 1950 habitat distributions from the cur- 
rent (1988) database. For all stands identified in 
1988 as pine forest (including stands of forest 

types = loblolly pine, Pinus tuedu, longleaf 
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TABLE 2. 1988 HABITATDISTRIBUTIONS IN SELECTED 
SRS COMPARTMENTS, EXPRESSED AS PERCENTAGE OF 
TOTALPINE/OPENHABITATWITHINTHECOMPARTMENTS 

Age Classes 

1946 1951- 1961- 1971- 1981- 
Region pre-1945 1950 1960 1970 1980 1988 

Northeast 32 5 26 15 3 19 
Northwest 13 7 52 3 15 10 
Southeast 10 6 53 2 9 20 

pine, P. palustris, and slash pine, P. elliottii) we 
assumed that: 

1. Stands with year of planting of 1945 or 
earlier were forested in 1950. Current studies of 
forest maturation and avian response show that 
5-yr-old pine stands (especially loblolly and 
slash pine stands) are likely to consist of 4-5 m 
tall trees, and be dominated by forest-associated 
birds (Dunning and Watts 1990; J. B. Dunning, 
unpubl. data). 

2. Stands with a year of planting between 
19461950 were in regeneration in 1950, and 
therefore consisted of old-field successional hab- 
itat. 

3. Stands with a year of planting between 
1951-1980 were active or fallow agricultural 
fields. Within these age classes the stands aged 
1971-1980 are the most problematic. At this 
time, most of the initial conversion of farmland 
to planted forest was completed, and some har- 
vest of older forest may have been occurring. 
We treat this age class as part of the agricultural 
conversion because we have found no sources 
indicating that substantial timber harvest took 
place in the compartments we used during this 
decade. 

4. Stands with a year of planting between 
1981-1988 represent potential error in the anal- 
ysis, as the history of these stands prior to plant- 
ing is unknown. 

By this analysis the three regions differed 
substantially in their 1950 distributions of pine 
forest and open habitats (Table 2). At least 32% 
of the NE region was forested in 1950 (as iden- 
tified by pre- 1945 year-of-planting designations) 
while only lo-13% of the NW and SE regions 
were in pine forest. In all three regions, we es- 
timate that 5-7% of the regions were in regen- 
eration. Between 45-70% of each region was in 
agriculture in 1950, as indicated by planting 
years between 1951-1980 in the 1988 CISC da- 
tabase. The NE region had the lowest estimated 
proportion of farmland, and also the lowest pro- 
portion in the problematic 1971-1980 age class. 
Error rates in the 1950 habitat reconstruction 
varied from lo-20% as estimated by the 1981- 
1988 age class. 

From this initial analysis, we estimate that 
lo-32% of the SRS was forested in 1950, while 
50-70% was more open. If needed, a decade- 
by-decade portrait of the conversion from agri- 
culture to managed forest could be developed. 
About 5% of the SRS was probably similar to 
regeneration stands today. 

As loss of information in the CISC databases 
associated with the most recent habitat conver- 
sions totaled lo-20%, use of even older data- 
bases would likely improve confidence in this 
type of reconstruction. Thus the use of older 
CISC data as outlined in the second technique 
would build upon the process we have initiated 
here. A major improvement in our ability to con- 
duct this type of analysis would be to change 
the CISC database structure so that prior history 
is not lost when stands are harvested and re- 
planted. Information is also lost with the current 
database structure when stand boundaries are re- 
drawn (for instance, when small, similar stands 
are combined into a single stand). At such times, 
stands are often renumbered, resulting in the loss 
of all historical information associated with the 
former stand numbers. We strongly urge that 
managers be receptive to the need for historical 
information on their management lands by re- 
taining such information in their stand data- 
bases. 

The final step in the process of quantifying 
long-term habitat change using the CISC data- 
bases was to overlay avian habitat requirements 
onto the projected habitat conditions for differ- 
ent time periods, and estimate change for spe- 
cific bird species. We compared avian surveys 
conducted by E. Odum in the early 1950s (sum- 
marized by Meyers and Odum this volume) with 
J. B. Dunning’s studies of birds of open habitats 
(clearcuts) and pine forest during the late 1980s 
and early 1990s (for methods see Dunning and 
Watts 1990, Dunning et al. this volume). With 
few exceptions, we found that breeding densities 
and species lists from Odum’s “pine” and “pine 
scrub” habitat categories were similar to modem 
avifaunas in mature longleaf pine forest stands 
(Table 3). The active and fallow agricultural 
fields surveyed by Odum (Meyers and Odum 
this volume) contained an avifauna distinct from 
those in open habitats present on the SRS today 
(Kilgo et al. this volume; J. B. Dunning, pers. 
obs.). Thus a first approximation of changes in 
the avian communities on the SRS can be 
tracked by reconstructing changes in open and 
pine-dominated habitats in different regions of 
the SRS. 

EXISTING SRS DATA SETS 

A rich and relatively long historical set of da- 
tabases on the flora and fauna is available for 
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TABLE 3. MOST COMMON BIRDS RECORDED ON SURVEYS IN 1950s (ODUM~) AND 1980-1990 (DUNNING~) OF THE 
SRS 

Census Period, Habitat Sampled, Species Richness 

Rank 
Abun- 
dance 

1950s 
Agricultural 

Fields (S = 8) 

1950s 
Pine & Pine 

Scrub (S = 18) 

1990s 1990s 
CleWXlts Mature Pine 
(S = 27) 

10 

Eastern Meadowlark 
Field Sparrow 
PRAIRIE WARBLER 

Eastern Kingbird 

MOURNING DOVE 
RED-HEADED 

WOODPECKER 
Eastern Bluebird 
Orchard Oriole 

PINE WARBLER 
PRAIRIE WARBLER 
BACHMAN’S SPAR- 

ROW 
NORTHERN CARDI- 

NAL 
EASTERN TOWHEE 
Brown-headed Nuthatch 

Summer Tanager 
Tufted Titmouse 

EASTERN WOOD-PE- 
WEE 

Great Crested Flycatch- 
er 

Prairie Warbler 
Eastern Towhee 
Indigo Bunting 

Bachman’s Sparrow 

EASTERN TOWHEE 
PINE WARBLER 
BACHMAN’S SPAR- 

ROW 
Indigo Bunting 

Yellow-breasted Chat PRAIRIE WARBLER 
Northern Bobwhite MOURNING DOVE 

Northern Cardinal 
Mourning Dove 

Blue Grosbeak 

Brown-headed Cowbird 

Carolina Wren 
EASTERN WOOD-PE- 

WEE 
NORTHERN CARDI- 

NAL 
RED-HEADED 

WOODPECKER 

Notes: Species found in either of the 1950s surveys and 1980-1990 clearcut surveys are indicated with boldface; species in either of the early surveys 
and late surveys in mature pine stands are indicated with CAPITALS. Note that 6 of the species most common in early pine/pine scrub habitat occur 
in both clearcuts and mature forest from later survey period, while only 3 of the species most common in agricultural fields in the 1950s appear on 
the 1990s lists. Scientific names are in Appendix 1. 
a For list of so”rces see Meyers and Odum (this volume) 
h J.B. Dunning, pers. comm. 

SRS. Extensive vegetation and bird data sets 
(Meyers and Odum this voZume) are among 
those available. Additional data on climate, 
physiography, topography, and soils also may be 
useful. For simplicity, we reconstruct land-use 
histories without reference to these other data 
sets. The approach depends upon use of the ex- 
isting and past vegetation data bases to recon- 
struct past land-use, a bird-habitat association 
model to predict past bird communities, and a 
group of validation vegetation and bird data sets 
to compare estimates of past land use and bird 
communities to those actually measured at the 
time. 

VEGETATION 

Several vegetation coverages exist for the site, 
four of which are important as reconstruction 
tools. These are the existing USDA Forest Ser- 
vice (USFS) Geographic Information System 
coverage (GIS), the set of current and past re- 
cords of the Continuous Inventory of Stand 
Conditions data base (CISC), current and past 
aerial photographs, and the Forest Inventory and 
Analysis (FIA) survey data. 

Existing GIS coverage 

This is a thorough, accurate map of the bound- 
aries of the existing compartments and stands, 
digitized to high standards of accuracy. Bound- 
aries of management compartments are expected 

to be stable over time, while boundaries of stands 
reflect the different timber staff assistants and 
their views of management options. 

Advantages.-The high quality of existing GIS 
coverage for SRS means that reconstruction will 
be relatively easy to accomplish. Manipulation of 
CISC data for existing stands in the GIS is rela- 
tively direct and rapid. Use of the GIS to identify 
larger scale units of habitat for particular bird 
species is easy. 

Disadvantages.-A large investment in quality 
control and digitizing initial information, as well 
as in maintenance of equipment and data, is in- 
volved in use of the GIS. GIS lacks the flexibility 
to change stand boundaries that is inherent in in- 
dividual typing of aerial photographs because the 
GIS is a depiction digitized from other sources 
rather than the primary data source. 

Current CISC data 

The CISC data base includes information iden- 
tifying the individual stands within compart- 
ments. Associated with each stand is a tabular 
data set that reflects the management information 
concerning the vegetation of each stand. Forest 
type and site index data, stand condition class, 
intended management type and associated site in- 
dex for that management type, stand age ex- 
pressed as the stand birthdate, a modest number 
of quantitative measurements of the vegetation, 
and some indication of the management actions 
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taken during the current entry cycle form the data 
in CISC. CISC data are gathered by staff foresters 
and reflect a minimal amount of effort consistent 
with classification to the appropriate forest type. 

Advuntuges.-CISC data are the inventory 
data on which land management decisions are 
based. Using them directly ties information on 
nontarget resources like birds to the best repre- 
sentation of the conditions on the ground. All 
members of land management and management 
planning teams are familiar with the data, their 
use, and limitations. 

Disadvantages.-CISC data have uneven ac- 
curacy from place to place, period of time to pe- 
riod of time, and are subject to certain kinds of 
observer variation that can be frustrating. Some 
preparers of CISC data are prone to interpret the 
field information on stand composition with a 
bias toward economically important trees in the 
stands. Others will have relatively less bias to 
commercial species. Variation in typing is due to 
such biases. The relatively small number of actual 
biological descriptors in the CISC data creates 
difficulties for workers wishing to infer the pres- 
ence or absence of other attributes of stands, such 
as snag densities, presence of certain volumes of 
downed woody material, and the like. 

Current and past aerial photographs 

At approximately lo-yr intervals, complete 
coverage of low altitude aerial photographs has 
been taken to permit foresters to develop type 
maps for managed forest lands as part of the re- 
entry cycle. An evaluation of existing sets of 
aerial photographs will permit development of 
an independent map of forest stands from each 
set of photographs. 

Advantages.-Each available set of aerial 
photographs is a document of conditions exist- 
ing at a particular time. As such, these records 
are a most useful documentation of actual con- 
ditions. As remotely sensed data, the photo- 
graphs cover areas much larger than stands, and 
landscape features can be measured from them. 
Observer variation in developing forest type 
maps can be examined by having several differ- 
ent observers produce type maps from the same 
set of aerial photographs. 

Disadvantages.-The major disadvantage of 
using aerial photographs is the very time-con- 
suming process of examination required for ob- 
servers to interpret them. Because the time re- 
quired is great, it may be cost prohibitive to use 
complete sets of past photographs to reconstruct 
land use history. 

FIA plot data 

The FIA Unit of the Southern Research Sta- 
tion, USFS, maintains a set of permanent plots 

in forest throughout the South. A number of per- 
manent plots are on the SRS. Each of these plots 
has been measured at least one time, and some 
as many as three or four times, at approximately 
7-12 year intervals. Data from these plots can 
be used to estimate the amount of forest on the 
SRS. Location information is also available for 
the plots, permitting limited spatial analyses. It 
is also possible to use the measurements on the 
FIA plots to estimate certain quantitative mea- 
sures of vegetation composition and structure 
not available in CISC. 

Advantages.---FJIA data are gathered to very 
high standards of accuracy, and involve a large 
number of quantitative measures of vegetation 
structure. The relatively large number of FIA 
plots on the SRS makes this an ideal site to use 
the FL4 datasets as a means to quantify mea- 
surements of vegetation structure at the larger 
scale of the stands on a site of reasonable extent. 
Current FIA data sets are a vastly underused re- 
source for tasks such as this one. 

Disadvantages.-Because FIA data are gath- 
ered at randomly located plots, the measure- 
ments made on FIA plots are representative of 
forest types. Consequently, they are not mapp- 
able directly as are CISC and GIS data, and the 
forest type boundaries made on aerial photo- 
graphs. Sensitivity of location data associated 
with FIA plots may make certain kinds of uses 
difficult for others wishing to use them for pur- 
poses of historical land use reconstruction. 

BIRD PREDICTION DATA SETS 

Two primary data sets exist for development 
of estimates of bird occurrence associated with 
land use reconstructions, Hamel (1992) and the 
USFS Region 8 BIRDHAB model (U.S. Forest 
Service 1994). Both are derived from the matri- 
ces of species by vegetation type associations 
developed in Hamel et al. (1982), in which the 
authors developed a set of species-by-habitat 
matrices for bird occurrence in the Southeast. 
These were tested in limited way by Hamel 
(1984, Hamel et al. 1988) and currently are be- 
ing tested extensively by USFS Southern Re- 
search Station personnel using bird census data 
from SRS. The BIRDHAB model has been ex- 
tensively modified to provide a user-friendly 
method for wildlife biologists and others in Re- 
gion 8 to be able to use the GIS to associate bird 
species to mapped habitat conditions as found in 
CISC. Each of these data bases is sufficient to 
associate a group of bird species with a mapped 
stand. 

Advantages.-Projections of the data in Ha- 
me1 (1992) or BIRDHAB is easy to accomplish 
because each is an automated product. Each in- 
cludes capability to associate birds with each 
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acre of the SRS or any other southern forest 
land. Matrices in each were designed specifical- 
ly to associate birds with forest type and stand 
condition designations such as those in Table 2. 

Disadvantages.-Because the data in Hamel 
(1992) and BIRDHAB are generally applicable, 
and designed to associate birds with relatively 
broad vegetation type or forest type categories, 
each of these works represents a set of hypoth- 
eses of occurrence. Neither is capable of asso- 
ciating species with particular vectors of empir- 
ical measurements of vegetation structure, par- 
ticularly as that vegetation structure may vary 
among stands that fall within the same forest 
type-stand condition class combination. 

TESTING THE PREDICTIONS 

Two kinds of tests are desirable from the data 
developed in the procedures outlined here. In 
one kind of test, past projections are compared 
with each other to identify uncertainty inherent 
in the reconstruction, hence the planning, pro- 
cess. In the other kind of test, past projections 
are compared with measurements made in other 
studies on the site. Each of these sorts of com- 
parisons provides important information for 
managers on the effectiveness of the planning 
process. 

CONSISTENCY OF PAST RECONSTRUCTIONS 
MEASURES RELIABILITY OF PREDICTIONS 

The several reconstructed land use histories, 
e.g., one for each interval of CISC coverage, one 
for each set of aerial photographs, can be com- 
pared with each other to assess whether and to 
what extent the records of land use agree with 
each other. It is unlikely that they will agree, 
perhaps not even closely. Differences among the 
projections of land use is a measure of the un- 
certainty inherent in projections based on the in- 
ventory information that managers must use. 

Bird communities based upon the historical 
projections of land use can be compared among 
themselves. The differences among these projec- 
tions are another measure of the uncertainty on 
which management decisions must be based. 
Variation observed here is an actual measure of 
the variation introduced by the planning process. 
It is variation in possible estimates of nontarget 
resources based on information designed to 
monitor target resources. 

ACCURACY OF THE PROJECTIONS REFLECTS THE 
SUFFICIENCY OF MANAGEMENTINFORMATION 

Comparison of projected land use history with 
specific measures of landscape, such as those de- 
rived from retyping old aerial photographs or 
from historical vegetation studies, provides a 
measure of the accuracy of the land use projec- 

tions. Testing the accuracy of projections made 
from data lo- vs. 20- vs. 30-yr distant from the 
source of the projections is a valid estimate of 
the uncertainty inherent in the projection process 
as it extends farther from the current time peri- 
od. Comparison of bird community projections 
with those actually observed in the past studies 
of the SRS avifauna estimates the accuracy of 
predictions based upon general habitat associa- 
tion models. 

Results of these comparisons will be instruc- 
tive in showing managers the extent to which 
initial efforts to associate nontarget resources 
with categories in the management inventory 
and information system can be adequate for pre- 
dictive purposes. 

DISCUSSION 

It has been said that “It is not management 
unless it is done on purpose.” This reasonable 
standard for managerial activity fails to incor- 
porate the reality that each management action 
affects not only the target resources, for which 
the activity was done “on purpose,” but also 
may affect a wide range of nontarget resources 
as well. Each of these resources is affected in an 
unintentional way. Consequently, the effect of a 
management activity on a particular resource, 
such as a community of birds, may be beneficial, 
neutral, or detrimental. 

Current forest management practices often ap- 
pear to follow a row-crop agriculture mindset 
(cf. Garrett and Buck 1997), wherein the process 
is viewed strictly as a controlled activity leading 
to production of targeted amounts of specific 
known commodities. Only quality control mea- 
sures are needed for a production activity, for 
which all relevant outcomes are believed to be 
known. With respect to nontarget resources, for- 
est management is not such a controlled activity, 
nor is it short-term. 

Management of forest succession or timber 
harvest rotation is a long-term process. Short- 
term monitoring records of management actions 
inhibit development of a collective history of 
that process. Without the collective history from 
a site, planning is not easily done and effects of 
management activities on nontarget resources 
are unavailable for improvement or even ex- 
amination. 

A real missing link in the land management 
process has been the recognition that each man- 
agement activity is a manipulative experiment as 
well as a production activity. These experiments 
create an historical record of land management 
on a site. Far too seldom have these “experi- 
ments” been documented, so that their results 
could be used to adjust future management. Far 
too often the results of these “experiments” 
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have been used by opponents of the manager to 
discredit the management. Neither of these out- 
comes is particularly useful to the nontarget re- 
sources in question. 

Several methods for projecting the past his- 
tory of the forest stands at the SRS have been 
described. An example of the use of one of them 
has been presented. Each ideally will produce a 
set of maps with associated tabular data. These 
data reflect several different projections of the 
actual extent, distribution, and characteristics of 
the forests of the SRS. The landscape structure 
of these projections could be estimated to char- 
acterize the spatial heterogeneity across the SRS. 
Comparison of techniques can identify charac- 
teristics of accuracy, precision, and efficiency in 
the projections of habitats. Using a single recent 
CISC coverage, it was possible to estimate the 
past extent of age class coverage on the SRS for 
80-90% of the sample pine forest area. 

Projected bird communities can be compared 
as well. Differences among them will be instruc- 
tive of sources of error involved in habitat pro- 
jections themselves, in associations of vegeta- 
tion characteristics with habitats, in associations 
of birds with vegetation characteristics, and in 
spatial associations of habitats. Projected bird 
communities can be compared to actual mea- 
sured communities when study sites for earlier 
works can be located on the maps. Differences 
between the actual and the several projected 
communities can similarly be apportioned into 
sources of error associated with the different 
techniques. The entire process can be used as a 
model for land use planning elsewhere as well, 
in locations where land use records are less ex- 
tensive than those maintained at SRS. 

Those working at SRI stand in a fairly envi- 
able position of using historical records to es- 
tablish predicted future conditions of the forest, 
and then testing the predictions against actual 
realizations. Differences between current and 
predicted current conditions are measures of the 
uncertainty inherent in land management plan- 
ning. Knowledge of that uncertainty will be a 
powerful tool a manager can employ during de- 
velopment of a forest plan or other document 
indicating management intent. 

CONCLUSION 

Existing data sets for the managed lands of 
SRS can be summarized and several reconstruc- 
tions of past habitat conditions made from them. 
While the task is not trivial, SRS is an ideal area 
to demonstrate the process described here. Ex- 
isting data sets on past bird distributions on SRS 
can be used to assess relationships between birds 
and habitats on SRS at present and in the past. 

Habitat and bird community trend information 
potentially can be developed from these com- 
parisons. 

Data and analyses developed for this volume 
provide an unparalleled opportunity to elaborate 
and to test a process of forest reconstruction that 
is applicable to National Forest lands in the 
South. Although not universally applicable, this 
approach might even be called a “model” for 
forest reconstruction. 

The process is not without difficulty, however. 
Lost data will be a potentially debilitating factor 
to conducting the projections inherent in testing 
these methods of land use reconstruction. But 
they will be an even greater debility for appli- 
cation at sites other than SRS. Readers must re- 
alize that management applications in actuality 
are not yet conducted in the same way as are 
controlled experiments. Managers must recog- 
nize the importance of maintaining archives of 
past inventory information to permit reconstruc- 
tion of trends in habitats and distributions of 
nontarget resources. 
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APPENDIX 1. 
SCIENTIFIC NAMES OF BIRDS MENTIONED IN THE TEXT 

Northern Bobwhite 
Mourning Dove 
Passenger Pigeon 
Carolina Parakeet 
Spotted Owl 
Red-headed Woodpecker 

Colinus virginianus 
Zenaida macroura 
Ectopistes migratorius 
Conuropsis carolinensis 
Strix occidentalis 
Melanerpes erythroce- 
phalus 

Red-cockaded Woodpecker Picoides borealis 
Ivory-billed Woodpecker Campephilus principalis 
Eastern Wood-Pewee Contopus virens 
Great Crested Flycatcher Myiarchus crinitus 
Eastern Kingbird Tyrannus tyrannus 
Tufted Titmouse Baeolophus bicolor 
Brown-headed Nuthatch Sitta pusilla 
Carolina Wren Thryothorus ludovicianus 
Eastern Bluebird Sialia sialis 
Bachman’s Warbler Vermivora bachmanii 
Pine Warbler Dendroica pinus 
Prairie Warbler Dendroica discolor 
Yellow-breasted Chat Icteria virens 
Summer Tanager Piranga rubra 
Eastern Towhee Pipilo erythrophthalmus 
Bachman’s Sparrow Aimophila aestivalis 
Field Sparrow Spizella pusilla 
Northern Cardinal Cardinalis cardinalis 
Blue Grosbeak Guiraca caerulea 
Indigo Bunting Passerina cyanea 
Eastern Meadowlark Sturnella magna 
Brown-headed Cowbird Molothrus ater 
Orchard Oriole Icterus spurius 
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RISING IMPORTANCE OF THE LANDSCAPE PERSPECTIVE: AN 
AREA OF COLLABORATION BETWEEN MANAGERS 
AND RESEARCHERS 

BRIAN K. PILCHER AND JOHN B. DUNNING, JR. 

Abstract. One area where basic researchers and managers have collaborated is in increasing the 
landscape perspective within their respective fields. Research and land management strategies have 
shifted towards greater consideration of landscape factors, a shift born from controversy over forest 
management. We learned several principles from our observations of this movement: many theoretical 
studies later held tremendous management value; controversy led to greater interest in science; com- 
peting demands on forested lands highlighted the need for landscape considerations; and there are 
great needs for new information. Controversy can be a great catalyst for researchers and managers to 
work together, and concerted efforts have brought advances in landscape understanding. Notable suc- 
cesses include a proactive model for understanding landscape processes. We are still far from effective 
landscape management. Most of the change has been in our thinking, not our actions. Managers and 
researchers at the Savannah River Site and on other managed forestlands have a great opportunity to 
forge a new “radical center” where collaboration is recognized as the route to greater understanding 
and action. The substantial history of collaboration between groups on the Savannah River Site to 
meet commodity production goals, conservation objectives, and research needs across diverse land- 
scapes suggests that such a “radical center” is attainable. 

Key Words: avian research, controversy, landscape, natural resource management, Savannah River 
Site. 

One actively changing arena where Savannah 
River Site (SRS) management and researchers 
have worked closely together is landscape ecol- 
ogy. The SRS has been the site of several in- 
novative landscape studies (Liu et al. 1995, 
Dunning et al. 1995, Haddad 1997), and re- 
search administrators in the Savannah River 
Natural Resource Management and Research In- 
stitute (SRI) have explicitly encouraged re- 
searchers to adopt landscape perspectives in 
their work. The Biodiversity Program of the SRI 
has funded landscape-level avian study since the 
late 1980s including both computer simulation 
(Liu 1993, Liu et al. 1994) and field studies 
(Dunning et al. 1995, Kilgo et al. 1997). The 
Biodiversity Program also has encouraged a 
strong experimental program in landscape ecol- 
ogy with other organisms (e.g., butterflies [Had- 
dad 19971 and small mammals [Anderson and 
Danielson 19971). Because the successful imple- 
mentation of such programs requires involve- 
ment of both researchers and managers, it is 
worth considering the landscape perspective 
from management and research points of view 
to provide several frames of reference for spon- 
soring a successful collaboration. In this paper, 
we examine the importance of the landscape 
perspective in management and research, and 
how attitudes towards this perspective have 
changed. We review the general differences in 
the perspectives of managers and researchers 
that have influenced our approaches to the land- 
scape, giving examples of successes, lessons 
learned, and formulas for success. 

THE IMPORTANCE OF A LANDSCAPE 
PERSPECTIVE 

Why is it even necessary to discuss the im- 
portance of the landscape? In many regards, the 
importance of the landscape has become a cliche 
in management and research policy. Usually, 
however, few data exist on which to base land- 
scape-level management. As much as we like to 
think that land management has taken on a land- 
scape approach, impacts of many private timber 
sales and at least some public sales are analyzed 
without long-term projections of future land- 
scapes that could be anticipated under the land- 
owners’ harvest programs, not to mention the 
ignoring of the neighboring landowners’ pro- 
grams. This is extremely significant because 
80% of the timber harvest comes from private 
land, and private land constitutes 72% of the 
U.S. commercial timber acreage (American For- 
est Council 1991). Fifty-seven percent of all 
commercial forest acreage is non-industrial pri- 
vate forest lands (American Forest Council 
1991). There are landscape plans for some in- 
dustrial, state, and federal lands, but lands under 
active timber management without landscape 
plans are a major portion of the forest land base. 
Even where adjacent land managers are attempt- 
ing to implement landscape plans, there can be 
serious impediments to coordination caused by 
different policies and management goals (Cort- 
ner et al. 1996). Researchers are designing in- 
vestigations and analyzing completed studies 
without knowledge of the broader area in which 
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their study sites are located. In spite of the ap- 
parent importance given to landscape issues, 
very little experimental research is designed to 
test landscape problems (Marzluff and Sala- 
banks 1998). So even with the increase in time 
and paper that have been devoted to promoting 
landscape perspectives, most actions in the real 
world still consider a relatively small area. Thus 
the spatial scales of landscape analysis and plan- 
ning still need to be increased. Mostly it is just 
our thinking that has changed. 

The landscape approach is important because 
it is needed to research conservation problems 
appropriately, monitor environmental health, 
and manage the land. It is necessary for assess- 
ments of biological diversity (Probst and Crow 
1991) and for natural resource analysis (Crow 
1991). The distribution of habitats across com- 
plex landscapes needs to be considered when 
studying and managing animals that use a vari- 
ety of habitats during migration (elk, neotropical 
migrant birds, and amphibians), seasonal or dai- 
ly movements (Hunter 1997), or dispersal 
among parts of a metapopulation (Hunter 1997). 
Marcot (1997) suggested that not only the dis- 
tribution of old stands may be important in land- 
scape management, but that old forest elements 
between forest reserves are important for hidden 
species playing key ecological roles. Fragmen- 
tation is a landscape problem that increases 
edge, decreases interior conditions, and reduces 
viability of habitat for some species by isolating 
patches (Whitcomb et al. 1981). This isolation 
may slow or prevent dispersal of young (Hunter 
1997). 

Not only are the physical attributes of the 
landscape important, there are also ecological 
processes that operate at the larger scale (Dun- 
ning et al. 1992). Many processes are linked 
across landscapes, including effects from key- 
stone species that travel between patches, nutri- 
ent cycling, and natural disturbance patterns like 
flood and fire (Carroll and Meffe 1994). There 
can be hierarchical linkage of processes through 
different scales (Allen and Starr 1982, May 
1994), and different properties can emerge at 
different scales (Crow and Gustafsen 1997). 
Population-level processes such as predation are 
affected by the arrangement of organisms and 
habitats (Roff 1974). Natural disturbance re- 
gimes must be preserved at the appropriate scale 
to preserve the associated dynamics (Swanson 
et al. 1997). In summary, an increasing number 
of studies have shown associations between the 
landscape and birds (Marzluff and Sallabanks 
1998). 

Mistakes have been made when long-term 
landscape perspectives were not employed. A 
major conservation initiative of the 1960s and 

1970s was the limiting of clearcut sizes and the 
scattering of harvest units across the landscape. 
Now, in our presumably more enlightened state, 
we find that perhaps it was dangerous to have 
asked for the small clearcuts, because we got 
them. The dispersed patch system (or “cookie 
cutter” approach) in forest harvesting led to in- 
creased fragmentation and a larger, perpetually 
drivable road system that was necessary to en- 
able the creation and maintenance of these small 
harvest units. As we investigate the negative im- 
pacts of fragmentation, we can now realize that 
the larger-scale, landscape impacts of dispersed 
harvest systems were not given the same level 
of consideration as the small-scale, local habitat 
impacts when the cookie cutter approach was 
first designed. 

PROGRESS MADE 

To illustrate how much the perspective on 
landscape/local scales has changed, consider the 
transformation of research and land management 
paradigms in recent decades. The descriptive ap- 
proach of the early naturalists evolved into the 
early experimental (or pseudo-experimental) ap- 
proach of the ecologist and wildlife researcher. 
This experimental approach often focused on the 
density of animals in different forest stands and 
presumably examined habitat selection and hab- 
itat quality (Van Home 1983). Now the avian 
researcher often designs studies investigating 
natural history information such as productivity, 
survivorship, and foraging habitat, but (in ideal 
situations) gathers this data in an experimental 
approach involving longer time and larger areas 
than used by the early naturalists that focused 
on these same topics. 

The land manager (forest manager) of an ear- 
lier era was primarily concerned with sustained 
yield of timber and boosting forest productivity 
for wood products. Within this management 
framework, questions of habitat availability for 
wildlife were answered by providing a range of 
stand ages up to the maximum sustained yield 
rotation age. Next, the federal manager was con- 
cerned with multiple use, and though charged 
with maintenance of all species, commodity out- 
puts still seemed to receive the focus. Most re- 
cently, the manager needed scientifically defen- 
sible management plans that provided for not 
only multiple use, but biodiversity, recovery of 
species, and ecological restoration. Ecosystem 
management at the landscape level is increas- 
ingly recognized by managers as a key to de- 
veloping these plans (Risser 1988). 

By the late 1980’s and early 1990’s, we were 
starting to think about landscape problems like 
never before. The researchers’ input took on 
new value. An urgency for more information 
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stimulated more support for research from U.S. 
Forest Service (USFS), for example, leading to 
requests for significantly greater funding. With 
support from the White House and Congress, the 
research budget increased between 1990 and 
1995 while the USFS was moving toward eco- 
system management (J. Toliver, Research Bud- 
get Coordinator, U.S. Forest Service, pers. 
comm.). While Congress has decreased the over- 
all research budget (in real terms) since 1995, 
the USFS has held money constant in threatened 
and endangered species and ecosystem research 
programs by shifting funds from other research 
programs (J. Toliver, pers. comm.). This need for 
unbiased information was also one of the pri- 
mary impetuses for the creation of the National 
Biological Survey (now the Biological Research 
Division of the U.S. Geological Survey). 

Our progress includes several land manage- 
ment success stories. The multi-species habitat 
conservation plan developed for the California 
Coastal Sage Scrub was a landmark because it 
was the first comprehensive, ecosystem-based 
conservation plan drafted under the U.S. Endan- 
gered Species Act (O’Connell and Johnson 
1997). The plan covers 15,240 km* in five coun- 
ties, and integrates the efforts of numerous po- 
litical jurisdictions. More than 120,000 ha of 
large blocks of habitat are expected to be pre- 
served in conservation reserves (O’Connell and 
Johnson 1997). 

The Coastal Sage Scrub plan evolved from 
the inadequacy of focusing management on sin- 
gle species and small-scale habitat planning. In 
1995, Riverside County, California, completed 
an arduous, seven-year effort to create a habitat 
conservation plan for the endangered Stephens’ 
kangaroo rat (Dipodomys stephensi). In the in- 
terim, however, three other species (a shrimp, a 
frog, and a bird) found in the same region were 
listed under the Endangered Species Act. Rather 
than start all over with plans for each of these 
additional species, planning officials in the af- 
fected southern California counties developed a 
comprehensive plan (called a Natural Commu- 
nities Conservation Plan, NCCP) to protect the 
endangered ecosystem (O’Connell and Johnson 
1997). An integral part of the NCCP is the de- 
velopment of a GIS database of land attributes 
that crosses political and ownership boundaries. 
With this database, planners can assess the land- 
scape context of specific blocks of remaining 
habitat, identify important linkages between 
blocks, and determine proximity to core areas of 
conservation value (Stine 1996). Together with 
comprehensive population viability analyses of 
two of the endangered species (Price and Kelly 
1994, Akcakaya and Atwood 1997), the Cali- 
fornia Coastal Sage Scrub NCCP is a benchmark 

for interagency, cross-boundary conservation 
planning. 

Another success story resulted from contro- 
versy over an endangered species listing. In the 
198Os, the U.S. Forest Service was charged with 
failure to comply with its own regulations under 
the National Forest Management Act (Gordon 
and Lyons 1997) in its management for the 
Northern Spotted Owl (S&X occident&is occi- 
dent&s). The conservation strategy and recov- 
ery plan that was developed for the Northern 
Spotted Owl (Thomas et al. 1990, U.S. Depart- 
ment of Interior 1992) synthesized existing 
knowledge to lay the groundwork for a vast re- 
gional landscape management approach, later 
broadened to a multi-species plan (FEMAT 
1993). Acceptance of this plan was not imme- 
diate, in part because it was developed by sci- 
entists, and thus managers felt little ownership 
in the final plan (Johnson 1997). The initial 
Spotted Owl effort did succeed in bring land- 
scape science more effectively into management 
planning, but it was not a fully collaborative ef- 
fort. 

Finally, the Savannah River Site (SRS) is a 
current example of collaboration in both land- 
scape management and basic research. How this 
landscape perspective developed is worth con- 
sidering. The land that became the SRS was 
originally an agricultural landscape, converted to 
a largely forested condition by an aggressive 
tree-planting program in the 1950s and 1960s 
(White and Gaines this volume). This transfor- 
mation was largely complete by the 1970s be- 
fore the interest in landscape ecology formed. 
Thus, there was little research done to monitor 
population or ecosystem response to the wide- 
spread changes. By the early 1980s however, 
the Department of Energy (DOE, which funds 
virtually all research and management on the 
SRS) and the USFS (which implements the man- 
agement) required information on how land use 
across the SRS impacted wildlife populations, 
endangered species, ecosystem functions, and 
other phenomena covered by DOE’s mission. 

Through the Savannah River Ecology Labo- 
ratory (SREL) and the Savannah River Institute 
(SRI), DOE had funded enormous amounts of 
high-quality, basic ecological research. But land 
managers sometimes complained that too much 
of the research was not focused directly to their 
urgent questions (J. Dunning, pers. obs.). The 
development of the landscape perspective in the 
1980s provided a meeting ground for these po- 
tential antagonists. 

To understand fully the impacts of timber op- 
erations on wildlife species of management in- 
terest, the managers within SRI needed to know 
how their land use affected species such as the 
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Red-cockaded Woodpecker (Picoides borealis) 
and Bachman’s Sparrow (Aimophila aestivalis). 
Timber management changed the distribution of 
forest age classes across the SRS annually, and 
since both of these species were relatively poor 
dispersers, landscape-level impacts of these 
changes in habitat distribution were possible, in- 
deed likely. 

At the same time, ecologists at SREL and the 
University of Georgia were searching for an ap- 
propriate study system for testing landscape 
ecology theory. SRI agreed to fund a research 
program in which field studies to identify land- 
scape influences were initiated, and a simulation 
model of timber management across the land- 
scape scale was developed (Liu et al. 1995, Dun- 
ning et al. this volume). The modeling provided 
advice to the timber managers regarding poten- 
tial impacts of their program on wildlife. The 
models themselves were an innovative applica- 
tion of a new ecological tool, spatially explicit 
modeling (Pulliam et al. 1992). 

Both university ecologists and management- 
related biologists contributed to this collabora- 
tion. Timber management databases proved to 
be an invaluable resource for constructing cur- 
rent and past landscape distributions of habitats. 
The current 5year and 50-year management 
plans gave the modeling project long-range fore- 
casts of landscape change that could be built into 
the simulations. The ecologists contributed basic 
natural-history studies of habitat selection, de- 
mography, and dispersal for parameterizing the 
model. In conducting basic landscape research, 
the ecologists produced results that suggested 
the potential impacts of long-range management 
strategies. These results yielded practical gains 
to the development of management planning 
(Liu et al. 1995). Based in part on the success 
of this collaboration, additional studies of land- 
scape effects on other birds, mammals, lizards, 
and butterflies were funded by SRI’s Biodiver- 
sity Program, and conducted by ecologists from 
the University of Georgia, SREL, SRI and other 
universities (for example, Anderson and Daniel- 
son 1997, Haddad 1997, Kilgo et al. 1997). 

We are finding, however, that even where 
there has been a great deal of research and land- 
scape collaboration, there are still outstanding 
issues. With its large size (approximately 77,000 
ha), the SRS would appear to be large enough 
to be independent of surrounding influences. We 
know from ongoing landscape analyses, how- 
ever, that the SRS differs from adjacent land in 
characteristics such as human land-use practices, 
forest cover and type, urbanization, habitat frag- 
mentation, and influences of exotic or feral or- 
ganisms. Kilgo et al. (this volume) demonstrate 
that these differences translate to identifiable dif- 

ferences in bird populations. We have found that 
bird species associated with human land-use 
practices outside the SRS are present in greater 
numbers on the periphery within the SRS than 
they are in the interior (J. Dunning, unpubl. 
data), for instance. Thus, even large manage- 
ment units need to consider the impacts of land- 
scape factors both within and external to the 
management unit itself. Data for such consider- 
ation are rarely available. 

LESSONS FROM THE PAST 

The greatest movement towards landscape 
considerations was born from controversies over 
forest management impacts on several species. 
These controversies influenced a redirection of 
resources and thinking toward the landscape ap- 
proach. Ecosystem management, therefore, 
emerged in response to legal and societal de- 
mands, not science (Gordon and Lyons 1997). 
Red-cockaded Woodpecker issues in the East 
and grizzly bear (Ursus arctos horribilis) and 
elk (Cewus elaphus) issues in the West, fol- 
lowed by the Northern Spotted Owl issue, fo- 
cused attention on large-scale questions. These 
questions involved population viability, the in- 
fluence of adjacent habitats, dispersal, temporal 
scales, area sensitivity, metapopulation consid- 
erations, and the role of natural and manmade 
disturbances. The result of this focus was the 
movement toward ecosystem management, with 
its explicit emphasis on large spatial and tem- 
poral scales (Grumbine 1994). 

There are several lessons here. One is that the 
basic scientific work of MacArthur and Wilson 
(1967), Levins (1969), and others that seemed 
so theoretical to some, eventually held tremen- 
dous management value. Another lesson is that 
it took third party catalysts to move the fringe 
ideas to the center through actions such as pe- 
titions to list species, and appeals and lawsuits 
on management decisions such as recovery 
plans and forest plans. These catalytic efforts 
brought science into the spotlight as societal and 
legal pressures have caused environmental ad- 
vocates and land managers alike to reach out to 
science for answers (Gordon and Lyons 1997). 

This emphasis on science, in turn, leads to the 
next lesson: that there is probably never enough 
information available to develop a land manage- 
ment plan thoroughly. It rapidly became appat- 
ent how little information was available. Land 
managers, especially with the USFS, needed the 
ability to manage the land to meet legal man- 
dates for biodiversity and threatened and endan- 
gered species and to answer the charges of their 
critics. They became almost eager for long-term 
landscape analyses as these were seen as tools 
to help avoid appeals and to keep the timber 
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program going. Habitat-specific density, basic 
productivity, juvenile and adult mortality, need 
for multiple habitats in close proximity, natural 
population fluctuations, source and sink habitats, 
and use of corridors were all issues or parame- 
ters that were critical to landscape analyses, but 
for which there was a lack of field knowledge 
(Conroy et al. 1995, Dunning et al. 1995). 

Another lesson from observing this influence 
of controversy is that when a concerted effort 
was focused on a problem, great progress was 
made in our understanding of landscape influ- 
ences. In three of the four catalytic species men- 
tioned, application of the Endangered Species 
Act and the resulting “threat” to timber outputs 
motivated the effort. The coordinated effort that 
went into some of the elk research and manage- 
ment, however, holds a special model for bird 
researchers because it did not evolve from the 
level of crisis that the other three did. Because 
we could find no comparable avian model, we 
present some details of an elk research program. 

The Montana Cooperative Elk-Logging Study 
(Lyon et al. 1985) was formed in 1970 by Mon- 
tana Department of Fish, Wildlife, and Parks, the 
University of Montana, and the USFS. The pro- 
gram was later joined by the Bureau of Land 
Management and Plum Creek Timber Co., Inc. 
The effort evolved from discussions about a pro- 
posed timber sale and its potential effects on elk. 
Managers and biologists became acutely aware 
that predictions of the effects were highly spec- 
ulative. Given the public interest in elk, predic- 
tions on how management would impact elk 
would be needed again and again. 

Two oversight committees were organized to 
guide a widespread, long-term study of land- 
scape management for elk. A steering committee 
of agency administrators was led by a chair po- 
sition rotating annually between the agencies. 
This committee met at least annually to review 
progress, determine direction, and provide sup- 
port. A research committee of scientists, also 
with representation from each agency, was led 
by a permanent chair. This committee standard- 
ized terminology and methodology to maintain 
credibility and acceptance. It developed the re- 
search program, selected study areas, prepared 
study plans for each project, conducted the re- 
search, and prepared annual reports on accom- 
plishments, plans, and budgets for proposed 
work. Plans and budgets were submitted to the 
steering committee for approval. Funds were 
primarily redirected within existing programs 
and no agency gave up control of its funds, ex- 
cept through separate cooperative agreements 
between agencies or outside contracting. Once 
project plans and budgets were approved, each 

agency funded and managed the research pro- 
jects it had committed to perform on its lands. 

The Elk-Logging Cooperative developed re- 
search in seven different geographic areas, with 
research at a site lasting as long as 12 years. The 
original agreement was for ten years of research, 
but was extended to 15 years (Lyon et al. 1985). 
Anthropogenic and landscape-scale factors were 
analyzed to determine their relationship with elk 
habitat selection. Factors included the amount of 
traffic on roads, the density of roads, amount and 
quality of cover, topographic factors, and log- 
ging activity (intensity, duration, extent). This 
research led to a very good basic understanding 
of landscape patterns and regional landscape dif- 
ferences that influenced elk distribution, move- 
ment, and how elk were displaced by human ac- 
tivity throughout the year and from year-to-year 
(Lyon et al. 1985). The number of vested co- 
operators leant credibility to the results. 

The research committee was also charged 
with technical transfer in three areas: public 
awareness, land-management application, and 
scientific documentation. It was required that 
management recommendations be included in 
the annual report beginning in the third year, and 
that recommendations be phrased in a positive 
manner and be based on research from within 
each state. It is interesting to note that the re- 
search committee was initially reluctant to pre- 
sent its findings, because to the scientists, it 
seemed premature. The steering committee in- 
sisted, however, and annually thereafter, the par- 
ticipating management biologists formed the cu- 
mulative results into operating guidelines for 
regions of the state. Specific situations such as 
long migration routes were addressed with spe- 
cific recommendations. The management rec- 
ommendations then went through a workshop to 
test their readability with interagency personnel 
working in timber, range, wildlife, and engi- 
neering. 

This coordinated effort laid the foundation for 
other landscape studies, such as elk vulnerability 
to hunting and grizzly bear displacement. Per- 
haps more importantly, it led directly and indi- 
rectly to the development of a variety of elk hab- 
itat effectiveness models to aid land manage- 
ment decisions (Lyon 1983, Leege 1984, Wis- 
dom et al. 1986, Ager et al. 1991). These models 
can quantitatively assess impacts of cover re- 
moval and of miles of road open to public traf- 
fic, enabling a comparison of alternative man- 
agement plans in a landscape setting. Thus, like 
the SRS research program, the collaboration of 
western managers and elk researchers led to 
great improvement in our understanding of or- 
ganismal response to landscape change. 
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LOOKING AHEAD 

As previously mentioned, controversy can be 
a catalytic force. On the other hand, Hank Fi- 
scher (pers. comm.) of Defenders of Wildlife, 
who was intimately involved with two extremely 
contentious issues (grizzly bear recovery and re- 
introduction of wolves into Yellowstone Nation- 
al Park), has begun talking recently of the “rad- 
ical center”. He coined the term because so 
many natural resource issues have become so 
polarized that it now seems radical to think in 
terms of the middle ground. It is in this middle 
ground that manager and scientist can come to- 
gether as a team to forge a collaboration that can 
be recognized as the route to greater understand- 
ing and action. It is here that we also find a 
contrast in the way researchers and managers 
approach their work. There are a few inhibitions 
to overcome before we are fully functional in 
the radical center, however, and we will elabo- 
rate on these. 

We mentioned earlier that science is in the 
spotlight. Actually, it might best be character- 
ized as scientists having been dragged out of se- 
clusion into public debate (Noon and Murphy 
1994). It is especially true that the debate over 
the spotted owl brought scientists into the fray 
(Gordon and Lyons 1997). While most scientists 
hail this spotlight on science as a positive thing 
in general, many scientists are not comfortable 
with the spotlight when it involves them person- 
ally and directly as an expert (Viederman et al. 
1994, Hagan 1995). The expert is called upon to 
give endorsements or direction where informa- 
tion is limited and expert opinion is needed (D. 
Arrington, U.S. Air Force, pers. comm.). It can 
be horrifying to the research ecologist to see the 
work of many scientists over many years in 
many different areas boiled down to one simple 
linear relationship. The scientist works in the 
realm of 95% or 99% probabilities from exper- 
iments, not 70% or 80% probabilities from some 
Delphi approach. Some scientists are more com- 
fortable pursuing some eccentric interest and 
complaining about the obscurity and loneliness 
of research pursuits. 

Managers ask hard questions, some of which 
have never been answered directly by science. 
The managers must make important decisions 
based on whatever science can be brought to 
bear Making decisions and politicking are cer- 
tainly not the realm of the average scientist. The 
scientist often falls into the school of thought 
where uncertainty is the rule and therefore con- 
servative management provides the only prudent 
course, whereas there are questions that can only 
be answered by the “hard experience” of adap- 
tive management (Bunnell 1989). Biologists 

may fail to appreciate that their ideas and values 
must compete with others (Kochert and Collopy 
1998) and that many proposals will fail if the 
plans are not skillfully defended. 

The manager, on the other hand, is sometimes 
uncomfortable with researchers and is under 
pressure from the public. There is often a dif- 
ference in educational background between 
managers and researchers (Hejl and Granillo 
1998) and scientists are sometimes considered 
condescending towards managers (Hejl and 
Granillo 1998). The manager often suffers from 
stereotyping wherein he is viewed as more of a 
bureaucrat than a proponent of applied science 
(Hejl and Granillo 1998). The manager has pro- 
duction goals and deadlines to meet. But in 
sharp contrast to the researcher, the manager 
also has to satisfy a large, diverse, impatient 
public at the same time. Managers are, therefore, 
more interested in an immediate model of man- 
agement options generated by a consensus of 
“experts” than in a proposal for a lo-year pro- 
ject to look at productivity of juvenile birds in 
different habitat types. What the manager may 
not appreciate is that models are fed with basic 
information from basic research. The obscure, 
glamourless work of the naturalist fuels these 
data-hungry endeavors. By now, many managers 
do realize that the sum of competing demands 
on the land requires a landscape perspective, es- 
pecially where these demands exceed the land’s 
capacity to produce, forcing compromise and 
optimization. The manager, hampered by the 
lack of integrating techniques for wildlife and 
forestry (Bunnell 1989), is looking for scientific, 
defensible methods to guide a balanced ap- 
proach. So managers are increasingly turning to 
the scientist for answers and defense as never 
before. It is probably safe to say that “science- 
on-demand” will be sought heavily in the future 
(Gordon and Lyons 1997). What more could the 
researcher ask for? 

There is strong potential for a team effort in 
which researchers can become indispensable to 
managers because their work can be seen as in- 
tegral to the operation of the management area. 
Research is not a luxury that cannot be afforded, 
it is part of the adaptive management concept 
(Walters 1986). Managers, in turn, can be seen 
as indispensable sources of resources, local 
knowledge and expertise (not just funding) to 
researchers. Because the researchers on a team 
are often held more accountable for producing 
“useful” information and models, at least a sub- 
stantial part of a broad research program is like- 
ly to be in tune with management needs. With 
the right mix, this mutualism becomes synergis- 
tic and more is achievable than ever imagined 
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by the under-appreciated researcher and the be- 
sieged manager. 

PRESCRIPTION FOR SUCCESS 

Considering the lessons, the elk model, and 
benefits of team collaboration that we have pre- 
sented, what is a reasonable prescription for suc- 
cessfully implementing a landscape approach for 
avian research and management that is synergis- 
tic? We believe that we must organize region- 
ally, communicate effectively, participate in 
each other’s jobs, and provide incentives to work 
together. 

We must organize on a regional basis (not to 
be confused with agency regional areas) with 
steering and research committees, as did the elk- 
logging studies and as Partners-in-Flight has 
done to identify research needs and collabora- 
tion possibilities (Arnett and Sallabanks 1998). 
We need to outline specific researchlmanage- 
ment needs at all management levels (Amett and 
Sallabanks 1998) with questiomiaires and work- 
shops. Amett and Sallabanks (1998) have sug- 
gested, for example, that in general terms, our 
research needs to identify causes of avian pop- 
ulation change, metapopulation processes, spe- 
cies at risk and the causes of their risk, natural 
variation, and species-specific habitat require- 
ments. Research should be designed around 
adaptive management principles (Walters 1986) 
at a variety of spatial scales and longer time 
frames to better identify causal, rather than cor- 
relative, relationships (Marzluff and Sallabanks 
1998). Research programs should preserve au- 
tonomous budgets and ownership in local pro- 
jects, yet mutually decide upon common meth- 
odologies. We also need to focus on develop- 
ment of monitoring methods patterned after Hut- 
to’s (1998) suggestions so we may track our 
successes and failures and flag species in de- 
cline. 

Researchers have not communicated their 
findings in an effective or timely manner outside 
of academic journals, leading to very poor ac- 
cessibility of information (Hejl and Granil- 
101998). Often information is only published in 
journals that managers never see. We strongly 
suggest publishing in U.S. government agency 
technical publications because they are relied 
upon fairly heavily by a broad spectrum of man- 
agers and scientists. When possible, these pub- 
lications need to be responsive to the managers’ 
preference for information in a “cookbook” for- 
mat rather than in-depth reports (Amett and Sal- 
labanks 1998). For the format of information to 
be most useful, researchers should give manag- 
ers implementable tools (models, management 
scenarios, and species and habitat priorities for 
management; Hejl and Granillo 1998, Kochert 

and Collopy 1998) that can be used both in plan- 
ning and cited as “products” for management 
support. While providing management scenari- 
os, the researcher should show both the advan- 
tages and disadvantages for the management al- 
ternatives (Faaborg et al. 1998). All of these re- 
ports should undergo intensive peer review to 
maintain credibility and readability (Johnson 
1997), and we should ensure that authors are 
given credit for peer-reviewed publication. Ac- 
ademic tenure and promotion policies must be 
modified to make these publications worthwhile 
efforts for non-government scientists. 

Information needs to be timely. We should en- 
courage publication of annual briefs and man- 
agement recommendations beginning after two 
or three years of data collection. In addition to 
publications, workshops for managers and press 
releases for the public should be widespread as 
soon as results are suggestive of management 
action. 

Researchers and managers should participate 
in each other’s jobs. Managers should help for- 
mulate research goals and design research. Spe- 
cifically, managers have skills in planning man- 
power and logistical support, and can provide 
suggestions for adaptive management strategies. 
Researchers should participate with managers by 
developing project alternatives (Hejl and Gran- 
illo 1998), by participating in background land- 
scape analyses for decision documents, and by 
being involved in public hearings and briefings 
of congressional and state officials (Kochert and 
Collopy 1998). This involvement would allow 
scientists to witness information and modeling 
needs. Researchers need to understand the so- 
cial, political, and economic factors involved in 
land management (Hejl and Granillo 1998). Sci- 
entists also need to understand that the best hope 
for avoiding land management driven by special 
interest groups is through the participation of 
knowledgeable individuals (Ganey and Dargan 
1998). Mutual involvement by managers and re- 
searchers should close the large management/re- 
search gap identified by Finch and Patton-Mal- 
lory (1993). 

Finally, we should provide incentives to work 
together, such as awards for collaborative efforts 
and information transfer (Hejl and Granillo 
1998). Universities have initiated annual awards 
for research teamwork as a way of encouraging 
interdisciplinary work. We should consider 
awards for research/management teamwork, to 
be presented at the annual meetings of profes- 
sional societies (both ornithological and man- 
agement). Perhaps these awards can be jointly 
sponsored by research societies, management 
agencies, and professional societies. Award re- 
cipients should receive either a personal cash 
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award or an extra budgetary award, such as ex- 
pense money for extra travel and publication 
costs for dissemination of results to help en- 
courage collaboration. 

CONCLUSION 

We are making progress. We have some rel- 
atively new-found principles that we can apply 
to help us meet wildlife management goals for 
the landscape. For example, we have simulation 
models that project impacts of timber harvest 
patterns on population viability (Franklin and 
Forman 1987, Li et al. 1993; Liu et al. 1994, 
1995) that help us understand how we might im- 
prove on the cookie cutter pattern by approach- 
ing timber management differently. However, 
we need to expand our knowledge of how these 
theoretical ideas hold up in real-world situations. 
The October 1997 issue of the journal Ecology 
includes a special feature on positive interac- 
tions in ecological communities (Kareiva and 
Bertness 1997). These seven papers detail a new 
appreciation of the role that facilitation and mu- 
tualism play in structuring natural communities. 
This facilitation is a good role model for con- 
ducting ecological research. Facilitation between 

managers and researchers can yield a more or- 
ganized approach to topics such as landscape in- 
fluences than is possible by independent (and 
potentially competitive) approaches. 

Landscape research and management on the 
SRS is a good example of the potential of facil- 
itation. A basic research program on landscape 
influences has been supported by both research- 
oriented laboratories (SREL) and management 
agencies (SRI). Landscape considerations have 
been incorporated into management plans (e.g., 
U.S. Forest Service 1992) that have major im- 
pacts on commodity production, while basic 
ecologists have been called upon to help man- 
agers design conservation reserves across the 
SRS (e.g., set-asides; White and Gaines this vol- 
ume). The degree to which the landscape per- 
spective has been incorporated to date shows the 
potential for collaboration between researchers 
and managers and between groups at different 
ends of the “applied” versus “basic” science 
gradient. 
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THE MESOPREDATOR RELEASE HYPOTHESIS: INTEGRATING 
LANDBIRD MANAGEMENT WITH ECOLOGICAL THEORY 

CHRISTOPHER M. ROGERS AND STEPHEN B. HEARD 

Abstract. The mesopredator release hypothesis explains long-term population declines of ground- 
and shrub-nesting North American landbirds by suggesting that the extirpation of top predators from 
North America has released populations of medium-sized, mammalian nest predators. A perspective 
from theoretical ecology concerned with food web regulation suggests that mesopredator release fol- 
lowing top predator removal (an example of a top-down trophic cascade) is most likely in food webs 
characterized by (1) efficient predation with prey held well below resource limitation, (2) lack of 
extensive omnivory, and (3) either low diversity of top predators, or all top predators removed together. 
These conditions are generally met by the landbird-mesopredator-top predator system. Empirical stud- 
ies of these phenomena suggest that terrestrial mesopredator populations can in fact be released by 
loss of a top predator, and that addition of a top predator can significantly increase nest success of 
ground-nesting birds through a reduction of mesopredator populations. However intriguing these find- 
ings may be, experimental confirmation of mesopredator release and its effects on landbirds are still 
lacking. Because of its large size, relatively well-known predator history, and long-term data base on 
avian populations, the Savannah River Site would be an ideal location for conducting top predator 
removal and/or exclosure experiments. Results will be informative for land managers concerned with 
maintaining viable landbird populations. 

Key words: ecological theory, management, mesopredator release, Song Sparrow, top predator. 

Land managers concerned with maintaining 
wildlife species diversity typically rely on input 
from task-oriented wildlife biologists that pro- 
vide data on selected game and/or nongame spe- 
cies. Only rarely do land managers receive input 
from theoretical ecologists, who typically are 
concerned with elucidating general principles of 
how individuals, populations and ecosystems 
function. In this paper we describe a profitable 
union of management science and theoretical 
ecology. The approach focuses on empirical and 
theoretical studies of food web regulation and 
the significance of that regulation for managing 
viable landbird communities. 

Nest predation is the most important source 
of nest mortality among North American land- 
birds (Ricklefs 1969), and may be a main cause 
of population declines suggested for many land- 
bird species (B&ring-Gaese et al. 1993, Rob- 
inson et al. 1995). Although for some Neotrop- 
ical migrants declines may not be due to high 
nest predation, ground- and low shrub-nesting 
nesting species as a whole (representing a vari- 
ety of migratory strategies) have shown wide- 
spread, long-term population declines (1966 
1994) in eastern North America (Bohrring-Gaese 
et al. 1993; see Peterjohn et al. 1995 for an al- 
ternative view). Arboreal-nesting species have 
not shown consistent declines in the same region 
and time interval (Bohning-Gaese et al. 1993). 
These facts suggest an important role for terres- 
trial mammals in driving declines of ground- 
and low shrub-nesting species. The mesopreda- 
tor release hypothesis (hereafter, MRH) suggests 
that the historical reduction of top predators in 

North America (e.g., the cougar, Felis concolor, 
bobcat, Lynx rufus. gray wolf, Canis lupus, and 
in some areas the coyote, C. Zatrans) has result- 
ed in “mesopredator release,” a population ex- 
plosion of medium-sized omnivores that are fre- 
quent nest predators (e.g., the raccoon, Procyon 
lotor, Virginia opossum, Didelphis virginiana, 

and striped skunk, Mephitis mephitis). Accord- 
ing to the MRH, the historical increase in nest 
predation by mesopredators has caused declines 
in ground-nesting landbirds. 

Testing the MRH has major implications for 
managing viable populations of landbirds. For 
example, would introducing a top predator into 
a large nature reserve (with unacceptably high 
mesopredator population density) necessarily in- 
crease landbird population density and/or spe- 
cies diversity? We assess the MRH and pros- 
pects for its application in management from 
two perspectives. First we consider theoretical 
ecology concerned with food web structure and 
regulation, with special reference to why or why 
not top terrestrial carnivores might successfully 
regulate mesopredator abundance and landbird 
nest success. Second, we examine studies of 
landbird-mesopredator-top predator relation- 
ships, to learn directly whether such interactions 
might be occurring in nature. The major conclu- 
sion is that top predators can, and probably do, 
influence mesopredators and songbirds as pre- 
dicted by the hypothesis, but definitive experi- 
ments in terrestrial ecosystems are still lacking. 
Therefore, we close with a brief discussion of 
why the Savannah River Site (SRS) in South 
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Carolina offers a good opportunity to fill this 
gap in our knowledge. 

TOP-DOWN EFFECTS IN ECOLOGICAL 
SYSTEMS 

The MRH is a specific case of a more general 
hypothesis of top-down control in ecological 
communities. By “top-down control,” we mean 
that the effects of predators on their prey directly 
or indirectly play a major role in structuring eco- 
logical communities. The notion of strong top- 
down effects in natural communities dates back 
to Darwin (1859), who noted that preventing 
mowing or browsing of turf increased biomass 
but lowered diversity. Early laboratory experi- 
ments (Gause 1934, Huffaker and Kennett 1956) 
showed that predators could control prey den- 
sities in the simplest systems, but the importance 
of predation in structuring natural communities 
remains controversial. 

In an influential paper, Hairston et al. (1960) 
argued that most natural communities were 
structured by top-down effects. Predators, being 
limited only by competition for their herbivore 
prey, reduce herbivores to low densities; herbi- 
vores as a result have little impact on plants, 
which are limited by competition instead. The 
Hairston et al. model was constructed for a 3- 
trophic level community, but Fretwell (1977) 
and Oksanen et al. (1981) generalized it for any 
number of trophic levels: of n trophic levels, 
production at level n (the top) should be limited 
by competition, level it- 1 by predation from lev- 
el n, level n-2 by competition, and so on alter- 
nately down the food chain. When a top predator 
is removed, the pattern of regulation at each tro- 
phic level should shift accordingly (e.g., Pea- 
cock 1982). The MRH assumes top-down reg- 
ulation such that top predators (n) limit the 
abundance of mesopredators (n-l) and prevent 
mesopredators from limiting landbirds (n-2). 
When top predators are removed mesopredators 
(which are now the top level n’) increase suffi- 
ciently to depress landbird densities (now n’-1). 

While the Hairston et al. model assumes both 
that top predators limit prey at level n-l and that 
prey production at n-l limits top predators, only 
the first assumption is necessary for top-down 
effects to be strong on a particular species. In 
fact, the top-down effects of a predator on one 
species of prey are likely to be strongest when 
the predator has abundant alternative prey (e.g., 
Caughley et al. 1980, Terborgh 1992). 

The idea of strong top-down structuring in nat- 
ural communities has been controversial (Hunter 
and Price 1992, Power 1992, Strong 1992). In 
some communities predators control prey densi- 
ties (e.g., Estes et al. 1978, Caughley et al. 1980, 
Schoener and Spiller 1987, Dial and Roughgar- 

den 1995), but in others they do not (Jackson and 
Kaufmann 1987). In many cases predator effects 
are felt only in some microhabitats (Hacker and 
Bertness 1995, Robson 1996) or by only some 
prey species (Morin 1984, Sinclair 1995, Johnson 
et al. 1996; review in Pimm 1980). Frequently, 
predator activity will remove one prey species, 
but another, less vulnerable species will replace it 
and total productivity may be unchanged (Paine 
1980, Black and Hairston 1988, Crowder et al. 
1988, Strong 1992). Even strong predator effects 
do not guarantee that top-down effects will prop- 
agate further down the food chain (McQueen et 
al. 1989). Removal of the top predator may re- 
lease its prey, but an effect on the next trophic 
level requires that the released prey can be an 
effective regulator of its prey in turn. 

Clear cases are known where effects of pred- 
ator manipulation extend down through three or 
more trophic levels (“trophic cascades;” e.g., 
Edson 1985, Spiller and Schoener 1990, Dial 
and Roughgarden 1995, Morin 1995, Robson 
1996; citations in Brett and Goldman 1997), but 
this result is not universal and may even be un- 
usual (Strong 1992). Some theoretical models 
predict temporal variation in top-down vs. bot- 
tom-up regulation (Bartell et al. 1988), and care- 
ful experimental approaches often find sirnulta- 
neous influences of both predators (top-down) 
and resources (bottom-up) at a given trophic lev- 
el. Bottom-up control may be more important 
near the base of a food chain, with top-down 
effects more important at higher trophic levels 
(McQueen et al. 1986, 1989; Brett and Goldman 
1997). 

TOP-DOWN EFFECTS AND 
MESOPREDATOR RELEASE 

Because top-down effects are not universally 
strong, recent treatments have taken a pluralistic 
approach (McQueen et al. 1986, Hunter and 
Price 1992), asking in which ecological circum- 
stances top-down effects on a particular trophic 
level might be more or less intense. In assessing 
the mesopredator release hypothesis, then, we 
can look to ecological theory for insight into 
whether strong top-down effects might be ex- 
pected for the top predator/mesopredator/land- 
bird system. Little integration of the MRH and 
trophic cascade literatures has occurred as yet. 
While a few MRH papers mention examples of 
top-down control from other systems (Terborgh 
and Winter 1980, Soule et al. 1988), none to our 
knowledge cite any theoretical background. 
Similarly, none among 25 papers examined on 
top-down effects in theory or in other systems 
refers to the mesopredator release-landbird de- 
cline idea. It is possible that data on the MRH 
can illuminate trophic cascades, and general 
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consideration of trophic cascades can illuminate 
the MRH. 

A number of ecological factors have been 
suggested to influence the likelihood of strong 
top-down effects in a particular system (Hunter 
and Price 1992, Power 1992). Here we consider 
how some of these factors weigh for or against 
the plausibility of landbird decline via mesopre- 
dator release, and ask what is needed to learn in 
order to support or reject the MRH. The general 
message is that careful consideration of theoret- 
ical context can help guide research programs. 

PREDATOR EFFICIENCY 

Inefficient predators are unlikely to regulate 
their prey (Power 1992; an efficient predator is 
one that can, when common, exploit its prey at 
a very high rate and drive it to very low densi- 
ties). Predators may be inefficient if aggressive 
behavior causes strong interference among pred- 
ator individuals (Hassell 1978, Loyn et al. 
1983); if prey have effective chemical, physical, 
or behavioral defenses or if such defenses are 
inducible (Farrell et al. 1991, Dini et al. 1993, 
Polis and Strong 1996, Zangerl and Rutledge 
1996); or if predators are limited by scarce re- 
sources other than the prey in question (Connell 
1961) or have a life stage limited by such a re- 
source (Mittelbach et al. 1988, Polis and Strong 
1996). In contrast, predators are likely to be par- 
ticularly efficient if their densities are kept high 
by an abundance of alternative prey (e.g., 
Caughley et al. 1980). 

The MRH assumes that both the top predator- 
mesopredator link and, following mesopredator 
release, the mesopredator-landbird link are char- 
acterized by efficient predation. This certainly 
appears true for mesopredator-landbird interac- 
tions. Most mesopredators eat eggs and nestlings 
opportunistically, and are limited by more abun- 
dant prey (Leach and Frazier 1953, Terborgh 
and Winter 1980, Sieving 1992, Vickery et al. 
1992). While birds do show some behavioral de- 
fenses against nest predation (e.g., Berg 1996), 
measured nest predation rates are generally high 
(Ricklefs 1969) and can exceed 90% (range 1 l- 
99% [mean 48%] for 125 temperate landbird es- 
timates reported or reviewed by Brawn and Rob- 
inson 1996 and Martin 1993). We doubt that de- 
fense against mesopredators or interference 
among mesopredators have strong effects on 
mesopredator-landbird interactions, especially 
because the main mesopredators in eastern 
North America (raccoon, striped skunk, and 
opossum) are not strongly territorial (McManus 
1974, Lotze and Anderson 1979, Wade-Smith 
and Verts 1982). Top predators are generally 
very efficient predators on mesopredators, be- 
cause they will take many alternative prey and 

possibly can drive mesopredator densities quite 
low without becoming food-limited (Soul6 et al. 
1988, Terborgh 1992). 

SCOPE FOR EXPANSION AFTER PREDATOR RELEASE 

The trophic cascade concept predicts that re- 
moval of a predator (at trophic level n) results 
in prey (n-l) expanding from a density set by 
predation to a new, higher density set by re- 
sources (Peacock 1982). However, the latter 
density may not be much higher than the former. 
If it is not, we should not expect strong top- 
down effects on level n-2 (Soranno et al. 1993). 
In the mesopredator-landbird example, however, 
mesopredator increases after top predator extir- 
pation have been substantial (Terborgh 1992, 
Sovada et al. 1995), although we do not know 
whether this will be universally true. Similarly, 
suppression of nest predators may decrease nest 
predation rates, but if other sources of mortality 
compensate, the decrease in predation may have 
little effect on bird densities. 

INTERACTION AMONG NONADJACENT TROPHIC 
LEVELS 

The prediction that the removal of trophic lev- 
el it should depress species at n-2 (via release of 
level n-l) depends on a view of food chains 
where all interactions are between species at ad- 
jacent trophic levels. Nonadjacent levels may in- 
teract through nutrient release by predation 
(Vanm and Layne 1997), or through modifica- 
tion of shared habitat (Power 1992). However, 
the most common kind of interaction between 
nonadjacent trophic levels is doubtless omnivory 
(we use this term in its food-web sense: con- 
sumption of prey from more than one trophic 
level; Pimm 1982). Clear trophic cascades are 
expected only when consumers can be easily as- 
signed to distinct trophic levels, and this may be 
uncommon (Power 1992, Strong 1992, Polis and 
Strong 1996; but see Hairston and Hairston 
1997). With strong omnivory, predicting re- 
sponses to predator removal becomes more com- 
plex. For instance, if species A eats B eats C, 
but A also eats substantial numbers of C, it is 
unclear whether removing A should cause an in- 
crease or decrease in C, for which the easing of 
predation by A may be outweighed by increased 
predation by a released population of B. Spiller 
and Schoener (1990) removed lizards in a lizard- 
spider-herbivorous insect-sea grape food chain, 
and found that damage to plants by midges de- 
creased (in a typical trophic cascade) but ho- 
mopteran damage actually increased. They at- 
tributed this result to omnivory by lizards, which 
consume both spiders and homopterans but not 
midges. In the mesopredator-landbird system, 
top predators such as coyotes and wolves take 
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nest contents (Leach and Frazier 1953, Sovada 
et al. 1995 for prairie ducks) as well as larger 
prey, but it seems likely that they have their 
strongest effect via mesopredator densities rather 
than direct predation. The same is true for per- 
egrine falcons in a peregrine-crow-seabird food 
chain (Paine et al. 1990). 

BUFFERING BY DIVERSITY 

Strong (1992) argued that trophic cascades 
should be confined to low-diversity systems or 
systems where a few species can have dispro- 
portionate effects on community structure. In 
more diverse systems, Strong suggested that top- 
down control will be buffered and weak because 
in complex food webs consumption effects are 
spread over many predators for each prey, and 
many prey for each predator. At any trophic lev- 
el, then, removing one species only will allow 
another to increase and substitute in function: 
predator for predator, prey for prey, or producer 
for producer. Many clear trophic cascades in- 
deed are found in low-diversity systems or in 
highly specialized food chains (Strong 1992, 
G6mez and Zamora 1994). Furthermore, re- 
placement of one species by another (among ei- 
ther predators or prey) is an extremely common 
response to predator manipulation (Paine 1980, 
Loyn et al. 1983, Black and Hairston 1988, 
Crowder et al. 1988, Strong 1992). 

The diversity issue raises two major questions 
for the MRH. First, can different top predators 
substitute for one another? Historically, in most 
regions of North America all mammalian top 
predators were probably extirpated more or less 
together, and so substitution of one top predator 
for another is unlikely to have buffered effects 
on mesopredators. However, some areas have re- 
cently reacquired top predators as coyotes have 
undergone a major range expansion. The effect 
on landbirds of wolf or large cat reintroductions 
may depend on the presence or absence of coy- 
otes and on how these alternative top predators 
interact. Second, does increased predation from 
released mesopredators simply replace con- 
sumption by other species? For instance, rac- 
coon abundance may have increased because of 
top predator extirpation, but there might be no 
net effect on landbirds if predation by raccoons 
simply removes eggs that would have been 
taken by snakes anyway. 

EQUILIBRIUM OR NON-EQUILIBRIUM COMMUNITIES 

Trophic cascade theory is an equilibrium the- 
ory, and it envisages communities where species 
abundances are relatively stable and locally reg- 
ulated by density-dependent predation or com- 
petition. When populations are perturbed away 
from equilibria, strong top-down effects will not 

be expected. Landbird densities are certainly 
perturbed by disturbances (Rogers et al. 1991), 
and many landbird populations are probably de- 
coupled from local regulation by source-sink re- 
lationships (e.g. Rogers 1994, Brawn and Rob- 
inson 1996, Smith et al. 1996, Rogers et aI. 
1997). If these effects are strong, then testing the 
MRH may mean analyzing population trend data 
on broad spatial scales (to remove source-sink 
effects), while removing disturbance effects sta- 
tistically. 

EVIDENCE FOR TROPHIC CASCADES IN 
TERRESTRIAL ECOSYSTEMS: 
LANDBIRDS, MESOPREDATORS, AND 
TOP PREDATORS 

The above perspective from theoretical ecol- 
ogy suggests that top-down trophic cascades are 
possible for the landbird-mesopredator system. 
We next review the sparse evidence from em- 
pirical studies for their existence. The two main 
concepts underlying the MRH have their histor- 
ical roots in John Terborgh’s original discussion 
of extinction-prone species in the Neotropics 
(Terborgh 1974). Terborgh noted that after the 
Chagres River was dammed to form part of the 
Panama Canal around 1914, forming Barro Col- 
orado Island (BCI) in Lake Gatun, a number of 
ground-dwelling landbirds subsequently became 
extinct, ostensibly because large carnivores 
themselves died out. Extinction of top predators 
may have in turn led to high “released” meso- 
predator populations, and subsequent low avian 
nest success. A recommendation was made for 
maintaining complete ecosystems (all trophic 
levels, including top predators) in order to pre- 
serve maximum biodiversity. Terborgh and Win- 
ter (1980) more explicitly discussed these tro- 
phic relationships for BCI, suggesting that its 
high population densities of nest-destroying me- 
sopredators (coatimundi, Nusua nuricu, collared 
peccary, Tuyussu tajucu, nine-banded armadillo, 
Dusypus novemcinctus), released from regula- 
tion by the extinction of top predators (Harpy 
Eagle, Hurpiu hurpyju, cougar, and jaguar, Felis 
oncu), in large part caused extinction of 15-18 
species of ground-nesting landbirds. Further par- 
tial support for this neotropical trophic cascade 
came from comparing coatimundi density be- 
tween Cocha Cashu, Peru, a forest site where 
large felids are common, and BCI. Coatimundi 
density was at least 20 times greater at BCI than 
Cocha Cashu (Terborgh 1992). Sieving (1992) 
consistently found higher predation rates on 
ground- and shrub-borne artificial nests at BCI 
than in nearby mainland forest. 

Two additional studies supporting the MRH 
bear mention. SoulC et al. (1988) found higher 
landbird species diversity in California chaparral 
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FIGURE 1. Annual increases in the Mayfield esti- 
mator of nest survival (mean 2 SE, after Mayfield 1975 
and Hensler and Nichols 1981) at Lux Arbor, south- 
west Michigan, 1993-96. Years when coyotes were de- 
tected (by sightings of adults, dens found, and scat 
counts) at Lux Arbor are indicated by the stylized coy- 
ote symbol. Sample sizes were 20, 25, 26, and 35 nests 
per year for 1993-1996, respectively. Using the pro- 
gram CONTRAST and the Bonferroni adjustment of 
the critical P-value for a posteriori contrasts, 1993 dif- 
fered significantly from 199441996 pooled, but 1993 
and 1994 were not significantly different. Thus nest 
survival did not increase beyond pre-coyote levels un- 
til coyotes had been present about 1 year at Lux Arbor. 

fragments with coyotes than in otherwise similar 
fragments without coyotes. In an entirely differ- 
ent ecosystem, Sovada et al. (1995) demonstrat- 
ed higher nest success of prairie ducks in areas 
where coyotes are the main canid than in areas 
where the red fox (Vdpes fdvu), a major pred- 
ator of duck nests, is the main canid. Coyotes, 
which rarely prey on duck nests, were assumed 
to depress the abundance of red foxes (Sovada 
et al. 1995). 

Finally, results from a four-year “natural ex- 
periment” with Song Sparrows (Melospiza me- 
lo&z, a ground-nesting landbird) in the agricul- 
tural landscape of southwestern Michigan sup- 
port the MRH (Rogers and Caro 1998). Coyotes 
were absent from the Lux Arbor Reserve (650 
ha of fields, woodlots, and lake borders) in 1993 
and present in 1994, 1995 and 1996. Over this 
interval, Mayfield nest survival increased, and 
the relative frequency of nest predation de- 
creased (Fig. 1). Coyotes may have reduced nest 
predation in 1994-1996 by depressing the abun- 
dance of raccoons, apparently the main nest 
predator in the study area. Coyotes are well- 
known to prey upon raccoons (Andrews and 
Boggess 1978, Clark et al. 1989, Hasbrouck et 
al. 1992), and an inverse relationship between 

1993 1994 1995 1996 

coyote population density and raccoon popula- 
tion density has been observed (Sargeant et al. 
1993). In an experiment with artificial nests in 
the same Michigan landscape, mesopredator 
abundance and predation rate on ground nests 
were positively related, as predicted by the 
MRH (Rogers and Caro 1998). 

ADVANTAGES OF TESTING THE 
MESOPREDATOR RELEASE HYPOTHESIS 
AT THE SAVANNAH RIVER SITE: 
INTEGRATING LANDBIRD 
MANAGEMENT WITH ECOLOGICAL 
THEORY 

This final section considers how the SRS 
would be useful as an experimental and obser- 
vational site to further our understanding of the 
trophic role of top mammalian predators and 
how that role influences landbird population vi- 
ability. A land manager seeking that understand- 
ing might ask four different questions concerned 
with the possible outcomes of maintaining pop- 
ulations of top predators in a given nature re- 
serve. This final section attempts to answer these 
anticipated questions, integrating the present 
main theoretical findings with the utility of using 
SRS as a model ecosystem. 

WILL A TOP PREDATOR REDUCE MESOPREDATOR 
POPULATIONS IN A GIVEN F&SERVE TO THE POINT 
WHERE GROUND-NESTING LANDBIRDS WOULD 
BENEFIT? 

One of the main theoretical findings of the 
present report was that increasing landbird nest 
success (and possibly, but not necessarily, pop- 
ulation density) is likely if a top predator is ef- 
ficient, i.e., if predation reduces a prey popula- 
tion below its level of resource limitation. In the 
eastern North American top predator-landbird- 
mesopredator system, the top predator most like- 
ly to be maintained as a viable population is the 
coyote. Studies supporting coyote predation 
upon raccoons, a frequently common mesopre- 
dator, were cited above. In addition, in central 
Iowa, remains of radio-collared adult male rac- 
coons have been found following coyote pre- 
dation (W. Clark, personal communication). Ef- 
ficient predation on mesopredators by coyotes is 
likely if coyote density is maintained by abun- 
dant alternative prey, such as voles and winter- 
and auto-killed deer. This is a plausible scenario 
for many nature reserves, given the frequently 
high abundance of these prey types in many 
regions of North America. A local reduction in 
mesopredator density of only l-2 raccoons per 
30 pairs of breeding landbirds would seem a 
priori to be sufficient to increase landbird nest 
density significantly, but this estimate needs em- 
pirical testing. 
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How might the SRS function in tests for ef- 
ficient predation on mesopredators? The above 
considerations do not take into account the role 
of non-mammalian nest predators, such as 
snakes, which are major nest predators in many 
parts of North America, including SRS. Data are 
urgently needed on the effects of top predators 
on landbirds in terrestrial ecosystems with and 
without snakes. A particularly useful study 
would test for such effects in the SRS and a 
comparably-sized reserve lacking snakes. 

An important related point is that “efficient 
predation” on mesopredators by a top carnivore 
need not involve a trophic relationship sensu 
stricto. Adult female raccoons travelling with 
young of the year during the nesting season of 
many North American landbirds (April-July) 
should avoid areas of high coyote density to re- 
duce predation risk to their young, a significant 
investment in fitness. Indeed, raccoons avoid 
food-rich areas experimentally marked with coy- 
ote urine in Iowa (C. M. Rogers, unpubl. data), 
and tame raccoons show strong avoidance of ar- 
eas with coyotes present (without having seen 
coyotes), also in Iowa (W. J. Fitzgerald, pers. 
comm.). 

WILL TOP PREDATORS CONSUME LANDBIRD NEST 
CONTENTS AS wnLr_ AS REDUCE M~s0p~~0.4~0~ 
ABUNDANCE? 

A second main theoretical finding was that 
landbird density might not be increased if an in- 
troduced top predator is omnivorous, i.e., a top 
predator feeds at multiple trophic levels and re- 
duces landbird density as well as mesopredator 
density. Continuing to reason about using coyotes 
as top predators in a given nature reserve, this 
canid is known to prey upon ground-nesting land- 
bird nest contents, including the incubating fe- 
male, but such predation is rare (Rogers et al. 
1997). Thus some omnivory is likely, but would 
probably be insignificant (the main prey items of 
North American coyotes were discussed above; 
see also Andrews and Boggess 1978, Parker 
1995). 

Is A GIVEN RESERVE LARGE ENOUGH TO SUPPORT 
A VIABLE POPULATION OF TOP PREDATORS? 

The large size of SRS can permit evaluation of 
the role of top predators in “reserves” of differ- 
ing size. This might be achieved by subdivision 
of available space into geographically separated 
research areas (large, medium, and small). Such 
information would be of interest to land managers 
concerned with maximizing wildlife species di- 
versity in nature reserves of different areas. A 
likely size effect is that small areas with low hab- 
itat diversity support lower population density of 

top predators than larger areas, which can be ex- 
pected to have higher habitat diversity. Additional 
factors potentially related to reserve size also can 
be addressed, such as the effect of proximity to 
developed areas. 

WHAT EFFECT WILL A TOP PREDATOR HAVE ON 
AVIAN SPECIES DIVERSITY? 

Significant numbers of top predators are long 
gone from SRS, and there is a historical data 
base including censuses of landbird abundance 
and species diversity from the 1950s to the pres- 
ent (gathered by Eugene Odum and colleagues; 
see Meyers and Odum this volume), providing 
an effective “top predators absent” data base. A 
more recent background data set on nesting suc- 
cess of landbirds at SRS is also available (Sar- 
gent et al. 1997). Coyotes are just now reaching 
South Carolina as they continue their eastward 
range expansion from the Great Plains (Parker 
1995). They are present at SRS now, and might 
build up high densities there in the near future 
(as they have done since 1993 in southwestern 
Michigan). Sidney Gauthreaux and his col- 
leagues (pers. comm.) are conducting standard- 
ized landbird censuses at SRS, and, when con- 
tinued, this research can provide “top predators 
present” population and community data. Thus, 
an informative natural experiment could be com- 
pleted in the foreseeable future. 

Note that the dependent variable of ultimate 
interest to wildlife biologists and managers is 
bird species diversity, not nesting success; how- 
ever, the two probably are closely related. To 
illustrate, bird communities typically show a 
log-normal distribution of species, which in- 
cludes rare and uncommon species in addition 
to common and abundant species. Rare and pos- 
sibly also uncommon species might be pre- 
served in a small- to medium-sized nature re- 
serve by the presence of a top predator that fa- 
cilitates success of a small number of nests 
through a depression of mesopredators. Such an 
effect was suggested by the data of Soul6 et al 
(1988), who found higher bird species diversity 
in chaparral fragments with coyotes than without 
them. 
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COORDINATING SHORT-TERM PROJECTS INTO AN EFFECTIVE 
RESEARCH PROGRAM: EFFECTS OF SITE PREPARATION 
METHODS ON BIRD COMMUNITIES IN PINE PLANTATIONS 

JOHN C. KILGO, KARL V. MILLER, AND WILLIAM E MOORE 

Abstract. Several short-term projects conducted at the Savannah River Site have focused on the 
effects on avian populations of different techniques of preparing a site for tree planting in young pine 
plantations. The purpose of this paper is to provide an overview of these studies, to summarize the 
information they provide regarding the effects of pine management on avian communities, and to 
demonstrate how multiple short-term projects can be used to address pressing management issues. 
O’Connell (1993), Sparling (1996), and Branch (1998) examined breeding and wintering bird use of 
areas treated with several mechanical and chemical site preparation methods. Overall, there were few 
treatment-related effects on bird populations. Both O’Connell and Sparling believed that the few 
differences in bird use of treatment plots were associated with minor differences in the structural 
diversity of the vegetation. Each of these short-term studies provided timely information on an issue 
of management importance and, taken together, they provide a more comprehensive picture of the 
effects of site preparation methods on bird communities in pine plantations than a single long-term 
study. 

Key Words: abundance, evenness, diversity, herbicides, richness, short-term research, Savannah Riv- 
er Site, site preparation, South Carolina. 

Demand for softwood products from the south- 
em United States has resulted in conversion of 
many natural pine and pine-hardwood forests to 
even-aged pine plantations. Pine plantations in 
the Southeast annually produce about 17% of 
the country’s total softwood supply. Because of 
increased demand, pine plantations may furnish 
almost half of the nation’s softwood by the year 
2000, and possibly two-thirds by 2030 (U.S. 
Forest Service 1988). 

Early stages of pine plantations provide ex- 
cellent habitat for a number of early succession- 
al species of birds (Noble and Hamilton 1975, 
Meyers and Johnson 1978). However, within 
these early stages we know little about the influ- 
ences of vegetative composition and structure on 
avian communities, which may vary consider- 
ably. For example, before seedling trees are 
planted, the plantation site must be prepared 
such that seedling survival will be maximized. 
Site preparation often involves elimination or re- 
duction of vegetative competition, either through 
chemical (i.e., herbicide) or mechanical (e.g., 
shearing of residual plant material from the pre- 
vious stand, raking and piling roots, etc.) means. 

toxic to wildlife when used at labeled rates, they 
may affect wildlife indirectly by altering vege- 
tative composition and structure (McComb and 
Hurst 1987). The herbicides currently used by 
forest industries have different selectivities and 
therefore redeveloping plant communities often 
vary among herbicide treatments. Additionally, 
the development of new, more selective herbi- 
cides, along with changes in the timing of ap- 
plications, negate the establishment of long-term 
studies to document the influence of a particular 
site-preparation treatment on avian communities. 

The ephemeral nature of these early succes- 
sional communities and the rapid changes in for- 
est regeneration technologies necessitate appli- 
cation of a series of short-term research projects. 
During the past seven years, three graduate re- 
search projects conducted at the Savannah River 
Site (SRS) under the direction of K. V. Miller 
have examined the effects of chemical and me- 
chanical site preparation on songbird popula- 
tions. O’Connell (1993) and O’Connell and Mil- 
ler (1994) examined breeding bird abundances 
at two, three, and five years post-treatment on 
areas treated with mechanical versus hexazinone 

Different site preparation techniques provide site preparation. Sparling (1996) studied breed- 
variable plant communities and vegetative struc- ing and wintering bird populations at one to two 
tures (presence or absence of snags, hardwood years post-treatment on areas receiving various 
sprouts, coarse woody debris, etc). site preparation treatments: mechanical, hexazi- 

Production and environmental concerns over none, imazapyr, and picloram + triclopyr. 
the loss of site productivity, soil erosion, in- Branch (1998) studied post-treatment years three 
creased costs, and variable efficacy has resulted and four on Sparling’s plots. The purpose of this 
in shifts from mechanical site preparation meth- paper is to provide an overview of these studies 
ods to use of forest herbicides over the past two and summarize the information they provide on 
to three decades. Although herbicides are not the effects of pine plantation site preparation on 
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avian populations. In so doing, we hope to dem- 
onstrate how multiple short-term projects can be 
used, indeed sometimes must be used, to address 
pressing management issues. 

STUDY DESIGNS 
The study design of O’Connell (1993) consisted of 

three replications of two treatments in age classes two, 
three, and five years post-treatment on areas ranging 
from 11-24 ha. Areas were chosen from historically 
planted loblolly pine (Pinus taeda) plantations on sim- 
ilar soil types. The chemical treatment included a 
broadcast of F’ronone 10G” (hexazinone) at rates from 
1.4 to 2.3 kg active ingredient/ha. Mechanical treat- 
ment consisted of shearing residual standing vegetation 
with a V-blade and windrowing residual plant material 
with a root rake. Comparisons between treatments 
were made for the following bird community param- 
eters: Shannon diversity, Shannon evenness, Margalef 
richness, total abundance, and species-specific abun- 
dance. 

In addition to comparing the effects of mechanical 
and chemical treatments, Spading (1996) and Branch 
(1998) examined the effects of 3 different herbicides 
on redeveloping plant and animal communities. The 
study design of Sparling (1996) and Branch (1998) 
included three replications of each of the following: 
Arsenal” (imazapyr), Velpar” ULW (hexazinone), Tor- 
don K”+Garlon 3A” (picloram+triclopyr), and a me- 
chanical treatment (root-raking and windrowing). Hex- 
azinone was applied using a backpack sprayer in April 
1992, while imazapyr and picloram+triclopyr were ap- 
plied with a boom sprayer mounted on a tractor in May 
1992. Mechanically prepared areas were treated in Oc- 
tober 1992. Longleaf pine (Pinus palustn’s) was plant- 
ed on a 1.3 X 3.1 m spacing in February 1993. Com- 
parisons among treatments were made for the follow- 
ing bird community parameters: Shannon diversity, 
Shannon evenness, species richness, and total abun- 
dance. 

All three studies used 25-m fixed-radius point 
counts to census birds from April-June. O’Connell 
(1993) sampled at five point count stations on each of 
his 18 treatment plots and visited each station twice 
during the breeding season. Sparling (1996) and 
Branch (1998) sampled at six stations on each of 12 
treatment plots and visited each station three times dur- 
ing the breeding season and three times during winter 
(December). Counts were conducted within three 
hours of sunrise and were not conducted on rainy or 
excessively windy days. Each station was sampled for 
five minutes, and all birds seen or heard within the 
plot, but not flying overhead, were recorded. See 
O’Connell (1993) and Spading (1996) for detailed de- 
scriptions of vegetation sampling techniques. 

FINDINGS 

O’CONNELL (1993) 

Totals of 29, 26, and 21 avian species were 
recorded at two, three, and five years post-treat- 
ment, respectively. Total bird abundances did 
not differ between treatments in any age class 
(Table 1). Indigo Buntings (Pusserina cyanea) 
were the most commonly observed species on 

TABLE 1. AVIAN SPECIES DIVERSITY AND ABUN- 
DANCE (MEAN NUMBER PER TREATMENT AREA 2 SE) 
Two, THREE, AND FIVE YEARS POST-TREATMENT ON 
CHEMICALLY AND MECHANICALLY PREPARED SITES IN 
BARNWELL COUNTY, S.C., 1991-1992 (ADAPIFD FROM 
O’CONNELL 1993) 

Bird community param.&+ Hexarinone Mechanical 

2 years post-treatment 
H’ 2.47 (0.08)Ab 2.15 (0.05)B 
J’ 0.95 (0.01) 0.92 (0.02) 
R 3.92 (0.38) 3.24 (0.20) 
Abundance 31.70 (13.4) 24.70 (6.7) 

Brown-headed 
Cowbird 3.66 (0.33)A 1.66 (0.33)B 

Eastern Bluebird 1.67 (0.33)A 0.00 (O.OO)B 
Mourning Dove 3.00 (O.OO)A 1.00 (l.OO)B 
Yellow-breasted 
Chat 1.33 (0.67)B 3.33 (0.33)A 

3 years post-treatment 
H’ 2.39 (0.07)A 2.10 (0.03)B 
J’ 0.92 (0.01) 0.92 (0.03) 
R 3.80 (0.21) 3.03 (0.41) 
Abundance 25.30 (10.3) 22.00 (9.0) 

Carolina Wren 0.00 (O.OO)B 1.33 (0.33)A 
Chipping Sparrow 2.00 (O.OO)A 0.00 (O.OO)B 
Yellow-breasted 

Chat 0.67 (0.33)B 2.67 (0.67)A 
5 years post-treatment 

H’ 2.04 (0.08) 1.91 (0.05) 
J’ 0.91 (0.02) 0.92 (0.01) 
R 3.07 (0.22) 2.70 (0.17) 
Abundance 12.03 (6.6) 11.70 (5.9) 

a H’ = Shannon diversity; J’ = Shannon evenness; R = Margakf rich- 
ness. 
b Withln a row, means followed by different letters are significantly &f- 
ferent at P 5 0.10. 

all sites. At two years post-treatment, Brown- 
headed Cowbirds (Molothrus ater) and Mourn- 
ing Doves (Zenaidu macrouru) also were re- 
corded commonly. Mourning Doves and Eastern 
Bluebirds (Sialia sialis) were more abundant on 
hexazinone sites, whereas Yellow-breasted 
Chats (Zcteria virens) were more abundant on 
mechanical treatments. At three years post-treat- 
ment, common species were Indigo Buntings, 
Brown-headed Cowbirds, and Prairie Warblers 
(Dendroica discolor). Chipping Sparrows (Spi- 
zella passerina) were more abundant on hexa- 
zinone treatments, whereas Yellow-breasted 
Chats and Carolina Wrens (Thryothorus ludovi- 
cianus) were more abundant on the mechanical- 
ly treated areas. Bird species diversity was great- 
er on the hexazinone plots at two and three years 
post-treatment. At five years post-treatment, 
commonly recorded species included Prairie 
Warblers, Indigo Buntings, and Carolina Wrens, 
but no differences in diversity, evenness, rich- 
ness, or the abundance of any species were de- 
tected between treatments. Total bird abundance 
was correlated with herbaceous species diversi- 
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TABLE 2. AVIAN SPECIES DIVERSITY AND ABUNDANCE (MEAN NUMBER PER CENSUS PLOT ? SE) ON CHEMICALLY 
AND MECHANICALLY PREPARED SITES AT ONE, Two, AND THREE YEARS POST-TREATMENT IN BARNWELL COIJNTY, 
S.C., 1993-1996 (ADAPTED FROM SPARLING 1996 AND BRANCH 1998) 

Bird 
community 
pammet. Hexazinone 

TK.%XIIl.Xlt 

Picloram+ 
Imazapyr hiclopyr Mechanical 

1993 
June 

December 

1994 
June 

December 

199.5 
June 

December 

1996 
June 

December 

H’ 1.79 (0.35) 
J’ 0.93 (0.01) 
N 7.67 (2.73) 
Abundance 2.22 (0.48) 
H’ 1.32 (0.39) 
J’ 0.63 (0.15) 
N 7.67 (1.33) 
Abundance 7.39 (2.39) 

H’ 
J’ 
N 
Abundance 
H’ 
J’ 
N 
Abundance 

2.05 (0.20) 
0.88 (0.03) 

10.67 (2.03) 
4.44 (0.93) 
1.25 (0.07)Bb 
0.82 (0.01) 
4.67 (0.33)B 
5.61 (1.77) 

H’ 
J’ 
N 
Abundance 
H’ 
J’ 
N 
Abundance 

2.27 (0.06) 
0.86 (0.02) 

14.00 (1.53) 
7.83 (1.17) 
1.56 (0.13) 
0.71 (0.11) 
9.33 (1.53) 

11.17 (2.17) 

H’ 
J’ 
N 
Abundance 
H’ 
J’ 
N 
Abundance 

2.47 (0.33) 
0.87 (0.07) 

17.33 (2.89) 
6.56 (1.02) 
1.80 (0.26) 
0.84 (0.01) 
8.67 (2.31) 
6.39 (1.84) 

2.30 (0.20) 
0.92 (0.02) 

12.67 (2.67) 
4.33 (0.70) 
1.68 (0.38) 
0.80 (0.06) 
9.33 (3.84) 

10.67 (2.05) 

2.22 (0.16) 
0.89 (0.03) 

13.33 (3.84) 
7.44 (1.51) 
1.38 (0.05)AB 
0.80 (0.03) 
5.67 (0.67)B 
8.11 (1.88) 

2.45 (0.16) 
0.89 (0.02) 

16.67 (3.53) 
10.22 (1.47) 

1.83 (0.25) 
0.77 (0.03) 

10.67 (2.51) 
10.94 (0.67) 

2.69 (0.04) 
0.87 (0.04) 

22.33 (2.3 1) 
9.50 (3.56) 
1.80 (0.04) 
0.82 (0.02) 
9.00 (0.00) 
7.14 (1.19) 

1.96 (0.40) 
0.87 (0.02) 

11.00 (3.51) 
5.56 (1.08) 
1.62 (0.18) 
0.85 (0.06) 
8.00 (2.65) 
6.17 (2.54) 

2.08 (0.3 1) 
0.93 (0.01) 

10.33 (2.91) 
4.39 (0.81) 
1.63 (0.13)A 
0.82 (0.05) 
7.33 (0.33)A 

11.89 (2.27) 

2.46 (0.16) 
0.89 (0.02) 

16.67 (3.38) 
9.33 (1.32) 
1.86 (0.15) 
0.78 (0.02) 

11.00 (1.73) 
9.50 (0.88) 

275 (0.28) 
0.91 (0.78) 

12.00 (3.61) 
7.78 (2.22) 
1.90 (0.09) 
0.82 (0.07) 

10.33 (1.15) 
7.72 (1.92) 

2.10 (0.05) 
0.94 (0.01) 
9.33 (0.33) 
3.00 (0.52) 
1.35 (0.20) 
0.77 (0.10) 
5.67 (0.33) 
4.39 (1.26) 

1.47 (0.25) 
0.76 (0.09) 
7.00 (1.15) 
3.06 (0.49) 
1.65 (0.08)A 
0.77 (0.08) 
9.00 (1.15)A 

11.17 (2.51) 

2.14 (0.13) 
0.84 (0.05) 

13.00 (1.53) 
7.39 (0.91) 
1.84 (0.15) 
0.77 (0.05) 

11.00 (1.00) 
10.94 (4.79) 

2.66 (0.34) 
0.93 (0.02) 

17.33 (0.58) 
6.39 (2.02) 
1.86 (0.20) 
0.87 (0.05) 
8.67 (1.15) 
5.56 (0.25) 

B H’ = Shannon diversity; I’ = Shannon evenness; N = mean number of species per plot. 
b Within a mw, means followed by different letters are significantly different at P 5 0.05. 

ty, herbaceous species richness, and woody spe- 
cies diversity. 

SPARLING (1996) 

Forty-seven breeding and 27 wintering bird 
species were recorded. Bird abundance did not 
differ among the treatments during any sample 
period (Table 2). In winter of 1994 (i.e., 2 years 
post-treatment), diversity was greater on piclo- 
ram + triclopyr and mechanical plots than on 
hexazinone-treated plots. Also, species richness 
was lower on hexazinone and imazapyr plots 
than on mechanically treated plots. No other 
treatment-related differences in avian commu- 
nity measures were detected. 

Winter bird abundance was correlated with 

vine abundance at one year post-treatment. 
Woody vegetation was correlated with summer 
and winter bird abundance at two years post- 
treatment. Breeding bird abundance was posi- 
tively correlated with vegetation volume at low- 
er heights (0.5-1.0 m). 

BRANCH (1998) 

During the third and fourth years post-treat- 
ment on Sparling’s (1996) plots, Branch (1998) 
detected no differences in either breeding or 
wintering bird community variables. Analyses 
relating bird community variables to vegetation 
structural variables were unavailable. Apparent- 
ly, by three to four years post-treatment, the few 
effects that the various herbicides had produced 
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in the bird communities one to two years post- 
treatment had disappeared. 

CONCLUSIONS 

Both O’Connell (1993) and Sparling (1996) 
reported greater vertical structure on chemically 
treated sites than mechanically treated sites. 
O’Connell (1993) attributed the greater bird 
abundance and diversity of chemically treated 
sites at two and three years post-treatment to dif- 
ferences in vegetation components, particularly 
vertical structure associated with residual snags. 
He also noted that the greater numbers of snags 
present on the hexazinone treatments likely ac- 
counted for the greater numbers of cavity-nest- 
ing species such as Eastern Bluebird and species 
that utilize perches such as Brown-headed Cow- 
bird and Mourning Dove. The positive relation- 
ship between bird communities and vertical veg- 
etation structure long has been recognized (Mac- 
Arthur and MacArthur 1961, James 1971, Will- 
son 1974). Johnson and Landers (1982) 
attributed higher bird diversity in two year-old 
plantations compared to 6-15 year-old planta- 
tions to the presence of residual snags, and win- 
ter bird numbers in Texas were higher on areas 
with snags than on snagless areas (Dickson and 
Conner 1982). Similarly, in Mississippi, bird 
species diversity in pine stands is related directly 
to the number of residual snags and cavities 
(Darden et al. 1990). Because most forms of in- 
tensive mechanical site preparation remove the 
majority of standing stems from a site whereas 
chemical site preparation techniques leave resid- 
ual snags, chemical site preparation likely is 
more beneficial to bird species that utilize snags, 
either for nesting, roosting, or as song perches. 

Some species were more abundant on me- 
chanically treated sites (O’Connell 1993). Me- 
chanical site preparation involves collection of 
woody debris into windrows. These windrows 
and the vegetation associated with them appar- 
ently resulted in superior habitat conditions on 
mechanically treated sites, as compared to 
chemically treated sites, for shrub-scrub birds 
such as Carolina Wren and Yellow-breasted 
Chat. 

The herbicides tested by Sparling (1996) and 
Branch (1998) differ in the suites of plants spe- 
cies that they control, and therefore in the re- 
developing plant communities. However, these 
differences in the vegetative communities do not 
result in significant effects on avian habitat. 
Sparling (1996) reported few differences in ver- 
tical structure among the different herbicides 
one to two years post-treatment, and Branch 
(1998) detected no differences three to four 

years post-treatment. Similarly, study areas in 
Georgia treated with hexazinone, imazapyr, and 
picloram+ triclopyr had similar amounts of 
snags and residual hardwoods at four and five 
years post-treatment (Moore 1996) and, conse- 
quently, the associated bird communities did not 
differ. 

Overall, few treatment-related differences in 
avian abundance and diversity were detected in 
any of the studies, suggesting that changes in 
silvicultural prescriptions from mechanical to 
chemical site preparation may have few impacts 
on avian communities. The only apparent excep- 
tions to this pattern are species that utilize the 
windrows associated with mechanical site prep- 
aration (i.e., Carolina Wren, Yellow-breasted 
Chat). Similarly, since Sparling (1996) and 
Branch (1998) found no differences in avian 
abundance and species richness among various 
site preparation herbicides, choice of herbicide 
may not be important to avian communities ei- 
ther. Different results may occur with other her- 
bicides, application rates, or application timing. 
Additionally, the use of herbicide tank mixtures 
(i.e., simultaneous application of two or more of 
the herbicides tested in the reported studies) 
likely will result in greater vegetation control 
and could impact songbird communities, at least 
in the initial years post-treatment. Therefore, 
further research is needed to establish the gen- 
erality of the results reported herein. Yet, be- 
cause of their spatial and temporal similarities, 
these three studies provide a foundation for con- 
tinued studies on the effects of various site prep- 
aration methods on breeding and wintering 
songbird populations. 

The burgeoning use of herbicides in forestry 
is resulting in rapidly changing technologies. 
Herbicides are being employed with increasing 
frequency for site preparation, crop tree release, 
and mid-rotation stand management. Developing 
technologies such as more selective herbicides, 
changes in the timing and method of applica- 
tions, and use of herbicide mixtures preclude the 
establishment of long-term studies to document 
the influence of one particular site-preparation 
treatment on avian communities. Additionally, 
early successional communities in re-establish- 
ing pine plantations are ephemeral in nature and 
thus necessitate application of a series of short- 
term research projects. 
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CONCLUDING REMARKS: AVIAN STUDIES AT THE SAVANNAH 
RIVER SITE 

EUGENE I? ODUM 

Ornithological research at the Savannah River 
Site during the past five decades has involved 
three phases: (1) During the first decade or so 
(1951-1965) the focus was on inventories to 
provide baseline data for future changes expect- 
ed to result from atomic plant operations and 
major land-use changes (Meyers and Odum this 
volume). (2) During the 1970s and 1980s bird 
studies mostly involved specific species or 
groups of species, especially waterfowl, game 
birds, and endangered species such as the Wood 
Stork (Mycteria americana) and Red-cockaded 
Woodpecker (Picoides borealis) (Bryan et al. 
this volume, Franzreb et al. this volume). (3) In 
the 1990s a renewed interest in distribution and 
abundance of birds emerged as a result of in- 
creased interest and funding by the U.S. Forest 
Service, other government agencies, and region- 
al university forestry schools. These studies em- 
phasized research in biodiversity and manage- 
ment of forests to include values other than the 
production of wood products (e.g., Kilgo et al. 
this volume). 

As outlined in Meyers and Odum (this vol- 
ume), biological and environmental inventories 
were a major part of the first contracts for field 
research at SRS. Beginning in 195 1, research 
contracts were drawn between the Atomic En- 
ergy Commission and the University of Georgia 
(UGA), the University of South Carolina (USC), 
and the Philadelphia Academy of Sciences. 
UGA contracted to inventory warm-blooded 
vertebrates and arthropods, and to study old- 
field succession. USC contracted to inventory 
cold-blooded vertebrates and higher plants. In- 
ventories of the aquatic life in the Savannah Riv- 
er were carried out by a Philadelphia Academy 
task force under the direction of Ruth Patrick. 

During this early period, about a quarter of 
the papers published by the UGA group in- 
volved birds, culminating in Robert Norris’ 
book, “The Birds of the AEC Savannah River 

Plant Area” (1964, Contributions from the 
Charleston Museum, No. 14). 

With the establishment of the permanent Sa- 
vannah River Ecology Laboratory (SREL) in 
1962 by UGA, there was no longer a segregation 
of interests (White and Gaines this volume). The 
SRS was designated as the first National Envi- 
ronmental Research Park (NERP) in 1972, and 
researchers and students from all over the Unit- 
ed States began to conduct field studies at SRS, 
mostly funded and coordinated by SREL. 

During the middle period of species-oriented 
bird studies, less than 10% of SREL papers dealt 
with birds. Attention spread to other taxa, es- 
pecially herps, and to experimental studies in ra- 
diation ecology (some of which involved birds), 
thermal pollution, wetland ecology, ecotoxicol- 
ogy, and population genetics. As detailed by 
Bryan et al. (this volume) and Dunning et al. 
(this volume), a series of papers on Wood Storks 
and on the relationship between Bachman’s 
Sparrows (Aimophila aestivalis) and the eco- 
nomics of timber harvest were noteworthy con- 
tributions during this period. 

Finally, in recent years there has been a dra- 
matic increase in interest (and funding!) 
throughout the forestry and wildlife professions 
in nongame and non-timber producing species, 
biodiversity, and conservation ecology. This in- 
terest has developed into essentially a landscape 
ecology approach to management, with empha- 
sis on long-term research and research-manage- 
ment relationships, and is very apparent at SRS. 
I am pleased that many of the early bird cen- 
suses are being repeated, and that studies of the 
status of neotropical migrants and range changes 
associated with the “reversed latitude gradient” 
phenomenon (Odum et al. 1993) are underway. 
The SRS NERP is perhaps the best place in the 
United States for field experiments and models 
bringing together market and non-market values 
of forested landscapes. 

148 



Studies in Avian Biology No. 21:149-170, 2000. 

LITERATURE CITED 
ACKERMAN, B., E LEBAN, M. SAMUEL, AND E. GARTON. 

1990. User’s manual for program HOME RANGE. 
2”d ed. Technical Report 15, Forest, Wildlife, and 
Range Experiment Station, University of Idaho, 
Moscow, ID. 

ACKOFF, R. 1967. Management misinformation sys- 
tems. Management Science 14: 147-156. 

AFTON, A. D. 1984. Influence of age and time on re- 
productive performance of female Lesser Scaup. 
Auk 101:255-265. 

AFTON, A. D., AND S. L. PAULUS. 1992. Incubation and 
brood care in waterfowl. Pp. 62-108 in B. D. J. Batt, 
A. D. Afton, M. G. Anderson, C. D. Ankney, D. H. 
Johnson, J. A. Kadlec, and G. L. Krapu (editors). 
Ecology and management of breeding waterfowl. 
University of Minnesota Press, Minneapolis, MN. 

AGER, A., M. HITCHCOCK, R. MROWKA, B. KRANTZ, 
AND W. PETERSON. 1991. Some new tools for anal- 
ysis of elk habitat in eastern Oregon. Pp. 60-63 in 
A. G. Christensen, L. J. Lyon and T N. Lonner 
(compilers). Proceedings of a symposium on elk vul- 
nerability. Montana State University, Bozeman, MT. 

AKCAKAYA, H. R., AND J. L. ATWOOD. 1997. A habitat- 
based metapopulation model of the California Gnat- 
catcher. Conservation Biology 11:422-434. 

ALBERTS, J. J., J. W. BOWLING, J. E. SCHINDLER, AND 
D. E. KYLE. 1988. Seasonal dynamics of physical 
and chemical properties of a warm monomictic res- 
ervoir. Internationale Vereinigune fiir theoretische 
und angewandt Limnologie, Verhandlungen 23: 176 
180. 

ALBERTS, J. J., M. C. NEWMAN, AND D. W. EVANS. 
1985. Seasonal variations of trace elements in dis- 
solved and suspended loads for coal ash ponds and 
pond effluents. Water, Air, and Soil Pollution 26: 
111-128. 

ALBERTS, J. J., L. J. TILLY, AND T. J. VIGERSTAD. 1979. 
Seasonal cycling of cesium-137 in a reservoir. Sci- 
ence 203:649-651. 

ALISAUSKAS, R. T, AND C. D. ANKNEY. 1992. The cost 
of egg laying and its relationship to nutrient reserves 
in waterfowl. Pp. 30-61 in B. D. J. Batt, A. D. Af- 
ton, M. G. Anderson, C. D. Ankney, D. H. Johnson, 
J. A. Kadlec, and G. L. Krapu (editors). Ecology and 
management of breeding waterfowl. University of 
Minnesota Press, Minneapolis, MN. 

ALLAIRE, F? N., AND C. D. FISHER. 197.5. Feeding ecol- 
ogy of three resident sympatric sparrows in eastern 
Texas. Auk 92:260-269. 

ALLEN, D. H. 1991. An insert technique for construct- 
ing artificial red-cockaded Woodpecker cavities. 
USDA Forest Service Gen. Tech. Rep. SE-73. 
USDA Forest Service Southeastern Forest Experi- 
ment Station, Asheville, NC. 

ALLEN, D. H., K. E. FRANZREB, AND R. E. E ESCANO. 
1993. Efficacy of translocation strategies for Red- 
cockaded Woodpeckers. Wildlife Society Bulletin 
21:155-159. 

ALLEN, T. E H., AND T B. STARR. 1982. Hierarchy. 
University of Chicago Press, Chicago, IL. 

ALLISON, A. 1899. The sparrows of Mississippi. Auk 
16:266-270. 

AMERICAN FOREST COUNCIL. 1991. The American for- 

est: facts and figures 1991. The American Forest 
Council, American Paper Institute, and the National 
Forest Products Association, Washington, DC. 

ANDERSON, D. G. 1994. The Savannah River Chief- 
doms: political change in the late prehistoric Soutl- 
east. University of Alabama Press, Tuscaloosa, AL. 

ANDERSON, D. R. 1975. Population ecology of the Mal- 
lard: V. Temporal and geographic estimates of sur- 
vival, recovery and harvest rates. US Fish and Wild- 
life Service Resource Publ. 125. Washington, DC. 

ANDERSON, G. S., AND B. J. DANIELSON. 1997. Habitat 
selection in geographically complex landscapes. Pp. 
89-103 in G. Barrett and J. Peles (editors). The ecol- 
ogy of small mammals at the landscape level: ex- 
perimental approaches. University of Chicago Press, 
Chicago, IL. 

ANDERSON, M. G., J. M. RHYMER, AND E C. ROHWER. 
1992. Philopatry, dispersal, and the genetic structure 
of waterfowl populations. Pp. 365-395 in B. D. J. 
Batt, A. D. Afton, M. G. Anderson, C. D. Ankney, 
D. H. Johnson, J. A. Kadlec, and G. L. Krapu (ed- 
itors). Ecology and management of breeding water- 
fowl. University of Minnesota Press, Minneapolis, 
MN. 

ANDERSON, S. H., AND H. H. SHUGART. 1974. Habitat 
selection of breeding birds in an east Tennessee de- 
ciduous forest. Ecology 55:828-837. 

ANDREWS, R. D., AND E. K. BOGGESS. 1978. Ecology 
of coyotes in Iowa. Pp. 249-265 in M. Bekoff (ed- 
itor). Coyotes: biology, behavior, and management. 
Academic Press, New York, NY. 

ANKNEY, C. D. 1980. Egg weight, survival, and growth 
of Lesser Snow Goose goslings. Journal of Wildlife 
Management 44:174-182. 

ANONYMOUS. 1867. South Carolina, with special ref- 
erence to Aiken and vicinity, as a desirable location 
for actual settlers. Russell’s American Steam Print- 
ing House, New York, NY. 

ARNET~, E. B., AND R. SALLABANKS. 1998. Land man- 
ager perceptions of avian research and information 
needs: a case study. Pp. 399-413 i?z J. M. Marzluff 
and R. Sallabanks (editors). Avian conservation: re- 
search and management. Island Press, Washington, 
DC. 

ARNOLD, T. W., R. C. ROHWER, AND T. ARMSTRONG. 
1987. Egg viability, nest predation, and the adaptive 
significance of clutch size in prairie ducks. Ameri- 
can Naturalist 130:643-653. 

ASHE, T. 1682. Letter. Pp.135-160 in A. S. Salley, Jr. 
(editor). 1911. Narratives of early Carolina: 1650- 
1708. Charles Scribner’s Sons, New York, NY. 

ASHE, W. W. 1894. The forests, forest lands and forest 
products of eastern North Carolina. Bulletin no. 5, 
North Carolina Department of Conservation and De- 
velopment. J. Daniels State printer and binder, Ra- 
leigh, NC. 

ASHLEY, C., AND C. C. ZEIGLER. 1978. Environmental 
monitoring at the Savannah River Plant. Annual re- 
port-1977. Publ. DPSPU 78-302. E. I. du Pont de 
Nemours and Co., Savannah River Plant, Aiken, SC. 

ASHLEY, C., AND C. C. ZEIGLER. 1980. Releases of ra- 
dioactivity at the Savannah River Plant, 1954 
through 1978. Publ. DPSPU 75-25-l. E. I. du Pont 
de Nemours and Co., Savannah River Plant, Aiken, 
SC. 

149 



150 STUDIES IN AVIAN BIOLOGY NO. 21 

ASKINS, R. A. 1993. Population trends in grassland, 
shrubland, and forest birds in eastern North Ameri- 
ca. Current Ornithology 11: l-34. 

BAIRD, S. E, T. M. BREWER, AND R. RIDGWAY. 1874. 
History of North American birds: land birds. Vol. 1. 
Little, Brown, and Company, Boston, MA. 

BARKE, R., AND H. JENKINS-SMITH. 1993. Politics and 
scientific expertise: scientists, risk perception and 
nuclear waste policy. Risk Analysis 4:425-439. 

BARKER, AFXHIE. 1997. Interview via correspondence. 
Allendale, SC. 

BART, J., M. HOFSCHEN, AND B. G. PETERJOHN. 1995. 
Reliability of the Breeding Bird Survey: effects of 
restricting surveys to roads. Auk 112:758-761. 

BARTELL, S. M., A. L. BRENKERT, R. V. O’NEILL, AND 

R. H. GARDNER. 1988. Temporal variation in regu- 
lation of production in a pelagic food web model. 
Pp. 101-118 in S. R. Carpenter (editor). Complex 
interactions in lake communities. Springer-Verlag, 
New York, NY. 

BARTRAM, W. 1942. Diary of a journey through the 
Carolinas, Georgia and Florida: from July 1, 1765 
to April 10, 1766, annotated by Francis Harper. The 
American Philosophical Society, Philadelphia, PA. 

BARTRAM, W. 1958. The travels of William Bartram. 
Francis Harper (editor). Yale University Press, New 
Haven, CT 

BEAVERS, J. R., C. W. HENSLEY, J. G. BYRNE, E. E. C. 
CLEBSCH, AND J. H. JENKINS. 1972. Opportunities for 
resource management: an ecological analysis, Sa- 
vannah River Plant. Atomic Energy Commission. 
On file, USDA Forest Service Savannah River Nat- 
ural Resource Management and Research Institute 
(SRI), New Ellenton, SC. 

BEHELER, A. A., AND J. B. DUNNING, JR. 1998. Amer- 
ican Kestrel use of pine regeneration stands in South 
Carolina. The Chat 62:173-179. 

BELLROSE, E C. 1990. The history of Wood Duck man- 
agement. Pp. 13-20 in L. H. Fredrickson, G. V. Bur- 
ger, S. I? Havera, D. A. Graber, R. E. Kirby, and T 
S. Taylor (editors). Proceedings of the 1988 North 
American Wood Duck Symposium, St. Louis, MO. 

BELLROSE, E C., AND D. J. HOLM. 1994. Ecology and 
management of the Wood Duck. Stackpole Books, 
Mechanicsburg, PA. 

BENNETT, H. H. 1928. The geographical relation of soil 
erosion to land productivity. Geographical Review 
18:579-605. 

BENTZEIN, M. M. 1984. Endangered and threatened 
wildlife and plants: U.S. population of the Wood 
Stork determined to be endangered. Federal Register 
49(40):7332-7335. 

BERG, A. 1996. Predation of artificial, solitary and ag- 
gregated wader nests on farmland. Oecologia 107: 
343-346. 

BILDSTEIN, K. L. 1993. White Ibis: wetland wanderer. 
Smithsonian Institution Press, Washington, DC. 

BILDSTEIN, K. L., AND I. L. BRISBIN, JR. 1990. Lands 
for long-term research in conservation biology. Con- 
servation Biology 4:301-308. 

BILDSTEIN, K. L., D. E. GAWLIK, D. I? FERRAL, I. L. 
BRISBIN, JR., AND G. R. WEIN. 1994. Wading bird 
use of established and newly created reactor cooling 
reservoirs at the Savannah River Site, near Aiken, 

South Carolina, USA. Hydrobiologia 279/280:71- 
82. 

BILYARD, G. R., J. J. BASCIETTO, AND H. BECKERT. 
1993. Regulatory and institutional considerations in 
the application of ecological risk assessment at fed- 
eral facilities. Federal Facilities Environmental Jour- 
nal (Autumn) 77:337-348. 

BLACK, R. W., II, AND N. G. HAIRSTON, JR. 1988. Pred- 
ator-driven changes in community structure. Oecol- 
ogia 77:468-479. 

BLAKE, J. G., AND W. G. HOPPES. 1986. Influence of 
resource abundance on use of tree-fall gaps by birds 
in an isolated woodlot. Auk 103:328-340. 

BLOCK, W. M., D. M. FINCH, AND L. A. BRENNAN. 
1995. Single-species versus multiple-species ap- 
proaches for management. Pp. 461-476 in T. E. 
Martin and D. M. Finch (editors). Ecology and man- 
agement of neotropical migratory birds. Oxford Uni- 
versity Press, New York, NY. 

BLUHM, C. K., R. E. PHILLIPS, AND W. H. BURKE. 1983. 
Serum levels of luteinizing hormone, prolactin, es- 
tradiol, and progesterone in laying and nonlaying 
Mallards (Anus platyrhynchos). Biology of Repro- 
duction 28:295-305. 

BOLTON, R. K., AND R. S. MELDAHL. 1990. User’s 
guide to a multipurpose forest projection system for 
southern forests. Alabama Ag. Expt. Station. Bul- 
letin 604. Auburn, AL. 

BOULINIER, ‘I, 3. D. NICHOLS, J. R. SAUER, J. E. HINES, 
AND K. H. POLLOCK. 1998. Estimating species rich- 
ness: the importance of heterogeneity in species de- 
tectability. Ecology 79:1018-1028. 

BOYLSTON, H. G., W. C. NETTLES, AND L. M. SPARKS. 
1948. Cotton production and boll weevil control in 
South Carolina, 1948. Clemson Agricultural College 
in cooperation with USDA. Circular 310. Clemson, 
SC. 

B~HNING-GAESE, K., M. L. TAPER, AND J. H. BROWN. 
1993. Are declines in North American insectivorous 
landbirds due to causes on the breeding range? Con- 
servation Biology 7:76-86. 

BRANCH, E. H. 1998. Site preparation effects on small 
mammal and avian habitat, diversity and composi- 
tion on the upper coastal plain of South Carolina at 
3 and 4 years post treatment. M.S. thesis. University 
of Georgia, Athens, GA. 

BRAWN, J. D., AND S. K. ROBINSON. 1996. Source-sink 
population dynamics may complicate the interpre- 
tation of long-term census data. Ecology 77:3-12. 

BRENNAN, L. A. 1991. How can we reverse the north- 
em bobwhite population decline? Wildlife Society 
Bulletin 19:544-555. 

BRETT, M. T, AND C. R. GOLDMAN. 1997. Consumer 
versus resource control in freshwater pelagic food 
webs. Science 275:384-386. 

BREWSTER, W. 1882. Cotumiculus lecontei, C. henslo- 
wi, and Cistothorus stellaris in Florida. Bulletin of 
the Nuttall Ornithological Club 7: 121-122. 

BREWSTER, W. 1886. Ammodramus lecontei near 
Charleston, South Carolina. Auk 3:410. 

BRISBIN, I. L., JR. 1974. Abundance and diversity of 
waterfowl inhabiting heated and unheated portions 
of a reactor cooling reservoir. Pp. 579-593 in J. W. 
Gibbons and R. R. Sharitz (editors). Thermal ecol- 
ogy. Atomic Energy Commission Symposium Series 



LITERATURE CITED 151 

(CONF-73505). National Technical Information Ser- 
vice, U. S. Department of Commerce, Springfield, 
VA. 

BRISBIN, I. L., JR. 1991a. Avian radioecology. Current 
Ornithology 8:69-140. 

BRISBIN, I. L., JR. 1991b. Birds as indicators of global 
contamination processes: the Chernobyl connection. 
Acta XX Congressus Internationalis Ornithologici 
20:2473, 2503-2509. 

BRISBIN, I. L., JR. 1993. Birds as monitors of radio- 
nuclide contamination. Pp. 144-178 in R. W. Fur- 
ness (editor). Birds as monitors of environmental 
change. Chapman and Hall, London, UK. 

BRISBIN, I. L., JR., J. M. BENNER, L. A. BRANDT, R. A. 
KENNAMER, AND ‘I A. MURPHY. 1992. Long-term 
population studies of American alligators inhabiting 
a reservoir: initial responses to water level draw- 
down. Pp. 53-65 in Crocodiles-Proceedings of the 
11th Working Meeting of the Crocodile Specialist 
Group of the SSC of the IUNC. The World Conser- 
vation Union. Vol. 1. IUCN, Victoria Falls, Zimba- 
bwe. 

BRISBIN, I. L., JR., D. D. BRESHEARS, K. L. BROWN, M. 
LADD, M. H. SMITH, AND A. L. TOWNS. 1989. Rela-, 
tionships between levels of radiocesium in compo- 
nents of terrestrial and aquatic food webs of a con- 
taminated streambed and floodplain community. 
Journal of Applied Ecology 26:173-182. 

BRISBIN, I. L., JR., K. E GAINES, C. H. JAGOE, AND P. 
A. CONSOLIE. 1996. Population studies of American 
alligators (Alligator mississippiensis) inhabiting a 
reservoir: responses to long-term drawdown and 
subsequent refill. Pp. 446-477 in 13th Working 
Meeting of the Crocodile Specialist Group of the 
Species Survival Commission of IUCN-The 
World Conservation Union. IUCN-The World 
Conservation Union, Gland, Switzerland; Sante Fe, 
Argentina. 

BRISBIN, I. L., JR., R. A. GEIGER, AND M. H. SMITH. 
1973. Accumulation and redistribution of radioces- 
ium by migratory waterfowl inhabiting a reactor 
cooling reservoir. Pp. 373-384 in Proceedings of the 
international symposium on environmental behavior 
of radionuclides released in the nuclear industry. In- 
ternational Atomic Energy Agency Symposium, 
IAEA-SM-172172, Vienna, Austria. 

BRISBIN, I. L., JR., AND M. J. VARGO. 1982. Four-year 
declines in radiocesium concentrations of American 
Coots inhabiting a nuclear reactor cooling reservoir. 
Health Physics 43:266-269. 

BROOKS, M. 1938. Bachman’s Sparrow in the north- 
central portion of its range. Wilson Bulletin 50:86- 
109. 

BROOKS, M. J., B. E. TAYLOR, AND J. A. GRANT. 1996. 
Carolina Bay geoarchaeology and Holocene land- 
scape evolution on the Upper Coastal Plain of South 
Carolina. Geoarchaeology 2: l-24. 

BROOKS, R. D. 1988. Cattle ranching in colonial South 
Carolina: a case study in history and archaeology of 
the Lazarus/Catherina Brown Cowpen. M.A. thesis. 
University of South Carolina, Columbia, SC. 

BROOKS, R. D., AND D. C. CRASS. 1991. A desperate 
poor country: history and settlement patterning on 
the Savannah River Site, Aiken and Bamwell Coun- 
ties, South Carolina. Savannah River Archaeological 

Research Papers 2. Occasional Papers of the Savan- 
nah River Archaeological Research Program, South 
Carolina Institute of Archaeology and Anthropolo- 
gy, University of South Carolina, Columbia, SC. 

BROWN, G. E. 1992. Rational science, irrational reality: 
a Congressional perspective on basic research and 
society. Science 258:200-201. 

BROWN, J. L. 1987. Helping and communal breeding 
in birds: ecology and evolution. Princeton Univer- 
sity Press, Princeton, NJ. 

BROWN, N. C. 1879. A list of birds observed at Coos- 
ada, central Alabama. Bulletin of the Nuttall Omi- 
thological Club 4:7-13. 

BROWN, T. 1894. Memoirs of Tarleton Brown. The 
People Press, Bamwell, SC. 

BRUNSON, M. H. 1930. Boll weevil control. Circular, 
April, 1930. A publication of the South Carolina Ex- 
tension Service. Clemson Agricultural College co- 
operating with the USDA. Clemson, SC. 

BRYAN, A. L., JR. 1996. The Savannah River Ecology 
Laboratory Wood Stork program annual report: 
1995. Unpublished report to the U.S. Department of 
Energy, Savannah River Site, Aiken, SC. 

BRYAN, A. L., JR., I. L. BRISBIN, JR., AND C. H. JAGOE. 
1997. The Savannah River Ecology Laboratory 
Wood Stork program annual report: 1996. Unpub- 
lished report to the U.S. Department of Energy, Sa- 
vannah River Site, Aiken, SC. 

BRYAN, A. L., JR., AND M. C. COULTER. 1987. Foraging 
flight characteristics of Wood Storks in east-central 
Georgia, USA. Colonial Waterbirds 10:157-161. 

BRYAN, A. L., JR., AND M. C. COULTER. 1991. Con- 
specific aggression in a Wood Stork colony in Geor- 
gia. Wilson Bulletin 103:693-697. 

BRYAN, A. L., JR., AND M. C. COULTER. 1995. Wood 
Stork use of the Kathwood foraging ponds: 1986 
1993. Pp. 53-56 in the Proceedings of the Wood 
Stork Symposium. The Georgia Conservancy, Sa- 
vannah, GA. 

BRYAN, A. L., JR., M. C. COULTER, AND C. J. PENNY- 

CUICK. 1995. Foraging strategies and energetic costs 
of foraging flights by breeding Wood Storks. Condor 
97:133-140. 

BRYAN, A. L., JR., T M. MURPHY, K. L. BILDSTEIN, I. 
L. BRISBIN, JR., AND J. J. MAYER. 1996. Use of res- 
ervoirs and other artificial impoundments by Bald 
Eagles in South Carolina. Pp. 287-298 in D. M. 
Bird, D. E. Varlan, and J. J. Negro (editors). Raptors 
in human landscapes. Academic Press and the Rap- 
tor Research Foundation, London, UK. 

BUF~INGTON, J. M., J. C. K~LGO, R. A. SARGENT, K. V. 
MILLER, AND B. R. CHAPMAN. 1997. Comparison of 
breeding bird communities in bottomland hard- 
woods of different successional stages. Wilson Bul- 
letin 109:314-319. 

BUNNELL, E L. 1989. Alchemy and uncertainty: what 
good are models? USDA Forest Service Gen. Tech. 
Rep. PNW-GTR-232. USDA Forest Service Pacific 
Northwest Research Station, Portland, OR. 

BURGER, J. 1994. How should success be measured in 
ecological risk assessment? The importance of ‘pre- 
dictive accuracy.’ Journal of Environmental Health 
and Toxicology 42:367-76. 

BURGER, J. 1997. Recreation and risk: potential expo- 



152 STUDIES IN AVIAN BIOLOGY NO. 21 

sure. Journal of Toxicology and Environmental portunity for ecotoxicologists. Environmental Toxi- 
Health 52:269-284. cology and Chemistry 10:429-432. 

BURGER, J. 1998. Environmental attitudes and percep- 
tions of future land use at the Savannah River Site: 
are there racial differences? Journal of Environmen- 
tal Health and Toxicology 53:255-262. 

BURGER, J. 1999. Environmental monitoring on De- 
partment of Energy lands: the need for a holistic 
plan. Strategic Environmental Management 1:35 l- 
367. 

CAIRNS, J., JR. 1993. The balance of ecological destruc- 
tion and repair. Environmental Health Perspectives 
101:206. 

CAIRNS, J., JR. 1995. The case for ecosystem services 
as toxicological end points. Human and Ecological 
Risk Assessment 1:171-174. 

BURGER, J., AND M. GOCHFELD. 1990. The Black Skim- 
mer: social dynamics of a colonial species. Colum- 
bia University Press, New York, NY. 

BURGER, J., AND M. GOCHFELD. 1991. The Common 
Tern: breeding biology and social behavior. Colum- 
bia University Press, New York, NY. 

BURGER, J., AND M. GOCHFELD. 1995. Biomonitoring 
of heavy metals in the Pacific Basin using avian 
feathers. Environmental Toxicology and Chemistry 
14:1233-1239. 

CARLTON, W. H., L. R. BAUER, A. G. EVANS, L. A. 
GEARY, C. E. MURPHY, JR., J. E. PINDER, III, AND R. 
N. STROM. 1992. Cesium in the Savannah River Site 
environment (U). Westinghouse Savannah River 
Company Report WSRC-RP-92-250. Westinghouse 
Savannah River Company, Savannah River Site, Ai- 
ken, SC. 

CARPENTER, S. R. 1996. Microcosm experiments have 
limited relevance for community and ecosystem 
ecology. Ecology 77:677-680. 

BURGER, J., AND M. GOCHFELD. 1996. Ecological and 
human health risk assessment: a comparison. Pp. 
127-148 in R. T DiGiulio and E. Monosson (edi- 
tors). Interconnections between human and ecosys- 
tem health. Chapman and Hall, London, UK. 

BURGER, J., R. A. KENNAMER, I. L. BRISBIN, JR., AND 

M. GOCHFELD. 1997. Metal levels in Mourning 
Doves from South Carolina: potential hazards to 
doves and hunters. Environmental Research 75: 173- 
186. 

CARROLL, C. R., AND G. K. MEFFE. 1994. Management 
to meet conservation goals: applications. Pp. 336 
367 in G. K. Meffe and C. R. Carroll (editors). Prin- 
ciples of conservation biology. Sinauer Associates, 
Inc., Sunderland, MA. 

CARTER, J. H., III., J. R. WALTERS, S. H. EVERHART, 
AND F? D. DOERR. 1989. Restrictors for Red-cock- 
aded Woodpecker cavities. Wildlife Society Bulletin 
17:68-72. 

BURGER, J., R. A. KENNAMER, I. L. BRISBIN, JR., AND 
M. GOCHFELD. 1998. A risk assessment for consum- 
ers of Mourning Doves. Risk Analysis 18563-573. 

BURGER, J., AND D. PEAKALL. 1995. Methods to assess 
the effects of chemicals on aquatic and terrestrial 
wildlife, particularly birds and mammals. Pp. 291- 
306 in R. A. Linthurst, I? Bourdeau, and R. G. Tar- 
diff (editors). Methods to assess the effects of chem- 
icals on ecosystems. Wiley and Sons, Chichester, 
UK. 

CARTER, W. T, JR., R. T ALLEN, J. E. LAPHAM, E S. 
BUCHER, AND J. H. AGEE. 1914. Soil survey of Bam- 
well County, South Carolina. USDA Bureau of 
Soils. Advance sheets-field operations of the Bureau 
of Soils, 1912. Government Printing Office, Wash- 
ington, DC. 

CAUGHLEY, G., G. C. GRIGG, J. CAUGHLEY, AND G. J. 
E. HILL. 1980. Does dingo predation control the den- 
sities of kangaroos and emus? Australian Wildlife 
Research 7: 1-12. 

BURGER, J., J. SANCHEZ, J. W. GIBBONS, AND M. GOCH- 
FELD. 1997. Risk perception, federal spending, and 
the Savannah River Site: attitudes of hunters and 
fishermen. Risk Analysis 17:313-320. 

BURLEIGH, T. D. 1958. Georgia birds. University of 
Oklahoma Press, Norman, OK. 

BURNHAM, K. l? 1981. Summarizing remarks: environ- 
mental influences. Studies in Avian Biology 6:324- 
325. 

CHAMBERLAIN, T. C. 1897. The method of multiple 
working hypotheses. Journal of Geology 5:837-848. 

CHAPMAN, J. A. 1897. History of Edgefield County 
from the earliest settlements to 1897. E. H. Aull, 
Newberry, SC. 

CHERRY, D. S., AND R. K. GUTHERIE. 1977. Toxic met- 
als in surface waters from coal ash. Water Resources 
Bulletin 13:1227-1236. 

BUTCHER, G. S., AND J. D. LOWE. 1990. Population 
trends of twenty species of migratory birds as re- 
vealed by Christmas Bird Counts, 1963-1987. Final 
report, cooperative agreement number 14-16-009- 
88-941. U.S. Fish and Wildlife Service, Office of 
Migratory Bird Management, Washington, DC. 

BUZZELLI, D. T, AND J. LASH (CO-CHAIRS). 1996. Sus- 
tainable America: a new consensus. President’s 
Council on Sustainable Development, Washington, 
DC. 

CHERRY, D. S., S. R. LARRICK, R. K. GUTHERIE, E. M. 
DAVIS, AND E E SHERBERGER. 1979. Recovery of in- 
vertebrate and vertebrate populations in a coal ash 
stressed drainage system. Journal of the Fisheries 
Research Board of Canada 36:1089-1096. 

CHRISTENSEN, N. L., A. M. BARTUSKA, J. H. BROWN, 
S. CARPENTER, C. D’ANTONIO, R. FRANCIS, J. E 
FRANKLIN, J. A. MACMAHON, R. E Noss, D. J. PAR- 
SONS, C. H. PETERSON, M. G. TURNER, AND R. G. 
WOODMANSEE. 1996. The report of the Ecological 
Society of America committee on the scientific basis 
for ecosystem management. Ecological Applications 
6:665-691. 

CABAK, M. A., AND M. INKROT. 1996. Cotton fields and 
mules: South Carolina farms on the eve of the New 
South. Presented at the Society of Historical Ar- 
chaeology Annual Meeting, Vancouver, BC, 1996. 

CAIRNS, J., JR. 1991. Restoration ecology: a major op- 

CHRISTIE, J. S. 1997. Effects of forest management on 
community assemblages of shrub-scrub birds at the 
Savannah River Site, South Carolina. M.S. thesis. 
University of Georgia, Athens, GA. 

CLARK, W. R., J. J. HASBROUCK, J. M. KIBNZLER, AND 
T E GLUECK. 1989. Vital statistics of a raccoon pop- 



LITERATURE CITED 153 

ulation. Journal of Wildlife Management 53:982- 
990. 

CLAY, D. L., I. L. BRISBIN, JR., P B. BUSH, AND E. E. 
PROVOST. 1980. Patterns of mercury contamination 
in a wintering waterfowl community. Proceedings of 
the Annual Conference of the Southeastern Associ- 
ation of Fish and Wildlife Agencies 32:309-3 17. 

COMMISSION ON RISK ASSESSMENT AND RISK MANAGE- 
MENT. 1996. Report of the President’s Commission 
on Risk Assessment and Risk Management. Wash- 
ington, DC. 

CONNELL, J. H. 1961. The effects of competition, pre- 
dation by This lapillus, and other factors on natural 
populations of the barnacle Balanus balanoides. 
Ecological Monographs 31:61-104. 

CONNER, R. N., AND K. A. O’HALLARON. 1987. Cavity 
tree selection by Red-cockaded Woodpeckers as re- 
lated to growth dynamics of southern pines. Wilson 
Bulletin. 99:398-412. 

CONNER, R. N., AND D. C. RUDOLPH. 1989. Red-cock- 
aded Woodpecker colony status and trends on the 
Angelina, Davy Crockett, and Sabine National For- 
ests. USDA Forest Service Res. Pap. SO-250. 
USDA Forest Service Southern Research Station, 
New Orleans, LA. 

CONNER, R. N., AND D. C. RUDOLPH. 1991. Effects of 
midstory reduction and thinning in red-cockaded 
woodpecker cavity tree clusters. Wildlife Society 
Bulletin 19:63-66. 

CONNER, R. N., D. C. RUDOLPH, D. SAENZ, AND R. R. 
SCHAEFER. 1996. Red-cockaded Woodpecker nesting 
success, forest structure, and southern flying squir- 
rels in Texas. Wilson Bulletin 108:697-711. 

CONROY, M. J., Y. COHEN, E C. JAMES, Y. G. MATSINOS, 
AND B. A. MAURER. 1995. Parameter estimation, re- 
liability, and model improvement for spatially ex- 
plicit models of animal populations. Ecological Ap- 
plications 5: 17-19. 

CONROY, M. J., AND R. T. EBERHARDT. 1983. Variation 
in survival and recovery rates of Ring-necked 
Ducks. Journal of Wildlife Management 47:127- 
137. 

COOK, R. E. 1969. Variation in species density of 
North American birds. Systematic Zoology 18:63- 
84. 

COOKE, E, C. S. FINDLAY, AND R. E ROCKWELL. 1984. 
Recruitment and the timing of reproduction in Less- 
er Snow Geese (Anser caerulescens caerulescens). 
Auk 101:451-458. 

COPEYON, C. K. 1990. A technique for constructing 
cavities for the Red-cockaded Woodpecker. Wildlife 
Society Bulletin 18:303-311. 

COPEYON, C. K., J. R. WALTERS, AND J. H. CARTER, III. 
1991. Induction of Red-cockaded Woodpecker 
group formation by artificial cavity construction. 
Journal of Wildlife Management 55:549-556. 

CORDLE, C. G. (EDITOR). 1939. Notes and documents: 
the John Tobler manuscripts, an account of German 
Swiss emigrants in South Carolina, 1737. The South 
Caroliniana Library, University of South Carolina, 
Columbia, SC. 

CORTNER, H. J., M. A. SHANNON, M. G. WALLACE, S. 
BURKE, AND M. A. MOOTE. 1996. Institutional bar- 
riers and incentives for ecosystem management: a 
problem analysis. USDA Forest Service Gen. Tech. 

Rep. PNW-GTR-354. USDA Forest Service Pacific 
Northwest Research Station, Portland, OR. 

COSTA, R., AND R. E. E ESCANO. 1989. Red-cockaded 
Woodpecker: status and management in the 
Southern Region in 1986. USDA Forest Service 
Tech. Pub. R8-TP 12. USDA Forest Service 
Southern Region, Atlanta, GA. 

COULSON, J. C. 1968. Differences in the quality of 
birds nesting in the center and on the edges of a 
colony. Nature 217:478-479. 

COULTER, M. C. 1988. Foraging and breeding ecology 
of Wood Storks in east-central Georgia. Pp. 21-27 
in R. R. Odum, K. A. Riddleberger, and J. C. Ozier 
(editors). Proceedings of the Third Southeastern 
Nongame and Endangered Wildlife Symposium. 
Georgia Department of Natural Resources, Game 
and Fish Division, Atlanta, GA. 

COULTER, M. C., AND A. L. BRYAN, JR. 1993. Foraging 
ecology of Wood Storks (Mycteria americana) in 
east-central Georgia. I. Characteristics of foraging 
sites. Colonial Waterbirds 16:59-70. 

COUL-~ER, M. C., AND A. L. BRYAN, JR. 1995a. Factors 
affecting reproductive success of Wood Storks (Myc- 
teria americana) in east-central Georgia. Auk 112: 
237-243. 

COULTER, M. C., AND A. L. BRYAN, JR. 1995b. The 
design and management of the Kathwood Ponds: X- 
tificial foraging ponds for Wood Storks in east cen- 
tral Georgia. Pp. 47-52 in Proceedings of the Wood 
Stork Symposium. The Georgia Conservancy, Sa- 
vannah, GA. 

COULTER, M. C., W. D. MCCORT, AND A. L. BRYAN, 
JR. 1987. Creation of artificial foraging habitat for 
Wood Storks in South Carolina. Colonial Waterbirds 
10:203-210. 

CRANOR, C. E 1995. The social benefits of expedited 
risk assessments. Risk Analysis 15:353-358. 

CROW, T. R. 1991. Landscape ecology. Pp. 55-65 in 
D. J. Decker, M. E. Kransy, G. R. Goff, C. R. Smith, 
and D. W. Gross (editors). Challenges in the con- 
servation of biological resources. Westview Press, 
Boulder, CO. 

CROW, T R., AND E. J. GUSTAFSON. 1997. Ecosystem 
management: managing natural resources in time 
and space. Pp. 215-228 in K. A. Kohm and J. E 
Franklin (editors). Creating a forestry for the 21st 
century: the science of ecosystem management. Is- 
land Press, Washington, DC. 

CROWDER, L. B., R. W. DRENNER, W. C. KERFOOT, D. 
J. MCQUEEN, E. L. MILLS, U. SOMMER, C. N. SPEN- 
CER, AND M. J. VANNI. 1988. Food web interactions 
in lakes. Pp. 141-160 in S. R. Carpenter (editor). 
Complex interactions in lake communities. Springer- 
Verlag, New York, NY. 

CRYSTAL, H. M. 1997. The elimination of the Category 
2 candidate species list: a prescription for environ- 
mental train wrecks. Endangered Species Update 
14(1&2):7-8, 14. 

DALE, V. H., AND I? D. PARR. 1998. Preserving DOE’s 
research parks. Issues in Science and Technology 14: 
73-77. 

DARDEN, T L., JR., G. A. HURST, AND R. C. WARREN. 
1990. Bird community indices and habitat condi- 
tions in pine stands. Journal of the Mississippi Acad- 
emy of Science 35:1-6. 



154 STUDIES IN AVIAN BIOLOGY NO. 21 

DARWIN, C. 1859. The Origin of Species. Reprinted 
1968. Penguin Books, London, UK. 

DAVIS, C. E, AND L. L. JANECEK. 1997. DOE research 
set-aside areas of the Savannah River Site. SRO- 
NERl-25. Savannah River Ecology Laboratory, Ai- 
ken, SC. 

DAVIS, R. 1997. Briefs for the files. Chat 61:57-68. 
DEFAZIO, J. T, AND M. L. LENNARTZ 1987. Establish- 

ment of a viable population of red-cockaded wood- 
peckers at the Savannah River Plant. USDA Forest 
Service, Southeastern Forest Experiment Station 
Progress Report, Project File RCW.011. USDA For- 
est Service Savannah River Forest Station, New El- 
lenton, SC 

DELAY, L., R. O’CONNOR, .I. RYAN, AND R. R. CURRIE. 
1993. Recovery Plan: Pondberry (Lindera melissi- 

folia). U.S. Fish and Wildlife Service, Atlanta, GA. 
DELCOURT, P A., AND H. R. DELCOURT. 1987. Long- 

term forest dynamics of the temperate zone. Ecolog- 
ical Studies 63. Springer-Verlag, New York, NY. 

DELOTELLE, R. S., .I. R. NEWILIAN, AND A. E. JERAULD. 
1983. Habitat use by Red-cockaded Woodpeckers in 
central Florida. Pp. 59-67 in D. A. Wood (editor). 
Red-cockaded Woodpecker Symposium II. Proceed- 
ings of the Florida Game and Fresh Water Fish 
Commission, Tallahassee, FL. 

DEPARTMENT OF ENERGY (DOE). 1991. Complex clean- 
up: the environmental legacy of nuclear weapons 
production. OTA-O-484. Department of Energy, 
Washington, DC. 

DEPARTMENT OF ENERGY. 1996a. Draft environmental 
impact statement: shutdown of the river water sys- 
tem at the Savannah River Site. DOE/EIS-0268D. 
Department of Energy, Savannah River Operations 
Office, Aiken, SC. 

DEPARTMENT OF ENERGY. 1996b. Charting the course: 
the future use report. DOE/EM-0283. Department of 
Energy, Washington, DC. 

DEPKIN, E C., M. C. COULTER, AND A. L. BRYAN, JR. 
1992. Food of nestling Wood Storks in east-central 
Georgia. Colonial Waterbirds 15:219-225. 

DERRICK, S. M. 1930. Centennial history of South Car- 
olina railroad. The State Company, Columbia, SC. 

DIAL, R., AND J. ROUGHGARDEN. 1995. Experimental 
removal of insectivores from rain forest canopy: di- 
rect and indirect effects. Ecology 76:1821-1834. 

DICKSON, J. G., AND R. N. CONNER. 1982. Winter birds 
and snags in an east Texas clearcut. Proceedings of 
the Annual Conference of the Southeastern Associ- 
ation of Fish and Wildlife Agencies 36:638-642. 

DINI, M. L., P A. SORANNO, M. SCHEUERELL, AND S. 
R. CARPENTER. 1993. Effects of predators and food 
supply on die1 vertical migration of Daphnia. Pp. 
153-171 in S. R. Carpenter and J. E Kitchell (edi- 
tors). The trophic cascade in lakes. Cambridge Uni- 
versity Press, Cambridge, UK. 

Dow, H., AND S. FREDGA. 1984. Factors affecting re- 
productive output of the Goldeneye Duck Bucephala 

clangula. Journal of Animal Ecology 53:679-692. 
DRAYTON, W. 1996. William Drayton’s journal of a 

1784 tour of the South Carolina backcountry (K. 
Krawczynski, editor). South Carolina Historical 
Magazine. 97(3):183-205. 

DROGE, D., J. PLISSNER, S. GAUTHREAUX, JR., AND W. 

JARVIS. 1993a. Loblolly pine plantation. Journal of 
Field Ornithology (supplement) 64:68. 

DROGE, D., J. PLISSNER, S. GAUTHREAUX, JR., AND W. 
JARVIS. 1993b. Longleaf pine forest. Journal of Field 
Ornithology (supplement) 64:68-69. 

DUKES, E. K. 1984. The Savannah River Plant Envi- 
ronment. DP-16423. E. I. du Pont de Nemours and 
Company, Savannah River Laboratory, Aiken, SC. 

DUNBAR, G. S. 1961. Colonial Carolina cowpens. Ag- 
ricultural History 35: 125-l 3 1. 

DUNLAP, R. 1991. Trends in public opinion toward en- 
vironmental issues: 1965-1990. Society and Natural 
Resources 4:285-3 12. 

DUNNING, J. B., JR. 1993. Bachman’s Sparrow (Aimo- 
phila aestivalis). In A. Poole, F? Stettenheim, and E 
Gill (editors). The birds of North America, no. 38. 
Academy of Natural Sciences, Philadelphia, PA, and 
American Ornithologists’ Union, Washington, DC. 

DUNNING, J. B., JR., R. BORGELLA, JR., K. CLEMENTS, 
AND G. K. MEFFE. 1995. Patch isolation, corridor 
effects, and colonization by resident sparrow in a 
managed pine woodland. Conservation Biology 9: 
542-550. 

DUNNING, J. B., JR., B. J. DANIELSON, AND H. R. PUL- 
LIAM. 1992. Ecological processes that affect popu- 
lations in complex landscapes. Oikos 65:169-175. 

DUNNING, J. B., JR., AND W. M. PULLIAM. 1989. Winter 
habitats and behavior of Grasshopper Sparrows near 
Athens, Georgia. Oriole 54:51-53. 

DUNNING, J. B., JR., D. J. STEWART, B. J. DANIELSON, 
B. R. NOON, T. L. ROOT, R. H. LAMBERSON, AND E. 
E. STEVENS. 1995b. Spatially explicit population 
models: current forms and future uses. Ecological 
Applications 5:3-l 1. 

DUNNING, J. B., JR., AND B. D. WATTS. 1990. Regional 
differences in habitat use by Bachman’s Sparrows. 
Auk 107:463-472. 

DUNNING, J. B., JR., AND B. D. WARS. 1991. Habitat 
occupancy by Bachman’s Sparrow before and after 
Hurricane Hugo. Auk 108:723-725. 

EDSON, J. L. 1985. The influences of predation and 
resource subdivision on the coexistence of golden- 
rod aphids. Ecology 66:1736-1743. 

EISLER, R. 1987. Mercury hazards to fish, wildlife, and 
invertebrates: a synoptic review. U.S. Fish and Wild- 
life Service Biological Report 85(1.10). U.S. Fish 
and Wildlife Service, Washington, DC. 

ERCOLANO, C. 1992. Annual report 1992: new produc- 
tion reactor pre-operational monitoring study. Uni- 
versity of Georgia, Savannah River Ecology Labo- 
ratory, Aiken, SC. 

ESTES, J. A., N. S. SMITH, AND J. E PALMISANO. 1978. 
Sea otter predation and community organization in 
the western Aleutian Islands, Alaska. Ecology 59: 
822-833. 

EUROPEAN ECONOMIC COMMUNITY. 1986. Derived ref- 
erence levels as a basis for the control of foodstuffs 
following a nuclear accident: a recommendation 
from the group of experts set up under article 31 of 
the Euratom Treaty, regulation 1707/86. Commis- 
sion of Economic European Community Printing 
Office, Brussels, Belgium. 

EVANS, D. W., J. J. ALBERTS, AND R. A. CLARK, III. 
1983. Reversible ion-exchange fixation of cesium- 
137 leading to mobilization from reservoir sedi- 



LITERATURE CITED 155 

ments. Geochimica et Cosmochimica Acta 47: 1041- 
1049. 

EVANS, D. W., AND .I. P. GIESY, JR. 1978. Trace metal 
concentrations in a stream-swamp system receiving 
coal ash effluent. Pp. 782-790 in M. K. Wali (edi- 
tor). Ecology and coal resource development. Vol. 
2. International Congress on Energy and the Eco- 
system, Grand Fork, ND, 

EVENDEN, E G., D. B. MARSHALL, AND W. D. ZEEDYK. 
1977. Revised final report of the Bachman’s Warbler 
panel. Unpublished report. 30 p. On file at R. M. 
Cooper Library, Clemson University, Clemson, SC. 

FAABORG, J., I? R. THOMPSON, III, S. K. ROBINSON, T 
M. DONOVAN, D. R. WH~~EHEAD, AND J. D. BRAWN. 
1998. Understanding fragmented Midwestern land- 
scapes: the future. Pp. 193-207 in J. M. Marzluff 
and R. Sallabanks (editors). Avian conservation: re- 
search and management. Island Press, Washington, 
DC. 

FAIREY, D. A. 1973. Cropland decline as related to land 
quality and change in farmland use in South Caro- 
lina between 1945 and 1969. M.A. thesis. University 
of South Carolina, Columbia, SC. 

FARRELL, B. D., D. E. DUSSOURD, AND C. MITER. 

1991. Escalation of plant defense: do latex and resin 
canals spur plant diversification? American Natural- 
ist 138:881-900. 

FAULKS, E. B., AND A. R. SPILLERS. 1939. Forest Re- 
sources of the so 1 thern Coastal Plain of South Car- 
olina. Forest Survey release No.3. USDA Forest Ser- 
vice, Southeastern Forest Experiment Station, Ashe- 
ville, NC. 

FENDLEY, T T. 1978. The ecology of Wood Ducks (Aix 
sponsa) utilizing a nuclear production reactor efflu- 
ent system. Ph.D. dissertation. Utah State Universi- 
ty, Logan, UT 

FETTERS, T. T 1990. Logging railroads of South Car- 
olina. Heimburger House Pub. Co., Forest Park, IL. 

FINCH, D. M. 1991. Population ecology, habitat re- 
quirements, and conservation of neotropical migra- 
tory birds. USDA Forest Service Gen. Tech. Rep. 
RM-205. USDA Forest Service, Rocky Mountain 
Forest and Range Experiment Station, Fort Collins, 
co. 

FINCH, D. M., AND M. PA~ON-MALLORY. 1993. Clos- 
ing the gap between research and management. Pp. 
12-16 in D. M. Finch and F? W. Stangel (editors). 
Status and management of neotropical migratory 
birds. USDA Forest Service Gen. Tech. Rep. RM- 
GTR-229. USDA Forest Service, Rocky Mountain 
Forest and Range Experiment Station, Fort Collins, 
co. 

FITZNER, R. E., AND W. H. RICKARD. 1975. Avifauna 
of waste ponds, ERDA Hanford Reservation, Ben- 
ton County, Washington. Publ. BNWL-1885-UC-70, 
Battelle Pacific Northwest Laboratory, Richland, 
WA. 

FLINT, F? L., M. S. LINDBERG, M. C. MACCLUSKIE, AND 
J. S. SEDINGER. 1994. The adaptive significance of 
hatching synchrony of waterfowl eggs. Wildfowl 45: 
248-254. 

FLYNN, J., l? SLOVIC, AND C. K. MERTZ. 1994a. Decid- 
edly different: expert and public views of risks from 
a radioactive waste repository. Risk Analysis 6:643- 
648. 

FLYNN, J., P SLOVIC, AND C. K. MERTZ. 1994b. Gender, 
race, and perception of environmental health risks. 
Risk Analysis 14:1101-l 108. 

FOREST ECOSYSTEM MANAGEMENT ASSESSMENT TEAM 
@MAT). 1993. Forest ecosystem management: an 
ecological, economic, and social assessment. Report 
of the Forest Ecosystem Management Assessment 
Team. 1993-793-07 1. Government Printing Office, 
Washington, DC. 

FORMAN, R. T. T., AND M. GODRON. 1986. Landscape 
ecology. J. Wiley and Sons, New York, NY. 

FRANKLIN, J. E, AND R. T. T FORMAN. 1987. Creating 
landscape pattern by forest cutting: ecological con- 
sequences and principles. Landscape Ecology 1:5- 
18. 

FRANZREB, K. E. 1997. Success of intensive manage- 
ment of a critically imperiled population of Red- 
cockaded Woodpeckers in South Carolina. Journal 
of Field Ornithology 68:458-470. 

FRANZREB, K. E. 1999. Factors that influence translo- 
cation success in the Red-cockaded Woodpecker. 
Wilson Bulletin 111:38-45. 

FRANZREB, K. E., AND H. R. BARNHILL. 1995. Evalua- 
tion of the global positioning system as a research 
tool in the management of the Red-cockaded Wood- 
pecker. Pp. 323-331 in D. L. Kulhavy, R. G. Hooper, 
and R. Costa (editors). Red-cockaded Woodpecker: 
recovery, ecology and management. Center for Ap- 
plied Studies, College of Forestry, Stephen E Austin 
State University, Nacogdoches, TX. 

FRANZREB, K. E., AND J. L. HANULA. 1995. Evaluation 
of photographic devices to determine nestling diet 
of the endangered Red-cockaded Woodpecker. Jour- 
nal of Field Ornithology 66:253-259. 

FREDRICKSON, L. H., AND J. L. HANSEN. 1983. Second 
broods in Wood Ducks. Journal of Wildlife Man- 
agement 47:320-326. 

FREEMARK, K. E., J. B. DUNNING, JR., S. J. HEJL, AND 
J. R. PROBST. 1995. A landscape ecology perspective 
for research, conservation, and management. Pp. 
381-427 in T. E. Martin and D. M. Finch (editors). 
Ecology and management of neotropical migratory 
birds. Oxford University Press, New York, NY. 

FRETWELL, S. D. 1972. Populations in a seasonal en- 
vironment. Princeton University Press, Princeton, 
NJ. 

FRETWELL, S. D. 1977. The regulation of plant com- 
munities by the food chains exploiting them. Per- 
spectives in Biology and Medicine 20:169-185. 

FROST, C. C. 1993. Four centuries of changing land- 
scape patterns in the longleaf pine ecosystem. Pp. 
17-44 in S. M. Hermann (editor). Proceedings of 
18th Tall Timbers Fire Ecology Conference. The 
longleaf pine ecosystem: ecology, restoration and 
management. Tallahassee, Florida: 1991 May 30- 
June 2. Tall Timbers Research, Inc., Tallahassee, FL. 

FROST, C. C. 1997. Presettlement vegetation and nat- 
ural fire regimes of the Savannah River Site. USDA 
Forest Service Savannah River Forest Station, New 
Ellenton, SC. 

FROTHINGHAM, E. H., AND R. M. NELSON. 1944. South 
Carolina forest resources and industries. USDA Ap- 
palachian Forest Experiment Station Misc. Pub. no. 
552. Gov. Printing Office, Washington, DC. 

GAINES, G. D., K. E. FRANZREB, D. H. ALLEN, K. S. 



156 STUDIES IN AVIAN BIOLOGY NO. 21 

LAVES, AND W. L. JARVIS. 1995. Red-cockaded 
Woodpecker management at the Savannah River 
Site: a management/research success story. Pp. Sl- 
88 in D. L. Kulhavy, R. G. Hooper, and R. Costa 
(editors). Red-cockaded Woodpecker: recovery, 
ecology and management. Center for Applied Stud- 
ies, College of Forestry, Stephen E Austin State 
University, Nacogdoches, TX. 

GANEY, J. L., AND C. M. DARGAN. 1998. Avian con- 
servation on national forest system lands: linking re- 
search and management. Pp. 439-443 in J. M. Mar- 
zluff and R. Sallabanks (editors). Avian conserva- 
tion: research and management. Island Press, Wash- 
ington, DC. 

GARIBOLDI, J. C., C. H. JAGOE, AND A. L. BRYAN, JR. 
1998. Dietary exposure to mercury in nestling Wood 
Storks (Mycteria americana) in Georgia. Archives 
of Environmental Contamination and Toxicology 
34:398-405. 

GARRETT, H. E. G., AND L. BUCK. 1997. Agroforestry 
practice and policy in the United States of America. 
Forest Ecology and Management 915-15. 

CAUSE, G. E 1934. The struggle for existence. Wil- 
liams and Wilkins, Baltimore, MD. 

GAUTHREAUX, S. G., JR. 1982. The ecology and evo- 
lution of avian migration systems. Pp. 93-167 in D. 
S. Famer and J. R. King (editors). Avian biology. 
Vol. 6. Academic Press, New York, NY. 

GEISSLER, P H., AND W. A. LINK. 1988. Bias of animal 
population trend estimates. Pp. 755-759 in Proceed- 
ings of the 20”’ Symposium on the Interface between 
Computer Science and Statistics. American Statisti- 
cal Association, Arlington, VA. 

GIBBONS, A. R. 1993. The Savannah River Ecology 
Laboratory. Pp. 468-488 in Encyclopedia Britanni- 
ca. Encyclopedia Britannica, Inc, Chicago, IL. 

GIBBONS, J. W., R. R. SHARITZ, AND I. L. BRISBIN, JR. 
1980. Thermal ecology research at the Savannah 
River Plant: a review. Nuclear Safety 21:367-379. 

GOBRIS, N. 1992. Habitat occupancy during the breed- 
ing season by Bachman’s Sparrow at Piedmont Na- 
tional Wildlife Refuge in central Georgia. MS. the- 
sis. University of Georgia, Athens, GA. 

GOLLEY, E B. 1962. The eight-year trend in quail and 
dove call counts in the AEC Savannah River Plant 
area. Transactions of the North American Wildlife 
Conference 27:212-224. 

G~MEZ, J. M., AND R. ZAMORA. 1994. Top-down ef- 
fects in a tritrophic system: parasitoids enhance plant 
fitness. Ecology 75: 1023-1030. 

GORDON, J. C., AND J. LYONS. 1997. The emerging role 
of science and scientists in ecosystem management. 
Pp. 447-453 in K. A. Kohm and J. I? Franklin (ed- 
itors). Creating a forestry for the 21s’ century: the 
science of ecosystem management. Island Press, 
Washington, DC. 

GRANT, B. R., AND P. R. GRANT. 1989. Evolutionary 
dynamics of a natural population: the Large Cactus 
Finch of the Galapagos. University of Chicago 
Press, Chicago, IL. 

GREENWOOD, P J., AND F! H. HARVEY. 1982. The natal 
and breeding dispersal of birds. Annual Review of 
Ecology and Systematics 13:1-21. 

GRICE, D., AND J. I? ROGERS. 1965. The Wood Duck 

in Massachusetts. Massachusetts Division of Fish- 
eries and Game, Westboro, MA. 

GRIJMBINE, R. E. 1994. What is ecosystem manage- 
ment? Conservation Biology 8:27-38. 

CRUMBLY, T. P. 1996. Risk in the republic: comparative 
risk analysis and public policy. Remarks at Society 
of Risk Analysis (Nov 1996), Duke University 
School of Law, Durham, NC. 

GRZYBOWSKI, J. A. 1983a. Sociality of grassland birds 
during winter. Behavioral Ecology and Sociobiology 
13:211-219. 

GRZYBOWSKI, J. A. 1983b. Patterns of space use in 
grassland bird communities during winter. Wilson 
Bulletin 95:591-602. 

HAAS, C. A. 1995. Dispersal and use of corridors by 
birds in wooded patches on an agricultural land- 
scape. Conservation Biology 9:845-854. 

HACKER, S. D., AND M. D. BERTNESS. 1995. A herbi- 
vore paradox: why do salt marsh aphids live on poor 
quality plants? American Naturalist 145: 192-210. 

HADDAD, N. 1997. Do corridors influence butterfly dis- 
persal and density? A landscape experiment. Ph.D. 
dissertation. University of Georgia, Athens, GA. 

HAGAN, J. M. 1995. Environmentalism and the science 
of conservation biology. Conservation Biology 9: 
975-976. 

HAGGERTY, T M. 1986. Reproductive ecology of Bach- 
man’s Sparrow (Aimophila aestivalis) in central Ar- 
kansas. Ph.D. dissertation. University of Arkansas, 
Fayetteville, AR. 

HAGGERTY, T M. 1988. Aspects of the breeding biol- 
ogy and productivity of Bachman’s Sparrow in cen- 
tral Arkansas. Wilson Bulletin 100:247-255. 

HAGGERTY, T M. 1998. Vegetation structure of Bach- 
man’s Sparrow breeding habitat and its relationship 
to home range. Journal of Field Ornithology 69:45- 
50. 

HAIG, S. M., J. R. BELTHOFF, AND D. H. ALLEN. 1993. 
Population viability analysis for a small population 
of Red-cockaded Woodpeckers and an evaluation of 
enhancement strategies. Conservation Biology 7: 
289-301. 

HAIRSTON, N. G., JR., AND N. G. HAIRSTON, SR. 1997. 
Does food web complexity eliminate trophic-level 
dynamics? American Naturalist 149: 1001-1007. 

HAIRSTON, N. G., SR. 1989. Ecological experiments: 
purpose, design, and execution. Cambridge Univer- 
sity Press, Cambridge, UK. 

HAIRSTON, N. G., SR., E E. SMITH, AND L. B. SLOBOD- 
KIN. 1960. Community structure, population control, 
and competition. American Naturalist 94:421-425. 

HALFORD, D. K., J. B. MILLARD, AND 0. D. MARKHAM. 
198 1. Radionuclide concentrations in waterfowl us- 
ing a liquid radioactive waste disposal area and the 
potential radiation dose to man. Health Physics 40: 
173-181. 

HALL, G. A. 1983. West Virginia birds: distribution 
and ecology. Carnegie Museum of Natural History 
Special Publication 7. Carnegie Museum of Natural 
History, Pittsburgh, PA. 

HALLE, E, R. A. A. OLDEMAN, AND l? B. TOMLWSON. 
1978. Tropical trees and forest: an architectural anal- 
ysis. Springer-Verlag, Berlin, Germany. 

HALVERSON, N. V., L. D. WIKE, K. K. PATTERSON, J. 
A. BOWERS, A. L. BRYAN, JR., K. E CHEN, C. L. 



LITERATURE CITED 157 

CUMMINS, B. R. DEL CARMEN, K. L. DIXON, D. L. 
DUNN, G. P FRIDAY, J. E. IRWIN, R. K. KOLKA, H. 
E. MACKEY, JR., J. J. MAYER, E. A. NELSON, M. H. 
PALLER, V. A. ROGERS, W. L. SPECHT, H. M. WEST- 
BURY, AND E. W. WILDE. 1997. SRS ecology. Envi- 
ronmental Information Document WSRC-TR-93- 
0223. Westinghouse Savannah River Company, Sa- 
vannah River Site, Aiken, SC. 

HAMEL, P B. 1984. Comparison of variable circular- 
plot and spot-map censusing methods in temperate 
deciduous forest. Omis Scandinavica 15:26&274. 

HAMEL, I? B. 1989. Breeding bird populations on the 
Congaree Swamp National Monument, South Car- 
olina. Pp. 617-628 in R. R. Shari& and J. W. Gib- 
bons (editors). Freshwater wetlands and wildlife. 
Department of Energy Symposium Series No. 61. 
U.S. Department of Energy Office of Scientific and 
Technical Information, Oak Ridge, TN. 

HAMEL, P B. 1992. The land manager’s guide to the 
birds of the South. The Nature Conservancy, South- 
eastern Region, Chapel Hill, NC. 

HAMEL, P. B., R. I? FORD, AND S. A. GAUTHREAUX, JR. 
1988. Model predictions of bird community com- 
position in middle Tennessee. Pp. 295-3 11 in D. H. 
Snyder (editor). Proceedings of the first annual sym- 
posium on the natural history of lower Tennessee 
and Cumberland river valleys. The Center for Field 
Biology of Land Between the Lakes, Austin Peay 
State University, Clarksville, TN. 

HAMEL, I? B., H. E. LEGRAND, JR., M. R. LENNARTZ, 
AND S. A. GAUTHREAUX, JR. 1982. Bird-habitat re- 
lationships on southeastern forest lands. USDA For- 
est Service Gen. Tech. Rep. SE-22. USDA Forest 
Service Southeastern Forest Experiment Station, 
Asheville, NC. 

HAMMOND, H. 1883. South Carolina: resources and 
population, institutions and industries. State Board 
of Agriculture of South Carolina. Walker, Evans and 
Cogswell, Printers, Charleston, SC. 

HANLEY, T A. 1994. Interaction of wildlife research 
and forest management: the need for maturation of 
science and policy. Forest Chronicle 70:527-532. 

HANULA, J. L., AND K. E. FRANZREB. 1995. Arthropod 
prey of nestling Red-cockaded Woodpeckers in the 
Upper Coastal Plain of South Carolina. Wilson Bul- 
letin 107:485-495. 

HANULA, J. L., AND K. E. FRANZREB. 1998. Source, 
distribution, and abundance of macroarthropods on 
the bark of longleaf pine: potential prey of the Red- 
cockaded Woodpecker. Forest Ecology and Manage- 
ment 102:89-102. 

HARDIN, K. I., T S. BASKETS, AND K. E. EVANS. 1982. 
Habitat of Bachman’s Sparrows breeding on the 
Missouri glades. Wilson Bulletin 94:208-212. 

HARDIN, K. I., AND G. E. PROBISCO. 1983. The habitat 
characteristics and life requirements of Bachman’s 
Sparrow. Birding 15:189-197. 

HARPER, R. M. 19 11. Early spring aspects of the Coast- 
al Plain vegetation of South Carolina, Georgia, and 
northeastern Florida. Bulletin of the Torrey Botani- 
cal Club 28:233-236. 

HARRIS, D. C. 1981. Relationships between radioces- 
ium and lipid levels in wintering American coots. 
M.S. thesis. University of Georgia, Athens, GA. 

HARRIS, M. J. 1995. Status of the Wood Stork in Geor- 

gia, 1965-1993. Pp. 34-46 in Proceedings of the 
Wood Stork Symposium. The Georgia Conservancy, 
Savannah, GA. 

HARVEY, I? H., M. J. STENNING, AND B. CAMPBELL. 
1988. Factors influencing reproductive success in 
the Pied Flycatcher. Pp. 189-200 in T H. Clutton- 
Brock (editor). Reproductive success. University of 
Chicago Press, Chicago, IL. 

HARVEY, W. I?, IV, G. R. HEPP, AND R. A. KENNAMER. 
1989a. Age determination of female Wood Ducks 
during the breeding season. Wildlife Society Bulle- 
tin 17:254-258. 

HARVEY, W. I?, IV, G. R. HEPP, AND R. A. KENNAMER. 
1989b. Body mass dynamics of wood ducks during 
incubation: individual variation. Canadian Journal of 
Zoology 67:570-574. 

HASBROUCK, J. J., W. R. CLARK, AND R. D. ANDREWS. 
1992. Factors associated with raccoon mortality in 
Iowa. Journal of Wildlife Management 56:693-699. 

HASSELL, M. P 1978. The dynamics of arthropod pred- 
ator-prey systems. Princeton University Press, 
Princeton, NJ. 

HATCHER, J. B. 1966. History of the Savannah River 
Project, Atomic Energy Commission: 1951-1966. 
USDA Forest Service Savannah River Natural Re- 
source Management and Research Institute (SRI), 
New Ellenton, SC. 

HEATON, C. J. E. 1972. South Carolina early laws and 
statutes pertaining to game, fish, wildlife and con- 
servation. Strom Thurmond Institute, Special Col- 
lections, Clemson University, Clemson, SC. 

HEJL, S. J., AND K. M. GRANILLO. 1998. What man- 
agers really need from avian researchers. Pp. 431- 
437 in J. M. Marzluff and R. Sallabanks (editors). 
Avian conservation: research and management. ls- 
land Press, Washington, DC. 

HENSLER, G. L., AND J. D. NICHOLS. 1981. The May- 
field method of estimating nest success: a model, 
estimators, and simulation results. Wilson Bulletin 
93:42-53. 

HEPP, G. R., AND E C. BELLROSE. 1995. Wood Duck 
(Aix sponsa). In A. Poole and E Gill (editors). The 
birds of North America, no. 169. Academy of Nat- 
ural Sciences, Philadelphia, PA, and American Or- 
nithologists’ Union, Washington, DC. 

HEPP, G. R., R. T HOPPE, AND R. A. KENNAMER. 1987a. 
Population parameters and philopatry of breeding 
female Wood Ducks. Journal of Wildlife Manage- 
ment 51:401-404. 

HEPP, G. R., AND R. A. KENNAMER. 1992. Character- 
istics and consequences of nest-site fidelity in Wood 
Ducks. Auk 109:812-818. 

HEPP, G. R., AND R. A. KENNAMER. 1993. Effects of 
age and experience on reproductive performance of 
Wood Ducks. Ecology 74:2027-2036. 

HEPP, G. R., R. A. KENNAMER, AND W. E HARVEY, IV. 
1989. Recruitment and natal philopatry of Wood 
Ducks. Ecology 70:897-903. 

HEPP, G. R., R. A. KENNAMER, AND W. E HARVEY, IV. 
1990. Incubation as a reproductive cost in female 
Wood Ducks. Auk 107:756-764. 

HEPP, G. R., D. J. STANGOHR, L. A. BAKER, AND R. A. 
KENNAMER. 1987b. Factors affecting variation in the 
egg and duckling components of Wood Ducks. Auk 
104:435-443. 



158 STUDIES IN AVIAN BIOLOGY NO. 21 

HERKERT, J. R. 1994. Status and habitat selection of 
the Henslow’s Sparrow in Illinois. Wilson Bulletin 
106:35-45. 

HERKERT, J. R. 1997. Population trends of the Hen- 
slow’s Sparrow in relation to the Conservation Re- 
serve Program in Illinois, 1975-1995. Journal of 
Field Ornithology 68:235-244. 

HERNDON, G. M. 1967. Indian agriculture in the south- 
em colonies. North Carolina Historical Review 44: 
283-297. 

HODGSON, M. E., J. R. JENSON, H. E. MACKEY, JR., AND 
M. C. COULTER. 1988. Monitoring Wood Stork for- 
aging habitat using remote sensing and geographical 
information systems. Photogrammetric Engineering 
and Remote Sensing 54: 1601-1607. 

HOFFMAN, D. J., B. A. RATTNER, AND R. J. HALL. 1990. 
Wildlife toxicology. Environmental Science and 
Technology 24:276-283. 

HOLLING, C. S. 1993. Investing in research for sustain- 
ability. Ecological Applications 3:552-555. 

HOLMES, R. T, R. E. BONNEY, AND S. W. PACALA. 
1979. Guild structure of the Hubbard Brook bird 
community: a multivariate approach. Ecology 60: 
512-520. 

HOOPER, R. G. 1988. Longleaf pines used for cavity 
trees by Red-cockaded Woodpeckers. Journal of 
Wildlife Management 52:392-398. 

HOOPER, R. G. 1996. Arthropod biomass in winter and 
the age of longleaf pines. Forest Ecology and Man- 
agement 82:115-131. 

HOOPER, R. G., AND P. B. HAMEL. 1977. Bachman’s 
Warbler nesting habitat: a review. Wilson Bulletin 
89:373-379. 

HOOPER, R. G., AND M. L. LENNARTZ. 1981. Foraging 
behavior of the Red-cockaded Woodpecker in South 
Carolina. Auk 98:321-334. 

HOOPER, R. G., M. L. LENNARTZ, D. L. KRUSAC, AND 
D. L. CARLSON. 1991. An increase in a population 
of Red-cockaded Woodpeckers. Wildlife Society 
Bulletin 19:277-286. 

HOOPER, R. G., M. L. LENNARTZ, L. J. NILES, R. E 
HARLOW, AND G. W. WOOD. 1982. Home ranges of 
Red-cockaded Woodpeckers in coastal South Caro- 
lina. Auk 99:675-682. 

HOWELL, A. H. 1932. Florida bird life. Coward-Mc- 
Cann, New York, NY. 

HUENNEKE, L. E 1995. Involving academic scientists 
in conservation research: perspectives of a plant 
ecologist. Ecological Applications 5:209-214. 

HUFFAKER, C. B., AND C. E. KENNETT. 1956. Experi- 
mental studies on predation: predation and cycla- 
men-mite populations on strawberries in California. 
Hilgardia 26:191-222. 

HUNSAKER, C., D. CARPENTER, AND J. MESSER. 1990. 
Ecological indicators for regional monitoring. Bul- 
letin of the Ecological Society of America 71: 165- 
172. 

HUNTER, M. D., AND F! W. PRICE. 1992. Playing chutes 
and ladders: heterogeneity and the relative roles of 
bottom-up and top-down forces in natural commu- 
nities. Ecology 73:724-732. 

HUNTER, M. L., JR. 1997. The biological landscape. Pp. 
57-67 in K. A. Kohm and J. E Franklin (editors). 
Creating a forestry for the 21st century: the science 

of ecosystem management. Island Press, Washing- 
ton, DC. 

HUNTER, W. C., M. E CARTER, D. N. PASHLEY, AND K. 
BARKER. 1993. The Partners In Flight prioritization 
scheme. Pp. 109-l 19 in D. M. Finch and F? W. Stan- 
gel (editors). Status and management of neotropical 
migratory birds. USDA Forest Service Gen. Tech. 
Rep. RM-229. USDA Forest Service Rocky Moun- 
tain Forest and Range Experiment Station, Fort Col- 
lins, CO. 

HUNTER, W. C., A. J. MUELLER, AND C. L. HARDY. 
1994. Managing for red-cockaded woodpeckers and 
neotropical migrants-is there a conflict? Proceed- 
ings of the Annual Conference of the Southeastern 
Association of Fish and Wildlife Agencies 48:383- 
394. 

HUSCH, B., C. I. MILLER, AND T. W. BEERS. 1982. Forest 
mensuration. John Wiley and Sons, New York, NY. 

Hwrro, R. L. 1998. Using landbirds as an indicator 
species group. Pp. 75-92 in J. M. Marzluff and R. 
Sallabanks (editors). Avian conservation: research 
and management. Island Press, Washington, DC. 

IMHOF, T. 1960. Winter bird population study 23. 
Abandoned air field. Audubon Field Notes 14:354- 
355. 

IMM, D. 1997. Final report: Savannah River Site eco- 
system classification. USDA Forest Service Savan- 
nah River Natural Resource Management and Re- 
search Institute (SRI), New Ellenton, SC. 

IRWIN, L. L., AND T. B. WIGLEY. 1993. Toward an ex- 
perimental basis for protecting forest wildlife. Eco- 
logical Applications 3:213-217. 

JACKSON, J. A. 1986. Biopolitics, management of fed- 
eral lands, and the conservation of the Red-cockaded 
Woodpecker. American Birds 40: 1162-l 168. 

JACKSON, J. A. 1990. Intercolony movements of red- 
cockaded woodpeckers in South Carolina. Journal of 
Field Ornithology 61:149-155. 

JACKSON, J. A., M. R. LENNARTZ, AND R. G. HOOPER. 
1979. Tree age and cavity initiation by Red-cock- 
aded Woodpeckers. Wildlife Society Bulletin 19: 
277-286. 

JACKSON, J. B. C., AND K. W. KAUFMANN. 1987. Diu- 
dem antillarum was not a keystone predator in 
cryptic reef environments. Science 235:687-689. 

JAMES, E C. 1971. Ordination of habitat relationships 
among breeding birds. Wilson Bulletin 83:215-236. 

JAMES, E C., C. A. HESS, AND D. KUFRIN. 1997. Spe- 
cies-centered environmental analysis: indirect ef- 
fects of fire history on Red-cockaded Woodpeckers. 
Ecological Applications 7:118-129. 

JENNI, K. E., M. W. MERKHOFER, AND C. WILLIAMS. 
1995. The rise and fall of a risk-based priority sys- 
tem: lessons from DOE’s environmental restoration 
priority system. Risk Analysis 15:397-410. 

JOHNSON, A. R., B. T MILNE, AND J. A. WIENS. 1992. 
Diffusion in fractal landscapes: simulations and ex- 
perimental studies of tenebrionid beetles. Ecology 
73:1968-1983. 

JOHNSON, A. S, AND J. L. LANDERS. 1982. Habitat re- 
lationships of summer resident birds in slash pine 
flatwoods. Journal of Wildlife Management 46:416 
428. 

JOHNSON, D. M., T H. MARTIN, P H. CROWLEY, AND 
L. B. CROWDER. 1996. Link strength in lake littoral 



LITERATURE CITED 159 

food webs: net effects of small sunfish and larval 
dragonflies. Journal of the North American Ben- 
thological Society 15:271-288. 

JOHNSON, E A., B. K. WILLIAMS, J. D. NICHOLS, J. E. 
HINES, W. L. KENDALL, G. W. SMITH, AND D. E CAI- 
THAMER. 1993. Developing an adaptive management 
strategy for harvesting waterfowl in North America. 
Transactions of the North American Wildlife and 
Natural Resources Conference 58:565-583. 

JOHNSON, K. N. 1997. Science-based assessments of 
the forests of the Pacific Northwest. Pp. 397-409 in 
K. A. Kohm and J. E Franklin (editors). Creating a 
forestry for the 21st century: the science of ecosys- 
tem management. Island Press, Washington, DC. 

JOHNSON, K. N., J. AGEE, R. BESCHTA, V. DALE, L. 
HARDESTY, J. LONG, L. NIELSES, B. NOON, R. SEJO, 
M. SHANNON, R. TROSPER, C. WILKINSON, AND J. 
WONDOLECK. 1999. Sustaining the people’s lands: 
recommendations for stewardship of the National 
Forests and Grasslands into the next century. Journal 
of Forestry 97:6-12. 

JOHNSON, K. N., J. E FRANKLIN, J. W. THOMAS, AND J. 
GORDON. 1991. Alternatives for management of late 
successional forests of the Pacific Northwest. A re- 
port to the Agricultural Committee and the Merchant 
Marine Committee of the U.S. House of Represen- 
tatives. College of Forestry, Oregon State Univer- 
sity, Corvallis, OR. 

JOHNSTON, D. W. 1956. A preliminary study of sub- 
species of Savannah Sparrows at the Savannah River 
Plant, South Carolina. Auk 73:454-456. 

JOHNSTON, D. W. 1969. Sage Thrasher and other un- 
usual birds in north-central Florida. Auk 86:754- 
755. 

JOHNSTON, D. W., AND E. l? ODUM. 1956. Breeding bird 
populations in relation to plant succession on the 
Piedmont of Georgia. Ecology 37:50-62. 

JONES, C. M., AND H. E. HUNT. 1996. Foraging habitat 
of the Red-cockaded Woodpecker on D’Arbonne 
National Wildlife Refuge, Louisiana. Journal of 
Field Ornithology 67:5 1 l-5 18. 

JONES, S. M., D. H. VAN LEAR, AND S. K. Cox. 1981. 
Major forest community types of the Savannah Riv- 
er Plant: a field guide. Department of Forestry, 
Clemson University, Clemson, SC. 

JORGENSEN, S. E. 1986. Fundaments of ecological mod- 
eling. Elsevier, Amsterdam, The Netherlands. 

KOHL, M. I? 1964. Food ecology of the Wood Stork 
(Mycteria americana) in Florida. Ecological Mono- 
graphs 34:97-l 17. 

KAREIVA, P M., AND M. D. BERTNESS. 1997. Re-ex- 
amining the role of positive interactions in com- 
munities. Ecology 78:1945. 

KELLER, C. M. E., AND M. R. FULLER. 1995. Compar- 
ison of birds detected from roadside and off-road 
point counts in the Shenandoah National Park. Pp. 
111-116 in C. J. Ralph, J. R. Sauer, and S. Droege 
(editors). Monitoring bird populations by point 
counts. USDA Forest Service Gen. Tech. Rep. PSW- 
GTR-149. USDA Forest Service Pacific Southwest 
Research Station, Albany, CA. 

KENNAMER, R. A., S. K. ALSUM, AND S. V. COLWELL. 
1997. Composition of Wood Duck eggs in relation 
to egg size, laying sequence, and skipped days of 
laying. Auk 114:479-487. 

KENNAMER, R. A., I. L. BRISBIN, JR., C. D. MCC~EDY, 
AND J. BURGER. 1998. Radiocesium in Mourning 
Doves: effects of a contaminated reservoir draw- 
down and risk to human consumers. Journal of 
Wildlife Management 62:497-508. 

KENNAMER, R. A., W. E HARVEY, IV, AND G. R. HEPP. 
1990. Embryonic development and nest attentive- 
ness of Wood Ducks during egg laying. Condor 92: 
587-592. 

KENNAMER, R. A., AND G. R. HEPP. 1987. Frequency 
and timing of second broods in Wood Ducks. Wilson 
Bulletin 99:655-662. 

KENNAMER, R. A., C. D. MCCREEDY, AND I. L. BRISBIN, 
JR. 1993. Patterns of radiocesium contamination in 
eggs of free-ranging Wood Ducks. Journal of Wild- 
life Management 57:716-724. 

KILGO, J. C. 1996. Breeding bird use of hardwood hab- 
itats in the upper coastal plain of South Carolina. 
Ph.D. dissertation. University of Georgia, Athens, 
GA. 

KIL,GO, J. C., R. A. SARGENT, B. H. CHAPMAN, AND K. V. 
MILLER. 1998. Effect of stand width and adjacent hab- 
itat on breeding bird communities in bottomland hard- 
woods. Journal of Wildlife Management 6272-83. 

KILGO, J. C., R. A. SARGENT, K. V. MILLER, AND B. R. 
CHAPMAN. 1996. Nest sites of Kentucky Warblers in 
bottomland hardwoods of South Carolina. Journal of 
Field Ornithology 67:300-306. 

KILGO, J. C., R. A. SARGENT, K. V. MILLER, AND B. R. 
CHAPMAN. 1997. Landscape influences on breeding 
bird communities in hardwood fragments in South 
Carolina. Wildlife Society Bulletin 25:878-885. 

KIRKMAN, L. K. 1992. Cyclical vegetation dynamics in 
Carolina Bay Wetlands. Ph.D. dissertation. Univer- 
sity of Georgia, Athens, GA. 

KIVIMAKI, M., AND R. KALIMO. 1993. Risk perception 
among nuclear power plant personnel: a survey. 
Risk Analysis 4~421-424. 

KOCHERT, M. N., AND M. W. COLLOPY. 1998. Rele- 
vance of research to resource managers and policy 
makers. Pp. 423-430 in J. M. Marzluff and R. Sal- 
labanks (editors). Avian conservation: research and 
management. Island Press, Washington, DC. 

-BS, C. J. 1991. The experimental paradigm and 
long-term population studies. Ibis 133 (supplement 
I): 3-8. 

KUMLIEN, L., AND N. HOLLISTER. 1903. The birds of 
Wisconsin. Wisconsin Natural History Society 3: l- 
143. 

KUNREUTHER, H. 1991. Managing hazardous waste: 
past, present, and future. Risk Analysis 11: 19-26. 

KUNREUTHER, H., D. EASTERLING, W. DESVOUSGES, AND 
P. SLOVIC. 1990. Public attitudes toward siting a 
high-level nuclear waste repository in Nevada. Risk 
Analysis 10:469-484. 

KUSHLAN, J. A., AND F? C. FROHRING. 1986. The history 
of the southern Florida Wood Stork population. Wil- 
son Bulletin 98:368-386. 

LAERM, J., B. J. FREEMAN, L. J. Vrrr, J. M. MEYERS, 
AND L. LOGAN. 1980. Vertebrates of the Okefenokee 
Swamp. Brimleyana 4:47-73. 

LANCIA, R. A., C. E. BRAWN, M. W. COLLOPY, R. D. 
DUESER, J. G. KIE, C. J. MARTINKA, J. D. NICHOLS, 
T D. NUDDS, W. R. PORATH, AND N. G. TILGHMAN. 
1996. ARM! For the future: adaptive resource man- 



160 STUDIES IN AVIAN BIOLOGY NO. 21 

agement in the wildlife profession. Wildlife Society 
Bulletin 24:436-442. 

LANE, C. H. 1989. Le Conte’s Sparrows at A&B farms, 
Desoto, Georgia. Oriole 54:6-7. 

LANGLEY, T. M., AND W. L. MARTER. 1973. The SRP 
Plant Site. Publication DP-1323. E. I. DuPont de 
Nemours and Co., Savannah River Laboratory, Ai- 
ken, SC. 

LAVES, K. S. 1996. Effects of Southern Flying Squir- 
rels, Glaucomys volans, on Red-cockaded Wood- 
pecker, Picoides borealis, reproductive success. 
M.S. thesis. Clemson University, Clemson, SC. 

LAVES, K. S., AND S. C. LOEB. 1996. Effects of 
Southern Flying Squirrels on Red-cockaded Wood- 
pecker reproductive success. Abstract, The Wildlife 
Society 1996 Annual Conference, Cincinnati, OH. 

LAWSON, J. 1967. A new voyage to Carolina. H. T 
Lefler (editor). University of North Carolina Press, 
Chapel Hill, NC. 

LEACH, H. R., AND W. H. FRAZIER. 1953. A study on 
the possible extent of predation on heavy concentra- 
tions of valley quail with special reference to the 
bobcat. California Fish and Game 39527-538. 

LEEGE, T A. 1984. Guidelines for evaluating and mar- 
aging summer elk habitat in northern Idaho. Wildlife 
Bulletin 11. Idaho Fish and Game Department, Boi- 
se, ID. 

LEVINS, R. A. 1969. Some demographic and genetic 
consequences of environmental heterogeneity for bi- 
ological control. Bulletin of the Entomological So- 
ciety of America 15:237-240. 

LI, H., J. E FRANKLIN, E J. SWANSON, AND T A. SPIES. 
1993. Developing alternative forest cutting patterns: 
a simulation approach. Landscape Ecology 8:63-75. 

LIDE, R. E 1994. Carolina bays and other depressional 
wetlands. Savannah River Ecology Laboratory, Ai- 
ken, SC. 

LIEBER, 0. M. 1860. Report on the survey of South 
Carolina mineralogical, geological and agricultural 
survey. Vol. 4. R. W. Gibbes, State Printer, Colum- 
bia, SC. 

LIGON, J. D. 1968. Sexual differences in foraging be- 
havior in two species of Dendrocopos woodpeckers. 
Auk 85:203-215. 

LIGON, J. D. 1970. Behavior and breeding biology of 
the Red-cockaded Woodpecker. Auk 87:255-278. 

LIKENS, G. E. 1989. Long-term studies in ecology: ap- 
proaches and alternatives. Springer-Verlag. New 
York, NY. 

LINTHURST, R. A., P BOURDAUA, AND R. G. TARDIFF 
(EDITORS). 1995. Methods to asses the effects of 
chemicals on ecosystems. Wiley and Sons, Ltd, 
Chichester, UK. 

LIU, J. 1992. ECOLECON: a spatially explicit model 
for ecological economics of species conservation in 
complex forest landscapes. Ph.D. dissertation. Uni- 
versity of Georgia, Athens, GA. 

LIU, J. 1993. ECOLECON: an ECOLogical-ECON- 
omit model for species conservation in complex for- 
est landscapes. Ecological Modeling 70:63-87. 

Lru, J., E W. CUBBAGE, AND H. R. PULLIAM. 1994. Eco- 
logical and economic effects of forest landscape 
structure and rotation length: simulation studies us- 
ing ECOLECON. Ecological Economics 10:249- 
263. 

LIU, J., J. B. DUNNING, JR., AND H. R. PULLIAM. 1995. 
Potential effects of a forest management plan on 
Bachman’s Sparrows (Aimophih aestivalis): linking 
a spatially explicit model with GIS. Conservation 
Biology 9:62-75. 

LOCKE, B. A., R. N. CONNER, AND J. C. KROLL. 1983. 
Factors influencing colony site selection by Red- 
cockaded Woodpeckers. Pp. 46-50 in D. A. Wood 
(editor). Red-cockaded Woodpecker Symposium II. 
Proceedings of the Florida Game and Fresh Water 
Fish Commission, Tallahassee, FL. 

LOEB, S. C. In press. Effectiveness of squirrel excluder 
devices in deterring southern flying squirrels from 
using Red-cockaded Woodpecker cavities. Proceed- 
ings of the Southeastern Association of Fish and 
Wildlife Agencies Annual Conference, Hot Springs, 
Arkansas, October 5-9, 1996. 

LOEB, S. C., W. D. PEPPER, AND A. T. DOYLE. 1992. 
Habitat characteristics of active and abandoned Red- 
cockaded Woodpecker colonies. Southern Journal of 
Applied Forestry 16:120-125. 

LOEHLE, C. 1987. Hypothesis testing in ecology: psy- 
chological aspects and the importance of theory mat- 
uration. Quarterly Review of Biology 62:397-409. 

LOGAN, J. H. 1858. A history of the upper country of 
South Carolina. Vol. 1. S. G. and Courtney and Co., 
Charleston, SC. 

LOOMIS, L. M. 1879. A partial list of the birds of Ches- 
ter County, South Carolina. Bulletin of the Nuttall 
Ornithological Club 4:209-218. 

LOOMIS, L. M. 1882. Occurrence of Coturniculus Ze- 

contei from Chester County, South Carolina. Bulle- 
tin of the Nuttall Ornithological Club 7:54-55. 

LOOMIS, L. M. 1885. Supplementary notes on the or- 
nithology of Chester County, South Carolina. Auk 
2: 188-193. 

LOOMIS, L. M. 1886. On the absence of Ammodramus 
Zecontei from Chester County, South Carolina, dur- 
ing the winter of 1885-86. Auk 3:486. 

LOOMIS, L. M. 1891. A further review of the avian 
fauna of Chester County, South Carolina. Auk 8:49- 
59, 167-173. 

LOTZE, J., AND S. ANDERSON. 1979. Procyon lotor. 
Mammalian Species 119:1-8. 

LOWTHER, P E. 1996. Le Conte’s Sparrow (Ammodra- 
mus leconteii). In A. Poole and E Gill, (editors). The 
birds of North America, no. 224. Academy of Nat- 
ural Sciences, Philadelphia, PA, and American Or- 
nithologists’ Union, Washington, DC. 

LOYN, R. H., R. G. RUNNALLS, AND G. Y. FORWARD. 
1983. Territorial Bell Miners and other birds affect- 
ing populations of insect prey. Science 221: 141 l- 
1413. 

LUBCHENCO, J. 1998. Entering the century of the en- 
vironment: a new social contract for science. Sci- 
ence 279:491-497. 

LYMN, N., AND S. A. TEMPLE. 1991. Land-use changes 
in the Gulf Coast region: links to declines in mid- 
western Loggerhead Shrike populations. Passenger 
Pigeon 53:315-325. 

LYON, L. J. 1983. Road density models describing hab- 
itat effectiveness for elk. Journal of Forestry 81: 
592-595. 

LYON, L. J., T N. LONNER, J. P WEIGAND, C. L. MAR- 
CUM, W. D. EDGE, J. D. JONES, D. W. MCCLEEREY, 



LITERATURE CITED 161 

AND L. L. HICKS. 1985. Coordinating elk and timber 
management: final report of the Montana coopera- 
tive elk-logging study 1970-1985. Montana Depar- 
ment of Fish, Wildlife and Parks, Bozeman, MT 

MACARTHUR, R. H. 1972. Geographical ecology. Harp 
er and Row, New York, NY. 

MACARTHUR, R. H., AND J. W. MACARTHUR. 1961. On 
bird species diversity. Ecology 42594-598. 

MACARTHUR, R. H., J. W. MACARTHUR, AND J. PEER. 

1962. On bird species diversity II: predictions of 
bird census from habitat measurements. American 
Naturalist 96:167-174. 

MACARTHUR, R. H., AND E. 0. WILSON. 1967. The the- 
ory of island biogeography. Princeton University 
Press, Princeton, NJ. 

MACKEY, H. E., JR., AND J. E. IRWIN. 1994. General 
wetland patterns of the SRS Savannah River 
Swamp. Pp. 5.7-5.17 in SRS Ecology: Environmen- 
tal Information Document WSRC-TR-93-496. West- 
inghouse Savannah River Company, Savannah River 
Site, Aiken, SC. 

MACNAB, J. 1983. Wildlife management as scientific 
experimentation. Wildlife Society Bulletin 11:397- 
401. 

MACON, J. W. 1967. On connections between research 
and forest management. Journal of Forestry 65:24- 
28. 

MACON, J. W., H. H. WEBSTER, AND R. L. HILLIKER. 
1970. For more effective links between resource 
management and research. Journal of Forestry 68: 
84-86. 

MARCOT, B. G. 1997. Biodiversity of old forests of the 
West: a lesson from our elders. Pp. 87-105 in K. A. 
Kohm and J. E Franklin (editors). Creating a forest- 
ry for the 21st century: the science of ecosystem 
management. Island Press, Washington, DC. 

MARTER, W. L. 1970. Radioactivity in the environs of 
Steel Creek. U.S. Atomic Energy Commission Publ. 
DPST-70-435. E. I. du Pont de Nemours and Co., 
Savannah River Laboratory, Aiken, SC. 

MARTIN, K., AND S. J. HANNON. 1987. Natal philopatry 
and recruitment of Willow Ptarmigan in north cen- 
tral and northwestern Canada. Oecologia 71:518- 
524. 

MARTIN, T E. 1993. Nest predation among vegetation 
layers and habitat types: revising the dogmas. Amer- 
ican Naturalist 141:897-913. 

MARTIN, T E., AND J. R. KARR. 1986. Patch utilization 
by migrating birds: resource oriented? Omis Scar- 
dinavia 17:165-174. 

MARZLUFF, J. M., AND R. SALLABANKS. 1998. Past ap- 
proaches and future directions for avian conserva- 
tion biology. Pp. 5-14 in J. Marzluff and R. Salla- 
banks (editors). Avian conservation: research and 
management, Island Press, Washington, DC. 

MATTOON, W. R. 1922. Longleaf pine primer. USDA, 
Farmers’ Bulletin No. 1486. 

MAXWELL, T C., D. E. MADDEN, AND R. C. DAWKINS. 
1988. Status of Le Conte’s Sparrow, Ammodramus 
leconteii (Emberizidae), wintering in western Texas. 
Southwestern Naturalist 33:373-375. 

MAY, R. M. 1994. The effects of spatial scale on eco- 
logical questions and answers. Pp. 1-17 in l? Ed- 
wards, R. M. May, and N. R. Webb (editors). Large- 

scale ecology and conservation biology. Blackwell 
Science, Oxford, UK. 

MAYER, J. J., R. A. KENNAMER, AND R. T HOPPE. 1986. 
Waterfowl of the Savannah River Plant: comprehen- 
sive cooling water study final report. SREL-22UC- 
66e. Savannah River Ecology Laboratory, Division 
of Stress and Wildlife Ecolorrv. Aiken. SC. 

I _  

MAYER, J. J., AND L. D. WIKE. 1997. SRS urban wild- 
life: environmental information document. Westing- 
house Savannah River Company Publication 
WSRC-TR-97-0093. Westinghouse Savannah River 
Company, Aiken, SC. 

MAYER, J. J., L. D. WIKE, J. C. K~LGO, AND I. L. BRIS- 
BIN, JR. 1997. An annotated checklist of the birds of 
the Savannah River Site: environmental information 
document. Westinghouse Savannah River Company 
Publication WSRC-TR-97-0278. Westinghouse Sa- 
vannah River Company, Aiken, South Carolina. 

MAYL~ELD, H. 1975. Suggestions for calculating nest 
success. Wilson Bulletin 87:456-466. 

MCCLOSKEY, J. T., AND M. C. NEWMAN. 1995. Sedi- 
ment preference in the Asiatic clam (Corbicula flu- 
minea) and viviparid (Camp&ma d&sum) as a re- 
sponse to low-level metal and metalloid contami- 
nation. Archives of Environmental Contamination 
and Toxicology. 28: 195-202. 

MCCOMB, W. C., AND G. A. HURST. 1987. Herbicides 
and wildlife in southern forests. Pp. 28-39 in J. G. 
Dickson and 0. E. Maughan (editors). Managing 
southern forests for wildlife and fish. USDA Forest 
Service Gen. Tech. Rep. SO-65. USDA Forest Ser- 
vice Southern Research Station, New Orleans, LA. 

MCCORMACK, J. E 1948. 1946 commodity drain by 
county from South Carolina forests. USDA Forest 
Service Southeastern Forest Experiment Station, 
Asheville, NC. 

MCCORT, W. D., AND M. C. COULTER. 1991. Endan- 
gered species protection-the Wood Stork example. 
Pp. 119-136 in J. Cairns, Jr., and T V. Crawford 
(editors). Integrated environmental management. 
Lewis Publishers, Inc., Boca Raton, FL. 

MCCORT, W. D., L. C. LEE, AND G. R. WEIN. 1988. 
Mitigating for large-scale wetland loss: a realistic 
endeavor? Pp. 359-367 in J. A. Kusler, M. L. Quam- 
men, and G. Brooks (editors). Proceedings of the 
National Wetland Symposium: mitigation of impacts 
and losses. Association of State Wetland Managers, 
Inc. 

MCMANUS, J. J. 1974. Didelphis virginiana. Mamma- 
lian Species 40: l-6. 

MCNAIR, D. B. 1985. A comparison of oology and nest 
record card data in evaluating the reproductive bi- 
ology of Lark Sparrows, Chondestes grammacus. 
Southwestern Naturalist 30:213-224. 

MCNAIR, D. B. 1986a. Past breeding distribution of 
eleven species in Georgia based on nest records 
from egg data slips. Oriole 5 1:28-3 1. 

McNA~, D. B. 1986b. Clutch information for the Flor- 
ida Grasshopper Sparrow from oological collections. 
Florida Field Naturalist 14:48-49. 

MCNAIR, D. B. 1987. Egg-data slips: Are they useful 
for information on egg-laying dates and clutch size? 
Condor 89:369-376. 

MCNAIR, D. B. 1995. Refutation of purported historical 
breeding records of the Black-billed Cuckoo on the 



162 STUDIES IN AVIAN BIOLOGY NO. 21 

Georgia and South Carolina coasts. Oriole 60:42- agement collaboration: lessons from revision of the 
44. Tongass National Forest Plan. Western Journal of 

MCNAIR, D. B. 1998. Response of Henslow’s Sparrows Applied Forestry 13:90-96. 
and Sedge Wrens to a dormant-season prescribed MITSCH, W. 1993. Ecological engineering. Environ- 
fire. Florida Field Naturalist 26:4647. mental Science and Technology 27:438-445. 

MCNAIR, D. B., AND W. POST. 1993a. Supplement to MIITELBACH, G. G., C. W. OSENBERG, AND M. A. LEI- 
status and distribution of SC birds. Charleston Mu- BOLD. 1988. Trophic relations and ontogenetic niche 
seum Ornithological Contribution Number 8, shifts in aquatic ecosystems. Pp. 219-235 in B. 
Charleston, SC. Ebenman and L. Persson (editors). Size structured 

MCNAIR, D. B., AND W. POST. 1993b. Autumn migra- populations: ecology and evolution. Springer-Verlag, 
tion route of Blackpoll Warblers: evidence from New York, NY. 
southeastern North America. Journal of Field Omi- MOFFAT, A. S. 1994. Theoretical ecology: winning its 
thology 64:417-425. spurs in the real world. Science 263:1090-1092. 

MCNAIR, D. B., AND W. POST. 1999. Evaluation of MOHR, C. 1893. Turpentine orcharding in America. Pp. 
breeding information obtained by J. E. Gould in 342-346 in B. E. Femow (editor). Report of the 
Florida during the early 20” century. Florida Field Chief of the Division of Forestry for 1892. U.S. 
Naturalist 27: 17-20. Government Printing Office, Washington, DC. 

MCQUEEN, D. J., M. R. S. JOHANNES, J. R. POST, T. J. MONES, S. 1991. Capturing superfund’s potential: ideas 
STEWART, AND D. R. S. LEAN. 1989. Bottom-up and on the federal cleanup program and environmental 
top-down impacts on freshwater pelagic community law-making generally. Risk Analysis 11:89-100. 
structure. Ecological Monographs 59:289-309. MONTAGUE, W. G., J. C. NEAL, J. E. JOHNSON, AND D. 

MCQUEEN, D. J., J. R. POST, AND E. L. MILLS. 1986. A. JAMES. 1995. Techniques for excluding Southern 
Trophic relationships in freshwater pelagic ecosys- Flying Squirrels from cavities of Red-cockaded 
tems. Canadian Journal of Fisheries and Aquatic Woodpeckers. Pp. 401-409 in D. L. Kulhavy, R. G. 
Sciences 43:1571-1581. Hooper, and R. Costa (editors). Red-cockaded 

MEANLEY, B. 1988. Notes on Bachman’s Sparrow in Woodpecker: recovery, ecology and management. 
the Croatan National Forest. Chat 52:2-3. Center for Applied Studies, College of Forestry, Ste- 

MEFFE, G. K., AND S. VIEDERMAN. 1995. Combining phen E Austin State University, Nacogdoches, TX. 
science and policy in conservation biology. Wildlife MOORE, W. F. 1996. Effects of chemical site prepara- 
Society Bulletin 23:327-332. tion on vegetative, small mammal, and songbird 

MERIWETHER, R. 1940. The expansion of South Caro- communities in the Georgia Sandhills. M.S. thesis. 
lina, 1729-1765. Southern Publishers, Inc., Kings- University of Georgia, Athens, GA. 
port, TN. MOORMAN, ‘I E., AND G. A. BALDASSARRE. 1988. In- 

MEYERS, J. M. 1984. Wood Storks of the Birdsville cidence of second broods by Wood Ducks in Ala- 
colony and swamps of the Savannah River Plant. bama and Georgia. Journal of Wildlife Management 
SREL-lS/IC-66e. Savannah River Ecology Labora- 52:42&43 1. 
tory, Aiken, SC. MORGENSTERN, R., AND S. SESSIONS. 1988. EPA’s un- 

MEYERS, J. M., AND A. S. JOHNSON. 1978. Bird com- finished business. Environment 30:14-38. 
munities associated with succession and manage- MORIN, I? J. 1984. The impact of fish exclusion on the 
ment of loblolly-shortleaf pine forests. Pp. 50-61 in abundance and species composition of larval odo- 
R. M. DeGraaf (technical coordinator). Proceedings nates: results of short-term experiments in a North 
of the workshop on management of southern forests Carolina farm pond. Ecology 65:53-60. 
for nongame birds. USDA Forest Service Gen. Tech. MORIN, I? J. 1995. Functional redundancy, non-addi- 
Rep. SE-14. USDA Forest Service Southeast Forest tive interactions, and supply-side dynamics in ex- 
Experiment Station, Asheville, NC. perimental pond communities. Ecology 76: 133-149. 

MEYERS, J. M., AND E. l? ODUM. 1991. Breeding bird MORSE, D. H. 1972. Habitat utilization of the Red- 
populations of the Okefenokee Swamp in Georgia: cockaded Woodpecker during the winter. Auk 89: 
baseline for assessing future avifaunal changes. 429-435. 
Journal of Field Ornithology 62:53-68. MURPHEY, E. E. 1937. Observations on the bird life of 

MICHAUX, E A. 1805. Travels to the westward of the the Middle Savannah Valley: 1890-1937. Contri- 
Allegany mountains. J. Mawman, London, UK. butions of the Charleston (SC) Museum 9:1-61. 

MILLER, A. H. 1946. A method of determining the age MURPHY, T. M. 1995. The status of Wood Storks in 
of live passerine birds. Bird-Banding 17:33-35. South Carolina. Pp. 30-33 in the Proceedings of the 

MILLER, G. L. 1978. The population, habitat, behav- Wood Stork Symposium. The Georgia Conservancy, 
ioral and foraging ecology of the Red-cockaded Savannah, GA. 
Woodpecker (hckdes b&c&s) in southwestern NAKAYACHI, K. 1998. How do people evaluate risk re- 
Virginia. M.S. thesis. College of William and Marv. 
Wifiiamsburg, VA. - 

_ duction when they are told zero risk is impossible. 
Risk Analysis 18:235-242. 

MILLS, J. A. 1989. Red-billed Gull. Pp. 387-404 in I. NATHWANI, J., AND J. NARVESON. 1995. Three princi- 
Newton (editor). Lifetime reproduction in birds. Ac- ples for managing risk in the public interest. Risk 
ademic Press, New York, NY. Analysis 15:615-626. 

MILLS, R. 1826. Statistics of South Carolina. Reprinted NATIONAL RESEARCH COUNCIL (NRC). 1983. Risk as- 
1972. The Reprint Company, Spartanburg, SC. sessment in the federal government. National Acad- 

MILLS, ‘I J., E H. EV~EST, P JANIK, B. PENDLETON, C. emy Press, Washington, DC. 
G. SHAW, AND D. N. SWANSON. 1998. Science man- NATIONAL RESEARCH COUNCIL. 1986. Ecological 



LITERATI. JFW CITED 163 

knowledge and environmental problem-solving. Na- 
tional Academy Press, Washington, DC. 

NATIONAL RESEARCH COUNCIL. 1993. Issues in risk as- 
sessment. National Academy Press, Washington, 
DC. 

NA~ONAL RESEARCH COUNCIL. 1994. Building consen- 
sus through risk assessment and management of the 
Department of Energy’s environmental remediation 
program. National Academy Press, Washington, DC. 

NATIONAL RESEARCH COUNCIL. 1995. Improving the 
environment: an evaluation of DOE’s Environmental 
Management Program. National Academy Press, 
Washington, DC. 

NE~LL, J. S., AND D. E BABCOCK. 1971. The dissipation 
of reactor heat at the Savannah River Plant. Publ. 
DP-1274. E. I. du Pont de Nemours and Co., Sa- 
vannah River Laboratory, Aiken, SC. 

NESBIT~, S. A., D. T GILBERT, AND D. B. BARBOUR. 
1978. Red-cockaded Woodpecker fall movements in 
Florida flatwoods community. Auk 95: 145-15 1. 

NEWMAN, M. C., R. MEALY, AND S. S. SANDHU. 1986. 
Comparative water quality of the SRP systems. Pp. 
295-437 in Comprehensive cooling water report. 
Vol. 2: Water quality. SREL-28-11, Savannah River 
Ecology Laboratory, Aiken, SC. 

NEWTON, I. 1986. The Sparrowhawk. T & A. D. Poy- 
ser, Carton, UK 

NEWTON, I. 1989. Lifetime reproduction in birds. Ac- 
ademic Press, New York, NY. 

NEWTON, I. 1989. Sparrowhawk. Pp. 279-296 in I. 
Newton (editor). Lifetime reproduction in birds. Ac- 
ademic Press, New York, NY. 

NEWTON, I., AND D. Moss. 1986. Post-fledging survival 
of Sparrowhawks Accipiter nisus in relation to mass, 
brood size and brood composition at fledging. Ibis 
128:73-80. 

NICHOLS, J. D. 1991. Extensive monitoring pro- 
grammes viewed as long-term population studies: 
the case of North American waterfowl. Ibis 133 
(supplement I): 89-98. 

NICHOLS, J. D., T. BOULINIER, J. E. HINES, K. H. POL- 
LOCK, AND J. R. SAUER. 1998a. Estimating rates of 
local extinction, colonization and turnover in animal 
communities. Ecological Applications 8: 1213-1225. 

NICHOLS, J. D., T. BOULINIER, J. E. HINES, K. H. POL- 
LOCK, AND J. R. SAUER. 1998b. Inference methods 
for spatial variation in species richness and com- 
munity composition when not all species are detect- 
ed. Conservation Biology 12:1390-1398. 

NICHOLS, J. D., R. S. POSPAHALA, AND J. E. HINES. 
1982. Breeding-ground habitat conditions and the 
survival of Mallards. Journal of Wildlife Manage- 
ment 46:80-87. 

NICHOLSON, C. I? 1976. The Bachman’s Sparrow in 
Tennessee. Migrant 47:53-60. 

NOAH, J. C. 1995. Land-use baseline report: Savannah 
River Site. Document No. WSRC-TR-95-0276. 
Westinghouse Savannah River Company, Savannah 
River Site, Aiken, SC. 

NOBLE, R. E., AND R. B. HAMILTON. 1975. Bird pop- 
ulations in even-aged loblolly pine forests of south- 
eastern Louisiana. Proceedings of the Annual Con- 
ference of the Southeastern Association of Game 
and Fish Commissioners 29:441-450. 

NOL, E., AND J. N. M. SMITH. 1987. Effects of age and 

breeding experience on seasonal reproductive suc- 
cess in the Song Sparrow. Journal of Animal Ecol- 
ogy 56:301-313. 

NOON, B. R., AND D. D. MURPHY. 1994. Management 
of the Spotted Owl: the interaction of science, pol- 
icy, politics, and litigation. Case study presented in 
Chapter 13, Management Case Studies. Pp. 380-388 
in G. K. Meffe and C. R. Carroll (editors). Principles 
of conservation biology. Sinauer Associates, Inc., 
Sunderland, MA. 

NORRIS, R. A. 1951. Distributions and populations of 
summer birds in southwestern Georgia. Occasional 
Publication Number 3, Georgia Ornithological So- 
ciety, University of Georgia Press, Athens, GA. 

NORRIS, R. A. 1957a. Southern broadleaf forest on 
stream floodplain. Audubon Field Notes 11:437- 
438. 

NORRIS, R. A. 1957b. Three “Carolina bays.” Audu- 
bon Field Notes 11:423-424. 

NORRIS, R. A. 1958. Some effects of x-irradiation on 
breeding biology of Eastern Bluebirds. Auk 75:444- 
455. 

NORRIS, R. A. 1960. Density, racial composition, so- 
ciality, and selective predation in nonbreeding pop- 
ulations of Savannah Sparrows. Bird-Banding 31: 
173-216. 

NORRIS, R. A. 1961a. A new method of preserving 
specimens. Auk 78:436440. 

NORRIS, R. A. 1961b. A modification of the Miller 
method of aging live passerine birds. Bird-Banding 
32:55-57. 

NORRIS, R. A. 1963. Birds of the AEC Savannah River 
Plant Area. Contributions of the Charleston (SC) 
Museum 14: l-78. 

NORRIS, R. A., C. A. CONNELL, AND D. W. JOHNSTON. 
1957. Notes on fall plumages, weights, and fat con- 
dition in the Ruby-throated Hummingbird. Wilson 
Bulletin 69:155-163. 

NORRIS, R. A., AND G. L. HIGHT. 1957. Subspecific 
variation in winter populations of Savannah Spar- 
rows. Condor 59:40-52. 

NORTON, S. B., D. R. RODIER, AND J. H. GENTILE ET 
AL. 1992. A framework for ecological risk assess- 
ment at the EPA. Environmental Toxicology and 
Chemistry 11:1663-72. 

NUDDS, T. D. 1979. Theory in wildlife conservation 
and management. Transactions of the North Ameri- 
can Wildlife and Natural Resources Conference 44: 
277-288. 

NUR, N. 1984. The consequences of brood size for 
breeding Blue Tits. II. Nestling weight, offspring 
survival and optimal brood size. Journal of Animal 
Ecology 53:497-517. 

NYGREN, H. T 1999. The planning process: panacea or 
false hope? Journal of Forestry 97:37-40. 

O’CONNELL, M. A., AND S. l? JOHNSON. 1997. Improv- 
ing habitat conservation planning: the California 
Natural Community Conservation Model. Endar- 
gered Species Update 14(1&2):1-3, 14. 

O’CONNELL, W. E. 1993. Chemical and mechanical site 
preparation: effects on plant, small mammal, and 
avian diversity and communities. M.S. thesis. Uni- 
versity of Georgia, Athens, GA. 

O’CONNELL, W. E., AND K. V. MILLER. 1994. Site prep- 
aration influences on vegetative composition and 



164 STUDIES IN AVIAN BIOLOGY NO. 21 

avian and small mammal communities in the South 
Carolina Upper Coastal Plain. Proceedings of the 
Annual Conference of the Southeastern Association 
of Fish and Wildlife Agencies 48:321-330. 

O’CONNOR, R. J. 1975. Initial size and subsequent 
growth in passerine nestlings. Bird-Banding 46:329- 
340. 

ODOM, R. R. 1970. Nest box production and brood 
survival of Wood Ducks on the Piedmont National 
Wildlife Refuge. Proceedings of the Southeastern 
Association of Game and Fish Commissioners 24: 
108-l 17. 

ODUM, E. l? 1957. Fundamentals of ecology. W. B. 
Saunders, Philadelphia, PA. 

ODUM, E. I? 1960. Organic production and turnover in 
old field succession. Ecology 41:34-49. 

ODUM, E. P. 1987. Early University of Georgia re- 
search, 1952-1962. Pp. 43-83 in J. C. Corey (edi- 
tor). The Savannah River and its environs. Proceed- 
ings of a Symposium in honor of Dr. Ruth Patrick. 
DP-1745, E. I. du Pont de Nemours and Co., Sa- 
vannah River Laboratory, Aiken, SC. USDC Na- 
tional Technical Information Service, Springfield, 
VA. 

ODUM, E. P, 0. S. ALLEN, III, AND H. R. PULLIAM. 
1993. Southward extensions of breeding ranges of 
passerine birds in the Georgia Piedmont in relation 
to the reversed latitudinal gradient. Georgia Journal 
of Science 51:131-140. 

ODUM, E. l?, C. E. CONNELL, AND L. B. DAVENPORT. 
1962. Population energy flow of three primary con- 
sumer components of an old-field ecosystem. Ecol- 
ogy 43:88-96. 

ODUM, E. l?, AND G. L. HIGHT. 1957. The use of mist 
nets in population studies of winter fringillids on 
AEC Savannah River area. Bird-Banding 28:203- 
213. 

ODUM, E. P., AND R. L. KROODSMA. 1977. The power 
park concept: ameliorating man’s disorder with na- 
ture’s order. Pp. l-9 in G. W. Esch and R. W. 
McFarlane (editors). ERDA Symposium Series, 
Conf. 750425, Proceedings of a Symposium Spon- 
sored by Savannah River Ecology Lab., Augusta, 
GA. USDC National Technical Information Service, 
Springfield, VA. 

ODUM, E. I?, AND E. J. KUENZLER. 1955. Measurement 
of territory and home range size in birds. Auk 72: 
128-137. 

OGDEN, J. C., D. A. MCCRIMMON, G. T BANCROF~, AND 
B. W. PANSY. 1987. Breeding populations of the 
Wood Storks in the southeastern United States. Con- 
dor 89:752-759. 

OGDEN, J. C., AND B. W. PATTY. 1981. The recent sta- 
tus of the Wood Stork in Florida and Georgia. Pp. 
97-101 in R. R. Odum and J. W. Guthrie (editors). 
Proceedings of the Nongame and Endangered Wild- 
life Symposium. Technical Bulletin WL5. Georgia 
Department of Natural Resources, Atlanta, GA. 

OKSANEN, L., S. D. FRETWELL, J. ARRUDA, AND F? 
NIEMELA. 198 1. Exploitation ecosystems in gradi- 
ents of primary productivity. American Naturalist 
118:240-261. 

ORTEGO, B., AND D. LAY. 1988. Status of Red-cock- 
aded Woodpecker colonies on private lands in east 
Texas. Wildlife Society Bulletin 16:403-405. 

OTWAY, H., AND D. VON WINTERFELDT. 1992. Expert 
judgment in risk analysis and management: process, 
context, and pitfalls. Risk Analysis 12:83-93. 

PAINE, R. T. 1966. Food web complexity and species 
diversity. American Naturalist 100:65-75. 

PAINE, R. T 1980. Food webs: linkage, interaction 
strength, and community infrastructure. Journal of 
Animal Ecology 49:667-685. 

PAINE, R. T, J. T WOOTTON, AND I? D. BOERSMA. 1990. 
Direct and indirect effects of peregrine falcon pre- 
dation on seabird abundance. Auk 107:1-9. 

PARKER, G. 1995. Eastern coyote: the story of its suc- 
cess. Nimbus, Halifax, Nova Scotia. 

PASHLEY, D. N., AND W. C. BARROW. 1992. Effects of 
land use practices on neotropical migratory birds in 
bottomland hardwood forests. Pp. 315-320 in D. M. 
Finch and I? W. Stangel (editors). Status and man- 
agement of neotropical migratory birds. USDA For- 
est Service Gen. Tech. Rep. RM-229. USDA Forest 
Service, Rocky Mountain Forest and Range Exper- 
iment Station, Fort Collins, CO. 

PATRICK, R., J. CARNES, JR., AND S. S. ROBACK. 1967. 
An ecosytematic analysis of the fauna and flora of 
the Savannah River. Proceedings of the Academy of 
Natural Sciences of Philadelphia 118: 109-407. 

PA-I-~ERSON, G. A., AND W. B. ROBERTSON. 1981. Dis- 
tribution and habitat utilization of the Red-cockaded 
Woodpecker in Big Cypress National Preserve. 
USDI National Park Service Rep. T-613. USDI Na- 
tional Park Service South Florida Research Center, 
Homestead, FL. 

PEACOCK, A. 1982. Response of Cyclops bicuspidatus 
thomasi to alterations in food and predators. Cana- 
dian Journal of Zoology 60: 14461462. 

PERRINS, C. M. 1965. Population fluctuations and 
clutch size in the Great Tit, Parus major L. Journal 
of Animal Ecology 34:601-647. 

PERRINS, C. M. 1980. The survival of young Great Tits 
Parus major. Acta XVIII Congressus Internationalis 
Ornithologici 18:159-174. 

PERRINS, C. M., AND R. H. MCCLEERY. 1985. The ef- 
fect of age and pair bond on the breeding success 
of Great Tit Parus major. Ibis 127:305-315. 

PERRY, D. A. 1998. The scientific basis of forestry. 
Annual Review of Ecology and Systematics 29:405- 
434. 

PETERIOHN, B. G., J. R. SAUER, AND C. S. ROBBINS. 
1995. Population trends from the North American 
Breeding Bird Survey. Pp. 3-39 in T E. Martin and 
D. M. Finch (editors). Ecology and management of 
neotropical migratory birds. Oxford University 
Press, New York, NY. 

PETERS, E. L., I. L. BRISBIN, JR., AND R. A. KENNAMER. 
1995. Alternative agriculture as a substitute for en- 
vironmental remediation-production of poultry in 
radiologically contaminated areas. Pp. 9-17 in Pro- 
ceedings of an international symposium on environ- 
mental impact of radioactive releases: organized by 
the International Atomic Energy Agency, 8-12 May, 
Vienna, Austria. 

PIEROTTI, R. 1982. Habitat selection and its effect on 
reproductive output in the Herring Gull in New- 
foundland. Ecology 63:854-868. 

PIMM, S. L. 1980. Food web design and the effect of 
species deletion. Oikos 35:139-149. 



LITERATURE CITED 165 

PIMM, S. L. 1982. Food webs. Chapman and Hall, Lon- 
don, UK. 

PINDER, J. E., III, AND M. H. SMITH. 1975. Frequency 
distributions of radiocesium concentrations in soil 
and biota. Pp. 536542 in E G Howell, J. B. Gentry, 
and M. H. Smith (editors). Mineral cycling in south- 
eastern ecosystems. Energy Research and Develop- 
ment Agency Symposium Series, CONF-7405 13, 
Springfield, VA. 

PLENTOVICH, S. M., N. R. HOLLER, AND G. E. HILL. 
1998. Site fidelity of wintering Henslow’s Sparrows. 
Journal of Field Ornithology 69:48&490. 

POLING, 0. C. 1890. Notes on the Fringillidae of west- 
ern Illinois. Auk 7:238-243. 

POLIS, G. A., AND D. R. STRONG. 1996. Food web com- 
plexity and community dynamics. American Natu- 
ralist 147:813-846. 

POLLOCK, K. H., J. E. HINES, AND J. D. NICHOLS. 1985. 
Goodness-of-fit tests for open capture-recapture 
models. Biometrics 41:399-410. 

PORTER, M. L., AND R. E LABISKY. 1986. Home range 
and foraging habitat of Red-cockaded Woodpeckers 
in northern Florida. Journal of Wildlife Management 
50:239-247. 

POST, W. 1995. Reproduction of female Boat-tailed 
Grackles: comparisons between South Carolina and 
Florida. Journal of Field Ornithology 66:221-230. 

POST, W., AND S. A. GAUTHREAUX, JR. 1989. Status and 
distribution of South Carolina birds. Contributions 
of the Charleston (SC) Museum 18:1-83. 

POTTER, C. M. 1987. Use of reactor cooling reservoirs 
and cesium-137 uptake in the American coot. MS. 
thesis. Colorado State University, Fort Collins, CO. 

POWER, C. M., I. L. BRISBIN, JR., S. G. MCDOWELL, 
AND E W. WHICKER. 1989. Distribution of j3’Cs in 
the American coot (Fulica americana). Journal of 
Environmental Radioactivity 9: 105-l 15. 

POUYAT, R. V. 1999. Science and environmental poli- 
cy-making them compatible. Bioscience 49:281- 
286. 

POWER, M. E. 1992. Top-down and bottom-up forces 
in food webs: do plants have primacy? Ecology 73: 
733-746. 

PRICE, J., S. DROEGE, AND A. PRICE. 1995. The summer 
atlas of North American birds. Academic Press, New 
York, NY. 

PRICE, M. V., AND P KELLY. 1994. An age-structured 
demographic model for the endangered Stephens’ 
kangaroo rat. Conservation Biology 8:810-821. 

PROBST, J. R., AND T R. CROW. 1991. Integrating bi- 
ological diversity and resource management. Journal 
of Forestry 89: 12-17. 

PRUITT, L. 1996. Henslow’s Sparrow status assessment. 
U.S. Fish and Wildlife Service, Fort Snelling, MN. 

PULLIAM, H. R., J. B. DUNNING, JR., AND J. LIU. 1992. 
Population dynamics in complex landscapes: a case 
study. Ecological Applications 2: 165-177. 

F’ULLIAM, H. R., J. LIU, J. B. DUNNING, JR., D. J. STEW- 
ART, AND T D. BISHOP. 1994. Modeling animal pop- 
ulations in changing landscapes. Ibis 137:120-126. 

RALPH, C. J., S. DROEGE, AND J. R. SAUER. 1995. Man- 
aging and monitoring birds using point counts: stan- 
dards and applications. Pp. 161-168 in C. J. Ralph, 
J. R. Sauer, and S. Droege (editors). Monitoring bird 
populations by point counts. USDA Forest Service 

Gen. Tech. Rep. PSW-GTR-149. USDA Forest Ser- 
vice Pacific Southwest Research Station, Albany, 
CA. 

RAMEY, P. 1980. Seasonal, sexual, and geographic vari- 
ation in the foraging ecology of Red-cockaded 
Woodpeckers (Picoides borealis). M.S. thesis. Mis- 
sissippi State University, Mississippi State, MS. 

RAVELING, D. G. 1981. Survival, experience, and age 
in relation to breeding success of Canada Geese. 
Journal of Wildlife Management 45:817-829. 

REESE, K. F!, AND J. A. KADLEC. 1985. Influence of 
high density and parental age on the habitat selection 
and reproduction of Black-billed Magpies. Condor 
87:96-105. 

REMSEN, J. V., JR. 1986. Was Bachman’s Warbler a 
bamboo specialist? Auk 103:216-219. 

REPASKY, R. R. 1984. Home range and habitat utili- 
zation of the Red-cockaded Woodpecker. M.S. the- 
sis. North Carolina State University, Raleigh, NC. 

REYNOLDSON, T B., R. H. NORRIS, V. H. RESH, K. E. 
DAY, AND D. M. ROSENBERG. 1997. The reference 
condition: a comparison of multimetric and multi- 
variate approaches to assess water-quality impair- 
ment using benthic macroinvertebrates. Journal of 
North American Benthological Society 16:833-852. 

RICKLEFS, R. E. 1969. An analysis of nesting mortality 
in birds. Smithsonian Contributions to Zoology 9:1- 
48. 

RIDGWAY, R. 1883. On Le Conte’s Bunting (Coturni- 
culus lecontei) and other birds observed in south- 
eastern Illinois. Bulletin of the Nuttall Omithologi- 
cal Club 858. 

RIPLEY, S. D. 1976. Rails of the world. American Sci- 
entist 64:628-635. 

RISSER, I? G. 1988. General concepts for measuring 
cumulative impacts on wetland ecosystems. Envi- 
ronmental Management 12:585-589. 

ROBBINS, C. S., D. BYSTRAK, AND I? H. GEISSLER. 1986. 
The breeding bird survey: its first fifteen years, 
1965-1979. U.S. Fish and Wildlife Service Re- 
source Publication 157, Washington, DC. 

ROBBINS, C. S., D. K. DAWSON, AND B. A. DOWELL. 
1989. Habitat area requirements of breeding forest 
birds of the Middle Atlantic states. Wildlife Mono- 
graphs 103: l-34. 

ROBINSON, S. K., E R. THOMPSON, III, T M. DONOVAN, 
D. R. WHITEHEAD, AND J. J. FAABORG. 1995. Re- 
gional forest fragmentation and the nesting success 
of migratory birds. Science 267: 1987-1990. 

ROBSON, B. J. 1996. Habitat architecture and trophic 
interaction strength in a river: riffle-scale effects. 
Oecologia 107:41 l-420. 

ROCKWELL, R. E, C. S. FINDLAY, AND E COOKE. 1983. 
Life history studies of the Lesser Snow Goose (An- 

ser caerulescens caerulescens) I. The influence of 
age and time on fecundity. Oecologia 56:3 18-322. 

ROFF, D. A. 1974. Spatial heterogeneity and the per- 
sistence of populations. Oecologia 15:245-258. 

ROGERS, C. M. 1994. Avian nest success, brood para- 
sitism, and edge-independent reproduction in an 
Alaskan wetland. Journal of Field Ornithology 65: 
433-440. 

ROGERS, C. M., AND M. J. CARO. 1998. Song Sparrow, 
top carnivores and nest predation: a test of the me- 



166 STUDIES IN AVIAN BIOLOGY NO. 21 

sopredator release hypothesis. Oecologia 116:27- 
233. 

ROGERS, C. M., J. M. N. SMITH, W. HOCHACHKA, A. L. 
E. V. CASSIDY, M. J. TAIL, I? ARCESE, AND D. 
SCHLUTER. 1991. Spatial variation in winter survival 
of Song Sparrows, Melospiza melodia. Omis Scan- 
dinavica 22:387-395. 

ROGERS, C. M., M. J. TAIT~, J. N. M. SMITH, AND G. 
JONGEJAN. 1997. Nest predation and cowbird para- 
sitism create a demographic sink in wetland-breed- 
ing Song Sparrows. Condor 99:622-633. 

ROGERS, V. A. 1990. Soil survey of Savannah River 
Plant area, parts of Aiken, Barnwell, and Allendale 
counties, South Carolina. USDA Soil Conservation 
Service, in cooperation with U.S. Department of En- 
ergy, Washington, DC. 

ROHWER, E C., AND M. G. ANDERSON. 1988. Female- 
biased philopatry, monogamy, and the timing of pair 
formation in migratory waterfowl. Current Omi- 
thology 5:187-221. 

ROMESBURG, H. C. 1981. Wildlife science: gaining re- 
liable knowledge. Journal of Wildlife Management 
45:293-313. 

ROMESBURG, H. C. 1991. On improving the natural re- 
sources and environmental sciences. Journal of 
Wildlife Management 55:744-756. 

ROWE, C. L., 0. M. KINNEY, A. P FIORI, AND J. D. 
CONGDON. 1996. Oral deformities in tadpoles (Rana 
catesbeiana) associated with coal ash deposition: ef- 
fects on grazing ability and growth. Freshwater Bi- 
ology 36:723-730. 

RUDOLPH, D. C., AND R. N. CONNER. 1991. Cavity tree 
selection by Red-cockaded Woodpeckers in relation 
to tree age. Wilson Bulletin 103:458-457. 

RZIFL~N, E. 1992. Agriculture, geology, and society in 
antebellum South Carolina: the private diary of Ed- 
mund Ruffin, 1843. W. M. Matthew (editor). Uni- 
versity of Georgia Press, Athens, GA. 

RUNKLE, J. R. 1982. Patterns of disturbance in some 
old-growth mesic forests of eastern North America. 
Ecology 63:1533-1546. 

RUSSELL, M. 199 1. Cleanup of old waste: is Superfund 
broke? Risk Analysis 11:71-75. 

SIETHER, B.-E. 1990. Age-specific variation in repro- 
ductive performance of birds. Current Ornithology 
7:251-283. 

SALLEY, A. S., JR. (EDITOR). 1911. Narratives of early 
Carolina: 1650-1708. Charles Scribner’s Sons, New 
York, NY. 

SANDHU, S. S., G. L. MILLS, AND K. S. SAJWAN. 1993. 
Leachability of Ni, Cd, Cr, and As from coal ash 
impoundments of different ages on the Savannah 
River Site. Pp. 165-182 in R. E Keefer and K. S. 
Sajwan (editors). Trace elements in coal combustion 
residues. Lewis Publishers, Boca Raton, FL. 

SARGEANT, A. B., R. J. GREENWOOD, M. A. SOVADA, 
AND T L. SHAFFER. 1993. Distribution and abun- 
dance of predators that affect duck production: Prai- 
rie pothole region. U.S. Fish and Wildlife Service 
Publication 194, Washington, DC. 

SARGENT, C. S. 1884. Report on forests of North Amer- 
ica. Vol. 9. U.S. Department of Interior Census Of- 
fice, Washington, DC. 

SARGENT, R. A., J. C. KILGO, B. R. CHAPMAN, AND K. 
V. MILLER. 1997. Nesting success of Kentucky and 

Hooded Warblers in bottomland forests of South 
Carolina. Wilson Bulletin 109:233-238. 

SAS INSTITUTE INC. 1988. SASlSTAT user’s guide. Ver. 
6.03. SAS Institute Inc., Cary, NC. 

SASSAMAN, K. E., M. J. BROOKS, G. T HANSON, AND 
D. G. ANDERSON. 1990. Native American prehistory 
of the Middle Savannah River Valley: a synthesis of 
archeological investigations on the Savannah River 
Site, Aiken and Barnwell Counties, South Carolina. 
Savannah River Archaeological Research Papers 1. 
South Carolina Institute of Archaeology and An- 
thropology, Columbia, SC. 

SAUER, J. R., J. E. HINES, G. GOUGH, I. THOMAS, AND 
B. G. PETERJOHN. 1997. The North American Breed- 
ing Bird Survey results and analysis. Version 96.4. 
Patuxent Wildlife Research Center, Laurel, MD. 
http://www.mbr-pwrc.usgs.govfbbsfbbs96.html. 

SAVANNAH RIVER FOREST STATION. 1992. Savannah 
River Site wildlife, fisheries, and botany operation 
plan. USDA Forest Service Savannah River Forest 
Station, New Ellenton, SC. 

SAVANNAH RIVER OPERATIONS OFFICE (SROO). 1959. 
Report on the Land Management Program (Exhibits 
1-12). Vol. 2. U.S. Atomic Energy Commission, Sa- 
vannah River Operations Office. On file, USDA For- 
est Service Savannah River Natural Resource Man- 
agement and Research Institute, New Ellenton, SC. 

SAVANNAH RIVER OPERATIONS OFL~CE. 1974. Savannah 
River Plant land use plan. Energy Research and De- 
velopment Administration, Savannah River Opera- 
tions Office. On file, USDA Forest Service Savan- 
nah River Natural Resource Management and Re- 
search Institute, New Ellenton, SC. 

SAVANNAH RIVER OPERATIONS OFFICE. 1993. An inte- 
grated biological diversity research program at the 
Savannah River Site. Department of Energy, Savan- 
nah River Operations Office, Biodiversity Task 
Group. On file, USDA Forest Service Savannah Riv- 
er Natural Resource Management and Research In- 
stitute, New Ellenton, SC. 

SAVANNAH RIVER RIVER PROJECT. 1968. Timber Man- 
agement Plan, 1968-1977. On file, USDA Forest 
Service Savannah River Natural Resource Manage- 
ment and Research Institute, New Ellenton, SC. 

SCHALLES, J. E, R. R. SHARITZ, J. W. GIBBONS, G. J. 
LEVERSEE, AND J. N. KNOX. 1989. Carolina Bays of 
the SRP SRO-NERP-18. A publication of the Sa- 
vannah River Plant, National Environmental Re- 
search Park Program. 

SCHEMSKE, D. W., AND N. BROKAW. 1981. Treefalls and 
the distribution of understory birds in a tropical for- 
est. Ecology 62:938-945. 

SCHOENER, T. W., AND D. A. SPILLER. 1987. Effect of 
lizards on spider populations: manipulative recon- 
struction of a natural experiment. Science 236:949- 
952. 

SCHOEPF, J. D. 1911. Travels in the confederation, 
1783-1784. A. J. Morrison (editor and translator). 
William J. Campbell Publishers, Philadelphia, PA. 

SEBER, G. A. F. 1982. The estimation of animal abun- 
dance and related parameters. 2nd ed. MacMillan 
Publishing Co. Inc., New York, NY. 

SEEL, J. E, E W. WHICKER, AND D. C. ADRIANO. 1995. 
Uptake of Cs-137 in vegetable crops grown on a 
contaminated lakebed. Health Physics 68:793-799. 



LITERATURE CITED 167 

SHARITZ, R. R., L. R. BORING, D. H. VAN LEAR, AND 
J. E. PINDER, III. 1992. Integrating ecological con- 
cepts with natural resource management of southern 
forests. Ecological Applications 2:226237. 

SHARITZ, R. R., AND J. W. GIBBONS. 1979. Impacts of 
thermal effluents from nuclear reactors on south- 
eastern ecosystems. Pp. 609-616 in R. A. Fazzolare 
and C. B. Smith (editors). Changing energy use fu- 
tures. Vol. 2. Pergamon Press, New York, NY. 

SHARITZ, R. R., AND J. W. GIBBONS. 1982. The ecology 
of the southeastern shrub bogs (pocosins) and Car- 
olina bays: a community profile. FWS/OBS-82/04, 
U.S. Fish and Wildlife Service, Division of Biolog- 
ical Sciences, Washington, DC. 

SHARITZ, R. R., J. E. IRWIN, AND E. J. CHRISTY. 1974. 
Vegetation of swamps receiving reactor effluents. 
Oikos 25:7-13. 

SHARITZ, R. R., AND W. J. M~TSCH. 1993. Southern 
floodplain forests. Pp. 311-372 in W. H. Martin, S. 
G. Boyce, and A. C. Echtemacht (editors). Biodi- 
versity of southeastern United States, lowland ter- 
restrial communities. John Wiley and Sons, Inc., 
New York, NY. 

SHEEHAN, I? J. 1984. Effects on community and eco- 
system structure and dynamics. Pp. 51-100 in E? J. 
Sheehan, D. R. Miller, G. C. Butler and P Bourdeau 
(editors). Effects of pollutants at the ecosystem lev- 
el. Wiley and Sons, Chichester, UK. 

SIEVING, K. E. 1992. Nest predation and differential 
insular extinction among selected forest birds of cen- 
tral Panama. Ecology 73:2310-2328. 

SINCLAIR, A. R. E. 1991. Science and the practice of 
wildlife management. Journal of Wildlife Manage- 
ment 55:767-772. 

SINCLAIR, A. R. E. 1995. Population limitation of res- 
ident herbivores. Pp. 194-219 in A. R. E. Sinclair 
and I? Arcese (editors). Serengeti II: dynamics, man- 
agement, and conservation of an ecosystem. Uni- 
versity of Chicago Press, Chicago, IL. 

SKORUPA, J. l? 1979. Foraging ecology of the Red- 
cockaded Woodpecker in South Carolina. M.S. the- 
sis. University of California, Davis, CA. 

SKORUPA, J. l?, AND R. W. MCFARLANE. 1976. Seasonal 
variation in foraging territory of Red-cockaded 
Woodpeckers. Wilson Bulletin 88:662-665. 

SLOVIC, I?, J. FLYNN, AND M. LAYMAN. 1991b. Per- 
ceived risk, trust and the politics of nuclear waste. 
Science 254:1603-1607. 

SLOVIC, I?, M. LAYMAN, AND J. FLYNN. 1991a. Lessons 
from Yucca Mountain. Environment 3:7-l 1, 28-30. 

SMITH, J. N. M., M. J. TAITT, C. M. ROGERS, I? ARCESE, 
L. KELLER, AND A. L. E. V. CASSIDY. 1996. A me- 
tapopulation approach to the population biology of 
Song Sparrows. Ibis 138:120-128. 

SMITH, M. H., R. R. SHARITZ, AND J. B. GLADDEN. 
1981. An evaluation of the Steel Creek ecosystem 
in relation to the proposed restart of the L-reactor. 
Savannah River Ecology Laboratory SREL-9. Na- 
tional Technical Information Service, Springfield, 
VA. 

SMITH, M. H., R. R. SHARITZ, AND J. B. GLADDEN. 
1982. An evaluation of the Steel Creek ecosystem 
in relation to the proposed restart of the L-reactor. 
SREL-12/UC-66e. Savannah River Ecology Labo- 
ratory, Aiken, SC. 

SMITH, M. H., R. R. SHARITZ, AND J. B. GLADDEN. 
1983. An evaluation of the Steel Creek ecosystem 
in relation to the proposed restart of the L-reactor: 
Interim report. Savannah River Ecology Laboratory 
SREL-14. National Technical Information Service, 
Springfield, VA. 

SNEAD, I. E, E. A. BROWNLIE, R. COPELAND, E B. DAN- 
IEL, B. DEAN, T A. IMHOF, C. MCTYEIRE, D. ROB- 
ERTS, AND G. SNEAD. 1958. Winter bird population 
study 16. Abandoned air field. Audubon Field Notes 
12:313-314. 

SNEAD, I. E, E. A. BROWNLIE, T A. IMHOF, G. SNEAD, 
H. WRIGHT, AND B. COUNTRY. 19.57. Winter bird 
population study 19. Abandoned air field. Audubon 
Field Notes 11:302. 

SNODGRASS, J. W., A. L. BRYAN, JR., R. E LIDE, AND 
G. M. SMITH. 1996. Factors affecting the occurrence 
and structure of fish assemblages in isolated wet- 
lands of the upper coastal plain, U.S.A. Canadian 
Journal of Fisheries and Aquatic Sciences 53:443- 
454. 

SORANNO, l? A., S. R. CARPENTER, AND M. M. ELSER. 
1993. Zooplankton community dynamics. Pp. 116 
152 in S. R. Carpenter and J. E Kitchell (editors). 
The trophic cascade in lakes. Cambridge University 
Press, Cambridge, UK. 

SOUL& M. E., D. T. BOLGER, A. C. ALBERTS, J. 
WRIGHT, M. SORICE, AND S. HILL. 1988. Reconstruct- 
ed dynamics of rapid extinctions of chaparral-re- 
quiring birds in urban habitat islands. Conservation 
Biology 2:75-92. 

SOUTH CAROLINA DEPARTMENT OF AGRICULTURE, COM- 
MERCE AND INDUSTRIES AND CLEMSON COLLEGE 
(SCDA). 1927. South Carolina: a handbook. South 
Carolina Department of Agriculture, Columbia, SC. 

SOUTH CAROLINA EXTENSION SERVICE. 1940. Profitable 
cotton production under boll weevil conditions. Cir- 
cular 180, January 1940. Clemson Agricultural Col- 
lege cooperating with the USDA, Clemson, SC. 

SOUTH CAROLINA EXTENSION SERVICE. 1946. More 
money from cotton. Circular 280, March 1946. 
Clemson Agricultural College cooperating with the 
USDA, Clemson, SC. 

SOUTH CAROLINA EXTENSION SERVICE. 1951. Cotton 
Production, insect and disease control: South Caro- 
lina 195.5. Circular 358, January 195 1. Clemson Ag- 
ricultural College cooperating with the USDA, 
Clemson, SC. 

SOVADA, M. A., A. B. SARGEANT, AND J. W. GRIER. 
1995. Differential effects of coyotes and red foxes 
on duck nest success. Journal of Wildlife Manage- 
ment 59: l-9. 

SPARLING, V. A. 1996. Effects of chemical and me- 
chanical site preparation on the habitat and abun- 
dance of birds and small mammals in the upper 
coastal plain of South Carolina. M.S. thesis. Uni- 
versity of Georgia, Athens, GA. 

SPILLER, D. A., AND T. W. SCHOENER. 1990. A terres- 
trial field experiment showing the impact of elimi- 
nating top predators on foliage damage. Nature 347: 
469-472. 

STANGEL, I? W., M. H. SMITH, AND M. R. LnNNARtz. 
1991. Genetic variation and population structure of 
Red-cockaded Woodpeckers. Conservation Biology 
6:283-292. 



168 STUDIES IN AVIAN BIOLOGY NO. 21 

STEIRLY, C. C. 1957. Nesting ecology of the Red-cock- 
aded Woodpecker in Virginia. Atlantic Naturalist 12: 
280-292. 

STEPHENS, J. A., E W. WHICKER, AND S. A. IBRAHIM. 
1997. Sorption of Cs and Sr to profundal sediments 
of a Savannah River Site reservoir. Journal of En- 
vironmental Radioactivity 38:293-315. 

STINE, F! A. 1996. GIS technology and sage scrub hab- 
itat. Endangered Species Bulletin 21(5):4-6. 

STOBER, J. M. 1996. Territory dynamics and basic bi- 
ology of the Bachman’s Sparrow (Aimophila aesti- 
valis) at the Savannah River Site, South Carolina. 
M.S. thesis. University of Georgia, Athens, GA. 

STODDARD, H. L. 1931. The bobwhite quail: its habits, 
preservation, and increase. Charles Scribner’s Sons, 
New York, NY. 

STOLTENBERG, C. H., K. D. WARE, R. J. MARTY, R. D. 
WRAY, AND J. D. WELLONS. 1970. Planning research 
for resource decisions. The Iowa State University 
Press, Ames, IA. 

STRONG, D. R. 1992. Are trophic cascades all wet? 
Differentiation and donor-control in speciose eco- 
systems. Ecology 73~747-754. 

SUMERALL, R. M., AND E T LLOYD. 1995. GIS as a 
design tool for biological studies. Pp. 36-41 in Pro- 
ceedings of the Eighth Biennial Southern Silvicul- 
tural Research Conference. USDA Forest Service 
Gen. Tech. Rep. SRS-1. USDA Forest Service 
Southern Research Station, Asheville, NC. 

SUTER, G. W., II. 1990. Endpoints for regional ecolog- 
ical risk assessments. Environmental Management 
14:9-23. 

SWANSON, E J., J. A. JONES, AND G. E. GRANT. 1997. 
The physical environment as a basis for managing 
ecosystems. Pp. 229-238 in K. A. Kohm and J. E 
Franklin (editors). Creating a forestry for the 21st 
century: the science of ecosystem management. Is- 
land Press, Washington, DC. 

TANSEY, J. B., AND C. C. HUTCHINS. 1988. South Car- 
olina’s forests. USDA Forest Service Resource Bull. 
SE-103. USDA Forest Service Southeastern Forest 
Experiment Station, Asheville, NC. 

TERBORGH, J. 1974. Preservation of natural diversity: 
the problem of extinction-prone species. Bioscience 
24:715-722. 

TERBORGH, J. 1989. Where have all the birds gone? 
Princeton University Press, Princeton, NJ. 

TERBORGH, J. 1992. Diversity and the tropical rain for- 
est. Scientific American Library, New York, NY. 

TERBORGH, J., AND B. WINTER. 1980. Some causes of 
extinction. Pp. 119-133 in M. E. Soul& and B. A. 
Wilcox (editors). Conservation biology: an evolu- 
tionary-ecological perspective. Sinauer Associates, 
Inc., Sunderland, MA. 

THOMAS, J. W., E. D. FORSMAN, J. B. LINT, E. C. MES- 
LOW, B. R. NOON, AND J. VERNER. 1990. A conser- 
vation strategy for the northern spotted owl. USDA 

Department of Agriculture; U.S. Department of 
Commerce; U.S. Department of Interior; U.S. En- 
vironmental Protection Agency; [irregular pagina- 
tion]. 

THOMPSON, R. R., J. R. PROBST, AND M. G. RAPHAEL. 
1993. Silvicultural options for neotropical migratory 
birds. Pp. 353-362 in D. M. Finch and l? W. Stangel 
(editors). Status and management of neotropical mi- 
gratory birds. USDA Forest Service Gen. Tech. Rep. 
RM-229. USDA Forest Service Rocky Mountain 
Forest and Range Experiment Station, Fort Collins, 
co. 

TRAMER, E. J. 1974. On latitudinal gradients in avian 
diversity. Condor 76:123-129. 

TRIMBLE, S. W. 1974. Man-induced soil erosion on the 
southern Piedmont, 1700-1970. Soil Conservation 
Society of America, Ankeny, Iowa. 

TURNER, M. G., G. J. ARTHAUD, R. T. ENGSTROM, S. J. 
HEJL, J. Lru, S. LOEB, AND K. MCKELVEY. 1995. 
Usefulness of spatially explicit population models in 
land management. Ecological Applications 5:12-16. 

U.S. DEPARTMENT OF AGRICULTURE. 1950. Agricultural 
statistics. U.S. Government Printing Office, Wash- 
ington, DC. 

U.S. DEPARTMENT OF AGRICULTURE. 1975. Agricultural 
statistics. U.S. Government Printing Office, Wash- 
ington, DC. 

U.S. DEPARTMENT OF AGRICULTURE. 1986. Agricultural 
statistics. U.S. Government Printing Office, Wash- 
ington, DC. 

U.S. DEPARTMENT OF INTERIOR. 1992. Recovery plan 
for the northern spotted owl-final draft (2 vol- 
umes). U.S. Government Printing Office, Washing- 
ton, DC. 

U.S. FISH AND WILDLIFE SERVICE (USFWS). 1985. 
Red-cockaded Woodpecker recovery plan. USDI 
Fish and Wildlife Service Southeast Region, Atlanta, 
GA. 

U.S. FISH AND WILDLIFE SERVICE. 1986. Recovery plan 
for the U.S. breeding population of the Wood Stork. 
U.S. Fish and Wildlife Service, Atlanta, GA. 

U.S. FISH AND WILDLIFE SERVICE. 1989. Guidelines for 
preparation of biological assessments and evalua- 
tions for the Red-cockaded Woodpecker. USDI Fish 
and Wildlife Service Southeast Region, Atlanta, GA. 

U.S. FISH AND WILDLIFE SERVICE. 1996. Revised re- 
covery plan for the U.S. breeding population of the 
Wood Stork. U.S. Fish and Wildlife Service, Atlanta, 
GA. 

U.S. FOREST SERVICE. 1988. The South’s fourth forest: 
alternatives for the future. USDA Forest Service, 
Forest Resource Report No. 24, Washington, DC. 

U.S. FOREST SERVICE. 1992. Savannah River Site wild- 
life, fisheries and botany operation plan. USDA For- 
est Service Savannah River Forest Station, New El- 
lenton, SC. 

U.S. FOREST SERVICE. 1994. BIRDHAB: GIS bird hab- 
Forest Service, USDI Bureau of Land Management, itat evaluation for resource managers. User Guide, 
USDI Fish and Wildlife Service, USDI National beta version 0.999. USDA Forest Service, Atlanta, 
Park Service. U.S. Government Printing Office, GA. 
Washington, DC. VAN BALEN, J. B., AND l? D. DOERR. 1978. The rela- 

THOMAS, J. W., AND M. G. RAPHAEL (EDITORS). 1993. tionship of understory vegetation to Red-cockaded 
Forest ecosystem management: an ecological, eco- Woodpecker activity. Proceedings of the Annual 
nomic, and social assessment: report of the Forest Conference of the Southeastern Association of Fish 
Ecosystem Management Team. Portland, OR: U.S. and Wildlife Agencies 32:82-92. 



LITERATURE CITED 169 

VAN HORNE, B. 1983. Density as a misleading indi- 
cator of habitat quality. Journal of Wildlife Manage- 
ment 47:893-901. 

VANNI, M. .I., AND C. D. LAYNE. 1997. Nutrient recy- 
cling and herbivory as mechanisms in the “top- 
down” effect of fish on algae in lakes. Ecology 78: 
21-40. 

VICKERY, P D. 1996. Grasshopper Sparrow (Ammo- 
dramus savannarum). In A. Poole and E Gill (edi- 
tors). The birds of North America, no. 239. Acade- 
my of Natural Sciences, Philadelphia, PA, and 
American Ornithologists’ Union, Washington, DC. 

VICKERY, P D., M. L. HUNTER, JR., AND J. V. WELLS. 
1992. Evidence of incidental nest predation and its 
effects on nests of threatened grassland birds. Oikos 
63:281-288. 

VIEDERMAN, S., G. K. MEFFE, AND C. R. CARROLL. 
1994. The role of institutions and policymaking in 
conservation. Pp. 466-490 in G. K. Meffe and C. 
R. Carroll (editors). Principles of conservation bi- 
ology. Sinauer Associates, Inc., Sunderland, MA. 

VIERS, C. E. 1974. Winter bird population study 37. 
Grassland: municipal airport. American Birds 28: 
711-712. 

VIERS, C. E. 1978. Winter bird population study 35. 
Grassland: municipal airport. American Birds 32: 
34-35. 

VIERS, C. E. 1980. Winter bird population study 44. 
Grassland: municipal airport. American Birds 34:36. 

VIERS, C. E. 1981. Winter bird population study 42. 
Grassland: municipal airport. American Birds 35: 
32-33. 

VIERS, C. E. 1982. Winter bird population study 41. 
Grassland: municipal airport. American Birds 36: 
38-39. 

VIERS, C. E. 1983. Winter bird population study 40. 
Grassland: municipal airport. American Birds 37:40. 

VILLARD, M.-A., G. MERRIAM, AND B. A. MAURER. 
1995. Dynamics in subdivided populations of neo- 
tropical migratory birds in a fragmented temperate 
forest. Ecology 76:27-40. 

VINCE, M. A. 1964. Social facilitation of hatching in 
the Bobwhite Quail. Animal Behavior 12:531-534. 

VINCE, M. A. 1968. Retardation as a factor in the syn- 
chrony of hatching. Animal Behavior 16:332-335. 

VON RECK, B. 1733. A short report on Georgia and the 
Indians there. Pp. 135-148 in S. Urlsperger (editor), 
and G. E Jones (translator). Detailed reports on the 
Salzburger emigrants who settled in America. Vol. 
1. University of Georgia Press, Athens, GA. 

WADE-SMIITH, J., AND B. J. VERTS. 1982. Mephitis me- 
phitis. Mammalian Species 173: l-7. 

WAGNER, E H. 1977. Species vs. ecosystem manage- 
ment: concepts and practices. Transactions of the 
North American Wildlife and Natural Resources 
Conference 42: 14-24. 

WALKINSHAW, L. H. 1968. Le Conte’s Sparrow. Pp. 
765-776 in A. C. Bent and contributors. Life his- 
tories of North American cardinals, buntings, tow- 
hees, finches, sparrows and their allies. Part 2. U.S. 
National Museum Bulletin Number 237, Washing- 
ton, DC. 

WALSH, J. M. 1990. Estuarine habitat use and age-spe- 
cific foraging success of Wood Storks (Mycteria 

americana). M.S. thesis. University of Georgia, Ath- 
ens, GA. 

WALTERS, C. J. 1986. Adaptive management of renew- 
able resources. MacMillan Press, New York, NY. 

WALTERS, C. J., AND C. S. HOLLING. 1990. Large-scale 
management experiments and learning by doing. 
Ecology 71:53-74. 

WALTERS, J. R., C. K. COPEYON, AND J. H. CARTER, III. 
1992a. Test of the ecological basis of cooperative 
breeding in Red-cockaded Woodpeckers. Auk 109: 
90-97. 

WALTERS, J. R., P. D. DOERR, AND J. H. CARTER, III. 
1992b. Delayed dispersal and reproduction as a life- 
history tactic in cooperative breeders: fitness calcu- 
lations from Red-cockaded Woodpeckers. American 
Naturalist 139:623-643. 

WARE, S., C. FROST, AND F! D. DOERR. 1993. Southern 
mixed hardwood forest: the former longleaf pine for- 
est. Pp. 447-494 in W. H. Martin, S. G. Boyce, and 
A. C. Echtemacht (editors). Biodiversity of South- 
eastern United States, lowland terrestrial communi- 
ties. John Wiley and Sons, Inc., New York, NY. 

WATS, W. A. 1971. Postglacial and interglacial veg- 
etation history of southern Georgia and central Flor- 
ida. Ecology 52:666-690. 

WATTS, W. A. 1980. Late Quatemary vegetation his- 
tory at White Pond on the Inner Coastal Plain of 
South Carolina. Quatemary Research 13:187-199. 

WAYNE, A. T 1888. Ammodramus henslowii wintering 
in large numbers at Yemassee, S.C. Auk 5:210. 

WAYNE, A. T. 1894. Le Conte’s Sparrow (Ammodra- 
mus Zeconteii) in large numbers near Charleston, 
South Carolina. Auk 11:256. 

WAYNE, A. T. 1895. Notes on the birds of the Wacissa 
and Aucilla river regions of Florida. Auk 12:362- 
367. 

WAYNE, A. T 1910. Birds of South Carolina. Contri- 
butions of the Charleston (SC) Museum Number 1, 
Charleston, SC. 

WAYNE, A. T 1918. Some additions and other records 
new to the ornithology of South Carolina. Auk 35: 
437-442. 

WERNICK, I. K. (EDITOR). 1995. Community risk pro- 
files. Rockefeller University Press, New York, NY. 

WHICKER, E W., T G. HINTON, D. J. NIQUE~~E, AND J. 
SEEL. 1993. Health risks to hypothetical residents of 
a radioactively contaminated lake bed. Pp. 619-624 
in Meeting the challenge. Proceedings of the U.S. 
Department of Energy Environmental Remediation 
Conference 93, Augusta, GA. 

WHITCOMB, R. E, C. S. ROBBINS, J. E LYNCH, B. L. 
WHITCOMB, M. K. KLIMKIEWICZ, AND D. BYSTRAK. 
1981. Effects of forest fragmentation on avifauna of 
the eastern deciduous forest. Pp. 125-206 in R. L. 
Burgess and B. M. Sharpe (editors). Forest island 
dynamics in man-dominated landscapes. Springer- 
Verlag, New York, NY. 

WHITE, G. E 1996. Emerging issues in global environ- 
mental policy. Royal Swedish Academy of Sciences 
25:58-60. 

WIENS, J. A. 1989. The ecology of bird communities. 
Vol. 2. Processes and variations. Cambridge Uni- 
versity Press, Cambridge, UK. 

WIENS, J. A. 1992. Ecology 2000: an essay on future 



170 STUDIES IN AVIAN BIOLOGY NO. 21 

directions in ecology. Bulletin of the Ecological So- 
ciety of America 73:165-170. 

WIENS, J. A., AND B. T MILNE. 1989. Scaling of ‘land- 
scapes’ in landscape ecology, or, landscape ecology 
from a beetle’s perspective. Landscape Ecology 3: 
87-96. 

WIKE, L., R. W. SHIPLEY, J. A. BOWERS, A. L. BRYAN, 
JR., C. L. CUMMINS, B. R. DEL CARMEN, G. P FRIDAY, 
J. E. IRWIN, H. E. MACKEY, JR., J. J. MAYER, E. A. 
NELSON, M. H. PALLER, V. A. ROGERS, W. L. SPECHT, 
AND E. W. WILDE. 1994. SRS Ecology Environmen- 
tal Information Document WSRC-TR-93-496. West- 
inghouse Savannah River Company, Savannah River 
Site, Aiken, SC. 

WILLIAMS, A. B. 1936. The composition and dynamics 
of a beech-maple climax community. Ecological 
Monographs 6:317-408. 

WILLIAMS, B. K., AND E A. JOHNSON. 1995. Adaptive 
management and the regulation of waterfowl har- 
vests. Wildlife Society Bulletin 23:430-436. 

WILLIAMS, B. K., E A. JOHNSON, AND K. WILKINS. 
1996. Uncertainty and the adaptive management of 
waterfowl harvests. Journal of Wildlife Management 
60:223-232. 

WILLIAMS, M. 1987. Industrial impacts of the forests 
of the United States, 1860-1920. Journal of Forest 
History 31:108-121. 

WILLSON, M. F. 1974. Avian community organization 
and habitat structure. Ecology 55: 1017-1029. 

W~LLSON, M. I?, E. A. PERTER, AND R. S. CONDIT. 1982. 
Avian frugivore activity in relation to forest light 
gaps. Caribbean Journal of Science 18:1-6. 

WILSON, C. W., R. E. MASTERS, AND G. A. BUKENHO- 
FEER. 1995. Breeding bird response to pine-grassland 
community restoration for red-cockaded woodpeck- 
ers. Journal of Wildlife Management 59:56-67. 

WISDOM, M. J., L. R. BRIGHT, C. G. CAREY, W. W. 

HINES, R. J. PEDERSEN, D. A. SMITHEY, J. W. THO- 
MAS, AND G. W. WHITMER. 1986. A model to eval- 
uate elk habitat in western Oregon. USDA Forest 
Service R6-F&WL-216-1986. USDA Forest Ser- 
vice Pacific Northwest Research Station, Portland, 
OR. 

WOOD, D. A. 1977. Status, habitat, home range, and 
notes on the behavior of the Red-cockaded Wood- 
pecker in Oklahoma. M.S. thesis. Oklahoma State 
University, Stillwater, OK. 

WOOLFENDEN, G. E., AND J. W. FITZPATRICK. 1984. The 
Florida Scrub Jay, demography of a cooperative- 
breeding bird. Princeton University Press, Princeton, 
NJ. 

WORKMAN, S. K., AND K. W. MCLEOD. 1990. Vegeta- 
tion of the Savannah River Site: major community 
types. SRO-NERP-19. Savannah River Ecology 
Laboratory, Aiken, SC. 

WUNDERLE, J. M., JR., A. DIAZ, I. VELAZQUEZ, AND R. 
SCHORRON. 1987. Forest openings and the distribu- 
tion of understory birds in a Puerto Rican rainforest. 
Wilson Bulletin 99:22-37. 

YANOCHKO, G. M., C. H. JAGOE, AND I. L. BRISBIN, JR. 
1997. Tissue mercury concentrations in alligators 
(Alligator mississippiensis) from the Florida ever- 
glades and the Savannah River Site, South Carolina. 
Archives of Environmental Contamination and Tox- 
icology 32:323-328. 

ZANGERL, A. R., AND C. E. RUTLEDGE. 1996. The prob- 
ability of attack and patterns of constitutive and in- 
duced defense: a test of optimal defense theory. 
American Naturalist 147:599-608. 

ZEIGLER, C. C., E. M. HEATH, L. B. TAUS, AND J. L. 
TODD. 1987. U.S. Department of Energy Savannah 
River Plant environmental report for 1986. DPSPU- 
87-30-l (Vol. 1 and 2). E. I. Du Pont de Nemours 
and Co., Savannah River Plant, Aiken, SC. 


	LIST OF AUTHORS
	PREFACE
	INTRODUCTION
	Integrating basic research and long-term management: a case study using avian research at the Savannah River Site

	HISTORICAL PERSPECTIVES
	The Savannah River Site: site description, land use, and management history
	Early avian research at the Savannah River Site: historical highlights and possibilities for the future
	Historical winter status of three upland Ammodramus sparrows in South Carolina

	EXISTING LONG-TERM RESEARCH AND INTERACTIONS WITH MANAGEMENT
	Integration of research with long-term monitoring: breeding Wood Ducks on the Savannah River Site
	Mitigation for the endangered Wood Stork on the Savannah River Site
	Long-term studies of radionuclide contamination of migratory waterfowl at the Savannah River Site: implications for habitat management and nuclear waste site remediation .
	Integration of long-term research into a GIS-based landscape habitat model for the Red-cockaded Woodpecker
	Studying wildlife at local and landscape scales: Bachman's Sparrows at the Savannah River Site
	Effects of long-term forest management on a regional avifauna
	Fifty years of ornithological coverage at SRS: what species and groups have fallen through the cracks?

	CONCEPTUAL APPROACHES TO MERGING MANAGEMENT AND RESEARCH NEEDS
	People and decisions: meeting the information needs of managers
	Designing and presenting avian research to facilitate integration with man agement
	Integrating long-term avian studies with planning and adaptive management: Department of Energy lands as a case study
	An approach to quantifying long-term habitat change on managed forest lands
	Rising importance of the landscape perspective: an area of collaboration between managers and researchers
	The mesopredator release hypothesis: integrating landbird management with ecological theory
	Coordinating short-term projects into an effective research program: effects of site preparation methods on bird communities in pine plantations

	CONCLUDING REMARKS
	Avian studies at the Savannah River Site

	LITERATURE CITED

