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Every few years, the scientific woodcock community
hosts a symposium to highlight recent research on
the American woodcock. The Tenth American
Woodcock Symposium hosted in Roscommon,
Michigan, provided an opportunity to present and
discuss results from research projects completed
throughout the woodcock's range in recent years.

The symposium brought together researchers, land
managers, biologists, hunters, and woodcock
enthusiasts to discuss and report current information
on the ecology and management of the species,
share ideas on the future of woodcock research and
management efforts, and talk about "hot topics" in
the woodcock world.

Previous woodcock symposia have effectively
fostered communication of woodcock research and
have proved to be the foundation for successful
woodcock management internationally. Symposia
have been held across the range of the species; in
Minnesota (1966), louisiana (1968, 1997), Maine
(1969), Michigan (1971, 2006), Georgia (1974),
New Brunswick (1977), Pennsylvania (1980), and
Indiana (1990).

With each symposium, the quality of data,
sophistication ofstatistical analysis, and originality of
methods have taken a giant step forward. The
Proceedings of the Tenth American Woodcock
Symposium consists of peer-reviewed papers on a
variety of topics associated with biology, ecology,
behavior, conservation, and management of
woodcock. These proceedings contain current
research results that contribute toward a greater
understanding ofwoodcock.

The Michigan Department of Natural Resources and
Environment sincerely thank the many partners that
contributed to the success of the symposium. It is
through such collaboration that resource managers,
legislators, conservation organizations, and
interested individuals can make a difference and
leave a legacy for the future.
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The woodcock—a diminutive species with large eyes 
and mystical ways—has captured the imagination and ad-
miration of people for centuries. Folklore suggests that 
woodcock were harbingers of spring and marked a time for 
rejuvenation. Early bird observers recorded their fascina-
tion with watching woodcock sky-dance across the crim-
son afterglow of sunset. Throughout history, many people 
have worked to unravel the unknowns associated with this 
bird. President Theodore Roosevelt and naturalist John 
James Audubon each had woodcock study skins in their 
collection of ornithological specimens. Aldous, Pettingill, 
Mendell, Liscinsky, Sheldon, Ammann and others spent 
their careers developing the foundation of our woodcock 
knowledge. Contemporary scientists expanded on this 
knowledge through the enhancement of technology and 
understanding. Today, the secretive and unique behavior of 
this bird continues to attract the interest of many followers.

The scientific woodcock community has hosted Amer-
ican woodcock symposia and workshops periodically since 
1966. These symposia have provided the opportunity for 
researchers, land managers, biologists, law makers, hunt-
ers, and woodcock enthusiasts to discuss and report current 
information on woodcock ecology and management. At-
tendees have shared ideas on the future needs of woodcock 
research and management efforts and addressed “hot top-
ics” in the woodcock world. The Tenth American Wood-
cock Symposium was the first symposium held this cen-
tury. The symposium highlighted conservation strategies, 

habitat management, 
and population dy-
namics. 

Previous wood-
cock symposia have 
effectively fostered 
communication on 
woodcock research 
and have been the 
basis for successful 
woodcock manage-
ment internationally. 

With each symposium, the quality of data, sophistication 
of statistical analysis, and originality of methods have ad-
vanced our understanding about this bird. Symposia have 
been held across the range of the species. Scientists, policy 
makers, and other woodcock supporters from 23 states and 
4 countries attended the Michigan conference. This meet-
ing was designed to stimulate thought, expand ideas, and 
increase our knowledge about woodcock management and 
ecology. The proceedings and included collection (CD) 
of all previous symposia document a segment of our cur-
rent level of collaborative knowledge and shared concepts 
about woodcock. 

Many people helped make the symposium and these 
peer-reviewed proceedings possible, including a host of 
professional colleagues and friends whose names are con-
tained within. The ability of authors to develop concepts 
and present their ideas was the core of the meeting. Keith 
Charters, Michigan Natural Resources Commission Chair 

and woodcock advocate, launched the meeting with a wel-
come and comments from a boot-worn, woods-walker’s 
perspective. The associate editors did the “heavy lifting” 
with authors, referees, and co-editors. Their expertise add-
ed significant value to the proceedings. During the review 
process, referees provided constructive critiques. Art Sut-
ton provided artwork. Tim Flanigan, Bob Gwizdz, Dave 
Kenyon, and Randy Strouse provided photos for the cover.  
Jennifer Kleitch designed the symposium logo, and Jenni-
fer Olson helped produce the symposia CD. Charlie Jarvis 
designed the dust jacket and CD. He also did the layout 
and design for each manuscript. He was immediately able 
to comprehend our goals and apply his creative skills dur-
ing the final stages of production. Carol Reed focused her 
keen eyes throughout the editing stage and improved the 
quality of this document. The meeting and the proceedings 
could not have been accomplished without the support of 
our sponsors, particularly the Hal and Jean Glassen Memo-
rial Foundation. Thank you to each of you for contributing 
to this scientific endeavor.

Words cannot express the gratitude I have for co-edi-
tor Valerie Frawley. Her organizational skills, attention to 
detail, follow-through and positive demeanor are all traits 
that any editor would find valuable. I am particularly in-
debted to her for providing these skills on this symposium 
and on the many projects that we have tackled together.

Val and I are indebted to our families (Brian, Seth, and 
Shawn; Pat, Chris, and Tom) for their support throughout the 
publication process. We also acknowledge our supervisors, 
Mike Bailey, Doug Reeves, Russ Mason, and our co-work-
ers for their encouragement and backing as we progressed 
from hosting the meeting to finalizing the proceedings. 

I hope this meeting serves as a catalyst to highlight 
the necessity for expanded work on woodcock population 
and habitat monitoring, broadened educational efforts to 
encourage the public to give “social value” to young for-
est habitats needed for woodcock survival, and increased 
funding for further study.

Forty years ago, biologists warned that woodcock 
population declines would occur if early successional for-
est habitats were not maintained within the bird’s range. 
Many bureaucrats, hunters, landowners, and conservation-
ists refused to listen. Others listened but failed to take ac-
tion. Today, some may have forgotten or are unaware of 
this past prophecy. Symposia help to record the history of 
our predictions, activities, and vision. Significant respon-
sibilities rest on our shoulders. 
To be successful, we must act 
now to ensure that woodcock 
have a positive future. 

C. Alan Stewart, Editor
(See biographical sketch  
on page 167.)

Preface

Past Woodcock Symposia
1st 1966 Minnesota
2nd 1968 Louisiana
3rd 1969 Maine
4th 1971 Michigan
5th 1974 Georgia
6th 1977 New Brunswick
7th 1980 Pennsylvania
8th 1990 Indiana
9th 1997 Louisiana
10th 2006 Michigan
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Symposium Welcome
 It is an honor to welcome you to Michigan. 
Although I’m geographically challenged, let me say, as 
an airline attendant might, “If you’re not supposed to 
be at Roscommon for the Tenth Woodcock Symposium, 
then you reached the wrong destination and you should 
check with the nearest service representative…”, or 
you might want to stay because these are usually very 
interesting meetings.
 This is a historic event—the Tenth Symposium. 
Some would say that our dedication to this bird is like a 
marriage and this gathering marks a fortieth anniversary, 
or as you’ll hear later from Andy, perhaps it’s really a 
golden anniversary. During most of my 27-year career in 
Louisiana, I have worked with woodcock. It’s a bird that 
gets in your blood—whether it is your bird dog’s first 
point, the first bird you band, the five-hundredth bird you 
band or your first confirmed radio telemetry signal from 
a migrating bird. We all have woodcock experiences 
that we cherish. This great game bird, with its famous 
upside brain, has been migrating south for winter and 
north in the spring for millennia. It has me migrating in 
the opposite direction—coming north for the winter—
well, at least this feels pretty much like winter where  
I’m from.
 I’m not a biblical scholar by any means—a prime 
example being I didn’t know that The Byrds’ song about 
“a time for every season” was from the Bible until my 
late adulthood. This time of year is certainly a time to 
reflect on the beauty of the nature’s stunning fall colors. 
It is also a period when all of us remember our fellow 
biologists who have done so much for this bird, but are 
no longer with us. This symposium is dedicated to Jim 
Foote, Michigan DNR biologist and famous wildlife 
artist. Two others that were special to me were Greg 
Sepik and another Michigan DNR biologist, Bob Odom, 
who attended numerous woodcock wingbees, often at 
his own expense. I’m sure everyone knows others…
 Maybe Bob Dylan wasn’t singing about woodcock 
symposia when he sang “the times they are a changing,” 
or maybe he was. Woodcock symposia, which have 
been held every 5 or so years, have certainly contributed 
greatly to our understanding of the bird. We see changes, 
not only in the focus of work being conducted throughout 
the symposia and presentations, but also in long-
held truths. Early symposia focused on basic biology, 
migration, and management using what now might be 
considered rudimentary techniques. None-the-less, 

there is still no substitute for many of them. Conversely, 
the technological and statistical advances have opened 
entire new avenues to re-evaluate lessons learned as 
well as explore voids in our current knowledge. Thomas 
Huxley, a noted nineteenth century British biologist and 
educator, challenged us to be open to change and to 
continually reassess our understanding with any number 
of quotable quotes. Woodcock symposia provide  
that avenue.
 Looking at the audience I see some familiar faces 
as well as some new ones. Like woodcock, woodcock 
biologists may be considered an indicator species, 
although luckily we don’t have to eat our weight a day in 
earthworms. A poll of the states represented here today 
versus 20 or even 30 years ago likely mirrors woodcock 
population indices. While some no longer participate, 
hopefully things have leveled off and an upswing is in 
the future. Certainly the time is right.
 Al, Jennifer, Valerie, and the Michigan Department 
of Natural Resources staff have worked diligently to 
make the symposium possible. The RAM Conference 
Center, which has been the site of a recent woodcock 
wingbee, is a remarkable venue for the symposium. It 
provides an atmosphere that encourages the interaction 
among participants—fledgling and fully fledged—
thereby optimizing the educational experience. The 
innovative approach of passing the torch by creating 
electronic copies of past symposia is another example 
of how we are able to use technology to affect change by 
building on the past.

Michael Olinde, 
Louisiana Department of Wildlife and Fisheries
(See biographical sketch on page 225.)
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 Wow, doesn’t Michigan have a lot to offer?! Thank 
you, Al, for that warm introduction and virtual tour. It 
is a pleasure for me to welcome you to the Great Lakes 
State.
 The Michigan DNR is proud to host this symposium, 
and honored that Michigan now ranks as one of just two 
states to have hosted this prestigious group more than 
once.
 Here in Michigan, the quality of life our citizens 
enjoy is directly related to our abundant natural 
resources. Michigan residents love the outdoors and 
value the recreation opportunities our state has to offer. 
In fact, studies clearly show that what sets Michigan 
apart, especially when a business wants to relocate, is 
our outdoor recreational opportunities, which are so 
vital to Michigan. 
 Michigan ranks third in the nation in the number 
of licensed hunters – contributing well over one billion 
dollars each year to our economy. 
 In Michigan, ruffed grouse and woodcock 
are popular forest game birds that are pursued by 
over 120,000 hunters who spend a million days  
afield annually.
 Recently, Michigan pushed through a rigorous 
effort to have our state forests become certified under 
national and international standards. I am happy to 
report to you that Michigan met the requirements of two 
internationally recognized forest certification programs, 
meaning that we are established as practicing sustainable 
forest management now and for the future.
 But, what does that mean for woodcock? Sustainable 
forest management takes into account the big picture…
timber needs, habitat requirements, wildlife concerns and 
human dimensions. Sustainable forest management also 
takes into account matters such as the use of chemicals 
to manage our landscape. The DNR is committed to 
ensuring that such practices are proven suitable and 
appropriate.
 In our state’s Wildlife Conservation Plan, we have 
listed woodcock as a species of special concern – not 
because it is endangered, but rather because we choose 
to highlight the needs of woodcock and the suite of 
species that use young forests.
 Yes, we are working hard, but we cannot do it 
alone. That is why the DNR is working closely with 
corporate and private landowners to assist in making our 
landscape all that it can be for important wildlife species, 
such as woodcock. We also link closely to the USDA 
Forest Service in our collective efforts to assure habitat 
protection and enhancement. And, we have had good 
success working with our land conservancy partners 

to assure that new acquisitions have conservation 
easements placed upon them to keep them open forever 
to recreation, such as hunting and fishing. By looking at 
the big picture, we can help to ensure the future of this 
little, but highly important, bird.
 In my many years serving on the Mississippi Flyway 
Council, I have been immersed in the numerous issues 
surrounding migratory bird management. While habitat 
is certainly our primary focus for migratory birds, 
we must also be cognitive of environmental issues, 
especially as they relate to how soil contaminants can 
potentially affect woodcock. 
 We all understand the restraints that are often 
imposed upon us when it comes to management. There 
are those who want to actively manage our forests and 
those who wish that we leave the landscape untouched.
 This agency, as with all others, is being pushed 
from multiple sides. Working with our stakeholders and 
partners, we will continue to strive to achieve goals that 
meet the natural, scientific requirements for our state’s 
landscape and those creatures that depend on it.
 I am an avid bird hunter and have had my share of 
misses and successes hunting woodcock. While I have 
harvested only a few of the 1.1 million woodcock taken 
each year in this country, I can assure you these birds 
are on my radar—for hunting and for management. 
Michigan biologists have a long tradition of being 
actively involved in woodcock management. We plan to 
continue that involvement.
 In closing, I want to thank the Michigan DNR staff 
and others who worked so diligently in organizing and 
preparing this event. My thanks to each of you who came 
from various parts of the world to champion the plight 
of the woodcock. It is crucial that we work together to 
conduct research and exchange information at meetings 
like this.
 Once again, it is our pleasure to host you in Michigan. 
I expect great things to come from this conference, and 
I know the future of this unique bird to thrive generation 
after generation is in good hands. Thank you for the 
work that you do.

 

Rebecca Humphries, Director, 
Michigan Department of Natural  
Resources and Environment

Director’s Symposium Welcome
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Dedicated to the Memory of   
James (Jim) Edward Foote

1925–2004

A modest, unassuming wildlife biologist with the 
Michigan Department of Natural Resources for 27 
years, Jim E. Foote was always attracted to the ways of 
upland game birds and waterfowl. He had a soft spot in 
his heart for peenting woodcock, English setters and Oc-
tober fall colors. As a biologist in northern Michigan, he 
worked on public and private lands to prove that habitat 
could be manipulated to maintain young forests needed 
by woodcock and ruffed grouse to thrive.

A self-trained artist, Jim used his drawing and paint-
ing skills to highlight grouse and woodcock at a national 

(Photo Tom Carney, Tailfeather Communications, LLC)

After a woodcock hunt near his cabin in Atlanta, Michigan, Jim Foote re-
laxes with his setter Libby (right) and her son Paddy.

level. An ardent supporter of conservation organiza-
tions, he created the first Ruffed Grouse Society conser-
vation stamp and donated numerous art to the Society. 
In honor of Jim’s commitment to upland forest game 
birds, the Ruffed Grouse Society established the “Jim 
Foote” chapter in Michigan and developed an award for 
wildlife artists in Jim’s name.

As a nationally-renowned wildlife artist, his works 
of art are highly collectable and his finely detailed wood-
cock prints evoke an admiration for this unique bird. 
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Roscommon, Michigan, USA

IMPROVING WOODCOCK MANAGEMENT  
BY IMPLEMENTING LESSONS FROM  
OTHER MIGRATORY GAME BIRDS

JOHN H. SCHULZ 1, Missouri Department of Conservation, Resource Science Center, 
 Columbia, MO  65201, USA

DAVID R. LUUKKONEN, Michigan Department of Natural Resources, Rose Lake Research Center, 
 East Lansing, MI  48823, USA

RALPH O. MORGENWECK, U.S. Fish and Wildlife Service, U.S. Geological Survey Regional Director’s Office, 
 Denver, CO  80225, USA

Abstract: Traditionally, American woodcock (Scolopax minor) management has involved a mix of harvest and habitat 
management.   Foresters, wildlife biologists, policy makers, and stakeholder groups have historically embraced a 
habitat paradigm as the primary mechanism affecting woodcock abundance.  Recent experiences with mourning 
doves, waterfowl, and the North American Bird Conservation Initiative (NABCI) may provide concepts leading to 
a new strategic and heuristic vision.  We believe applying lessons from these initiatives will help garner sufficient 
financial and human resources to expand and support two important objectives: 1) an integrated system of woodcock 
population and habitat management that uses effective strategic planning, and 2) adaptive resource management 
that is supported by effective monitoring and evaluation of management efforts.  The success of future management 
depends on expanding traditional partnerships to include non-traditional partners who do not have a vested interest in 
the annual harvestable surplus of woodcock but rather embrace the benefits of early successional forest management 
to a wide variety of other migratory birds.

Proceedings of the American Woodcock Symposium 10: 1–11
Key words: American woodcock, habitat paradigm, Joint Venture, research planning, Scolopax minor.

 During the 1930s–1950s, small game populations 
were likely at all-time high levels and small game 
hunters were witnessing the zenith of their favorite 
pastime (Cokinos 2000, Weddell 2002). Unknown to 
small game hunters at the time, a series of linked events 
and occurrences at multiple geospatial scales had syner-
gistically brought about a range of conditions favor-
able to small game populations and their corresponding 
habitats (Ryan 1986, Askins 2000, Belanger and  
Kinnane 2002). 
 Land that had been scarred earlier by aggressive 
agricultural and timber extraction activities had begun to 
slowly heal and change (Askins 2000). Clear-cut forests 
began to regenerate as young forest cover and worn out 
farmland reverted to old field and brushlands. As time 
passed and succession moved forward plant communi-
ties slowly and subtly changed. R-selected small game 
bird populations began to positively respond to these 
changing landscapes by showing seemingly “cause and 
effect” relationships to the practitioners of an emerging 
science called wildlife management. 

 By applying a few intuitive and simple concepts 
gleaned from these new sciences (Leopold 1933, 
Trippensee 1948, Allen 1954), it was believed that 
the existing condition could be perpetuated almost 
indefinitely with proper and sufficient habitat manage-
ment. The new wildlife management texts of the time 
laid the foundation for this pervasive upland habitat 
paradigm; i.e., problems associated with the lack of 
small game are rectified primarily through the proper 
quantity and quality of habitat management activi-
ties. Due to these initial successes, the paradigm of 
habitat management became well entrenched not 
only in professional wildlife management, but also in 
the hunting public as evidenced today by numerous  
non-governmental organizations devoted to the promo-
tion of habitat management for a specific species or suite 
of species (e.g., Ducks Unlimited, Pheasants Forever, 
Ruffed Grouse Society, Quail Unlimited, and Woodcock 
Limited).

1 E-mail: John.H.Schulz@mdc.mo.gov
1



2 Conservation Strategies

 Decades later, however, we continue witnessing 
long-term declines in almost all small game populations 
for which we have population trend information (e.g., 
roadside surveys), and American woodcock, although 
different from other small game species, are no excep-
tion as demonstrated by declines in the Singing Ground 
Survey (SGS; Kelley and Rau 2006). Modern research 
publications for woodcock often cite these long-term 
declines in woodcock population trends, habitat, and 
harvest. Surprisingly, however, each research publi-
cation usually concludes with a confirmatory state-
ment supporting the existing habitat paradigm. We 
believe that a different approach and new heuristic 
is necessary to identify information needs for deci-
sion making and to implement management that will 
eventually benefit the woodcock resource. Our objec-
tive, therefore, was to design a broad strategic frame-
work that sets woodcock research priorities based 
upon the ultimate recognition of critical manage-
ment uncertainties, financial limitations, adaptive 
resource management, and linked information needs  
and questions. 

THE HABITAT PARADIGM

 Traditionally, American woodcock management 
involved a mixture of harvest and habitat management 
(Straw et al. 1994, McAuley et al. 2000). This is an 
example of “scientific management” which tried to rise 
above politics and rely upon science as the foundation 
for decisions and policies made (Brunner et al. 2005). 
However, biologists and managers explicitly recog-
nized the complex and often subtle interrelationships 
among population and habitat management decisions 
and stakeholder wants and needs. Despite this recogni-
tion among biologists, there continues to be a profes-
sionally perpetuated disjunction in the actual develop-
ment and implementation of woodcock population and 
habitat policies and decisions, because those complex 
and subtle interrelationships are not specifically incor-
porated in our decisions. In other words, stakeholders 
perceive that management decisions related to habitat 
and harvest are independent of each other. As briefly 
mentioned earlier, part of the explanation for the 
disjunction and one of the unchallenged tenets of wild-
life conservation is the habitat paradigm (Schulz et al. 
2003). In addition, we have not used what C.S. Holling 
calls “science of the integration of the parts” which is 
“fundamentally concerned with integrative modes of 
inquiry and multiple sources of evidence” (as reported 
by Brunner et. al. 2005). We believe this means that the 
necessary effort to develop a strategic outlook for wood-
cock management must incorporate rigorous science 
with an integrative function that includes the interests 

of stakeholders and their ability to accomplish manage-
ment actions on the ground. One very important aspect 
of this integrative function is the ability to learn from 
management efforts and to change direction if the neces-
sary results are not realized.
 Simply stated, the habitat paradigm suggests that 
r-selected small game population densities (in this case 
woodcock) are driven by habitat quality and quantity, 
and that harvest has limited impact given suitable habitat 
quantity and quality (Leopold 1931, Warner 1988), espe-
cially within the context of decreasing hunting effort as 
hunting trips are unsuccessful, also known as the theory 
of diminishing returns (Allen 1954). Implied within the 
habitat paradigm are linkages which are believed to 
bring about a chain reaction and cascade of positive or 
negative outcomes. A positive example for woodcock 
goes something like this: a new early-successional forest 
habitat management initiative leads to increased public 
and private landowner awareness of woodcock habitat 
requirements, which in turn leads to forest habitat quality 
and quantity increases, which in turn leads to increases 
in the distribution and density of woodcock populations, 
which in turn leads to larger woodcock harvests, which 
in turn leads to more successful hunters killing more 
birds per trip, which in turn leads to an overall increase 
in hunter numbers, which in turn leads to more satisfied 
hunters, which in turn leads to larger woodcock harvests 
and more hunting licenses sold, which eventually leads 
to a utopian world where hunters, biologists, administra-
tors, and nongovernmental organizations are simultane-
ously all happy and satiated. The antithesis, of course, 
is a series of negative presumed outcomes associated 
with cascading declines in woodcock habitat, woodcock 
populations, hunters, license revenue, and stakeholder 
satisfaction. 
 Specifically for woodcock hunters, the quality or 
number of hunting opportunities are a product of the 
annual habitat quality and resulting nesting season. If 
prospects for the upcoming hunting season appear less 
than promising, a range of plausible causative factors are 
easily attributed to the habitat paradigm. Foresters, wild-
life biologists, policy makers, and stakeholder groups 
embraced the habitat paradigm for several decades as 
the primary mechanism affecting woodcock abundance. 
A fundamental assumption of applying the habitat para-
digm to woodcock is that the creation of early succes-
sional forest on both public and private forest landscapes 
will result in increased woodcock abundance as moni-
tored through SGS population trends, and indirectly 
through harvest data from the Migratory Bird Harvest 
Information Program (HIP; Ver Steeg and Elden 2002). 
Thus, as abundance and/or harvest appears to decline (as 
suggested by SGS and harvest trends), the habitat para-
digm informs stakeholders that more woodcock habitat 
is needed, and habitat management will result in greater 
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woodcock abundance, larger harvests, increased partici-
pation in woodcock hunting leading to more satisfied 
hunters and reduced inter-stakeholder conflict. 
 It is critical to remember that the previous discussion 
is not an argument against increased support of critically 
important habitat programs (USFWS 2004, Rich et al. 
2004, Schroeder et al. 2004). The discussion, however, 
should help frame our thinking about the over-simplifi-
cation and over-application of simple solutions to rela-
tively complex and broad habitat and harvest manage-
ment problems. Thus, an adaptive resource management 
approach (Walters 2001, Linkov et al. 2006) encourages 
the integration of woodcock management, research, 
and stakeholder wants and needs. One very important 
aspect of this integrative function is the ability to learn 
from management efforts and to change direction if the 
necessary results are not realized. However, embracing 
a new approach or paradigm is not easy for most of 
us. In business and government, change management 
expertise is being used more and more to help these 
organizations and their workforce adapt to this ever-
changing world. Such expertise might be useful in 
the context of adapting to a new paradigm. Hiatt and 
Creasey (2003) point out that resistance to change can 
be managed and perhaps avoided given strong leader-
ship and commitment to assisting people as they make  
difficult changes.

THE ULTIMATE CHALLENGE  
VERSUS PROXIMATE DETAILS

 Another common belief ingrained in our profes-
sion is that most of our current wildlife management 
knowledge is based upon sound scientific principles 
which were generated through the rigorous applica-
tion of the scientific method. An extension of this belief 
is that most of what we need to know to address a 
particular management uncertainty is already summa-
rized in a book (e.g., Baskett et al. 1993, Tacha and 

Braun 1994, Braun 2005), or the answer is likely 
buried in some obscure unpublished P–R federal aid 
final report somewhere (e.g., Schulz 1994, Schulz 
1999); to solve the problem at hand we simply need 
to find the existing information and apply it to our  
management problems. 
 Wildlife professionals hold an institutionalized 
belief that the purpose of new research is to refine 
existing knowledge or fill in knowledge gaps, not as a 
mechanism to challenge the veracity of existing para-
digms, theories, or hypotheses (Chalmers 1999). In 
other words, reliable scientific knowledge increases 
through a process where scientists actively test hypoth-
eses through rigorous experimentation (Figure 1; Popper 
1979, Miller 1985). However, wildlife managers at 
times implement a particular well-established manage-
ment action and obtain a spurious result (Figure 2); e.g., 
more critical habitat was established for woodcock and 
local populations became more depressed. Over time, 
these spurious results can no longer be ignored, and a 
completely new paradigm emerges (Figure 3); i.e., a 
paradigm shift occurs where a new management hypoth-
esis is posited that accommodates the spurious results  
(Kuhn 1996).  
 When presented with mounting spurious results, 
the wildlife profession (and many other disciplines for 
that matter), often ignore the need for a paradigm shift 
and look further into the details of the old paradigm. 
Mathematical equations are developed that provide the 
veneer of scientific credibility which avoids the real 
difficult work of building a new hypothesis that chal-
lenges conventional thought. We believe that the quality 
of a woodcock research and management program, 
and its resulting knowledge, could be improved by 
substantive long-range strategic planning, driven by 
management questions and critical information needs 
(i.e., what goal or destination do we ultimately want 
to achieve?), more biometric involvement in the study 

PPPP11 →→ TTTT11 →→ EEEE11 →→ PPPP22 . . . . . . 

PPPPxx → → TTTTxx → → EEEExx → PP→ PPx+1x+1
PPPP11 →→ TTTT11 →→ EEEE11 →→ PPPP22 . . . . . . 
PPPPxx → → TTTTxx → → EEEExx → PP→ PPx+1x+1

SRSR11

SRSRx+1x+1

Figure 1. Growth of reliable knowledge can be simplistically 
depicted by the identification of a priority resource problem 
(PP1) which leads to the development of a tentative theory 
(TT1) about the causes of the problem, which is followed by 
a rigorous process of error elimination (EE1) or hypothesis 
testing, which in turn influences the refinement and refocusing 
of the priority problem; this is an ongoing incremental process 
(PPx+1) in developing reliable knowledge (Popper 1979, 
Miller 1985). In other words, multiple and replicated research 
projects are necessary to build reliable knowledge.

Figure 2. Is the knowledge building process a methodical 
endeavor where we attempt to refine an existing “fact,” or is it 
a revolutionary activity that aims to prove existing hypotheses 
incorrect? Spurious results (SRx+1), or results that don’t make 
sense, occur sometimes. Usually, we tend to ignore them 
until they begin to confound our interpretation of the results  
(Kuhn 1996).
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design phase (e.g., larger and more meaningful sample 
sizes resulting in more meaningful data), and more 
communication among stakeholders resulting in the 
necessary broad-based support and financial commit-
ment. Identifying long-term questions that result in a 
reduction in the uncertainty of wildlife management 
outcomes will provide the foundation for designing and 
conducting priority research. Identifying the ultimate 
woodcock management question and conducting the 
highest priority study to address the long-term nagging 
woodcock management problem is much more impor-
tant than first worrying about sample size, or study  
site location. 
 Before attempting to develop a list of needed wood-
cock research projects or avenues for funding sources, 
we must first establish a continuum of issues and details 
ranging from ultimate factors transcending down to 
proximate details. In other words, this is an effort for 
getting everything on the table so we can sort and 
categorize issues and topics and set priorities within a 

larger strategic framework that involves stakeholders. 
The following questions provide a partial framework 
to begin the process of establishing ultimate priorities 
upon which proximate details (e.g., monitoring systems, 
research needs, and habitat objectives) can be developed 
(Figure 4):

 • What measurable or intangible products do we want  
  from the woodcock resource?
 • Do we want more woodcock habitat?  
  For what purpose?
 • Do we want larger woodcock populations? For  
  what purpose?
 • Do we want more spatially expanded woodcock  
  populations? Why?
 • Do we want to have larger harvests? Why?
 • Do we want more woodcock hunters? Why?
 • Do we want more happy and satisfied  
  woodcock hunters?
 • Do we want to use the principles of adaptive  
  resource management (Morrison et al. 2001,  
  Walters 2001, Linkov et al. 2006) to better  
  integrate the science of woodcock management  
  with stakeholder interests and make learning a  
  premium outcome of our management activities?  
  Or do we explicitly want to take a risk-averse  
  approach and purposely avoid any  
  potential conflict?
 • Can we develop an effective coalition of  
  interested parties to accomplish the long-term  
  vision for woodcock populations and habitat?
 • Is there a need for change-management expertise  
  to assist the woodcock scientist, land manager,  
  wildlife policy maker, and stakeholder to more  
  fully integrate science and stakeholder interests?
 • To what degree does land management for  
  woodcock benefit (or deter) other species?

 During this phase of the discussion process, the 
temptation must be avoided to craft an all-inclusive 
goal statement that simultaneously optimizes habitat, 
populations, harvest, hunter numbers, and hunter satis-
faction. In other words, the ultimate goal should focus 
on an explicitly described future condition, upon which 
one or more hypotheses can be developed to improve 
woodcock populations, as compared to a laundry list of 
every conceivable issue that could be explored in hopes 
of something having a positive outcome by chance 
alone. Once the ultimate future destination is explic-
itly described and agreed upon by all the stakeholders, 
a planning process can begin that takes the seemingly 
insurmountable long-term goal and decompose it into 
manageable tasks informed by an adaptive resource 
management approach. 

PPPPxx → → TTTTxx → → EEEExx → PP→ PPx+1x+1
SRSRx+1x+1

PPPPyy → → TTTTyy → → EEEEyy → PP→ PPy+1y+1

Figure 3. Revolutionary science and scientific revolutions: 
over time, the spurious results pile up and can not be ignored 
any longer, and an individual scientist proposes an entirely 
new and revolutionary theory (Kuhn 1996). 

Ultimate issues and questionsUltimate issues and questions

Intermediate issues, questions, and detailsIntermediate issues, questions, and details

Proximate details related to implementationProximate details related to implementation

Continuum of Problem ElementsContinuum of Problem Elements

Figure 4. In a generalized problem-solving process, the ultimate 
issues must be explicitly identified and agreed upon by all 
stakeholders before making decisions about intermediate and/
or proximate details. Without an understanding of the “umbrella” 
effect of the explicitly defined ultimate issues, much energy 
will be wasted on attempting to reach agreement on proximate 
details with each stakeholder having different or undefined  
ultimate issues. 
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 The previous questions lead to the ultimate long-
term objectives that 1) focus on learning about vital 
rates associated with woodcock populations at regional 
and management region levels for use in population 
modeling exercises, and 2) attempt to reduce manage-
ment uncertainty about how harvest affects changes in 
populations in an adaptive learning context. This is only 
an example of a thought process to help frame the concep-
tual ideas, and should not necessarily be perceived as a  
codified recommendation.

PLANS, PLANNING, AND  
MEASURABLE PROGRESS

 One of the greatest obstacles in this process is 
identifying one or two critically important woodcock 
management questions that will eventually form the  
basis for long-term adaptive resource management 
(Walters 2001) and a coordinated and linked research 
effort (Phenicie and Lyons 1973) that will reduce 
management uncertainty and build reliable knowledge 
(Romesburg 1981). Our example in the previous para-
graph explicitly describes two important information 
needs that will direct our combined adaptive resource 
management and linked-research endeavor: gathering 
regional and management region-wide information on 
vital rates for woodcock to be used in future popula-
tion modeling, and implementing an adaptive resource 
management approach when harvest regulations need to 
be changed. In other words, we need to learn about wood-
cock population dynamics and how changes in hunting  
regulations and habitat conditions may (or may not) 
affect population abundance.
 Using a step-down approach (Phenicie and Lyons 
1973) with our example long-term goal, we decompose 
the ultimate goal into distinct and manageable tasks. The 
research plan is, therefore, conceptually deconstructed 
from the ultimate goal down towards the proximate 
details that can be described as manageable research 
tasks or projects. Conceptually, the research plan is 
constructed from the top to the bottom, and imple-
mented from the bottom to the top. The initial process 
of breaking the goal into manageable tasks may involve 
only a few steps. However, as initial research is accom-
plished, the plan will evolve as the new information is 
incorporated. In other words, more research uncovers 
more layers of uncertainty in our understanding of the 
system processes and their interrelated roles (Sarewitz 
2006). We may learn that we need to conduct research 
in areas we had not previously considered, or that our 
foundational knowledge may have been incomplete at 
the outset.
 Given an initial woodcock research strategy 
(Appendix A), how do we garner the support and 
funding to implement the plan?

AVAILABLE TEMPLATES

 Several existing and emerging initiatives involving 
a wide variety of birds provide valuable insights into the 
development of a strategic plan linking current habitat 
theory, population dynamics, partnerships, and stake-
holder interests. Recent experiences with mourning 
doves (Anonymous 2005), waterfowl (NAWMP Plan 
Committee 1998, NAWMP Plan Committee 2004), other 
migratory birds (USFWS 2004), and Partners in Flight 
and the North American Bird Conservation Initiative 
(NABCI; Rich et al. 2004) may provide insights into to 
a new strategic and heuristic vision. We believe several 
concepts borrowed from these initiatives will help garner 
financial and human resources to expand and support an 
integrated system of woodcock population and habitat 
management. The ultimate success of future woodcock 
management depends on expanding traditional partner-
ships to include non-traditional partners who do not 
have a vested interest in the annual harvestable surplus 
of woodcock, but who embrace the benefits of early  
successional forest management for a wide variety of 
other migratory birds.
 The Mourning Dove National Strategic Harvest 
Management Plan (National Dove Plan; Anonymous 
2005) provides suggestions for developing a strategic 
vision for woodcock harvest management. The National 
Dove Plan provides a long-term vision for improving 
mourning dove management by 1) developing predictive 
harvest strategies by promoting coordinated management 
across management units to insure uniformity and equi-
table conservation across the species range, 2) recognizing 
the demographic differences among management units, 
and 3) acknowledging the need to improve the existing 
knowledge base used for making harvest management 
decisions. The plan uses these general concepts as the 
basis for reducing uncertainty in the harvest management 
decision-making process. The outline of the National 
Dove Plan provides a useful template to address similar 
issues related to American woodcock as shown in the 
following paraphrased elements:

 • Where are we currently with our woodcock  
  management; i.e., what is the status quo?  
  (Where are we?) 
 • Where do we envision the future of woodcock  
  harvest and habitat management? (Where do we  
  want to be?)
 • How will we get to this desired future condition  
  for woodcock? (How will we get there?)
 • How will we know if we achieved our ultimate  
  goal for the woodcock resource? (Did we make it?)
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 The answers to these four basic questions as well 
as the questions posed earlier (in “The ultimate chal-
lenge versus proximate details”) will provide the basis 
for meaningful dialog aimed at developing a strategic 
vision for improving the overall status of the woodcock 
resource. A clear and explicit strategic vision is critical 
for describing the desired future condition, but the 
vision is of little value unless it is accompanied by an 
implementation strategy and set of processes to put the 
vision into practice. 
 The USFWS recently completed a strategic plan 
for migratory bird management with American wood-
cock identified as a “bird of management concern” 
and a “game bird below desired condition” (USFWS 
2004). The broad vision embraced by this plan includes 
a renewed commitment to a scientific foundation for 
migratory bird management, including adaptive resource 
management. The plan also reinforces the concept that 
wildlife management and research should consider 
the intersection of three spheres: populations, habi-
tats, and people (Giles 1978). Similar to the National 
Dove Plan (Anonymous 2005), the strategic plan for 
migratory bird management (USFWS 2004) provides a 
broad vision for improving woodcock management; our 
focus is on specific examples drawn from other sources 
where woodcock strategic planning may be enhanced 
by experiences with other migratory game bird groups  
or species. 
 Lessons from emerging waterfowl management 
activities provide one example of a pathway that might 

be considered for woodcock. Current mallard harvest 
management is considered by many an example of 
successful application of adaptive resource manage-
ment (Walters 2001, U.S. Fish and Wildlife Service 
2002, Linkov et al. 2006). Although we believe that 
an adaptive approach to woodcock management is 
desirable, Adaptive Harvest Management (AHM) for 
mallards (Williams and Johnson 1995) has been very 
data-driven and resource-intensive. It has been said 
that mallard management was pre-adapted for AHM 
(Nichols 2000), and an important component of pre-
adaptation was a long-term investment in surveys and 
research. While it may be tempting to replicate AHM for 
woodcock as implemented for mallards, strategic plan-
ning for woodcock population research and manage-
ment should recognize that adaptive resource manage-
ment works most efficiently, and learning occurs most 
rapidly, in management scenarios with the greatest 
uncertainty. Therefore, large and voluminous long-term 
data sets are not a prerequisite of embracing concepts of 
adaptive resource management. Key elements of adap-
tive resource management that woodcock managers 
can emulate include careful planning, development of 
explicit management and learning objectives, devel-
opment of a suite of explicit competing models, and 
investment in monitoring systems that provide feedback 
at appropriate scales to address the most pressing and 
nagging sources of uncertainty. A premium should be 
placed on making use of existing data sources to reduce 
uncertainties while recognizing that expanded or new 
monitoring systems will likely be needed. This should 
include evaluating the veracity of existing population 
surveys to determine if measures of vital rates (e.g., 
abundance, recruitment, survival, and harvest rate) are 
reliable at the appropriate scale of management (i.e., the 
management region). For example, banding programs 
and parts-collection surveys have been an essential 
component of waterfowl harvest management, and it is 
likely that existing woodcock banding (Krementz et al. 
2003) and hunter-killed wing collection efforts are inad-
equate to address woodcock harvest management at the 
management unit scale. 
 An important recent lesson from waterfowl 
management is the need to integrate the relationship 
between harvest and habitat management. Although 
waterfowl management has traditionally considered 
the three elements mentioned earlier (i.e., populations, 
habitat, and people), it is only recently that there has 
been an attempt to unify population and habitat manage-
ment (Runge et al. 2004). There has been a disconnect 
between adaptive harvest management for mallards 
and habitat management as envisioned in the North 
American Waterfowl Management Plan (U.S. Depart-
ment of Interior and Environment Canada 1986). This 
type of disconnect might be avoided for woodcock if 

Figure 5. There are numerous uncertainties in our 
understanding of how changes in woodcock hunting regulations 
and changes in woodcock habitats ultimately affect woodcock 
populations. For example, reductions in daily bag and season 
length may affect hunter behavior in such a fashion that 
harvest rates remain unaffected. Likewise, habitat programs 
may affect the quantity or quality of forest management, but 
those changes may have no measurable impact on population 
vital rates. Also, monitoring efforts must not only be focused 
on the explicitly stated resource objective; monitoring activities 
must be designed to accommodate the numerous and  
linked uncertainties. 

Changes in hunting regulationsChanges in hunting regulations

Changes in harvest ratesChanges in harvest rates

Changes in woodcock populationsChanges in woodcock populations

Uncertainties about the impacts of harvest regulations and 
habitat enhancement on northern bobwhite populations

Changes in hunter Changes in hunter 
behaviorbehavior Changes in hunter Changes in hunter 

satisfactionsatisfaction

Changes early successional forest Changes early successional forest 
habitat (or other limiting habitat habitat (or other limiting habitat 

types)types)

Changes in vital Changes in vital 
ratesrates

HabitatHabitat
quantityquantity

HabitatHabitat
qualityquality
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habitat and population managers agree on the objectives 
for woodcock research and management early in plan-
ning. This process should include explicit recognition 
of the nature of management uncertainties about the 
effects of hunting and habitat limitation on woodcock  
populations (Figure 5). 
 Joint-venture partnerships have been the primary 
tool for implementing waterfowl habitat management 
under the North American Waterfowl Management 
Plan, and adopting an all-bird approach by many joint 
ventures ensures at least some consideration of wood-
cock habitat requirements. For example, woodcock 
are included in the Upper Mississippi and Great Lakes 
Joint Venture list of focal species (Soulliere 2005). The 
joint-venture planning approach apportions continental 
bird population objectives among relevant joint-venture 
areas, and habitat modeling is used to quantify habitat 
needs and inventory existing habitat. Implementation 
programs are designed to eliminate habitat and popu-
lation deficits or maintain minimal habitat thresholds. 
Key assumptions of this approach for woodcock are that 
habitat is limiting or capable of becoming so, and that 
improvements or declines in habitat impact woodcock 
demographics. Although there is evidence that local 
woodcock breeding abundance has responded posi-
tively to experimental large-scale habitat manipulation 
(e.g., Bennett et al. 1982), the role of habitat limita-
tion in regulating woodcock populations at regional or 
management unit scales remains uncertain. A separate 
Woodcock Task Force has been working parallel to joint-
venture efforts on habitat planning, although the explicit 
relationship between these groups has not been articu-
lated. A strategic planning approach that incorporates 
appropriately focused research could reduce uncertain-
ties about the role of habitat limitation by developing 
appropriate metrics and monitoring systems to assess 
the impact of management on woodcock demographics. 
Specifically, relationships between vital rates and popu-
lation growth rates (λ) are critical to understanding and 
managing populations (Hoekman et al. 2002). An under-
standing of these relationships could help inform deci-
sions related to allocation of financial resources devoted 
to breeding verses wintering habitat.
 The discussion of how to integrate human dimen-
sions science into migratory game bird management 
systems is still in its infancy. The recent national water-
fowl hunter survey (National Flyway Council and Wild-
life Management Institute 2006) was an attempt to gather 
representative input from U.S. duck hunters on a variety 
of issues relating primarily to hunting regulations. One 
important result of this and other state-specific surveys 
was the realization that state and federal wildlife biolo-
gists’ perceptions about duck hunter opinions are some-
times formed by a minority of vocal hunters or hunting 
groups. Waterfowl managers and researchers continue 

to struggle with how (or if) human dimensions informa-
tion can be used in population or habitat management. A 
focus of this discussion has been the relationship between 
hunter satisfaction and hunting regulations. Perhaps a 
lesson for woodcock management is the value of devel-
oping and maintaining good communications among 
stakeholders early in the planning process (i.e., prior 
to formulating goals and objectives). There are long-
established partnerships with federal and state agencies 
and private groups via flyway councils and joint-venture 
partnerships that stand as an example of cooperative 
management that has benefited from formal venues for 
communication among professionals. Strategic plan-
ning for woodcock should take advantage of existing 
partnerships and perhaps direct efforts at creating new 
partnerships, particularly where resources to implement 
a strategic plan can be expanded through cooperation. 
Another human dimensions arena for woodcock (and 
other species utilizing similar early successional forest 
habitats) is to better understand public tolerance to 
timber harvest and to develop an effective educational 
message about the value of managing forested habitats 
for the multiple migratory and resident wildlife species 
that use these habitats.

THE FUTURE AND BEYOND 

 A review of systems analysis shows that we often 
devote 99 percent of our attention and energy to details 
and processes that have little likelihood of affecting the 
system we are attempting to change, while we neglect to 
recognize the importance of paradigm shifts and open-
mindedness to affect meaningful change (Meadows 
1999). In this paper we have attempted to avoid this 
trap. We describe a conceptual process for identifying 
the critical content that will form the foundational ideas 
for processes of collecting information, implementing 
management programs, and monitoring the effective-
ness of the entire process. This is difficult work and 
requires continuous and open dialog among all stake-
holders. Given the limited available resources that are 
competing with other societal needs (e.g., war, famine, 
energy shortages), we cannot continue the status quo 
and hope something good emerges once in a while. A 
thoughtful and deliberate problem-solving approach, 
driven by a clear and explicit objective with corre-
sponding linked information gathering activities, will 
have a greater likelihood of improving the status of 
American woodcock.  
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APPENDIX A. 

An example American woodcock question-driven 
research plan shows how difficult management ques-
tions can be reduced into smaller and smaller manage-
able research tasks. The plan is constructed from top 
to bottom, and implemented from bottom to top. The 
lower steps, once accomplished, provide the founda-
tion of reliable knowledge that can help justify further 
expenditures on more expensive research endeavors 
(e.g., improved research methodology or new equip-
ment development). 

American woodcock research plan – an example

Management question – How do changes in harvest 
mortality and habitat quantity and/or quality affect 
woodcock vital rates which ultimately affect woodcock 
abundance?

Ultimate research goal – The ability to predict wood-
cock population response to changes in harvest regula-
tions under a wide variety of environmental conditions, 
as well as to changes in early successional forest habitat 
at a wide range of temporal and spatial scales.

I. Conduct a series of complex experiments at multiple 
locations in both breeding and wintering areas testing 
hypotheses related to differences in vital rates given 
different habitat treatments (e.g., scales and patterns 
of forest harvest management) and different levels of 
harvest management (e.g., combinations of daily bag or  
season length).
 A. Develop an understanding of synergistic  
 relationships between habitat and harvest management  
 and the impact of those relationships on vital rates.
  1. Habitat issues

   a) Determine relative importance of breeding  
   versus wintering habitats, and which may be  
   limiting population growth.
   b) Determine how to measure the relative  
   importance of different seasonal habitat types,  
   and which population characteristics would be  
   most diagnostic.
   c) Determine relationships among habitat  
   quantity and quality and population growth  
   rates at local, regional, and management  
   region scales (i.e., can we measure actual  
   population benefits from habitat improvements,  
   and do we have the tools to make those  
   measurements? – see section II below). 
  2. Harvest management issues
   a) Develop and conduct experiments to  
   determine if (or what) relationships exist  
   between changes in harvest regulations and  
   changes in harvest rates, and develop an  
   understanding of what level of harvest ulti 
   mately impacts annual survival.
   b) Establish harvest regulation packages  
   (e.g., daily bag, season length, or several  
   permutations of combined bag and  
   season  length) that provide meaningful options  
   that will advance our understanding of harvest  
   impacts while simultaneously providing  
   realistic options that are acceptable to hunters  
   and other stakeholders.
   c) Conduct expanded operational woodcock  
   banding programs.
   d) Evaluate existing operational woodcock  
   banding programs and make  
   recommendations for improvement so that  
   vital rates can be estimated with greater  
   precision for use in later experiments.
II. Evaluate the existing field techniques and population 
monitoring tools, and determine if existing tools need to 
be developed.
 A. Reevaluate the efficacy of assumptions related to  
 existing field techniques (e.g., evaluate capture stress  
 related to banding and resulting impacts on survival,  
 accuracy of SGS and parts collection surveys). 
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 American woodcock populations, as measured 
by the American Woodcock Singing-ground Survey 
(SGS), have shown long-term declines (1968–2006) 
in both the Eastern (–1.9 %/year) and Central (–1.8 %/
year) management regions (Kelley and Rau 2006). Data 
from the Wing-collection Survey (Figure 1) have shown 
similar long-term declines in woodcock recruitment 
in both management regions (Kelley and Rau 2006). 
Biologists believe that loss of early successional forest 
habitat (ESH) is largely responsible for the population 
declines (U.S. Fish and Wildlife Service 1990, Straw 
et al. 1994, Dessecker and McAuley 2001, Kelley et 
al. 2008). Data from the U.S. Forest Service’s Forest 
Inventory and Analysis (FIA, U.S. Forest Service 2010) 
program indicate that ESH has declined throughout 
much of the eastern United States primarily from forest 
succession and deforestation (Table 1). Increased forest 
age is thought to have resulted from negative societal 
attitudes about active forest management, suppression 
of natural fire regimes, and an increase in the number 
of landowners owning small forest tracts that are more 
difficult to manage (U.S. Fish and Wildlife Service 
1990, Straw et al. 1994, Dessecker and McAuley 2001, 
Kelly et al. 2008). Deforestation is primarily attributed 

to conversion of woodlands to urban, rural, or agricul-
tural land uses. In addition to woodcock, other birds 
relying on early successional forest habitat have expe-
rienced long-term population declines (Hunter et al. 
2001). Data from the North American Breeding Bird 
Survey (1966–2007) indicate a greater proportion of 
birds using early successional habitat have experienced 
declines when compared to species requiring mature 
forest habitat (Figure 2, Sauer et al. 2007). 
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Figure 1. Weighted annual indices of recruitment from 
the Woodcock Wing-collection Survey (U.S.), 1963–2005 
(Kelley and Rau 2006). The dashed line represents the 1963–
2004 average.

Bird 
Conservation 

Region
Historic (acres) Current (acres)

12 12,737,650 14,299,021

13 5,589,400 3,935,700

14 13,338,200 11,478,590

22 1,805,191 1,176,683

23 3,108,190 2,328,328

28 10,534,817 8,843,850

30 2,884,855 752,400

Total 49,998,303 42,814,572

Table 1. Acres of early successional habitat for selected 
Bird Conservation Regions within the American woodcock 
breeding range during the early 1970s (historic) and early 
2000s (current) as measured by the U.S. Forest Service 
Forest Inventory and Analysis Program.
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Figure 2. Breeding bird population trends for species 
breeding in woodland and early successional habitat (ESH) 
in the eastern and central United States based on data from  
the North American Breeding Bird Survey, 1966–2007 (Sauer 
et al. 2007).
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 In response to declining populations, the U.S. Fish 
and Wildlife Service completed woodcock conservation 
plans in 1985 and 1990 (U.S. Fish and Wildlife Service 
1990). Both plans outlined general objectives and strate-
gies for woodcock population and habitat management. 
Although some specific action items were identified in 
the plans including acquisition of key habitat in Cape 
May, New Jersey, and Canaan Valley, West Virginia, 
both plans lacked quantifiable population and habitat 
goals, or specific objectives to guide woodcock manage-
ment. In 2002, the Woodcock Task Force (Task Force) 
was created by the Migratory Shore and Upland Game 
Bird Working Group through the Association of Fish 
and Wildlife Agencies and is composed of biologists 
from federal, state, provincial, and private conserva-
tion organizations. The Task Force was responsible for 
documenting habitat change over the past 3 decades 
and developing habitat management recommenda-
tions needed to halt, and ultimately reverse, population 
declines. The Task Force’s findings and recommenda-
tions are contained in the American Woodcock Conser-
vation Plan (woodcock plan).

 The overall goal of the woodcock plan is to halt the 
decline of woodcock populations and to ultimately return 
populations to the densities that occurred in the early 
1970s (Kelley et al. 2008). The Task Force selected the 
early 1970s because they believed that returning popula-
tions to early 1970s levels was a realistic goal. Further, 
population data, through the SGS, were available for this 
time period, which allowed the Task Force to develop 
explicit population and habitat goals. Specific goals of 
the woodcock plan are to 1) halt woodcock population 
declines by 2012 as measured by SGSs; 2) achieve posi-
tive population growth by 2022 as measured by SGSs; 
3) halt decline of ESH by 2012 as measured by the FIA; 
and 4) increase ESH by 2022 as measured by the FIA. 
The Task Force recognized that significant acreage of 
former woodcock habitat has been converted to other 
land uses (e.g., agriculture or development) that make it 
unavailable to new management efforts. Therefore, the 
Task Force did not develop goals that aimed for a return 
to absolute population sizes observed during the early 
1970s. Rather, they adopted a framework for returning 
woodcock densities to those that occurred in the early 
1970s. 

Figure 3. Bird Conservation Regions (BCRs) within the American woodcock range of North America. Habitat goals were only calcu-
lated for BCRs or portions of BCRs that are within the American Woodcock Singing-ground Survey area, which is depicted by the 
dashed line. 
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 Our objective for this paper is to present the methods 
used by the Task Force to develop population and habitat 
goals for the woodcock plan. We conclude with some 
recommendations on how to implement the woodcock 
plan in cooperation with partners engaged with forest 
management in North America. 

METHODS

 The Task Force used a deficit approach to derive 
population and habitat goals that were specific for Bird 
Conservation Regions (BCRs) throughout the species 
breeding range (Figure 3). Bird Conservation Regions 
are areas that encompass landscapes having similar bird 
communities, habitats, and conservation issues (North 
American Bird Conservation Initiative 2000). We could 
only develop explicit population and habitat goals for 
BCRs or portions of BCRs covered by the American 
Woodcock Singing-ground Survey (BCRs 11, 12, 13, 
14, 22, 23, 24, 27, 28, 29, and 30). We did not calcu-
late goals for BCR 26 since a small portion of the BCR 
occurs within the area surveyed by the SGS. 

 We used data from the SGS to estimate average popu-
lations of singing male woodcock during 1970 to 1975 
(historic population) and from 2000 to 2004 (current 
population) for each BCR covered by the SGS. The SGS 
is an annual survey where singing male woodcock are 
counted along approximately 1,500 routes distributed 
throughout the core of the woodcock breeding range 
(Sauer and Bortner 1991, Kelley and Rau 2006). We 
converted the average number of singing males per route 
to singing males per acre based on the assumption that a 
250-meter radius around each survey point was sampled. 
Based on these data, density contours were developed for 
the entire area surveyed by the SGS. In the United States, 
we assigned individual counties a density category based 
on the density contour within which the majority of the 
county’s land area fell. In Canada, density categories 
were assigned only at the provincial level (Figures 4 
and 5). We calculated the total number of singing males 
in each county or province by multiplying the density 
estimate for each county or province by the total land 
area (not simply acres of woodcock habitat) in the 
county or province. We did this because the SGS routes 
are randomly distributed across the landscape and can 
include habitat not used by woodcock. 

0.00–0.75
0.76–1.50
1.51–2.50
2.51–3.50
3.51–5.00
5.01–10.50

Figure 4. Historic (1970–75) woodcock density estimates (singing males/1,000 acres) at the county level for the United States 
and the province level for Canada.
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 We estimated the population for each BCR by 
summing population estimates from individual coun-
ties or provinces found within the BCR. The effec-
tive density of singing males in each time period was 
determined by dividing the number of singing males by 
the total acres of manageable forest found in the BCR 
during that time period. We defined manageable forest 
as all timberland identified through the FIA. The wood-
cock density deficit was calculated by subtracting the 
current effective density from the historical effective 
density. The population deficit is the number of singing 
males that need to be added to a given BCR to achieve 
the effective density observed during 1970 to 1975. The 
population deficit was calculated by multiplying the 
density deficit by the current number of manageable 
acres within each BCR.
 We used population deficits to determine breeding 
habitat goals for each BCR. Habitat goals are the addi-
tional acres of woodcock habitat in a given BCR that 
must be created to increase the effective density of 
singing males to equal densities present during 1970 to 
1975. We identified woodcock habitat as being small 
diameter (seedling or sapling) and non-stocked forest 

inventory categories (Cushwa et al. 1977, Gutzwiller 
et al. 1982). First, we developed a habitat multiplier 
to determine how many acres of new habitat would be 
needed to add one singing male to the BCR. For each 
BCR, we calculated a habitat multiplier by dividing the 
acreage of early successional habitat (small-diameter 
and nonstocked forest) for the 1970 to 1975 period by 
the number of singing males found in the BCR during 
the same period. We believed that calculating the 
habitat multiplier this way was a reasonable estimate 
for the amount of additional habitat required to add one 
male woodcock to the population. Acreage goals were 
calculated for each BCR by multiplying the population 
deficit by the habitat multiplier specific to that BCR. 
An example of how habitat goals were calculated is 
presented in Table 2.

RESULTS

 We estimated that about 986,000 singing male 
woodcock need to be added to the population to return 
densities to levels experienced in the early 1970s. Based 

Figure 5. Current (2000–04) woodcock density estimates (singing males/1,000 acres) at the county level for the United States and 
the province level for Canada.
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on our methodology, approximately 20.8 million acres 
(8.6 million hectares) of new woodcock habitat must be 
created throughout the core breeding range to eliminate 
the deficit. New habitat goals range from 3,999 acres in 
BCR 11 to just over 4 million acres in BCR 14 (Figure 
6). Specific population deficits and habitat goals for each 
BCR by state or province region are listed in Table 3.  

DISCUSSION

 Although the amount of overall forest habitat has 
increased in many BCRs (Table 3), early successional 
habitat continues to be lost throughout much of the 
woodcock breeding range. The ESH acreage goals listed 
in Table 3 are in addition to the amount of ESH that 
currently occurs on the landscape. At minimum, coop-
erators should work to maintain the current acreage of 

ESH on the landscape in order to maintain current popu-
lation levels. 
 The American Woodcock Management Plan is 
intended to be used as a tool for planning purposes. 
We acknowledge that the habitat goals presented in 
the woodcock plan are ambitious; however, the habitat 
goals presented represent less than 20% of the total 
forest acreage in all of the BCRs except BCR 30 (Table 
4). Partners should view the goals as a starting point for 
working with forest managers and private landowners 
throughout the woodcock breeding range. Future efforts 
should focus on stepping down the habitat goals to the 
local scale (i.e., county scale) to further assist coopera-
tors working directly with local habitat managers and 
private landowners. 
 We recognize it may not be realistic to achieve the 
habitat goals for all BCRs, particularly regions with high 
urban and agricultural land uses. Further, acreage goals 
for certain regions of the initiative may not be feasible 
because more ESH exists now than in the early 1970s 
(i.e., BCR 12; Table 1) or because large-scale forestry 
plans call for reducing the amount of ESH on the land-
scape. In such cases, cooperator efforts can be adjusted 
to address other factors that may be limiting woodcock 
population growth such as improving brood survival, 
placing habitat in the most productive locations (e.g., 
areas with moist soil), or addressing non-breeding 
season habitat concerns. Although not covered in this 
paper, the woodcock plan contains estimates of avail-
able forest habitat and habitat management recommen-
dations for migratory and wintering BCRs not covered 
by the SGS. Partners can use this information to guide 
management actions in non-breeding season habitats.

Historic Goal 
calculation Current

Population 
estimate 
(males) a

407,260 304,934

Manageable 
forest (acres) b 14,928,400 14,472,184

Effective 
density  
(males/acre) c

0.027 0.021

Density deficit 
(males/acre) d 0.006

Population 
deficit (males) e 89,880

Habitat 
multiplier 
(acres) f

10 

Habitat goal 
(acres) g 898,800

a Estimated woodcock singing male population for the early 
 1970s (historic) and early 2000s (current) calculated using  
 the methodology presented in the methods section.
b Total acreage of forest in the BCR 12 portion of Michigan as 
 estimated from the U.S. Forest Service FIA program.
c Calculated by dividing the estimated population by the forest 
 acreage for each time period.
d Difference between the historic and current 
 effective densities.
e Calculated by multiplying the density deficit by the current 
 acreage of forest.
f Acres of habitat required to add one singing male to the 
 population. Acreage was calculated by dividing the  
 historic population estimate by the amount of early  
 successional habitat from the early 1970s that occurred in  
 each state by BCR region.
g Calculated by multiplying the population deficit by the 
 habitat multiplier.

Table 2. An example of new acreage habitat goal calculations 
for Bird Conservation Region 12 in Michigan.

Figure 6. Additional acres of early successional habitat 
required in each Bird Conservation Region in order to return 
American woodcock population densities to early-1970s 
levels.
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Table 3. Population deficit and habitat goals for each state or province by Bird Conservation Region (BCR). See Table 2 for an example of how goals were calculated for each region. 

BCR State or 
province

Historic 
populationa

Current 
populationa

Historic 
manageable 

forest 
(acres)b

Current 
manageable

forest 
(acres)b

Historic  
effective  
densityc

Current  
effective  
densityc

Density 
differenced

Population 
deficite

Habitat 
multiplierf

Habitat
goal 

(acres)g

11 Minnesota 41,773 33,337 629,900 519,679 0.066 0.064 0.002 1,126 3.55 3,999
BCR Total 41,773 33,337 629,900 519,679 1,126 3,999

12 Michigan 407,260 304,934 14,928,400 14,472,184 0.027 0.021 0.006 89,880 10.00 898,800
 Minnesota 182,669 156,067 8,581,900 11,882,889 0.021 0.013 0.008 96,865 10.00 968,648
 Wisconsin 108,141 79,712 7,569,200 8,027,509 0.014 0.010 0.004 34,977 10.00 349,769

Sub-total U.S. 698,070 540,713 31,079,500 34,382,582 221,722 2,217,217

 Manitoba 63,064 21,609 na na na na na na na na
 Ontario 491,666 381,358 13,251,000 13,688,400 0.037 0.028 0.009 126,537 10.00 1,265,370
 Quebec 58,347 58,276 29,513,700 29,548,300 0.002 0.002 0.000 139 10.00 1,390

Sub-total CA 613,077 461,243 42,764,700 43,236,700 126,676 1,266,760
BCR Total 1,311,147 1,001,956 73,844,200 77,619,282 348,398 3,483,977

13 New York 97,888 62,239 5,674,700 6,611,200 0.017 0.009 0.008 51,804 30.88 1,599,693
 Ohio 25,413 13,276 1,268,700 1,570,700 0.020 0.008 0.012 18,186 17.80 323,716
 Pennsylvania 12,831 7,882 919,200 761,200 0.014 0.010 0.004 2,743 29.25 80,247
 Vermont 6,344 4,363 481,500 461,000 0.013 0.009 0.004 1,711 15.64 26,759

Sub-total U.S. 142,476 87,760 8,344,100 9,404,100 74,444 2,030,415

 Ontario 193,746 149,638 12,274,100 12,568,800 0.016 0.012 0.004 48,760 27.70 1,350,647
 Quebec 46,318 46,184 1,403,700 1,619,800 0.033 0.029 0.004 7,265 27.70 201,231

Sub-total CA 240,064 195,822 13,677,800 14,188,600 56,024 1,551,878
BCR Total 382,540 283,582 22,021,900 23,592,700 130,469 3,582,293

14 Connecticut 2,349 896 399100 410488 0.006 0.002 0.004 1,520 36.53 55,527
 Maine 168,170 108,952 16,395,400 16,701,511 0.010 0.007 0.004 62,358 30.67 1,912,514
 Massachusetts 4,445 2,393 757,800 748,328 0.006 0.003 0.003 1,996 37.49 74,827
 N. Hampshire 29,505 21,970 4,194,700 4,188,680 0.007 0.005 0.002 7,493 35.90 268,986
 New York 43,741 28,230 3,356,100 3,240,178 0.013 0.009 0.004 14,000 34.39 481,465
 Vermont 27,906 20,582 3,948,400 4,143,397 0.007 0.005 0.002 8,702 45.29 394,122

Sub-total U.S. 276,116 183,023 29,051,500 29,432,582 96,069 3,187,441

 N. Brunswick 181,679 142,681 14,684,600 15,104,300 0.012 0.009 0.003 44,191 11.89 525,426
 Nova Scotia 67,372 52,373 9,696,700 9,571,500 0.007 0.005 0.001 14,129 12.68 179,157
 Prince Ed. Is. 10,973 6,799 666,100 601,200 0.016 0.011 0.005 3,105 11.31 35,116
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BCR State or 
province

Historic 
populationa

Current 
populationa

Historic 
manageable 

forest 
(acres)b

Current 
manageable

forest 
(acres)b

Historic  
effective  
densityc

Current  
effective  
densityc

Density 
differenced

Population 
deficite

Habitat 
multiplierf

Habitat
goal 

(acres)g

 Quebec 101,344 99,329 8,475,900 8,775,400 0.012 0.011 0.001 5,596 14.10 78,904
Sub-total CA 361,368 301,182 33,523,300 34,052,400 67,021 818,603
BCR Total 637,484 484,205 62,574,800 63,484,982 163,090 4,006,044

22 Illinois 18,495 32,302 2,661,700 2,931,096 0.007 0.011 –0.004 no deficit none maintain
 Indiana 19,273 9,998 822,900 1,033,421 0.023 0.010 0.014 14,206 18.84 267,633
 Michigan 4,037 2,978 90,700 108,676 0.045 0.027 0.017 1,859 18.84 35,025
 Minnesota 3,536 3,074 128,600 139,228 0.027 0.022 0.005 754 18.84 14,210
 Ohio 26,166 14,409 1,225,600 1,663,775 0.021 0.009 0.013 21,112 18.84 397,747

BCR Total 71,507 62,761 4,929,500 5,876,196 37,931 714,615

23 Illinois 599 481 59,700 92,691 0.010 0.005 0.005 449 11.59 5,204
 Indiana 8,012 4,502 248,400 341,071 0.032 0.013 0.019 6,499 11.59 75,324
 Michigan 134,278 99,832 3,490,950 4,107,026 0.038 0.024 0.014 58,143 11.59 673,879
 Minnesota 48,226 42,781 1,946,500 2,218,032 0.025 0.019 0.005 12,172 11.59 141,078
 Wisconsin 114,890 84,519 6,346,200 7,604,561 0.018 0.011 0.007 53,152 11.59 616,032

BCR Total 306,005 232,115 12,091,750 14,363,381 130,416 1,511,517

24 Illinois 3,697 6,971 2,454,200 1,064,802 0.002 0.007 –0.005 no deficit none maintain
 Indiana 11,715 4,716 2,824,500 3,076,225 0.004 0.002 0.003 8,043 63.30 509,126
 Ohio 443 211 927,600 94,965 0.000 0.002 –0.002 no deficit none maintain

BCR Total 15,855 11,898 6,206,300 4,235,992 8,043 509,126

26 Illinois 121 292 na na na na na na  maintain
BCR Total 121 292

27 Virginia 8,189 2,186 2,750,784 2,533,138 0.003 0.001 0.002 5,355 92.80 496,951
BCR Total 8,189 2,186 2,750,784 2,533,138 5,355 496,951

28 Maryland 2,518 1,099 587,916 464,777 0.004 0.002 0.002 892 34.00 30,315
 New Jersey 5,048 1,176 460,871 431,375 0.011 0.003 0.008 3,549 34.00 120,663
 New York 38,704 22,817 5,438,042 5,698,943 0.007 0.004 0.003 17,744 34.00 603,293
 Ohio 17,540 8,741 4,261,413 4,554,410 0.004 0.002 0.002 10,005 34.00 340,169
 Pennsylvania 71,497 42,030 14,510,890 14,702,990 0.005 0.003 0.002 30,414 34.00 1,034,059
 Virginia 13,068 4,284 5,478,689 5,697,355 0.002 0.001 0.002 9,306 34.00 316,389
 West Virginia 31,120 13,898 11,900,346 11,538,419 0.003 0.001 0.001 16,276 34.00 553,368

Table 3. Continued.
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BCR State or 
province

Historic 
populationa

Current 
populationa

Historic 
manageable 

forest 
(acres)b

Current 
manageable

forest 
(acres)b

Historic  
effective  
densityc

Current  
effective  
densityc

Density 
differenced

Population 
deficite

Habitat 
multiplierf

Habitat
goal 

(acres)g

BCR Total 179,495 94,045 42,638,167 43,088,269 88,185 2,998,256

29 Maryland 4,158 1,308 674,000 473,400 0.006 0.003 0.003 1,612 47.00 75,764
 New Jersey 5,243 909 227,100 280,900 0.023 0.003 0.020 5,576 47.00 262,072
 Pennsylvania 8,111 2,439 572,100 580,800 0.014 0.004 0.010 5,795 47.00 272,365
 Virginia 20,188 5,499 7,277,700 7,105,500 0.003 0.001 0.002 14,211 47.00 667,917

BCR Total 37,700 10,155 8,750,900 8,440,600 27,194 1,278,118

30 Connecticut 10,261 3,388 1,406,500 1,269,500 0.007295 0.003 0.005 5,874 48.20 283,096
 Delaware 5,199 1,377 384,500 375,500 0.013521 0.004 0.010 3,700 48.20 178,350
 Maine 6,006 3,906 498,900 487,000 0.012038 0.008 0.004 1,957 48.20 94,312
 Maryland 13,427 3,738 1,615,400 1,351,800 0.008312 0.003 0.006 7,498 48.20 361,393
 Massachusetts 6,006 3,906 2,039,900 1,822,800 0.002944 0.002 0.001 1,461 48.20 70,409
 N. Hampshire 4,321 3,090 497,300 443,100 0.008689 0.007 0.002 760 48.20 36,634
 New Jersey 20,651 2,983 1,161,000 1,134,900 0.017787 0.003 0.015 17,204 48.20 829,199
 New York 7,908 2,707 226,700 174,300 0.034883 0.016 0.019 3,373 48.20 162,580
 Rhode Island 3,765 1,302 395,300 339,700 0.009524 0.004 0.006 1,933 48.20 93,189
 Virginia 3,979 1,079 284,252 256,300 0.013998 0.004 0.010 2,509 48.20 120,917

BCR Total 81,523 27,476 8,509,752 7,654,900 46,268 2,230,080

Total 3,073,339 2,244,008 244,947,953 251,409,119 986,475 20,814,976

a Estimated woodcock singing male population for the early 1970s (historic) and early 2000s (current) calculated using the methodology presented in the methods section.
b Total acreage of forest in each state by BCR region as estimated from the U.S. Force Service FIA program.
c Calculated by dividing the estimated population by the forest acreage for each time period.
d Difference between the historic and current effective densities.
e Calculated by multiplying the density deficit by current acreage of forest.
f Acres of habitat required to add one singing male to the population. Acreage was calculated by dividing the historic population estimate by the amount of early 
 successional habitat from the early 1970s that occurred in each state by BCR region.
g Calculated by multiplying the population deficit by the habitat multiplier.

Table 3. Continued.
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 Habitat creation that results from implementation 
of the woodcock plan should benefit other species that 
depend on young forest habitat such as ruffed grouse 
(Bonasa umbellus) and golden-winged warblers (Vermi-
vora chrysoptera). As such, the habitat goals from the 
woodcock plan should be integrated with plans for other 
species as conservation plans are completed and made 
available for species requiring ESH. Cooperators can 
modify or adjust woodcock goals based on the habitat 
needs identified for other ESH-dependent species.  

PLAN IMPLEMENTATION

 One mechanism for implementing the woodcock 
habitat goals is through North American Habitat Joint 
Venture (JV) partnerships. Joint Ventures are regional 
partnerships that strive to deliver science-based bird 
conservation through cooperation between federal, state, 
local, and non-governmental partners (Association of 
Joint Venture Management Boards 2007). The key JVs 
within the woodcock range of the United States include 
the Upper Mississippi River and Great Lakes Region 
JV, Atlantic Coast JV, Prairie Pothole JV, Central Hard-
woods JV, Lower Mississippi Valley JV, and the Gulf 
Coast JV. Future planning efforts should focus on inte-
grating the woodcock habitat goals with other all-bird 
planning efforts being coordinated by the JVs. Effective 
communication through all-bird planning will enable 
managers to implement ESH projects in locations that 
will have minimal effect on species requiring different 
habitat types. 
 Potential partners for implementing the conserva-
tion plan include 1) forest products industry; 2) state and 
provincial natural resource agencies; 3) federal natural 
resource agencies; 4) counties and land trusts managing 

public forest land; 5) private conservation organizations 
(i.e., Ruffed Grouse Society); 6) private landowners; 
and 7) private forest management consultants. These 
cooperators, with input from other interested parties, 
should use the best available science to develop a set of 
best management practices (BMPs) for guiding “on the 
ground” habitat management. BMPs should be applied 
on demonstration areas distributed throughout the 
woodcock breeding range. Local population response 
to BMPs can be monitored at the demonstration areas, 
which will allow the efficacy of BMPs to be evaluated 
and modified using an adaptive approach. Demon-
stration areas will also serve as key outreach tools for 
educating private landowners and public land managers 
about habitat needs for ESH wildlife. 
 (Editors’ note: Since the symposium, 3 regional 
woodcock initiatives have been created through the 
leadership of the Wildlife Management Institute. The 
initiatives are the Northern Forest Woodcock Initiative 
(BCR 14), the Appalachian Mountains Woodcock Initia-
tive (BCR 28), and the Upper Great Lakes Woodcock and 
Young Forest Initiative (BCR 12 and 23). Each initia-
tive has developed a set of Best Management Practices 
(BMPs) to guide management and has begun setting up 
a network of demonstration areas where BMPs are used 
to guide management decisions. In addition, partners in 
each initiative have developed a set of spatially explicit 
habitat suitability models to help guide implementation 
within each BCR. For more information about each of 
the initiatives, see www.timberdoodle.org).
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Table 4. Bird Conservation Region (BCR) habitat goals in 
relation to the total amount of forest on the landscape within 
each BCR.

BCR Total forest 
(acres)

Habitat goal 
(acres)

% of total 
forest

11 519,679 3,999 0.77
12 77,619,282 3,483,977 4.49
13 23,592,700 3,582,293 15.18
14 63,484,982 4,006,044 6.31
22 5,876,196 714,615 12.16
23 14,363,381 1,511,517 10.52
24 4,235,992 509,126 12.02
27 2,533,138 496,951 19.62
28 43,088,269 2,998,256 6.96
29 8,440,600 1,278,118 15.14
30 7,654,900 2,230,080 29.13



23Woodcock Conservation Plan • Cooper et al. 

LITERATURE CITED

Association of Joint Venture Management Boards.  
2007. U.S. Migratory Bird Joint Ventures: Partnerships 
in Action—Delivering Bird Conservation (fact sheet).

Dessecker, D. R., and D. G. McAuley. 2001. Importance 
of early successional habitat to ruffed grouse and 
American woodcock. Wildlife Society Bulletin 29: 
456–465.

Cushwa, C. T., J. E. Barnard, and R. B. Barnes. 1977. 
Trends in woodcock habitat in the United States. 
Pages 31–38 in D. M. Keppie and R. B. Owen, Jr., 
editors. Proceedings of the Sixth Woodcock Sympo-
sium. Fredericton, New Brunswick, Canada.

Gutzwiller, K. J., C. H. Strauss, K. R. Kinsley, J. S. 
Wakeley, and G. L. Storm. 1982. Relationships 
between land use and woodcock habitat in Pennsyl-
vania, with guidelines for rangewide research. Pages 
86–96 in T. J. Dwyer and G. L. Storm, technical 
coordinators. Woodcock ecology and management. 
U.S. Fish and Wildlife Service, Wildlife Research 
Report 14, Washington D.C., USA.

Hunter, W. C., D. A. Buehler, R. A. Canterbury, J. L. 
Confer, and P. B. Hamel. 2001. Conservation 
of disturbance-dependent birds in eastern North 
America. Wildlife Society Bulletin 29: 440–455.

Kelley, J. R., Jr., and R. D. Rau. 2006. American wood-
cock population status, 2006. U.S. Fish and Wildlife 
Service, Laurel, Maryland, USA.

Kelley, J. R., S. J. Williamson, and T. R. Cooper, editors. 
2008. American woodcock conservation plan: a 
summary of and recommendations for woodcock 
conservation in North America. Compiled by the 
Woodcock Task Force, Migratory Shore and Upland 
Game Bird Working Group, Association of Fish 
and Wildlife Agencies. Wildlife Management Insti-
tute, Washington, D.C., USA. <http://www.timber-
doodle.org>. 

North American Bird Conservation Initiative. 2000. 
Bird Conservation Region descriptions: A supple-
ment to the North American Bird Conservation 
Initiative Bird Conservation Regions Map. <http://
library.fws.gov/Bird_Publications/na_birdconser-
vation_regdescrip00.pdf>. 

Sauer, J. R., and J. B. Bortner. 1991. Population trends 
from the American woodcock singing-ground 
survey, 1970–88. Journal of Wildlife Management 
55: 300–312.

Sauer, J. R., J. E. Hines, and J. Fallon. 2007. The North 
American breeding bird survey, results and analysis 
1966–2006. Version 10.13.2007. USGS Patuxent 
Wildlife Research Center, Laurel, Maryland, USA

Straw, J. A., D. G. Krementz, M. W. Olinde, and G. F. 
Sepik. 1994. American woodcock. Pages 97–116 
in T. C. Tacha and C. E. Braun, editors. Migratory 
Shore and Upland Game Bird Management in North 
America. International Association of Fish and 
Wildlife Agencies, Washington, D.C., USA. 

U.S. Fish and Wildlife Service. 1990. American wood-
cock management plan. U.S. Fish and Wildlife 
Service, Washington, D.C., USA.

U.S. Forest Service. 2010. Forest Inventory and Analysis 
National Program. <http://fia.fs.fed.us/> Accessed 3 
March 2010. 



24 Conservation Strategies

Scot Williamson is Vice Pres-
ident of the Wildlife Manage-
ment Institute, an organiza-
tion of professional wildlife 
biologists chartered in 1911 
to advance sound, science-
based wildlife conservation. 
Scot has been with WMI 
since 1994 and has assisted 
Northeastern resource agen-
cies and conservation groups 

on a number of wildlife and land management initia-
tives, including the Northeast Regional Conservation 
Needs Grant program, the Northeast Wildlife Damage 
Cooperative, and the Northern Forest Woodcock Initia-
tive–the 2008 recipient of the Secretary of Interior’s 
Cooperative Conservation Award. The WMI publica-
tion, “Feeding Wildlife, Just Say No!” was authored 
by Scot and received the Wildlife Society Conservation 
Education Award in 2003. Prior to WMI, Scot was Big 
Game Director for Texas Parks and Wildlife Department 
and White-tailed Deer Project Leader for NH Fish and 
Game. Scot received a MS in Wildlife Science from 
the University of Vermont and a Bachelor of Science in 
Forestry from the Pennsylvania State University. 

Daniel R. Dessecker is 
the Director of Conserva-
tion Policy for the Ruffed 
Grouse Society. As such, he 
is responsible for the admin-
istration and development of 
the Society’s conservation 
policy initiatives in North 
America. Dan received a 
B.S. in Wildlife Management 
(1981) from the University 

of Wisconsin–Stevens Point and a M.S. in Wildlife 
Management (1984) from the Pennsylvania State Univer-
sity. His professional interests include the historical and 
current roles of disturbance in forest ecology and he has 
published extensively on this and related topics. Dan is 
past-president of the Wisconsin Chapter of The Wildlife 
Society and served as Chair of the American Wildlife 
Conservation Partners in 2003. AWCP is a consortium 
of 44 national wildlife conservation organizations that 
work to affect wildlife and natural resource policy at the 
federal level. He was appointed in 2006 by then Secre-
tary of the U.S. Department of the Interior, Gale Norton, 
to serve on the newly established Sporting Conserva-
tion Council. The 12-member Council was charged with 
providing guidance to the Secretaries of Agriculture and 
the Interior on issues related to wildlife conservation 
and hunting.

Thomas R. Cooper (left) 
has been a biologist with 
the U.S. Fish and Wildlife 
Service, Division of Migra-
tory Bird Management from 
2006 to present. Since 2007, 
he has served as the Eastern 
Webless Migratory Game 
Bird Specialist for the Di-
vision. He was co-editor of 
the American Woodcock 
Conservation Plan and serves as the co-chair of the 
Woodcock Task Force under the direction of the Asso-
ciation of Fish and Wildlife Agencies’ Migratory Shore 
and Upland Game Bird Working Group. Prior to work-
ing for the U.S. Fish and Wildlife Service, he worked as 
a habitat restoration biologist for the Minnesota Water-
fowl Association. He received a B.S. in Biology (1993) 
from Bloomsburg University of Pennsylvania and an 
M.S. (1997) and Ph.D. (2005) in Wildlife and Fisheries 
Sciences from South Dakota State University. 

James R. Kelley, Jr. (right) 
has been a biologist with 
the U.S. Fish and Wildlife 
Service, Division of Mi-
gratory Bird Management 
from 1991 to present. Dur-
ing 1991–2000 he served 
as a staff biologist focusing 
on waterfowl population dy-
namics and assessment. He 
served as the Eastern Web-

less Migratory Game Bird Specialist for the Division 
from 2000–2007. During this period he coordinated and 
was co-editor of the American Woodcock Conservation 
Plan. In 2007, he assumed duties as the Mississippi Fly-
way Representative where he serves as a liaison between 
the Service and the 14 state agencies within the Flyway. 
He received a B.S. in Wildlife Management from the 
University of Maine (1983) and an M.S. in Fisheries and 
Wildlife from the University of Missouri (1986).



25Woodcock Conservation Plan • Cooper et al. 

Dan McAuley is the Station 
Leader and Research Wild-
life Biologist with the 
U.S. Geological Survey’s 
Patuxent Wildlife Research 
Center, Orono, Maine field 
station. He has worked for 
Patuxent since 1978. Primary 
responsibility is to conduct 
field research on migratory 
bird issues identified by the 

U.S. Fish and Wildlife Service and other Department of 
Interior agencies. He has worked on American wood-
cock population ecology and conservation for the past 30 
years, addressing issues related to population dynamics; 
ecology; spring, summer, and fall survival and habitat 
use; habitat change along woodcock Singing-ground 
Surveys routes; and the effects of hunting pressure on 
American survival of woodcock in Maine, New Hamp-
shire, Vermont, and Pennsylvania. He is the Assessment 
and Research Coordinator for the American Woodcock 
Initiative and has helped to develop Best Management 
Practices for woodcock for the 4 regional woodcock 
initiatives. Current research includes studies on adap-
tive habitat management and habitat use of American 
woodcock in the Northeast, survival of American wood-
cock during fall migration using radio telemetry, as well 
as studies on survival and recruitment of common eiders 
using mark-recapture methods and band recovery anal-
yses, and evaluating use of fixed-wing aircraft to survey 
red-necked phalaropes in the Bay of Fundy.

David Krementz received a 
B.S. in Wildlife Management 
and Conservation, a M.S. 
in Zoology and Physiology 
from University of Wyoming 
in 1977 and 1980, respec-
tively, and a Ph.D. in Zoology 
from University of Western 
Ontario in 1984. After 
completing his doctorate, he 
served as a wildlife biologist 

for the U.S. Fish and Wildlife Service and then the U.S. 
Geological Survey at the Patuxent Wildlife Research 
Center from 1986–1999 where he studied waterfowl, 
woodcock and songbird population biology and habitat 
use. Currently, David is the Unit Leader of the USGS 
Arkansas Cooperative Fish and Wildlife Research Unit 
which he has held since 1999. David is a Past-President 
of the Arkansas State Chapter of the Wildlife Society.

William (Bill) L. Palmer 
is a retired Pennsylvania 
Game Commission Research 
Biologist. Bill received his 
M.S. from the Pennsylvania 
State University. His focus 
with the wildlife agency 
was habitat management/
population relationships and 
he worked primarily with 
white-tailed deer, ruffed 

grouse, woodcock and mourning doves.





THE NORTHERN FOREST 
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Abstract: The most recent compilation of research and management needs for American woodcock (Straw et al. 1994) 
contains the recommendation to create regional habitat demonstration areas. To address the issue of loss of habitats 
important for woodcock and other high priority species, the Wildlife Management Institute has assembled the largest 
public/private coalition ever created to proactively address habitat improvement for woodcock. Twenty-five partners, 
ranging from private landowners to federal agencies, have signed on to an initiative designed to link improvements 
on public lands with widespread management gains on private lands. Major partners within the initiative include 
private forest landowners, the U.S. Fish and Wildlife Service, the U. S. Geological Survey, the Natural Resource 
Conservation Service, International Paper Company, state fish and wildlife agencies, and hunting and conservation 
NGO’s. The Northern Forest Woodcock Habitat Initiative will provide technical assistance, labor and funding to 
create demonstration areas on state and federal lands that exemplify best management practices (BMPs) for American 
woodcock; monitor woodcock populations and habitat use before, during and after implementation of BMPs; and use 
demonstration areas as case histories within coordinated outreach efforts to inform and motivate private landowners. 
The initiative will also make available to private landowners technical assistance, labor and machinery to improve 
American woodcock habitat on their land. The Initiative has begun implementation in Bird Conservation Region 14, 
including New England and the Adirondacks of New York. 

Proceedings of the American Woodcock Symposium 10: 27–28
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Editors’ Note: See www.timberdoodle.org for additional information about the Woodcock Habitat Initiative.
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Abstract: From 1964–2001, the U.S. Fish and Wildlife Service (USFWS) conducted annual surveys that estimated 
American woodcock (Scolopax minor) harvest in the United States. Because those surveys were based on samples 
of federal duck stamp purchasers, estimates represented only the harvest of woodcock by waterfowl hunters. To 
remedy this problem, state wildlife agencies and the USFWS established the cooperative state-federal migratory bird 
Harvest Information Program (HIP). HIP requires state wildlife agencies to annually collect the name and address of 
every licensed migratory bird hunter in their state as well as answers to a series of screening questions. For the HIP 
woodcock harvest survey, about 15,000 hunters are sent diary forms to record the date, state, county, and bag of each 
woodcock hunt. Although 1999–2001 HIP estimates of active woodcock hunters and woodcock harvest were about 
double the estimates obtained from the previous survey system, comparisons suggest that the 1964–2001 survey 
results provided reliable indices that reflected trends accurately. HIP harvest estimates at the management unit level 
had 95% confidence intervals that were about 25% of the point estimates.
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Roscommon, Michigan, USA

The U.S. Fish and Wildlife Service (USFWS) has 
conducted a national migratory bird harvest survey 
annually since 1952. The survey initially was estab-
lished only to estimate annual waterfowl hunting 
activity and harvest, but it was expanded in 1964 to 
include other migratory game birds, including Amer-
ican woodcock (Martin 1979). The original survey’s 
sample frame consisted of all people who purchased 
the Federal Migratory Bird Hunting and Conservation 
Stamp, commonly known as the federal duck stamp. 
Only waterfowl hunters 16 years of age and older must 
purchase the stamp; thus, woodcock hunters who did not 
hunt waterfowl were excluded from the sample frame 
each year. Woodcock harvest estimates derived from the 
federal duck stamp-based national harvest survey only 
represent indices of woodcock harvest in the United 
States (Martin 1979).

This deficiency was recognized soon after the 
survey’s inception (Tautin et al. 1989) and migratory 
game bird researchers and managers repeatedly called 
for establishing a new national survey with a sample 
frame that included all migratory game bird hunters (e.g., 
Owen et al. 1977, Tautin et al. 1989). Their recommen-
dations resulted in several attempts to establish a federal 
permit system similar to Canada’s, where hunters of 
any migratory game bird species must possess a Canada 
Migratory Game Bird Permit that is administered by the 
federal government (Cooch et al. 1978). None of those 
attempts, which included several bills introduced to the 
U.S. Congress (Tautin et al. 1989), were successful. The 
problem was rectified in 1992 when the national migra-

1 E-mail: paul_padding@fws.gov
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tory bird Harvest Information Program (HIP) was estab-
lished by the USFWS and state wildlife agencies (Elden 
et al. 2002).

The HIP is a cooperative, state-federal program 
that requires all licensed migratory bird hunters to 
register annually with each state in which they hunt 
migratory game birds. Hunters who are exempt from 
state licensing requirements may also be exempt from 
the HIP registration requirement. Sheriff et al. (2002) 
reported that 41 states do not require certain groups of 
hunters to possess a state hunting license; 32 of those 
states extend the exemption to include the HIP require-
ment. The most common license exemptions are for 
junior hunters, senior hunters, and landowners hunting 
on their own property. Of these, we believe that seniors 
are most likely to be woodcock hunters. Only 11 states 
exempt seniors from the HIP requirement (Sheriff et al. 
2002), therefore we believe that the HIP excludes few  
woodcock hunters. 

Every state wildlife agency is responsible for annu-
ally obtaining the name and address of each licensed 
migratory bird hunter in the state and forwarding that 
information to the USFWS. This provides the USFWS 
with a nearly complete sample frame for national migra-
tory game bird harvest surveys, including one that 
specifically targets woodcock hunters. It is used to esti-
mate the number of active U.S. woodcock hunters, how 
many days they hunt, and how many woodcock they 
harvest each year. All states in the continental United 
States have participated in this program since 1998, and 
the surveys have been conducted nationwide since 1999.

Our objectives for this paper were to summa-
rize woodcock hunting activity and harvest estimates 
derived from the federal duck stamp-based survey from 
1964–2001 and from the HIP woodcock survey from 
1999–2005, compare the results of the 2 survey systems 
during the 3 years during which we conducted both 
surveys (1999–2001), and evaluate the potential of duck 
stamp-based estimates as indices of long-term trends. 

METHODS

Federal Duck Stamp-based Survey

The U.S. Postal Service provided the USFWS an 
annual report of how many federal duck stamps were 
sold the previous year at each of about 16,000 post 
offices that sold the stamps. The USFWS stratified the 
post offices by state and post office size, and randomly 
selected 3,000–4,000 of them for the sample each year. 
At the selected post offices, postal clerks were asked to 
give a postage-paid name and address form (post card) 
to each person who bought a federal duck stamp, and 
ask the purchaser to fill out the form and mail it to the 

USFWS (Martin and Carney 1977). Thus, each sampled 
post office was a cluster sample of federal duck stamp 
purchasers (Geissler 1990). 

Duck stamp purchasers who completed and mailed 
the name and address forms constituted the harvest 
survey’s sample of hunters. At the end of the waterfowl 
hunting season, each hunter in the sample was sent a 
self-administered mail questionnaire that asked about 
his or her hunting activity for the season. About a month 
after that mailing, a second request and survey was sent 
to those hunters who had not responded. Martin and 
Carney (1977) detailed the survey methods, and Geissler 
(1990) described the data analysis methods. 

Beginning in 1964, the survey included a question 
that asked whether the person hunted woodcock and, if 
so, how many woodcock that person bagged. Hunters’ 
answers provided estimates of the proportion of active 
woodcock hunters among duck stamp purchasers in each 
state and the mean number of woodcock harvested by 
those hunters. The parameters were estimated without 
adjustments for response and nonresponse bias (Martin 
1979). State-specific estimates of active woodcock 
hunters and their harvest were calculated by expanding 
the proportions and means using federal duck stamp 
sales for the state. Regional estimates were obtained by 
summing the appropriate state-specific totals. We used 
locally weighted regression (lowess) curves (Cleveland 
and Devlin 1988) to examine long-term trends in hunter 
activity, harvest, and hunter success. Lowess lines fit a 
pattern to the majority of the estimates and help iden-
tify points that deviate from the pattern. Lowess anal-
ysis (PROC LOESS) allows great flexibility because no 
assumptions about the parametric form of the regression 
model are needed (SAS Institute Inc. 1999).

HIP Woodcock Harvest Survey

The HIP woodcock survey sample frame consisted 
of hunters who identified themselves as potential migra-
tory bird hunters when they purchased state hunting 
licenses. People who hunted migratory birds in more 
than 1 state had to comply with the HIP requirement in 
each state in which they hunted. Thus, the HIP sample 
frame was specific to each state. Each year, the states 
began sending the USFWS the sample frame data in 
August and continued sending data from new license 
sales twice per month until the end of the last migratory 
bird hunting season.

The states also were required to ask migratory bird 
hunters a series of questions about the species they 
hunted and their hunting success the previous year; 
we used this information as a predictor of current-year 
hunting activity and success. We assigned each hunter 
to a success stratum for woodcock based on his or 
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her response to the question, “How many woodcock 
did you shoot last season? None, 1–30, or more than 
30.” For sampling purposes, we combined “1–30” 
and “more than 30” responses into a single stratum 
because less than 0.5% of the hunters responded “more 
than 30.” States in which less than 1% of the migra-
tory bird hunters hunted woodcock simplified the 
question to, “Did you hunt woodcock last season? 
Yes or no.” The stratification enabled us to maxi-
mize sampling efficiency by applying high sampling  
rates (e.g., 5% in Wisconsin and 20% in New Hamp-
shire) to the small group of active/successful hunters 
and much lower rates (e.g., 0.2% in Wisconsin and 1% 
in New Hampshire) to the very large group of hunters 
who rarely, if ever, hunt woodcock. 

State-specific sampling rates were established prior 
to the first sample selection in August. We established 
the sampling rates based on the number of migratory 
bird hunter name and address records that we expected 
from each state and the state-specific sample sizes 
needed to obtain desired precision levels. Depending 
on the number of names and addresses provided, the 
sample sizes for each state were adequate, inadequate, 
or excessive. We adjusted sampling rates annually in an 
attempt to maximize precision and minimize cost.

The goal of HIP surveys was to reduce or eliminate 
several common sources of survey bias while maxi-
mizing survey response rates. A daily hunting diary 
format was used to reduce memory and prestige bias, 
both of which result in overestimation (Atwood 1956). 
Hunters selected for the woodcock survey were asked to 
record the date of each hunt, the state and county where 
they hunted that day, and their daily bag. They also were 
asked to report the number of days they hunted wood-
cock, their seasonal bag, and the number of birds they 
knocked down but were unable to retrieve. Thus hunters 
provided useful data even if they forgot to record their 
daily hunting information or if they did not receive the 
form until after the hunting season began. Participation 
in the survey was voluntary.

The surveys were conducted using Dillman’s Total 
Design Method for mail surveys (Dillman 1978, Dillman 
1991). This is a survey implementation method designed 
to maximize survey response rates and ensure quality 
and timely responses. The survey packet consisted of 
1) a personalized letter that explained the purpose of 
the survey, instructions for completing the survey, and 
why participation was vital to the survey’s success, 2) 
the diary-format survey, and 3) a postage-paid envelope 
for returning the survey to the USFWS at the end of the 
hunting season. Soon after the initial batch of names and 
addresses was received from a state, we selected strati-
fied samples according to the predetermined sampling 
rates. We mailed the first survey forms to selected 
hunters just prior to the start of the state’s woodcock 

hunting season. The sample selection and initial mailing 
process continued for each subsequent batch of names 
and addresses (roughly twice per month) with the last 
initial mailing occurring on or shortly after the day the 
state’s woodcock season closed. For all hunters who 
received their initial packets before the hunting season 
ended, we sent reminder postcards at the close of the 
season asking hunters to return their completed survey 
forms. For hunters who received the initial packet after 
the close of the hunting season, a reminder postcard was 
mailed approximately 1 week after the initial packet. 
About 3 weeks after the reminder postcard, we sent a 
follow-up packet via regular mail to hunters who had not 
responded. Finally, about 4 weeks later, we sent another 
follow-up packet to the remaining non-respondents.

When we received hunters’ responses, we summa-
rized each record as the total reported number of days 
afield, birds bagged (retrieved kill), and birds knocked 
down but not retrieved (unretrieved kill) for the entire 
season in the sample state. We then applied stan-
dard statistical analysis methods for stratified samples 
(Cochran 1977, Steel and Torrie 1980) to those state-
specific season totals to obtain estimates of harvest and 
hunter activity for each state. For each stratum, we esti-
mated the mean number of days hunted, mean retrieved 
kill, and mean unretrieved kill and their respective 
variances. In addition, we calculated the proportion of 
active hunters (hunted at least once) and its variance 
for each stratum. Then, combining the stratum-specific 
means and variances with the number of hunters in each 
stratum, we estimated stratum- and state-level totals for 
days afield, retrieved kill, and unretrieved kill and their 
variances. We also estimated state-level totals of active 
hunters and their variances, by combining the stratum-
specific proportions with the number of hunters in the 
appropriate stratum.

We calculated management unit-level and national 
estimates of total days afield, retrieved kill, and unre-
trieved kill by summing the state-level estimates. 
However, we were unable to estimate directly the 
number of active hunters at the management unit and 
national levels because some people hunted in more 
than 1 state. Although we reported the sum of the state-
level active hunter estimates, those sums include some 
duplication and therefore were biased high. 

RESULTS

The annual nationwide sample for the federal duck 
stamp-based survey ranged from about 40,000–100,000 
duck stamp purchasers and the response rate was typi-
cally about 65%. Kelley (2003) presented the year-, 
state-, and management unit-specific woodcock hunter 
activity and harvest estimates for 1964–2001, the entire 
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period during which the survey was conducted. The 
number of active woodcock hunters among duck stamp 
purchasers in the Eastern Region peaked in the early 
1970s, then gradually declined for the rest of the time 
series (Figure 1). The long-term trend was similar in the 
Central Region, except the peak occurred in the mid-
1970s. Although long-term trends in woodcock harvest 
tracked the active hunters trends in both regions (Figure 
2), hunter success trends seemed to differ between 
regions. Seasonal harvest per active hunter declined 
slightly in the Eastern Region from 3.5 birds per hunter 
before stabilizing at about 3 birds per hunter in the 
mid-1980s (Figure 3). In contrast, hunter success in the 
Central Region reached a peak of about 4.5 birds per 
hunter in the late 1970s, followed by a gradual decline 
to <3 birds per hunter by the early 2000s. Hunter success 
also was more variable in the Central Region.

Sample sizes for the 1999–2005 HIP woodcock 
harvest surveys ranged from about 12,000–22,000 and 

annual response rates were about 60%. Although this 
time series was insufficient for examining long-term 
trends, survey results provided harvest estimates based 
on a much more complete sample frame (Table 1). The 
year-to-year changes in active hunters (Figure 4) and 
harvest (Figure 5) were similar for both surveys even 
though the HIP estimates were about twice that of the 
federal duck stamp-based ones. The duck stamp-based 
survey estimated somewhat greater success per hunter 
in the Eastern Region than the HIP survey did, but the 2 
sets of harvest-per-hunter estimates were similar for the 
Central Region (Figure 6).

DISCUSSION

Harvest surveys require complete sampling frames 
to ensure that (1) the sample of hunters is representa-
tive of the target population, and (2) estimates derived 
from the sample are expanded to the entire population 

Region

Eastern Central

Year Harvest estimate 95% CI  Harvest estimate  95% CI

1999 129,400 33,600 315,400 85,200

2000  97,900 24,500 293,000 73,200

2001 111,600 31,200 230,300 55,300

2002  71,000 19,000 194,500 44,800

2003  89,200 28,500 213,500 49,100

2004  61,500 12,900 234,800 47,000

2005  72,200 11,600 225,000 42,800

Table 1. Woodcock harvest estimates and 95% confidence intervals (CI) derived from the Harvest Information Program’s woodcock 
survey, 1999–2005.

Figure 1. Long-term trends in woodcock hunter numbers 
derived from the federal duck stamp-based harvest survey, 
1964–2001.

Figure 2. Long-term trends in woodcock harvest estimates 
derived from the federal duck stamp-based harvest survey, 
1964–2001.
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of hunters. An incomplete sampling frame causes non-
coverage error (Dillman 1991) that, in the case of harvest 
surveys, results in underestimating hunter activity and 
harvest. Recognizing that federal duck stamp purchasers 
represented only a fraction of woodcock hunters, Clark 
(1972) estimated that the federal duck stamp-based 
survey captured less than half of the total woodcock 
harvest in the United States. Our comparisons of the 
1999–2001 HIP and duck stamp-based survey results 
suggested that the latter survey’s estimates probably 
represented about half of the active woodcock hunters 
and their harvest.

Comparisons also illustrated nearly identical 
changes in active hunters and harvest from year 
to year. We believe this strongly suggests that the 
federal duck stamp-based survey provided accurate  
annual indices of hunter activity and harvest for 
those 3 years. However, the comparison took place 
when federal duck stamp sales were high (Martin and 
Padding 2002) due to abundant duck populations.  
It is possible that more of the nation’s woodcock hunters 

bought duck stamps during those years than they did 
when duck populations and duck stamp sales were 
low, as they were in the late 1980s and early 1990s, for 
example. If that occurred, then the duck stamp-based 
survey estimates represented a smaller proportion of the 
true number of hunters and their harvest during years of 
lower duck stamp sales, and a larger proportion during 
years when more duck stamps were sold. Because we 
found no evidence of this, we strongly suspect that the 
long-term patterns indicated by that survey’s results 
accurately reflected trends in woodcock hunter numbers 
and harvest.

The USFWS discontinued the federal duck stamp-
based survey after the 2001 hunting season, replacing it 
permanently with HIP surveys. The primary intent of the 
HIP was to provide the USFWS with complete sampling 
frames of all types of migratory bird hunters rather than 
just waterfowl hunters. Although the HIP sampling 
frame theoretically includes all woodcock hunters, HIP 

Figure 3. Long-term trends in mean seasonal woodcock bag 
derived from the federal duck stamp-based harvest survey, 
1964–2001.

Figure 4. Comparison of woodcock hunter estimates from the 
federal duck stamp-based harvest survey and the Harvest 
Information Program woodcock harvest survey.

Figure 5. Comparison of woodcock harvest estimates from 
the federal duck stamp-based harvest survey and the Harvest 
Information Program woodcock survey.

Figure 6. Comparison of mean seasonal woodcock 
bag estimates from the federal duck stamp-based 
harvest survey and the Harvest Information Program  
woodcock survey.
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woodcock hunter activity and harvest estimates can only 
be accurate if all woodcock hunters comply with the 
legal requirement that they register for the HIP. Before 
the program was fully implemented nationwide, there 
were some indications that not all woodcock hunters 
were registering for the HIP (Padding et al. 2002). But 
since then, most states have clarified and enforced the 
HIP registration requirement. We believe that current 
compliance rates are high (USFWS, Division of Migra-
tory Bird Management, unpublished data). Thus, we also 
believe that the annual HIP woodcock harvest surveys 
are producing reliable estimates of hunter activity  
and harvest.

MANAGEMENT IMPLICATIONS

If the federal duck stamp-based estimates of wood-
cock hunters and harvest represent reliable indices, then 
the 3 years during which we conducted both surveys 
concurrently could provide the basis for converting 
those indices into accurate estimates. Those estimates 
could be used to examine the effects of changes in 
hunting regulations, such as season length and daily bag 
limits, on harvest. Furthermore, accurate estimates of 
woodcock harvest and hunter effort also could provide 
key elements to future woodcock population modeling 
efforts that are used to assess population trends and 
harvest potential. 
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Abstract: The woodcock (Scolopax rusticola) breeds in, winters in, or migrates through all European countries. 
Successful management of sustainable exploitation requires data collection to monitor breeding and wintering 
population trends and other demographic parameters.  Four countries have collected data during the breeding 
period, and 2 countries have collected data during the wintering period. The analysis of abundance indices shows 
stable breeding and wintering numbers. A more detailed interpretation of trends requires additional information 
on demographic parameters. Wing collection provides an estimate of the proportion of woodcock young that are 
harvested in 4 countries. This allows us to detect spring seasons with low breeding success. Finally, information on 
harvest is provided by annual or periodical surveys in some European countries. The actions developed to monitor 
the European woodcock populations in the Western Palearctic region may appear to be incomplete and heterogeneous 
from one country to another, due to variations in culture, economy, and hunting practices. Future objectives should 
focus on completing the panel of monitoring actions and collecting more information on the habitat trends.  
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Roscommon, Michigan, USA

 Sustainable exploitation is a common goal for agen-
cies managing game species, but the ways to reach this 
objective depend on knowledge of the species concerned 
(Sutherland 2001). Successful implementation of sustain-
able exploitation requires both quantitative data (popula-
tion size changes) and explanatory factors (demographic 
parameters, environmental changes) to explain how and 
why populations fluctuate and how human exploita-
tion impacts those fluctuations (Sutherland 2001). The 
integrated monitoring concept combines multiple data 
sources to monitor population variables and identify 
factors that cause change in population variables (Baillie 
1990). We apply a similar approach to the European  
woodcock populations.

 The European woodcock is an important quarry 
species throughout Europe. The Eupropean woodcock 
breeds in northern and eastern Europe and breeds and 
winters in southern and western Europe (Cramp and 
Simmons 1983). The annual European harvest has been 
estimated at 3 million to 4 million birds (Ferrand and 
Gossmann 2001) primarily in Italy, Greece, and France 
(Ferrand and Gossmann 2000a). Current estimates 
suggest these countries represent about 90% of the 
annual European harvest, but we consider this to be an 
overestimate because of the lack of data from the Iberian 
Peninsula where woodcock hunting is popular. 

1 E-mail: y.ferrand@oncfs.gouv.fr
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 As a result of increasing interest in woodcock 
hunting, especially in the southwestern part of its 
wintering range, some European countries have launched 
monitoring programs. We focus on woodcock popu-
lations living in Europe, of which a small part winter 
in North Africa (Wetlands International 2002). Recent 
banding analyses have shown that there are 2 migratory 
flyways in Europe (Bauthian et al. 2007). The Feno-
Scandinavian flyway includes woodcock that breed in 
Norway, Sweden, Finland, and Denmark and winter 
mainly in the British Isles and northwestern France. The 
Eastern flyway includes woodcock that breed in Russia 
and central Europe and winter mainly in southwestern 
France, the Atlantic coast of the Iberian peninsula, and 
in the Mediterranean regions. The Baltic Sea separates 
the 2 flyways. During migration and wintering, the 2 
flyways overlap in the western part of France, but only 
the eastern flyway is represented in southeastern France. 
Genetic analysis in progress has failed to demonstrate 
the existence of different populations in Europe (Cardia 
2004). Genetic structure seems rather to be continuous 
across the continent. 
 Survival rate estimation is presented elsewhere 
(Tavecchia et al. 2002; Bauthian et al. 2006) but we 
present here methods used to monitor population size 
and distribution and breeding success. We present the 
methods used, their results, and also the difficulties 
encountered due to woodcock biology, the constraints 
in data collection, and the diversity in hunting practices. 
We focus on monitoring efforts in France where the 
woodcock monitoring program is the most complete.

METHODS

Monitoring Breeding Woodcock

 The method for monitoring breeding woodcock 
based on the observation of singing males has been 
described in Ferrand (1993). This observation takes 
place in May and June at listening points in a randomly 
selected sample of 10% of potential roding (singing or 
displaying) sites (90% forested 280-ha squares). The 

listening point is the centre of the site. The number of 
contacts of roding males per point (n) have been used 
to determine 2 classes of abundance (low abundance: 
1 < n ≤ 4; high abundance: n ≥ 5; Ferrand 1993). The 
trend of the proportion in positive sites (n ≥ 1) is tested 
to detect any temporal variation in spatial occupation. 
The trend is analyzed in 10-year periods and for a 
constant geographical area (French départments, where 
observations were carried out without interruption). The 
qualitative assessment of the trend in breeding wood-
cock numbers is based on a 3x3 table of decision rules 
(Table 2), which assumes an increasing or decreasing 
breeding population if the proportion of both positive 
and high-abundance sites increases or decreases, respec-
tively. In all other cases, no trend is clearly defined. 
Every 4 to 5 years, observations are carried out in all 
French départments to detect a possible extension of the 
breeding area. 
 This method has been applied in France since 1992 
(Ferrand and Gossmann 2000b) and in western Switzer-
land since the early 1990s (Estoppey 2001). A similar 
survey has been carried out in Russia since 2000 after 
local adjustments (randomization applied on 12x2 km 
and 24x24 km quadrants).
 In Great Britain, a survey to estimate the total 
number of breeding woodcock was carried out in 2003 
(Hoodless et al. 2004). This was based on the census 
of roding males at randomly chosen sites in different 
types of habitat using a stratified sampling design. The 
relationship between the contacts and the number of 
different males was calculated for different types of 
habitat on the basis of acoustic analysis (Ferrand 1987). 
The breeding Eurasian woodcock population in Britain 
was estimated at 78,346 males (Hoodless et al. 2009).

Monitoring Wintering Woodcock

 Three indices are calculated for the monitoring of 
wintering woodcock. The first is based on data collected 
during nocturnal banding trips. A nocturnal index of 
abundance (IAN) is defined as the number of observa-
tions per hour per trip (Ferrand et al. 2006). The other 
indices are calculated from hunting data. The ICP repre-

Trend of the proportion of 
high abundance sites
(number of contacts ≥5)  

Trend of the proportion of positive sites
(number of contacts ≥1)

Increase Stability Decrease

Increase Certain increase Possible increase Stability

Stability Possible increase Stability Possible decrease

Decrease Stability Possible decrease Certain decrease

Table 2.  Decision rules to classify woodcock breeding number trends account for both the trend of the proportion of positive 
sites and the trend of the proportion of high abundance sites.
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Figure 1.  Interannual variations in the proportion of positive sites (a) and of high-abundance sites/positive sites (b) 
from roding data collected in France from 1992-2005 expressed in five 10-year periods.
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sents the number of woodcock shot per standardized 
hunting trip (i.e., 3.5 hours), and the ICA represents the 
number of woodcock seen per standardized hunting trip 
(Cau and Boidot 2006). ICP and ICA have been applied 
only in France since 1996–97. Winter counts based on 
nocturnal banding were performed in 1994 and 1996 in 
Great Britain but no trend is available. 

Estimating Annual Recruitment

 The woodcock is a species much too secretive for 
an accurate brood census in spring-summer. The only 
way to estimate the annual recruitment is to determine 
the proportion of first-year birds in counts of banded 
or bagged woodcock. Woodcock banding is mainly 
performed at night at feedings sites during migra-
tion and wintering periods (Gossmann et al 1988). 
France is the only country that bands sufficient wood-
cock to support recruitment analyses (Gossmann et 

al 2005). Wing collections provide data for Denmark 
(Clausager 2006), France (ONCFS and Club national 
des bécassiers), Ireland (L. Taaffe, National Wood-
cock Association of Ireland, personal communica-
tion) and Italy (Spano and Galli 2000) over at least  
15 years.

STATISTICAL ANALYSIS

 We looked for temporal trends in the breeding and 
wintering woodcock populations. We tested the trend 
in breeding population abundance with the Cochran-
Armitage statistic (Armitage et al. 2002) applied to a  
2 x k contingency table with the number of positive sites 
and negative sites (number of contacts = 0) in rows and 
years in columns. We used a Monte Carlo test (106 simu-
lations) to compute the p-value. We tested the trend in 
the proportion of high-abundance sites using a Cochran-
Armitage test on a table with the number of high-abun-
dance sites and low-abundance sites in rows and the 
years in columns. We tested for trends of ICA and IAN 
with the Lehmann statistic (Lehmann 1975; Hatfield 
et al. 1996) by a permutation test (Good 1994). This 
statistic is similar to the Spearman correlation applied 
between the index and years. We studied the pattern of 
variations in the annual proportions of first-year birds 
in banded and/or in bagged woodcock in 4 European 
countries using the Ω statistic described in Appendix A. 
The Ω statistic measures the synchrony of time series 
between the countries. 

RESULTS
Trends of breeding woodcock

 The proportion of positive breeding sites decreased 
slightly (p-values = 0.009 (1992–2001); 0.05 (1993–
2002); 0.026 (1994–2003); 0.079 (1995–2004) before 

Figure 2.  Interannual variations of IAN (nocturnal index 
of abundance) and ICA (number of woodcock seen per 
standardized hunting trip) (source: Club national des 
bécassiers) in France, 1996–2005.

a. b.
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stabilizing (p-value = 0.71) from 1996 to 2005 whereas 
the proportion of high-abundance sites is stable at first 
(p-values = 0.55; 0.57; 0.52; 0.116; resp.) and then 
slightly increases in the final period (p-value = 0.033) 
(Figure 1). In Russia, the monitoring period is too short 
to test for any trend.

Trends of Wintering Woodcock

 From 1996–2005 we calculated annual IAN from 
about 5,000 hours of nocturnal banding trips (3,200–
7,000) performed by more than 300 banders. In the 
same way, we calculated ICA from about 1,000 hunters 
taking some 30,000 hunting trips (29,000–33,000). 
Both ringers and hunters form a large network well 
distributed over France. Over the study period, IAN 
increased (p-value < 0.0001) while ICA remained stable 
(p-value = 0.372).
 The interannual variations of IAN and ICA followed 
the same pattern until the 2001–02 season (Figure 2). 
But in 2002–03, the values differed greatly, and then a 
strong correlation was again observed in the following 
seasons after an inversion of the curves. 

Annual Recruitment
 
 In France and Italy, the proportion of first-year 
birds is available since 1976–77 for woodcock harvest 
and since 1984–85 for banded woodcock in France. In 
Denmark, these data are available since 1985–86. The 
values range from 47.5% to 79% (Figure 3). Another 
data set is available since 1991–92 for Ireland (National 
Association of Regional Game Councils, unpublished 
report). We tested several pairs of time series to detect a 

possible synchrony in the proportion of first-year birds 
between countries (Table 1). Synchrony was detected 
only between France and Denmark data (Ω = 0.678; p = 
0.0028). The synchrony between French data obtained 
by banding and by hunting bags was marginally signifi-
cant (Ω = 0.438; p = 0.0318).

DISCUSSION

 Trends in the number of breeding woodcock 
in Europe are difficult to assess due to the limited 
geographic and temporal extent of the breeding wood-
cock surveys. Ideally monitoring should be available in 
the major part of the continent’s breeding area, espe-
cially in northern and central Europe.
 Trend analysis usually requires a long time period. 
However, we believe the geographic coverage of the 
data collection also plays a role in trend interpretation. 
In France, we chose to analyze data collected during 
10-year periods in départments which applied the 
protocol without interruption. This choice allows us to 
keep the study area as close to the French breeding area 
as possible; every year data was analyzed from 47–50 
of the 73 départments where woodcock are certainly or 
probably breeding (Ferrand 1994). Indeed, the central, 
northeastern regions and the mountainous areas which 
constitute the major part of the French woodcock 
breeding area are included in every 10-year period 
analysis. The results suggest that in the last 14 years the 
woodcock breeding area in France probably decreased 
slightly but birds tended to be more concentrated in the 
best breeding sites. This leads us to conclude that the 
numbers of breeding woodcock in France probably did 
not vary during the study period. 
 The method developed in western Europe encoun-
tered some limits in its application in the core of the 

Figure 3.  Interannual variations in the proportion of first-year 
woodcock in hunting bags in France, Italy, Denmark, and 
Ireland and in banding data in France, 1976-2006.

Table 1.  Synchrony tests performed on time series of 
the proportion of first-year woodcock collected in different 
European countries from hunting bags and on data collected 
in France during banding (B) and from hunting bags (HB).

Pair of countries Ω value p-value

France – Denmark 0.6782 0.0028

Denmark – Ireland 0.4406 0.0890

France – Ireland 0.4331 0.0913

France – Italy 0.3143 0.1014

Italy – Ireland –0.1922 0.3000

Denmark – Italy 0.0200 0.4800

France (B) – France (HB) 0.4383 0.0318
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breeding area. In Russia, the application of the method 
used in France showed that the proportion of positive 
sites annually exceeds 90%. The detection of a trend is 
difficult due to lack of variation. 
 Due to the lack of a specific sampling design, ICA 
and IAN are certainly biased. However, we consid-
ered these indices to be representative of the demo-
graphic trend because of their synchrony (Ferrand et 
al. 2006). The change in IAN values since 2002–03 is 
probably due to an observer bias. IANs are estimated 
from banding trips during which the aim is to band the 
greatest possible number of woodcock. In the past few 
years, banders tended to optimize the banding time due 
to the reduction of working time devoted to this activity 
(Ferrand, unpublished data). They limited their banding 
trips to the best areas, which led to an increase in the 
IAN values. At the same time, hunters did not change 
their habits and the ICA collection pattern remained  
the same.
 The results of tests on synchrony of the proportion 
of first-year birds in the time series seems to confirm the 
different geographical origins of woodcock wintering in 
different European regions as shown from banding anal-
ysis (Hoodless 2002; Bauthian et al. 2007). The positive 
synchrony between Danish and French series expresses 
a similar origin of the concerned woodcock populations 
(Feno-Scandinavian Flyway). The different pattern of 
the variations of the proportion of first-year birds in Italy 
compared to other countries like France and Ireland is 
consistent with a central Europe origin (Eastern Flyway) 
of woodcock migrating and/or wintering in this country. 
As shown by Fadat (1981), the proportion of first-year 
birds in hunting bags is affected not only by recruitment 
but also by the hunting pressure following the wintering 
site fidelity. For instance, the low absolute values regis-
tered in Ireland do not mean a lower recruitment for the 
Irish wintering population but rather a generally lower 
hunting pressure in Ireland than in the other countries.
  An important issue in the European woodcock 
monitoring is the lack of precise harvest estimates 
which can be a way to estimate hunting pressure on the 
species when estimation of abundance is also available. 
Hunting bag assessments vary in methodology among 
the different nations. For example, they are performed 
by inquiries which are compulsory (in Russia, Denmark, 
Germany, and Hungary) or not (in France, Great 
Britain, Finland, and The Netherlands); annual (Russia, 
Sweden, Finland, Denmark, Switzerland, and Hungary) 
or not (France, Ireland, and The Netherlands); and 
national or not (Sweden). Additionally, many coun-
tries have only a rough estimation based on managers’ 
interpretations without collection of sufficient data to  
validate assumptions. 
 These discrepancies in hunting bag assessments 
likely originate from the cultural diversity that exists in 

Europe. Additionally, hunting periods and regulations 
vary considerably among nations. Contrary to North 
America, the cultural diversity in Europe is so great 
that organizing standardized monitoring protocol for 
any migratory bird will be a monumental task. More-
over, dedicated specific Game and Wildlife Institutes 
that could oversee a monitoring program do not exist 
in every country. However, a European Union manage-
ment plan for woodcock is now in progress and aims 
to maintain or increase woodcock numbers and habitats 
over the next three years (Jensen and Lutz 2006). 
 Compared to the distribution range of woodcock in 
Europe, the monitoring programs developed at present 
may appear to be weak. However, their main objec-
tive is to determine the woodcock conservation status. 
Despite the lack of precise information, the conserva-
tion status of woodcock in the Western Palearctic region 
is considered unfavorable (SPEC 3W category) by 
BirdLife International (2004) and stable by Wetlands 
International (2002). According to available informa-
tion based on monitoring, European woodcock does not 
seem to be endangered. However, caution is required 
since few data have been collected in the core of the 
breeding range. Moreover, research on the evolution of 
woodcock habitat in Europe still has to be carried out in 
order to have a complete understanding of the situation. 
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APPENDIX A

 The general problem of quantification and test 
of synchrony between two time series was studied by 
Goodman and Grunfeld (1961) and recently reviewed 
by Buonaccorsi et al. (2001). However, the statis-
tics proposed for testing synchrony—the G statistic 
of Goodman and Grunfeld (1961) or the A statistic of 
Buonaccorsi et al. (2001)—do not take into account 
the amplitude of the difference between two successive 
dates. This appears to be questionable, as a low differ-
ence amplitude could have no biological significance 
when a high one could be very significant. We propose 
to tackle this problem as follows: Let the two observa-
tion series X1, X2, …, Xn and Y1, Y2, …, Yn be carried out 
at dates t1, t2, …, tn. At each date ti a pair of observations 
(Xi ,Yi) is available. The objective is to test a possible 
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link between the successive variations of X and Y, i.e. 
between Wi = Xi+1  - Xi and Zi = Yi+1 - Yi for i = 1,2, …, 
n-1. The Wi or the Zi are considered to be exchangeable 
(Good 1994). 
 Following these notations, the proposed statistic  
can be written:

 
 The denominator aims to standardize Ω which 
varies from –1 (perfect anti-synchrony) to +1 (perfect 
synchrony). The value 0 corresponds to the absence of 
synchrony.
 This statistic leads to the following result: the 
product of two difference amplitudes with low absolute 
values but with same signs has a low positive contribu-
tion to the statistic; the higher the difference amplitudes, 
the higher the positive contribution. Conversely, the 
product of two difference amplitudes with low absolute 
values but with opposite signs has a low negative contri-
bution to the statistic; again, the higher the difference 
amplitudes, the higher the negative contribution.
 Finally, this statistic can be easily tested using 
a randomization test (Manly 1997), by virtue of the 
exchangeability of the first-order increment of the obser-
vations for at least one of the series.
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Abstract: Moosehorn National Wildlife Refuge, located in eastern Maine, is the site of the longest running research 
program on the ecology and habitat needs of American woodcock. The refuge was established in 1937 out of 
concerns about declining a woodcock population. Much of the land had been farmed and logged extensively, and 
subjected to wildfire in the early 1900s. By the 1930s the young, second growth forest had developed into prime 
habitat for woodcock, and research revealed high population densities. By the 1950s the woodcock population 
had peaked. However, very little timber harvest had taken place during the first four decades of the refuge, and 
as the forest matured beyond the optimum for woodcock, populations declined. Increased research activity in the 
1970s designed to improve habitat and reverse the population decline led to a new forest management program and 
increased timber harvest via small clear cuts. The refuge’s woodcock population increased as a result of improved 
habitat. Research activity continued at a high level during the 1980s and 1990s. Over 40 peer-reviewed papers and 
graduate theses on woodcock and the effects of forest management on population dynamics have resulted from 
research at the refuge, and numerous popular works for general audiences were produced. Timber harvest ceased in 
2009 pending completion of a new refuge plan. 
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Moosehorn National Wildlife Refuge in eastern 
Maine was established by executive order of President 
Franklin D. Roosevelt in 1937 as a migratory bird ref-
uge, with special emphasis on woodcock. In a 1937 let-
ter to Roosevelt, Secretary of Agriculture Henry Wallace 
stated “…The protection of the woodcock, however, is 
the paramount purpose for the establishment of the ref-
uge…” and further noted the importance of Moosehorn’s 
habitat and location on the landscape for woodcock mi-
grating to and from the Canadian maritime provinces. 

Most of the uplands of present-day Moosehorn had 
been farmed, logged, or subject to wildfire by the early 
1900s. As the timber supplied declined, many of the 
farms that were tied to the forest industry were aban-
doned, and came under the ownership of the federal Re-
settlement Administration. By the 1930s the reverting 
farmland had developed into prime woodcock habitat. 
Moosehorn was one of the first “duck stamp” refuges, 
purchased with funds raised by the Migratory Bird Con-
servation Act of 1929.

The Refuge consists of two divisions that are ap-
proximately 20 miles apart. The Baring Division is 

20,096 acres (8,136 ha) in size and is located southwest 
of the City of Calais, on the international border with 
New Brunswick, Canada. The Edmunds Division is lo-
cated to the south, between the towns of Dennysville and 
Whiting; it is currently 8,799 acres (3,562 ha) in size. 
The Refuge is now 90% forested, with species compo-
sition varying from nearly pure stands of spruce-fir to 
mixed hardwoods of aspen, paper birch, red maple, red 
oak, and beech. White pine is also an important compo-
nent of many stands. The forest is interspersed with nat-
ural and human-made water bodies, several meadows, 
and managed blueberry fields. Alder stands are common 
along streams and are invading abandoned fields.

One of the first in-depth studies on the life history, 
habits, and habitat requirements of the American wood-
cock began on the Moosehorn prior to its establishment 
as a national wildlife refuge. Gustav Swanson, Howard 
Mendall, and Clarence Aldous began woodcock stud-
ies in the 1930s on the land that would be Moosehorn 
NWR while it was still owned by the Resettlement Ad-
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ministration. In addition to elucidating the life history 
of woodcock, their experiments demonstrated that clear 
cutting could be used to rejuvenate woodcock coverts 
and that singing males would use newly cleared sites. 
In 1943, Mendall and Aldous, at the Maine Cooperative 
Wildlife Research Unit (CWRU), published the results 
of this landmark study in The Ecology and Management 
of the American Woodcock. This work was the founda-
tion for subsequent research on woodcock at Moosehorn 
over the next several decades.

In 1950, University of Maine graduate student 
James Reardon completed his master’s thesis research, 
finding that woodcock numbers increased on the Ref-
uge’s managed habitats. Eldon Clark became the refuge 
biologist in 1953, and began a series of small scale ex-
perimental timber harvests for woodcock. Moosehorn’s 
woodcock population likely peaked in the 1950s. The 
burgeoning deer population at that time, however, was 
negatively affecting forest regeneration, which prompt-
ed the Refuge to open to deer hunting in 1954; a harvest 
of 349 deer was tallied on the Refuge that first season. 
For comparison, Moosehorn’s current deer density has 
no perceptible effect on forest regeneration, and annual 
harvests typically are fewer than 10 bucks (hunter num-
bers are not limited, and antlerless deer are protected). 

During April 17-19, 1956, the Refuge hosted a meet-
ing of state, federal, and university woodcock experts of 
the day, which included Howard Mendall (ME CWRU), 
William Sheldon (MA CWRU), Bruce Wright (CWS), 
Steve Licsinsky (PA Game Commission), Fred Greeley 
(UNH), Ward Sharp (PA CWRU), and Allan Studholme 
(USFWS), among others. This meeting predated the 
Woodcock Workshops and Symposia. 

In 1961, University of Maine master’s student Fred-
erick Payne completed an investigation of beaver flood-
ing of alder woodcock habitat on Moosehorn NWR. 
During the 1960s, refuge biologist Clark focused on 
woodcock capture techniques and population studies. 
Dr. Fant Martin (USFWS Bureau of Sport Fisheries and 
Wildlife) and an assistant spent seven weeks of the sum-
mer of 1962 at Moosehorn, experimenting with methods 
of woodcock capture; 238 woodcock were banded that 
year during July and August. The banding program sub-
sequently was expanded, and became a cooperative ven-
ture with the ME CWRU; a steady stream of wildlife stu-
dents from the University of Maine made op the bulk of 
summer banding crews. From 1961 to 2005, the Refuge 
banded 10,739 woodcock, which have provided valu-
able information on population size, survival, breeding 
ground fidelity, wintering site associations, and migra-
tion. Clark transferred from Moosehorn NWR to Patux-
ent Wildlife Research Center (WRC) in 1968. In 1969 
Moosehorn hosted a field trip of the Third American 
Woodcock Workshop, which was held in Orono, ME.

Woodcock research at Moosehorn NWR increased 
markedly in the 1970s, with substantial involvement of 
researchers from Patuxent WRC. Tom Dwyer of Patux-
ent led a long term study beginning in 1976 to examine 
population size and structure, breeding behavior, pro-
duction, and response to habitat management of the local 
woodcock population (Dwyer et al. 1988), and ultimate-
ly to develop forest management techniques that small 
landowners and commercial forestry operators could 
use that would improve habitat for woodcock and other 
wildlife. In 1976, Greg Sepik began graduate research 
at Moosehorn NWR, in addition to collaborating on the 
Patuxent study. In 1979 Sepik was appointed refuge 
biologist of Moosehorn NWR. The management tech-
niques developed from this research at Moosehorn were 
made available to the public in A Landowner’s Guide 
to Woodcock Management in the Northeast (Sepik et 
al.1981). The Landowner’s Guide has been used widely 
to guide habitat management for woodcock and other 
early successional wildlife across the northern part of 
the woodcock breeding range. 

From the Refuge’s establishment in 1937 to 1975, 
less than 370 ac (150 ha) of forest had been harvested. 
By the 1970s, the second growth forest had matured be-
yond the optimum for woodcock and other early succes-
sional wildlife. The woodcock population of the Moose-
horn study area was declining at a rate similar to the 
statewide trend, and estimates of woodcock population 
density on the study area were significantly lower than 
densities from the Maine State Singing-ground Survey. 
Forty-five years earlier, Mendall and Aldous (1943) had 
estimated a population density of woodcock that was 
nearly 5 times the peak density on the refuge estimated 
by Dwyer et al. (1988). Assuming the estimation meth-
ods are comparable, it is clear that the habitat quality of 
Moosehorn study area in the late 1970s had the potential 
to be much improved. 

In the early 1980s, Sepik prepared a forest manage-
ment plan for the Baring Division of Moosehorn NWR 
based on the research conducted at the Refuge, to im-
prove habitat for woodcock (with assumed benefit to 
many other early successional wildlife), diversify the 
age structure of the forest, achieve economic benefit 
from the harvest, and provide a research and demonstra-
tion area to exhibit forest management techniques that 
landowners can use to manage forest habitat and make 
a profit. Approximately one-third (5,159 ac or 2,089 
ha) of the 1979 forested acreage of the Baring Division 
would be subject to harvest over the 45-year plan, with 
the remainder unmanaged and allowed to continue suc-
cession. Hardwood and mixed wood stands were regen-
erated by clear cutting 5 ac (2 ha) patches, with an aver-
age of about 130 ac (53 ha) to be harvested annually. 
However actual annual harvests usually were less due 
to vagaries of access, stand stocking, market demand, 



 47History of Woodcock at Moosehorn • Weik

weather, and changes in management objectives for spe-
cific stands. Within five years after Moosehorn initiated 
the forest management plan, the number of adult male 
woodcock on the Baring Division increased 77%; over 
the next 20 years the number of singing male woodcock 
increased 73%, however, the estimated population den-
sity was still over 60% below that estimated by Mendall 
and Aldous 65 years earlier. In 1993, a similar forest 
management plan for the Refuge’s Edmunds Division 
was prepared with financial assistance from the Ruffed 
Grouse Society.

Through the 1980s and 1990s Moosehorn NWR 
staff and research partners maintained a high level of re-
search activity. Sepik collaborated with Patuxent WRC 
researchers Jerry Longcore and Dan McAuley, and oth-
ers, on telemetry studies of woodcock movements, hab-
itat selection, and survival during the breeding season 
through fall migration. Patuxent collaborators assessed 
the response of the avian community to Moosehorn’s 
forest management. Five graduate student theses (Der-
leth 1986, Phelps 1986, Vander Haegen 1992, McGin-
ley1996, Rudnicky 1991) contributed to this body of 
research. In the early 1990s, Sepik was appointed zone 
biologist and woodcock specialist for Region 5 of the 
USFWS, but he remained stationed at Moosehorn NWR 
and continued to guide woodcock monitoring and re-
search activities.

In addition to the more than 40 peer-reviewed pub-
lications on the conservation and ecology of woodcock 
that resulted from research and management activities at 
Moosehorn NWR, numerous presentations were given 
and popular articles for the general public were pub-
lished. Sepik contributed over 30 articles to publications 
of the Ruffed Grouse Society, including his Woodcock’s 
Way column that appeared in their quarterly magazine. 
Two audio-video productions on woodcock ecology 
and management were filmed at Moosehorn during the 
1980s: Woodcock Woodlands aired on Maine public 
television, and Marty Stouffer’s Wild America television 
episode—”Timberdoodles of the Moosehorn”—reached 
national audiences. 

Staff based at Moosehorn NWR have provided tech-
nical assistance and outreach to public land managers 
and private landowners interested in managing forest for 
woodcock and other wildlife, and have participated in 
national woodcock research and management programs 
such as the Singing Ground Survey, Woodcock Wing 
Bee, American Woodcock Symposia, Woodcock Task-
force, and the Northern Forest Woodcock Initiative.

Greg Sepik died unexpectedly in 1998, and his posi-
tion as FWS Region 5 zone biologist was not filled. In 
2004, a second refuge biologist position was created at 
Moosehorn, with responsibilities for woodcock and for-
est management. The author was appointed to this posi-
tion, which he held until 2010.

In 2005, Moosehorn began the new Refuge System 
planning process. The Refuge’s Comprehensive Conser-
vation Plan (CCP), when complete, will guide all Ref-
uge activities for the following 15 years. The CCP pro-
cess, from planning through implementation of the plan, 
follows NEPA guidelines such as formulating a range of 
alternative approaches to refuge management, consid-
eration of public input, and selecting an alternative that 
best adheres to the purpose for which the specific refuge 
was established. By law, the CCP must be completed by 
2012. Timber harvesting and alder management under 
the Refuge’s previously approved forest management 
plans was terminated in 2009, and active forest manage-
ment may not be implemented again until the Refuge 
has an approved CCP and Habitat Management Plan. 

The extent that the goals, objectives, and strate-
gies of Moosehorn NWR’s CCP strengthen or diminish 
the Refuge’s continued contribution to conservation of 
American woodcock will depend on support from the 
Service’s Regional Office for the woodcock/early suc-
cessional forest wildlife program relative to competing 
priorities, and on public input. In the meantime, Moose-
horn staff and collaborators have continued to moni-
tor the Refuge’s woodcock population and support the 
statewide SGS, and are assisting Patuxent WRC in a 
study of fall habitat use by woodcock migrating through 
the vicinity of Cape May NWR. The Refuge recently 
produced educational signs about wildlife and forest 
management, and installed them along trails through 
managed habitat to interpret forest wildlife management 
techniques. Moosehorn staff currently are administer-
ing a grant to the Ruffed Grouse Society to reproduce 
Sepik’s A Woodcock in the Hand.
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Abstract: The number of singing male American woodcock (Scolopax minor) recorded during the annual singing-
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temporal analysis revealed the area of singing grounds are increasing across the province (+17%), whereas the area 
of available singing grounds in regions surveyed by the SGS routes are decreasing (–7%). Trends of the SGS routes 
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in habitat over the same period.
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 The welfare and population status of the Amer-
ican woodcock has been a concern to outdoors people 
and biologists for decades due to its importance as a 
game bird and its declining population levels (Steketee 
2000, Bateman 2002). Results from the annual North 
American singing-ground survey have documented an 
annual decline since the survey began in 1968. The 
annual singing-ground survey (SGS) was developed to 
exploit the conspicuous courtship display of the male 
woodcock. Mendall and Aldous (1943) were among the 
first to note that counts of singing males could provide 
indices to woodcock abundance. In Canada, the Cana-
dian Wildlife Service (CWS) coordinates spring counts 
of occupied American woodcock singing grounds along 
established routes. Long-term (1968–2002) declines (P 
< 0.01) of 2.3% per year of singing males in the Eastern 
Region, and 1.6% per year in the Central Region (Kelley 
2002) have been documented through this survey. The 
singing-ground index for New Brunswick in 2000 was 

21.1% below the 25-year mean (Bateman 2001). 
 Woodcock depend on young forest habitat to 
provide the necessary structure for the various stages of 
their annual life cycle. Many research studies have spec-
ulated that the decline can be attributed to a decreasing 
abundance of early successional forest stands and shrub-
dominated areas in their breeding range (Hudgins et al. 
1985, McAuley et al. 1996, Dessecker and McAuley 
2001). As habitat quality and quantity decrease, wood-
cock are forced to use habitats where food may be less 
abundant and vulnerability to predators may be greater. 
The high stem density of early successional stands 
protects woodcock from predators and enables larger 
local populations than in mature forests (Dessecker and 
McAuley 2001). 

1 Present address: Nature Conservancy of Canada, 1-924 Prospect St., 
Fredericton, NB E3B 2T9

2 E-mail: margo.morrison@natureconservancy.ca
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 The apparent habitat loss can be attributed to many 
direct and indirect factors across the woodcock’s range. 
Increased fire and pest suppression have allowed forest 
stands to enter mature seral stages of development when 
in the past they would have been damaged or destroyed 
(Steketee 2000). Other causes such as decreased farm 
abandonment, limited regeneration of hardwood stands, 
and changes in forest management objectives and tech-
niques are considered factors in the net loss of avail-
able woodcock habitat (Straw et al. 1994, Dessecker and 
McAuley 2001). Potential causes vary by region. The 
eastern United States have reported a severe decline in 
the amount of early successional woodlands, with only 
8% of the forest currently in this age class (Brooks 
and Birch 1988). New Brunswick, however, is largely 
owned by the public (Crown) and large industrial free-
hold in which intensive forest management practices are 
conducted. Currently, 38% of New Brunswick’s wood-
lands are in a regenerating or young age class (Nicola-
copoulos 2003). 
 In order to effectively assess the woodcock popu-
lation status, population indices need to 1) accurately 
reflect the actual population trends and 2) be represen-
tative of the landscape. Survey routes were established 
mainly along permanent roads, but these routes may 
not reflect changes occurring elsewhere. If this is true, 
then the survey routes may not indicate actual wood-
cock population levels. Extensive monitoring has been 
conducted (Bateman 2002, Kelley 2002), yet little 
research has been done to determine how accurately 
the singing-ground indices reflect actual population 
declines, or whether the declines are caused by dispro-
portionate habitat changes at the survey sites in relation 
to the overall landscape. This uncertainty could prevent 
the development of effective strategies for woodcock 
conservation and management in New Brunswick. An 
assessment of woodcock habitat along survey routes is 
required to better comprehend the relationship between 
long-term population trends and changes in avail-
able habitat along existing survey routes and across  
New Brunswick.
 In order to determine habitat and land use changes 
at each survey route, we used GIS technology to assess 
three major objectives: 

1. To characterize woodcock habitat types, stand struc-
ture, stand composition, and land use at existing 
singing-ground routes in New Brunswick. 

2. To compare present characteristics of habitat at 
singing-ground routes (i.e. woodcock habitat types, 
forest stand structure, composition, and land use) to 
a landscape scale of New Brunswick.

3. To determine how habitat characteristics and land use 
have changed across New Brunswick in relation to 
woodcock singing-ground survey results over time. 

STUDY AREA

 This study was conducted in the province of New 
Brunswick, Atlantic Canada. New Brunswick was 
heavily forested (85%) and had a 300-year history of 
European settlement. The province was located in the 
Acadian Forest Region (Rowe 1972), comprised of 7 
ecoregions, a maritime climate, and rolling topography 
(0–820 m). Private woodlot owners held and managed 
51% of this forested landscape, which was the third 
largest percentage of private ownership compared to 
other Canadian provinces (Canadian Forest Service 
2002). The Maritime Region also had the highest 
percentage of forest products derived from private 
lands in Canada. Even-aged harvesting was still the 
dominant harvesting method; however, uneven-aged 
management was increasing on Crown and private land  
(Armson 1999).

METHODS

Site Selection

 We selected the locations of the singing-ground 
routes for this study from existing or historical locations 
of the SGS routes in New Brunswick (Figure 1). We 
analyzed woodcock habitat types, stand structure, stand 
composition, and land use within a 300-m buffered area 
surrounding each of the 43 woodcock singing-ground 
routes using ARC/INFO software (ESRI 2002) to repre-
sent habitat within listening range of observers when 
completing SGS routes. Approximately one half of 
these routes are surveyed every year and the remaining 
routes are recorded as “constant zeros” (Kelley 2002). 
 To complete the habitat and stand characteriza-
tion along each existing route (Department of Natural 
Resources and Energy [DNRE] 1989), we used the 
current digital forest inventory covering 1993 to 2002. 
The 2001 and 2002 aerial photograph interpretations 
were not completed at the time of this study and were 
eliminated from the analysis; together they represented 
approximately 1.8 million hectares of the total 7.3 
million-hectare area (Figure 1).
 We used a second complete digital forest inventory 
from the preceding interpretation cycle to determine 
how habitat characteristics and land use have changed 
in relation to woodcock SGS results from 1982 to 
1986. Both of these digital inventories were interpreted 
from aerial photographs at a scale of 1:12,500 with a 
reported accuracy of 85%. We grouped and assigned age 
classes to 1 of 4 categories using the provincial inven-
tories: 1) Regenerating/young – trees predominantly < 
3m in height, trees predominantly 2–7 m in height and 
1–9 cm diameter at breast height, merchantable layer, 
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accumulating volume rapidly; 2) Immature – merchant-
able layer, accumulating volume slowly; 3) Mature – 
merchantable layer, stable volume (growth and mortality 
about equal); and 4) Overmature – merchantable layer, 
volume declining due to natural mortality.

Land Use and Habitat Characterization 

 We used the forest inventory to classify poten-
tial woodcock habitat as identified by previous studies 
conducted in the breeding range. Woodcock use a 
variety of habitat types for displaying, feeding, nesting, 
roosting, and brood rearing (Mendall and Aldous 
1943, Sepik and Dwyer 1982). Due to a large amount 
of overlap between the characteristics of some of the 
habitat types, we only characterized nesting/feeding 
habitat and singing-ground habitat.
 We summarized singing grounds within the 300-m 
buffers, identifying those within 90 m of any nesting 
and feeding cover to explore this spatial requirement. 
The nesting and feeding cover used in the proximity 
analysis could have been located outside of the buffers.
As the digital soil coverage did not have a fine enough 
resolution to detect worm abundance, we could not 
use it to distinguish appropriate soil conditions for  
feeding grounds. 
 We then characterized habitat types within the 
300-m buffers around each existing SGS route. We iden-
tified singing-ground habitat and nesting and feeding 
habitat using an algorithm in ARC/INFO created from 

specific stand characteristics (Nicolacopoulos 2003). 
Once all singing grounds and nesting and feeding habitat 
had been identified, we clipped the habitat coverage 
against the buffers using ARC/INFO software (ESRI 
2002) so that only habitat within listening range was  
being analyzed.

Analysis

 We calculated representivity of the SGS routes 
based on a comparison of the proportion of each cover 
and habitat type for 1) the New Brunswick landscape 
and 2) SGS route areas defined by the 300-m buffer. 
These proportions reflect absolute areas of cover types, 
or entire populations, rather than samples of cover types. 
Thus, we did not use inferential statistics to determine 
significant differences when the proportions at each scale  
were compared. 
 Once we summarized the current inventory for 
woodcock habitat types (singing grounds and nesting 
and feeding cover), stand structure, stand composition, 
and land use, we conducted the same process using 
the old inventory (1982–1986). Although the method-
ology used to interpret both inventories was similar, the 
1986 classification scheme contained fewer land-cover 
classes and fewer detailed attributes (DNRE 1989). We 
made each digital inventory comparable by grouping 
classes into broader categories (Nicolacopoulos 2003). 
We used the same routes and landscape area in the old 
inventory analysis that was used for the current inven-
tory analysis. We then calculated percent change based 
on the proportions found at each scale. We compared 
the rate of change found at the route scale to the rate 
of change found at the landscape (or forest) scale over 
the 2 time periods. We determined changes important to 
woodcock habitat based on the results from the habitat 
model. Stand characteristics required for woodcock 
survival were part of the algorithm used to identify suit-
able singing-ground habitat (Nicolacopoulos 2003). 
 

RESULTS

Land-cover Representivity and Changes over Time

 The area defined by 300-m buffers surrounding the 
43 SGS routes in the new inventory was 69% forested 
and 31% non-forested. A summary of the entire province 
revealed the relative proportion of forested landscape is 
15% greater than that of the sum of the routes. Despite 
the differences in the relative proportions of forested 
and non-forested cover types, the proportions of stand 
types and age classes are representative of those in the 
landscape. One exception was the immature age class, 
which occurred in greater proportions at the route scale. 

Figure 1: Locations of woodcock singing-ground routes in 
New Brunswick included in the study and areas eliminated 
from the analysis, (1993–2000). Photo interpretation of 2001 
and 2002 blocks was not complete at the time of study.
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Cover type 1982–1986 (%) 1993–2000 (%) % change
Routes

Deciduous forest 26.6 27.1 1.7
Coniferous-mixed forest 40.5 41.5 2.6
Occupied 4.6 7.1 54.5
Roads 4.7 4.8 1.6
Rock outcrops 0.1 0 –65.8
Cultivated 10.9 11.0 1.1
Wetlands/water 7.7 7.7 0
Unclassified 4.9 0.8 –83.7

Total 100 100 0
Landscape

Deciduous forest 33.1 33.7 1.8
Coniferous-mixed forest 46.1 48.4 5.1
Occupied 1.3 1.8 44.9
Roads 1.2 1.2 2.3
Rock outcrops 0.1 0 –54.1
Cultivated 4.5 3.9 –14.3
Wetlands/water 8.9 8 –10.0
Unclassified 4.8 3 –37.5

Total 100 100 0

Table 2. Proportions (%) and changes in abundance of cover types and stand types in the SGS routes and New Brunswick 
landscape from the old inventory (1982–1986) to the current inventory (1993–2000).

Age class 1982–1986 (%) 1993–2000 (%) % change
Routes

Regenerating/young 28.4 38.1 34.2
Immature 39.7 26.7 –34.9
Mature 30.3 28.8 –8.1
Overmature 1.6 6.4 285.5

Total 100 100 –3.4
Landscape

Regenerating/young 24.5 38.4 56.7
Immature 29.2 18.0 –38.4
Mature 42.8 36.3 –15.2
Overmature 3.6 7.3 103.7

Total 100 100 –0.1

Table 1. Proportions (%) and changes in abundance of age classes in the SGS routes and New Brunswick landscape from the old 
inventory (1982–1986) to the current inventory (1993–2000).

Habitat type 1982–1986 (%) 1993–2000 (%) % change
Routes

Singing grounds 29.3 27.6 –5.8
Singing ground within 90 m 23.1 20.6 –10.8

Total area in routes 100 100 –0.7
Landscape

Singing grounds 19.7 23.9 21.3
Singing ground within 90 m 14.7 18.7 27.2

Total area in province 100 100 –0.5

Table 3. Proportions (%) and changes in abundance of woodcock breeding habitat in the SGS routes and New Brunswick landscape 
from the old inventory (1982–1986) to the current inventory (1993–2000).
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Approximately 38% of the forest within the buffers 
around the routes is in a regenerating or young condi-
tion, whereas 61% is in a mature successional stage 
(immature, mature and overmature age classes) (DNRE 
1989). Similar results were found in the New Brunswick 
landscape analysis (Table 1). 
 In the old inventory (1982–1986), the relative 
proportion of forested to non-forested cover types 
along the routes compared to the proportion across the 
landscape is similar to the current inventory. The area 
defined by 300-m buffers surrounding the SGS routes 
was 67% forested and 33% non-forested. The land-
scape, however, had 12% more forested land than the 
SGS routes. While the majority of the stand types were 
representative of the proportions found across the land-
scape, the proportion of age classes differed when both 
scales were compared (Table 2). Regenerating/young 
and immature age classes were more common along 
the routes than in the landscape, while mature and over-
mature age classes had greater proportions in the New 
Brunswick summary. Non-forested cover types asso-
ciated with human settlement (e.g. roads) were all in 
higher proportions along the routes (Table 2). 
 The rate of change between the route scale and the 
landscape scale were markedly different, especially 
with the age class of stand types. While there was an 
increase over time in the relative proportion of regener-
ating stands at the route scale (% change = +34.2), the 
landscape experienced a greater rate of change with an 
increase of 57% over the same time period. Overmature 
stands, however, have experienced a greater increase 
at the route scale than across the landscape (Table 1). 
Cultivated land has changed very little at the route scale 
but is experiencing a large decrease in the landscape (% 
change = 14.3), while the proportion of human settle-
ment (i.e. occupied land) greatly increased at both scales 
(% change = +54.5%, +44.9%, respectively).

Representivity of SGS Routes

 Approximately 28% of the total area of the routes in 
the current inventory was suitable for singing grounds, 
but only 75% of those singing grounds were within 90 m 
of a suitable nesting area. Area within the buffers identi-
fied as potential nesting habitat was the least abundant, 
with 11% of the area being considered suitable. In total, 
24% of the area in New Brunswick was suitable for 
singing grounds but only 79% of those singing grounds 
were within 90 m of a suitable nesting area. 
 The current inventory (1993–2000) analysis revealed 
that the proportions of suitable woodcock habitat on the 
43 SGS in this study are found to be representative of 
those found in the landscape. A similar comparison with 
the old inventory (1982–1986) revealed an overrepre-
sentation of all categories of suitable woodcock habitat 

at the route scale. The routes are currently more repre-
sentative of the available woodcock habitat found across 
the landscape than they were 20 years ago.

Woodcock Habitat Changes over Time

 The rate of change of woodcock habitat along the 
routes is minor compared to the change across the land-
scape (Table 3). The total amount of suitable singing 
grounds and singing grounds within 90 m of nesting 
and feeding cover has decreased by 5.8% and 10.8%, 
respectively, for the buffered routes. Across the land-
scape, both habitat categories increased during the time 
period from the old to the current inventory. 

DISCUSSION 

Representivity 

 Several authors have recognized that abundance 
data obtained from roadside surveys may not be repre-
sentative of the overall landscape (Steketee 2000, 
Donovan and Flather 2002). In contrast, we found in 
general that stand and cover types suitable for wood-
cock along the woodcock SGS routes were represen-
tative of the New Brunswick landscape in the current 
inventory (1993–2000). These findings support that 
current estimates of woodcock abundance as estimated 
by the SGS routes are reasonably indicative of breeding 
population levels in New Brunswick. While most vari-
ables were representative, there were a few differences 
between the two scales. Roadside areas tend to be more 
dominated by cover types associated with human settle-
ment, such as roads, occupied land, and cultivated areas. 
Similar trends occurred in studies of cover type bias in 
the Breeding Bird Survey (BBS) routes, which is also a 
roadside-based survey (Betts et al. 2007).
 Current timber harvest activities, which produce 
many open areas for which woodcock have an affinity 
(Sepik et al. 1994, Straw et al. 1994), are commonly 
associated with road systems that did not exist when 
routes for the singing-ground survey were originally 
established in 1968 (Woehr 1999). The abundance of 
suitable non-forest cover for singing grounds along the 
routes may offset the effect of a slightly lower occur-
rence of regenerating stands. Woodcock along the 
SGS routes are most likely using roads, pastures, culti-
vated fields, lawns, and reverting agricultural fields as 
singing grounds where forest openings are less abundant 
(Mendall and Aldous 1943, Straw et al. 1994). 
 Representivity of stand characteristics in the old 
inventory differed from the current inventory in some 
cover types with respect to magnitude of over- or under-
representation. Regenerating and young stands were 
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overestimated at the route sites compared to the land-
scape (Table 1). One possible explanation is the devel-
opment along the routes. Routes that were located on 
forest roads in the 1980s may now be in an area associ-
ated with less forest harvesting in the current inventory 
(i.e. residential areas, as suggested by rates of change in 
occupied land at the route scale). Similarly, it is common 
practice today for forest companies and private woodlot 
owners to leave mature forest buffers along roadsides to 
limit the negative aesthetic impact of clearcuts (Lansky 
1992). More people are becoming sensitive to clearcuts 
in highly visible areas along travel ways, whereas this 
sensitivity was not as prevalent 20 years ago (Lansky 
1992). The practice of leaving mature forest buffers 
along roads can also explain why there were more 
young stands along roadsides in the 1980s than across 
the landscape. Less mature and overmature stands were 
found along roadsides in the past due to higher levels of 
harvesting taking place in these areas. 

Changes over Time

 While the routes are currently representative of the 
New Brunswick landscape, changes in relative abun-
dance of woodcock habitat over time at the route sites 
has changed disproportionately from changes that have 
occurred across the landscape. Some of the differences 
in abundance of cover types from 1982 to 2000 can 
be explained by examining changes in management 
practices in New Brunswick. Prior to 1992, manage-
ment strategies were primarily focused on maximizing 
sustainable softwood harvest. After this time, mature 
coniferous habitat objectives were added, as this stand 
type would have been lost completely in 40 years from 
1992 (Erdle and Sullivan 1998). The resulting forest 
condition on Crown land created under this strategy is 
one with virtually all stands kept at or below the age 
of peak annual increment, and therefore truncating the 
age class (Erdle and Sullivan 1998). Even though more 
mature and overmature forest habitat objectives have 
been developed in recent years, intensive forest manage-
ment on Crown, industrial freehold, and some private 
woodlots are still creating a younger forest. This trend is 
evident when comparing percent change of regenerating 
and young stands from the old inventory to the current 
inventory.
 On a provincial scale, the abundance of regener-
ating and young stands increased in the forest at a faster 
rate than that found along the routes, which indicates 
the rate of change over the same period of early succes-
sional stands at the route scale is not representative. As 
a result, woodcock singing grounds across the province 
have increased by 17% compared to a concurrent 7% 
decrease at the route scale. Similar trends existed for 
singing grounds in close proximity (≤90 m) to nesting 
and feeding cover. 

 Many studies have identified that male woodcock 
are choosing singing grounds in close proximity to suit-
able nesting cover occupied by females, so a decrease in 
available nesting and feeding cover may be influencing 
the number of males heard along the routes (Mendall 
and Aldous 1943, Dessecker and McAuley 2001). 
The study by Mendall and Aldous (1943) found 83% 
of singing grounds were less than 90 m from nest or 
diurnal cover. They, among others (Dwyer et al. 1988), 
regarded ≤90 m to be the distance that most woodcock 
will travel between singing grounds and nesting-diurnal 
cover, although longer distances traveled between cover 
types have been recorded (Sepik and Derleth 1993). 
Male woodcock may be moving to more suitable sites 
away from the routes to where there is a large increase 
in suitable nesting and feeding areas with females. 
 Even though SGS routes are representative of 
the availability of woodcock singing grounds, the 
rapid increase in the provincial availability of singing 
grounds will most likely reverse this trend in the near 
future. Mature stand types are still more common in 
the landscape, which means harvest rates in these areas 
are likely to continue to increase, unless mature conif-
erous habitat objectives are substantially increased. In 
order to minimize timber loss resulting from natural tree 
mortality and to maximize profits, the forest industry in 
New Brunswick tends to harvest the oldest stands first 
(Erdle and Sullivan 1998). 
 The increasing abundance of suitable woodcock 
habitat across the New Brunswick landscape is not 
consistent with trends in other regions. Bruggink (1997) 
documented seedling-sapling abundance and American 
woodcock population trends in 11 north-central and 
northeastern states. Most seedling-sapling stand types 
in the forestlands decreased from the 1970s to the late 
1990s, as did the woodcock population trends. Maine, 
however, was one of the states that did not experience a 
decrease (Bruggink 1997). 
 In addition to their neighboring geographic loca-
tions, New Brunswick and Maine have many similari-
ties which explain why they are experiencing different 
trends compared to other regions. Unlike other jurisdic-
tions, both have experienced an increase in seedling-
sapling abundance over roughly the same time period. 
Maine’s seedling-sapling forest increased by 34% from 
1971–1995 (Bruggink 1997), whereas New Brunswick’s 
young forest abundance increased by 38% from 1982–
2000 as identified by this study; however woodcock 
population trends decreased in both regions (Bateman 
2001, Kelley 2002). This lack of correlation between 
young forest and woodcock population trends may be 
the result of one or several factors such as the following: 
1) not all seedling-sapling forest is suitable woodcock 
habitat; 2) woodcock population declines may be inde-
pendent of habitat availability; or 3) the SGS routes do 
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not accurately represent the overall landscape. The latter 
is supported by our findings of an overrepresentation of 
the abundance of singing grounds and nesting habitat 
along the SGS routes, especially in the old inventory. 
The overestimation of habitat along the routes in the 
1980s could have inherently conveyed a population 
decrease over time when in fact the abundance of suit-
able woodcock habitat was increasing in the landscape. 
The routes may now be more representative of the actual 
population levels instead of overestimating them as in 
the past.
 Another similarity, which is seemingly different in 
other regions, is the level of intensive forest manage-
ment practiced in the province or state. Between the early 
1970s to mid-1980s, more than 60% of the basal area 
was removed from only 4% of the forest stands in West 
Virginia and from 8% of the stands in New England. 
On most sites removal of only 60% of the basal area 
is not adequate to establish quality early successional 
habitat (Dessecker and Pursglove 2000). In Maine, data 
suggest that at least 80% of the stand basal area has been 
removed from 13% of the timberland (Dessecker and 
Pursglove 2000). 
 This occurrence is probably because the forest prod-
ucts industry owns 47% of Maine’s timberland, which is 
higher compared to other regions (Dessecker and Purs-
glove 2000). New Brunswick, however, has an even 
higher percentage of land managed by forestry compa-
nies, due in part to the way public land is managed. New 
Brunswick Crown lands are managed under 10 separate 
timber licenses requiring that licensees develop 25-year 
management plans outlining all forest management 
activities for the license. Together with private indus-
trial freehold (not including harvesting on small private 
woodlots), about 70% of New Brunswick’s forests are 
under intensive forest management, with clear cutting 
being the most common harvesting technique used in 
these areas (Arson 1999). Several studies (Sepik and 
Dwyer 1982, Sepik et al. 1994) have documented the 
effectiveness of clear cutting (strips or patches) as a 
technique that creates excellent singing grounds and 
eventually nesting and feeding cover.

MANAGEMENT IMPLICATIONS

 Based on the 1993–2000 data, SGS routes are 
currently representative of available woodcock habitat 
found in the landscape; however, woodcock popula-
tions may not be decreasing in New Brunswick at rates 
predicted by the SGS results. While decreases in avail-
able woodcock habitat may occur in some regions with 
low amounts of intensive forest management and agri-
cultural land abandonment, this trend was not supported 
by our analysis of changes in the New Brunswick land-

scape from the 1980s to 2000. We found that the abun-
dance of singing grounds and nesting/feeding cover is 
increasing across the province over time, and at a more 
rapid rate than in the area surveyed by the SGS routes. 
Other data, such as increasing levels of woodcock 
harvest per successful hunter in Canada from 1975–
2000, suggest that woodcock populations are increasing 
(Bateman 2002). If these differences are not considered 
during the interpretation of woodcock survey trends, 
then the need for conservation efforts may be misguided 
by inaccurate estimates of woodcock abundance and 
rate of change over time in New Brunswick. 
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Abstract: East Texas is the westernmost extent of the normal winter range of American woodcock (Scolopax minor). 
This study addressed information gaps surrounding diurnal winter habitat used by woodcock in east Texas. We 
measured 14 different habitat variables, including ground (i.e., bare soil, leaf litter, woody debris, grass, herbaceous, 
etc.), understory, tree canopy, horizontal, and overhead covers at 239 locations of 60 different radio-marked adults 
during winter of 2001–2002 and 2002–2003. Because of a shift in use from floodplain to upland habitats, several 
habitat parameters varied between years (P ≤ 0.05). Although gross structural habitat cover varied between years, there 
were general similarities in used and random habitats and in male and female habitats within each year. Moreover, 
although habitat components changed during each year, microhabitats selected by woodcock remained consistent. 
Woodcock used habitats with varying amounts of ground cover, as in other studies, but were in locations with much 
less bare soil than in many previous studies. The woodcock’s winter requirements—sparse ground cover and adequate 
overhead cover—are provided by 3 types of sites in east Texas: 1) early successional forests on upland and floodplain 
sites; 2) thinned pine sawtimber plantations that are regularly burned; and 3) mixed pine-hardwood sawtimber stands. 

Proceedings of the American Woodcock Symposium 10: 63–75
Key words: American woodcock, diurnal winter habitat, Scolopax minor, Texas.

Roscommon, Michigan, USA

 The American woodcock (Scolopax minor) is a 
migratory game bird that inhabits the eastern United 
States. The species has experienced long-term popula-
tion declines (Kelley and Rau 2006), most likely caused 
by successional changes and habitat loss (Owen et al. 
1977, Dwyer et al. 1983, Dessecker and Pursglove 2000). 
Early successional habitats are important for woodcock 
throughout the year because the species is disturbance-
dependent (Dessecker and Pursglove 2000); however 
habitat use varies between diurnal and nocturnal 
periods. Diurnal habitat in the South has been character-
ized as dense thickets with sparse ground cover (Boggus 
and Whiting 1982, Straw et al. 1986) within regener-
ating clearcuts (Boggus and Whiting 1982, Roberts et 
al. 1984), intermediate-aged forests (Kroll and Whiting 
1977), and mature forests (Horton and Causey 1979). 
Nocturnal habitat is typically more open because birds 

use old fields (Glenn et al. 2004) and recently harvested 
forests (Dyer and Hamilton 1977, Horton and Causey 
1979).
 During winter in east Texas, woodcock often move 
between diurnal and nocturnal habitats at dusk and 
dawn (Glenn et al. 2004, Berry 2006). Both sexes use 
diurnal habitat for feeding and roosting (Horton and 
Causey 1979), and starting in late January, some adult 
females also use diurnal habitats for nesting and then 
brood rearing (Whiting and Boggus 1982, Whiting et 
al. 2005). Such nesting activity suggests that there may 
be differences in diurnal microhabitat use by adult male 
and female woodcock, particularly during late winter. 
However, few studies have isolated specific requirements 
for males and females (Sepik and Derleth 1993) and no 
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published studies have described diurnal microhabitat 
components important to adult male and female wood-
cock in east Texas. To address this information gap, we 
compared diurnal microhabitat use between adult male 
and female woodcock and between woodcock flush sites 
and associated random sites in east Texas during fall and 
winter, 2001–2002 and 2002–2003.

METHODS

Study Area

 This study was conducted on the Alazan Bayou 
Wildlife Management Area (ABWMA), the adjacent 
Stephen F. Austin Experimental Forest (SFAEF), and 
surrounding private lands in Nacogdoches County, 
Texas (Figure 1). The 835-ha ABWMA was managed 
by the Texas Parks and Wildlife Department. Approxi-
mately 243 ha of the ABWMA were abandoned upland 
pastures, and the remainder was bottomland hardwood 
forests in the Angelina River floodplain. Approximately 
308 ha of the SFAEF, a part of the United States Forest 
Service system, were upland mixed pine-hardwood 
forests, and approximately 1038 ha of the SFAEF were 
bottomland hardwood forests in the Angelina River 
floodplain (Conner et al. 1994). Private lands adjacent to 
the ABWMA and SFAEF were managed by numerous 
owners and consisted of improved pastures, mixed pine-

hardwood forests, pine plantations, bottomland hard-
wood forests, and residential areas. However, most of 
the private lands on which this study took place were 
comprised of 2 intensively managed pine plantations. 
One plantation was approximately 5 years old and the 
other was approximately 25 years old; the latter planta-
tion had been thinned twice.
 Most upland soils in the area are loams or fine sandy 
loams in texture on slopes of 0–20%. These soils are 
deep, moderately to well drained with slow to moderate 
permeability. Bottomland soils are deep, poorly drained 
loams with moderate to slow permeability. Bottomland 
soils contain relatively high proportions of clay and may 
flood briefly during winter (Dolezel and Fuchs 1980).

Capturing and Radio-Locating Woodcock

 We captured woodcock by night-lighting (Rieffen-
berger and Kletzly 1967) in the fields within the north-
ernmost portion of the ABWMA during fall and winter, 
2001–2002 and 2002–2003 (Figure 2). We sexed, aged 
(Martin 1964, McAuley et al. 1993), and fitted each 
captured bird with a United States Geological Survey 
(USGS) aluminum leg band. We attached radio trans-
mitters weighing <6 g (<4% of bird mass) to adults 
(>1 year old) backpack style with livestock tag cement 
and a single-loop cable harness (McAuley et al. 1993) 
(USGS auxiliary marking authorization permit number 
22931). In 2002–2003, the cable harness was replaced 
with a single thread of Gossamer Floss™. We released 
each bird at the capture site after transmitter attachment. 
We attempted to radiomark 15 adult males and 15 adult 
females each winter. 
 We allowed radio-marked birds 3 days to resume 
normal activities. Thereafter, we searched for each bird 
1–5 times a week until 1 March 2002 and 2003. When 
a bird was found dead or was missing for 2 consecutive 
weeks prior to 1 February 2002 and 13 February 2003, 
we captured and radiomarked a new adult woodcock of 
the same sex. After these dates, missing or dead birds 
were not replaced.

Habitat Data Collection

 We randomly located radio-marked birds with 
traditional telemetry techniques between 0800–1700 
hours to ensure birds were found equally throughout 
the day. Upon locating each bird, we flushed it and the 
flush point was marked (i.e., the used point). If a bird 
appeared to move before flushing, we considered the 
original triangulation the used point. We also marked 
a point 30 m from the used point in a random direc-
tion (i.e., the random point). We chose a 30-m distance 
for random locations to constrain them 1) to diurnal 
microhabitat(s) that were potentially used by wood-

Figure 1. Location of American woodcock study sites at the 
Stephen F. Austin Experimental Forest and the Alazan Bayou 
Wildlife Management Area within Nacogdoches County, Texas.
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Figure 3. Floodplain soils (blue outline) on the Alazan Bayou Wildlife Management Area overlaid with a subset of American 
woodcock locations at the Stephen F. Austin Experimental Forest and Alazan Bayou Wildlife Management Area in east Texas, in 
2001–2002 (yellow) and 2002–2003 (orange).

Figure 2. Detailed study area and a subset of American woodcock locations at the Stephen F. Austin Experimental Forest and 
Alazan Bayou Wildlife Management Area in east Texas, in 2001–2002 (yellow) and 2002–2003 (orange).
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cock during this study, 2) from falling in locations in 
which woodcock would not generally be observed (i.e., 
roads, open water, etc.), and 3) to focus upon poten-
tially relevant microhabitat features between used and  
random sites. 
 Within 1 week of flushing a bird, we collected 
microhabitat cover data at and around (i.e., used or 
random location) each used and random point. We 
recorded vegetative and physiognomic characteristics 
of the surrounding area. We then ocularly estimated 
percent ground cover (i.e., 0.0–0.1 m above the ground) 
in a 0.5 x 1.0-m plot centered on the used or random 
point for the following categories: water, rock, bare soil, 
leaf litter, woody debris, and grass, herbaceous, vine, 
deciduous, or evergreen plant. When green vegetation 
was above cover lying on the ground (e.g., herbaceous 
plant above leaf litter), we recorded both categories so 
that in some instances ground cover totals exceeded 
100%. We also estimated the same ground cover catego-
ries in 4 additional plots, 1 in each cardinal direction 1 
m from each point. We averaged ground cover estimates 
for the 5 plots by habitat cover category.
 We measured understory (i.e., 0.1–6.0 m above the 
ground) and tree canopy covers (i.e., >6.0 m above the 
ground) at each location using the line intercept method 
(Canfield 1941). From each point, we placed a 5-m tape 
on the ground cover in a cardinal direction and recorded 
the length of vegetation (cm) directly above the tape 
for each stratum. We repeated the procedure in the 
remaining cardinal directions and averaged values for 
each cover stratum and converted to percentages.
 We estimated horizontal vegetation cover in the 
stratum 0.0–1.5 m above the soil surface at each point. 
A 0.6 x 1.5-m cover board painted in a black and white 
checkered pattern of squares, each 15 x 15cm (i.e., 225 
cm2), was placed at each used and random point. We 
counted only the number of squares ≥50% obscured by 
vegetation at eye level from a distance of 5 m in each 
cardinal direction. Squares with <50% coverage were 
not counted to minimize potential bias towards overes-
timating horizontal obscurity. We averaged horizontal 
vegetation cover estimates from cardinal directions and 
converted the value to a percentage. 
 We measured overhead vegetation cover using a 
spherical densiometer with 24 squares (i.e., 96 corners) 
imprinted on the concave mirror. In an attempt to esti-
mate overhead cover at each point from the perspec-
tive of a woodcock, we placed the densiometer on the 
ground at each used or random point, and then counted 
the number of corners on the densiometer that reflected 
vegetation. We performed this procedure while facing 
each cardinal direction to thoroughly estimate the over-
head cover at each point. We averaged the 4 densiometer 
values and converted that value to a percentage. 

Data Analyses

 We used multivariate analysis of variance 
(MANOVA) to examine differences in habitat cover 
variables (i.e., ground cover by category, understory 
cover, horizontal vegetation cover, overhead vegetation 
cover, and tree canopy cover) between years, between 
used and random locations, between sexes and all 
interactions. Year was intentionally included as a main 
effect in initial analyses as yearly variation in habitat 
was of interest during this study. If interactions (P < 
0.05) between year and any other main effect occurred, 
we performed subsequent analyses within each year. 
To more specifically examine sex-related differences 
in habitat, we also used MANOVA to examine differ-
ences in the same set of habitat variables between years, 
sexes, and season for used locations only. Each study 
year was subdivided into early (i.e., November and 
December) and late (i.e., January, February, and March) 
seasons in an attempt to examine gender-based habitat 
use changes within each year. We used MANOVA to 
maintain overall experiment-wide error rates of 0.05 
and Wilks’ λ was used as the test criterion because of 
its conservative power, analogy to univariate F statis-
tics (Johnson and Wichern 2002), resiliency to multi-
variate non-normality (Olson 1976), and robustness to 
heterogeneity of variance-covariance matrices (Ito and 
Schull 1964). If differences (P < 0.05) occurred during 
MANOVA, we performed follow-up analyses of vari-
ance (ANOVA) using Type III Sums of Squares. Least 
squares mean separation was used to examine signifi-
cant (P < 0.05) differences (Zar 1996). 

RESULTS

 All woodcock captured during each study year were 
on an upland site or adjacent minor streamside flood-
plain on the northern portion of ABWMA (Figure 3). 
In 2001–2002, the first woodcock was radiomarked on 
13 December 2001 and the last on 29 January 2002. 
The first and last radio transmitters fitted in 2002–
2003 were on 12 November 2002 and 12 February  
2003, respectively. 

Habitat

 Habitat was measured at 89 woodcock locations 
(40 male and 49 female) of 12 males and 14 females 
between 17 December 2001 and 8 March 2002. 
Between 19 November 2002 and 16 March 2003, we 
collected habitat data at 150 woodcock locations (39 
male and 111 female) of 12 males and 21 females; 1 
male and 2 females were recaptures from the previous 
year. In 2001–2002, 52% of woodcock locations were 
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2001–2002  
(n = 89)

2002–2003  
(n = 150)

Habitata n % n %

Floodplain

Early successional 
hardwood 20 22.5 27 18.0

Early successional 
pine-hardwood 2 2.3 1 0.7

Early successional 
pine plantation 14 15.7 3 2.0

Mature hardwood 7 7.9 4 2.6

Mature mixed 
pine-hardwood 3 3.4 1 0.7

Total 46 51.8 36 24.0

Upland
Early successional 
hardwood 1 1.1 0 0.0

Early successional 
pine hardwood 0 0.0 4 2.7

Early successional 
pine plantation 6 6.7 29 19.3

Mature hardwood 0 0.0 2 1.3
Mature mixed pine 
hardwood 22 24.7 28 18.7

Mature pine 14 15.7 51 34.0

Total 43 48.2 114 76.0

a Early successional and mature habitats were comprised of 
seedling-sapling and pole-sawtimber size trees, respectively. 
Mixed pine-hardwood stands contained both species types in 
varying proportions.

Table 1. Number and percent (%) of points, categorized by 
habitat, from which data were collected for radio-marked 
adult male and female American woodcock during fall and 
winter of 2001-2002 and 2002-2003 in Nacogdoches  
County, Texas.

in floodplain habitats, whereas in 2002–2003 only 24% 
of locations were in such habitats (χ2 = 18.99, df = 2, P 
< 0.001); use of mature upland pine stands doubled the 
second year (Table 1, Figure 3). 
 Habitat varied between years (Wilks’ λ = 0.20, df 
= 14, 461, P < 0.001), between used and random loca-
tions (Wilks’ λ = 0.91, df = 14, 461, P < 0.001), and 
there was a year x location interaction (Wilks’ λ = 0.87, 
df = 14, 461, P < 0.001). Subsequent analyses exam-
ining habitat between used and random locations were 
performed within each year. Grass, understory, hori-
zontal, and overhead covers were lower (P < 0.05) at 
used than random locations in 2001–2002 (Table 2). 
In 2002–2003, grass, water, and overhead covers were 
lower (P < 0.05) at used than random locations, but leaf 
litter, understory, and horizontal covers were higher (P 
< 0.05) (Table 2).
 There was some variation in microhabitat at random 
locations between years, although grass (F = 0.48, df = 
1, 236, P = 0.487), leaf litter (F = 1.98, df = 1, 236, P 
= 0.161), herbaceous (F = 0.97, df = 1, 236, P = 0.326) 
and overhead covers (F = 1.08, df = 1, 236, P = 0.300) 
were similar (Table 2). However, bare ground (F = 6.00, 
df = 1, 236, P = 0.015), deciduous (F = 74.12, df = 1, 
236, P < 0.001), and horizontal covers (F = 38.45, df 
= 1, 236, P < 0.001) were greater in 2001–2002 than 
2002–2003, but understory cover (F = 222.9, df = 1, 
236, P < 0.001) was higher in the latter winter (Table 2). 
Overall habitat at used locations, irrespective of sex, 
varied (Wilks’ λ = 0.14, df = 14, 222, P < 0.001) 
between years, but was similar between sexes (Wilks’ 
λ = 0.92, df = 14, 222, P = 0.207). Bare soil, woody, 
deciduous, vine, and tree canopy covers were all higher 
in 2001–2002 than in 2002–2003, but understory cover 
was lower in 2001–2002 than in 2002–2003 (Table 3). 
Few strongly sex-related habitat differences emerged in 
either year (Table 4). In 2001–2002, habitats used by 
males and females were similar, whereas in 2002–2003, 
herbaceous ground cover and overhead canopy cover 
were higher at male than female locations and female 
locations had more tree canopy cover (P < 0.05). 
 Finally, as some previous research indicated that 
females may begin using diurnal habitat for nesting in 
January (Whiting et al. 2005), we examined if season 
(i.e., prior to 1 January or after 1 January) influenced 
habitat use by sex in either year. As before, used habitat 
did not vary between sexes in 2001–2002 (Wilks’ λ = 
0.83, df = 19, 67, P = 0.762), but did in 2002–2003 
(Wilks’ λ = 0.80, df = 18, 128, P = 0.028). Used habitat 
varied between early and late seasons in 2001–2002 
(Wilks’ λ = 0.65, df = 19, 67, P = 0.031) (Table 5) and 
2002–2003 (Wilks’ λ = 0.79, df = 18, 128, P = 0.018) 
(Table 6), but there were no season x sex interactions 
in either year (Wilks’ λ = 0.85, df = 19, 67, P = 0.637; 
2001–2002) (Wilks’ λ = 0.86, df = 18, 128, P = 0.306; 

2002–2003), indicating that although habitat changed 
during winter, males and females selected habitats simi-
larly over time. In both years, the amount of leaf litter 
declined between periods at used locations. However, 
in 2001–2002, used locations had more understory and 
horizontal covers in the early period (Table 5), but those 
same cover values did not differ over time in 2002–2003 
(Table 6). Conversely, in 2001–2002, overhead and tree 
canopy covers were similar between periods (Table 5) 
whereas in 2002–2003, overhead cover increased and 
tree canopy cover decreased over time (Table 6).
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Table 2. Means, Standard Errors (SE), F values, and P values resulting from analysis of variance for habitat cover data collected 
at American woodcock diurnal locations and corresponding random locations during fall and winter of 2001–2002 and 2002–2003 
in Nacogdoches County, Texas.

Used Random

Parameter (%)a Mean SE Mean SE F P

2001–2002 (n = 89)
Ground cover

Bare ground 5.13 0.80 5.30 Ab 1.02 0.10 0.751

Rock <0.01 <0.01 0.19 A 0.19 0.79 0.375

Leaf litter 90.49 1.24 84.20 A 2.47 3.48 0.064

Woody debris 3.50 0.44 3.63 A 0.51 0.04 0.845

Grass 9.93 1.42 17.20 A 2.39 5.93 0.016

Herbaceous 13.97 1.68 16.47 A 2.20 0.09 0.767

Deciduous 10.14 0.97 7.92 A 0.88 3.39 0.067

Vine 10.95 1.54 9.88 A 1.59 0.76 0.385

Evergreen 1.71 0.46 1.20 A 0.35 0.79 0.376

Water 1.48 0.52 1.98 A 0.71 0.24 0.623

 Understory cover 20.05 2.02 33.35 B 2.87 13.11 <0.001

 Horizontal cover 35.98 3.04 53.47 A 3.42 14.38 <0.001

 Overhead cover 5.57 0.91 11.62 A 1.90 9.75 0.002

 Tree canopy cover 68.54 3.57 66.86 A 4.07 0.01 0.909

2002–2003 (n = 150)
Ground cover

Bare ground 2.27 0.46 2.76 B 0.51 0.19 0.663

Rock 0.00 0.00 0.00 A 0.00 NA NA

Leaf litter 86.31 1.83 79.13 A 2.44 4.51 0.035

Woody debris 2.76 0.34 3.17 A 0.41 0.49 0.484
Grass 10.65 1.20 15.22 A 1.69 4.08 0.044
Herbaceous 11.24 1.27 13.80A 1.55 1.44 0.232
Deciduous 2.10 0.21 1.76 B 0.17 1.70 0.194
Vine 3.14 0.56 3.76 B 0.69 0.00 0.969
Evergreen 3.10 0.70 1.84 A 0.41 1.80 0.181
Water 0.13 0.67 1.80 A 0.68 6.45 0.012

 Understory cover 88.55 1.10 78.69 A 1.63 21.74 <0.001
 Horizontal cover 43.08 1.93 30.93 B 1.91 20.04 <0.001
 Overhead cover 6.45 0.92 14.40 A 1.69 19.64 <0.001
 Tree canopy cover 31.57 2.94 36.44 B 3.13 1.72 0.191

a Ground cover, understory cover, and tree canopy cover were evaluated in the stratum 0.0–0.1 m, 0.1–6.0 m, and >6 m above 
the soil surface, respectively. Horizontal cover was estimated at a distance of 5 m from a density board, and overhead cover was 
evaluated using a spherical densiometer.
b Means of random habitat followed by the same letter within the same column are not different (P > 0.05) between years. 
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2001–2002 (n = 89) 2002–2003 (n = 150)

Parameter (%)a Mean SE Mean SE F b P

Ground cover
Bare ground 5.13 0.80 2.27 0.46 18.28 <0.001
Rock <0.01 <0.01 0.00 0.00 1.25 0.265
Leaf litter 90.49 1.24 86.31 1.83 0.41 0.523
Woody debris 3.50 0.44 2.76 0.34 6.07 0.015
Grass 9.93 1.42 10.65 1.20 0.26 0.610
Herbaceous 13.97 1.68 11.24 1.27 0.19 0.661
Deciduous 10.14 0.97 2.10 0.21 106.31 <0.001
Vine 10.95 1.54 3.14 0.56 34.71 <0.001
Evergreen 1.71 0.45 3.10 0.70 0.61 0.686
Water 1.48 0.52 0.13 0.07 6.98 0.009

Understory cover 20.05 2.02 88.55 1.10 689.81 <0.001
Horizontal cover 35.98 3.03 43.08 1.92 3.33 0.069
Overhead cover 5.57 0.91 6.45 0.92 1.01 0.316
Tree canopy cover 68.54 3.57 31.57 2.93 78.80 <0.001

a Ground cover, understory cover, and tree canopy cover were evaluated in the stratum 0.0–0.1 m, 0.1–6.0 m, and >6 m above 
the soil surface, respectively. Horizontal cover was estimated at a distance of 5 m from a density board, and overhead cover was 
evaluated using a spherical densiometer.
b Reported F and P values from Type III Sums of Squares (df = 1, 235).

Table 3. Means, Standard Errors (SE), F values, and P values resulting from analysis of variance for habitat cover data collected 
at American woodcock diurnal locations during fall and winter of 2001–2002 and 2002–2003 in Nacogdoches County, Texas.

Male (n = 39) Female (n = 111)

Parameter (%)a Mean SE Mean SE F b P

Ground cover
Bare ground 1.44 0.42 2.56 0.60 0.19 0.660
Rock 0.00 0.00 0.00 0.00 NA NA
Leaf litter 84.20 3.76 87.05 2.10 0.64 0.426
Woody debris 2.99 0.94 2.68 0.32 0.88 0.349
Grass 12.29 2.38 10.07 1.39 0.79 0.376
Herbaceous 16.81 2.72 9.28 1.39 8.57 0.004
Deciduous 2.39 0.58 1.99 0.20 0.12 0.728
Vine 2.50 0.62 3.37 0.72 1.11 0.293
Evergreen 0.69 0.32 3.94 0.92 5.86 0.017
Water 0.23 0.13 0.09 0.07 1.82 0.179

Understory cover 87.53 1.81 88.91 1.34 1.13 0.290
Horizontal cover 39.92 3.64 44.18 2.27 0.85 0.359
Overhead cover 10.27 2.53 5.11 0.84 6.17 0.014
Tree canopy cover 20.19 4.30 35.57 3.60 4.63 0.033

a Ground cover, understory cover, and tree canopy cover were evaluated in the stratum 0.0–0.1 m, 0.1–6.0 m, and >6 m above 
the soil surface, respectively. Horizontal cover was estimated at a distance of 5 m from a density board, and overhead cover was 
evaluated using a spherical densiometer.
b Reported F and P values from Type III Sums of Squares (df = 1, 146).

Table 4. Means, Standard Errors (SE), F values, and P values resulting from analysis of variance for habitat cover data collected 
at male and female American woodcock diurnal locations during fall and winter of 2002–2003 in Nacogdoches County, Texas.
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Early (n = 69) Late (n = 81)

Parameter (%)a Mean SE Mean SE F b P

Ground cover
Bare ground 1.49 0.48 2.93 0.74 0.84 0.361
Rock NA NA NA NA NA NA
Leaf litter 90.37 2.43 82.85 2.64 6.55 0.012
Woody debris 2.98 0.33 2.57 0.56 0.02 0.899
Grass 8.82 1.86 12.22 1.54 2.32 0.130
Herbaceous 8.83 1.74 13.29 1.81 3.27 0.073
Deciduous 2.53 0.32 1.73 0.28 3.29 0.072
Vine 4.10 1.14 2.33 0.36 0.94 0.333
Evergreen 6.01 1.43 0.62 0.17 5.62 0.019
Water 0.04 0.04 0.21 0.12 0.86 0.355

Understory cover 86.51 1.73 90.29 1.38 0.08 0.772
Horizontal cover 41.55 2.62 44.38 2.79 0.06 0.806
Overhead cover 4.31 1.24 8.28 1.30 6.41 0.012
Tree canopy cover 48.08 4.55 17.51 3.06 18.32 < 0.001

a Ground cover, understory cover, and tree canopy cover were evaluated in the stratum 0.0–0.1 m, 0.1–6.0 m, and >6 m above 
the soil surface, respectively. Horizontal cover was estimated at a distance of 5 m from a density board, and overhead cover was 
evaluated using a spherical densiometer.
b Reported F and P values from Type III Sums of Squares (df = 1, 145).

Table 6. Means, Standard Errors (SE), F values, and P values resulting from analysis of variance for habitat cover data collected 
early (i.e., prior to 1 January) and late (i.e., after 1 January) at American woodcock diurnal locations during fall and winter of 
2002–2003 in Nacogdoches County, Texas.

Early (n = 15) Late (n = 74)

Parameter (%)a Mean SE Mean SE F b P

Ground cover
Bare ground 1.72 0.60 5.83 0.94 3.92 0.051
Rock 0.00 0.00 0.00 0.00 0.16 0.687
Leaf litter 96.49 0.92 89.27 1.44 4.79 0.031
Woody debris 4.31 0.82 3.34 0.49 0.86 0.355
Grass 5.92 1.78 10.75 1.65 1.22 0.272
Herbaceous 6.62 3.00 15.46 1.89 3.81 0.054
Deciduous 7.17 1.09 10.74 1.13 2.01 0.159
Vine 7.61 1.77 11.62 1.80 1.55 0.216
Evergreen 0.13 0.13 2.03 0.54 2.18 0.144
Water 0.00 0.00 1.78 0.62 1.54 0.218

Understory cover 30.25 5.51 17.97 2.09 5.89 0.017
Horizontal cover 62.58 6.70 30.59 3.03 22.46 <0.001
Overhead cover 4.87 1.86 5.71 1.02 0.01 0.906
Tree canopy cover 52.68 7.04 71.76 3.97 3.94 0.050

a Ground cover, understory cover, and tree canopy cover were evaluated in the stratum 0.0–0.1 m, 0.1–6.0 m, and >6 m above 
the soil surface, respectively. Horizontal cover was estimated at a distance of 5 m from a density board, and overhead cover was 
evaluated using a spherical densiometer.
b Reported F and P values from Type III Sums of Squares (df = 1, 85).

Table 5. Means, Standard Errors (SE), F values, and P values resulting from analysis of variance for habitat cover data collected 
early (i.e., prior to 1 January) and late (i.e., after 1 January) at American woodcock diurnal locations during fall and winter of 
2001–2002 in Nacogdoches County, Texas.
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DISCUSSION

Yearly Habitat Variation

 The magnitude of overall habitat differences 
between years drove many of the analyses within this 
study, and likely influenced differences between used 
and random habitats and between male and female 
habitat use patterns. For example, habitat varied more 
between study years than between used and random 
locations or male and female locations within years. 
However, yearly differences in used and random loca-
tions were generally related to understory, horizontal, 
and tree canopy covers, not specific ground cover 
components, which were quite similar in both years (see 
Table 2). Moreover, these non-ground cover compo-
nents were undoubtedly related to the general distribu-
tion of woodcock between years on the study site. For 
example, during 2001–2002, woodcock locations were 
evenly distributed between floodplain and upland habi-
tats, but in 2002–2003, 75% of all the birds were located 
on upland sites. As expected, understory and horizontal 
cover patterns mirrored more open floodplain habitats 
in 2001–2002 and more dense upland habitats in 2002–
2003. However, beyond gross differences in generalized 
habitat structure, we hypothesize that this dramatic shift 
from floodplains to uplands between years may be due 
to differences in moisture regimes.
 Precipitation in Lufkin, Texas, prior to and during 
the study period of 2002–2003 was higher than that 
of either 2001–2002 or the 30-year average (Table 7). 
More precipitation in 2002–2003 may have increased 
both soil moisture and suitability of well-drained upland 
habitats by increasing earthworm availability (Rabe et 
al. 1983, Owen and Galbraith 1989). The habitat shift 
observed during this study mirrors woodcock habitat 
shifts in Alabama, where woodcock used mixed pine-
hardwood uplands during wet periods, and hardwood 
floodplains during dry periods (Horton and Causey 
1974). As such, variation in precipitation levels among 

years may promote facultative habitat shifts by wood-
cock in response to improved soil moisture conditions, 
allowing them to periodically occupy upland areas with 
soils that are too well drained to provide adequate soil 
moisture conditions in some years. 

Differences Between Used and Random Locations

 Despite yearly variation in gross structural cover, 
soil type, and distribution of woodcock in this study, 
there was little variation in habitats selected by wood-
cock within years. Likewise, although gross structural 
cover values varied, woodcock habitat selection patterns 
were similar between years. For example, most ground 
cover values were similar between random and used 
locations within each year, and although not statisti-
cally significant in many instances, the direction of most 
comparisons was similar between years. Conversely, 
the direction that understory and horizontal cover 
values changed for used and random locations differed 
between years, again reflecting the variation in distribu-
tion of woodcock on the study site. 
 Often, the availability of bare soil will partially 
explain woodcock selection patterns. However, in 
this study, bare soil proportions were similar between 
used and random locations within each year and our 
values (range 2.3–5.1%) are lower than those of other 
studies. Glenn et al. (2004), working on the ABWMA 
during winter, reported bare soil values of 14–23 % at 
nocturnal woodcock locations and 6–15% at random 
locations. Studies in other geographic regions have 
reported more bare ground at woodcock locations, even 
in habitats described as poor or avoided altogether. For 
example, Wishart and Bider (1976) found that good 
habitat in Quebec averaged 87% bare ground, whereas 
poor habitat averaged 56%. Woodcock in Pennsylvania 
selected areas of 12–17% bare ground and avoided areas 
with <2% bare ground (Straw et al. 1986). In Alabama, 
Horton and Causey (1979) found that woodcock activity 
centers had 53% open ground cover (i.e., void of standing 

Month Average 
1971–72 to 2000–01 2001–2002 2002–2003

October 8.41 10.03 21.44
November 9.78 8.79 21.34
December 9.96 14.20 23.93
January 11.30 10.87 1.65
February 8.05 5.54 14.68
March 8.97 18.97 8.66
Total 56.46 68.40 91.69

Table 7. Precipitation (cm) records (NOAA 2006) during fall and winter of 2001–2002 and 2002–2003 in Lufkin, Angelina County, Texas.
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vegetation). Beyond sampling differences among these 
studies, low values of bare ground and low grass cover 
values observed in this study may reflect the woodcock’s 
propensity to select relatively open ground-level diurnal 
habitat with relatively high amounts of understory and 
horizontal covers (sensu Boggus and Whiting 1982). 
 Like bare ground cover, amounts of leaf litter, grass, 
and herbaceous cover did not vary between used and 
random locations. Although leaf litter cover values were 
relatively high in both years and similar to those reported 
in Glenn et al. (2004), our results are inconclusive and 
generally support Morgenweck’s (1977) conclusion that 
woodcock use sites with varying levels of litter. During 
this study, woodcock locations had less grass cover 
(approx. 10%) than random locations (approx. 15%). 
These values are slightly lower than those of Glenn et al. 
(2004), although dissimilarities between these studies may 
reflect differential habitat use diurnally (this study) and 
nocturnally (Glenn et al. 2004). However, relatively high 
grass cover hinders woodcock movement (Boggus and 
Whiting 1982) and reduces available foraging substrate 
(Berdeen and Krementz 1998), whereas such grass cover 
may provide protection from nocturnal predators. 
 Understory and horizontal cover values were lower 
at woodcock locations than random locations in 2001–
2002, but were higher and lower, respectively, in 2002–
2003, reflecting a shift from floodplain to upland sites 
between years. Floodplain stands were dominated by 
early hardwood successional vegetation whereas upland 
stands were dominated by pines, thus the variation in 
these metrics. Conversely, overhead cover was lower at 
woodcock locations than random locations in both years; 
this was the only consistent variation in inter-year struc-
tural cover. Despite numerous inconsistencies between 
years, it appears that woodcock select habitats with 
little direct overhead cover and with varying amounts 
of both structural and ground cover. Such habitats may 
be more reflective of stand structure, residual litter, and 
vegetative characteristics within the stands than specific 
features that woodcock seek. As such, woodcock appear 
to select diurnal habitats based upon the entire vegeta-
tion profile and structure as well as the presence of near-
ground openings. However, their occupancy or presence 
in a particular habitat may be facultative based upon 
soil moisture and precipitation conditions prior to and 
during winter in east Texas. 

Habitat Use Between Sexes and Seasons

 As with used versus random comparisons, there were 
few differences in habitat use between males and females 
in either year. These results are similar to Krementz 
and Pendleton (1994), who also found gross similari-
ties between male and female habitat use in winter in 
Georgia, South Carolina, and Virginia. Although these 

similarities exist, evidence of female nesting activities 
initiating in January in east Texas (Whiting et al. 2005) 
may alter comparisons of habitat use between sexes in 
late winter and early spring. Although understory and 
horizontal covers declined at woodcock locations over 
time during this study, there were no sex x season inter-
actions, indicating that woodcock did not change micro-
habitat selection during late winter and early spring. 
This is relevant as we demonstrated that male and 
female woodcock generally selected microhabitat simi-
larly throughout the late winter and early spring even as 
habitat conditions changed.

MANAGEMENT IMPLICATIONS

 East Texas forested habitats are important for 
wintering American woodcock (Kroll and Whiting 
1977, Boggus and Whiting 1982, Whiting and Boggus 
1982). In this study, different moisture regimes allowed 
for a facultative shift from floodplain habitats to upland 
habitats between years. Although gross structural habitat 
changed between years, as reflected in the general distri-
bution of woodcock, early successional ground cover 
vegetation types were consistent microhabitat features 
of used habitat in both years. Moreover, although 
seasonal changes in microhabitats occurred, male and 
female woodcock selected habitats similarly over time, 
indicating that structural habitat management for wood-
cock can be accomplished without consideration of sex 
during winter. Subtle differences occurred between 1) 
male and female microhabitats and 2) used and random 
microhabitats, but dramatic changes in precipita-
tion and subsequent soil moisture conditions between 
years likely drove the habitat use patterns observed in  
this study.
 From a management perspective, suitable soil mois-
ture conditions are dependent upon precipitation prior 
to and during winter. However, managers can provide 
the early successional structure by encouraging frequent 
disturbance in order to create and maintain woodcock 
habitat in almost every seral stage of forest. Creation 
and maintenance of pioneer communities (e.g., young 
pine plantations, abandoned pastures) permits develop-
ment of suitable vegetative structure, where mowing, 
prescribed fire, and other techniques can be used to 
maintain less-dense areas for access and escape routes. 
Timber harvesting activities disturb understory vegeta-
tion and simultaneously reduce overhead cover, allowing 
more sunlight to reach the forest floor. Interspersing 
thinned and completely harvested stands will result in 
habitat variety suitable for woodcock during winter. 
Future research on diurnal habitat of American woodcock 
in east Texas should examine woodcock use of different 
habitat types as directly related to precipitation, soil 
moisture variability, and earthworm availability. 
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AMERICAN WOODCOCK POPULATIONS  
ASSOCIATED WITH AN ELECTRIC  
TRANSMISSION RIGHT-OF-WAY

Richard H. Yahner1, School of Forest Resources, The Pennsylvania State University, 
 University Park, PA 16802, USA

Abstract: I monitored traditional courtship (spring singing) sites of American woodcock (Scolopax minor) populations 
for 7 years (2000–2006) on the State Game Lands 33 Research and Demonstration Area (SGL 33 RDA), which 
is located along a 230-kV transmission line right-of-way (ROW) and is owned and maintained by FirstEnergy 
Corporation in the Allegheny Mountain Province, Centre County, Pennsylvania. The objective of my study was to 
determine the relative abundance of male woodcock at courtship sites in relation to different treatment units and wire 
versus border zones on the ROW. The number of courting (singing) male woodcock ranged from 1 in spring 2000 to 
>7 in springs 2004–06. Early successional habitat created on the ROW by the wire-border zone method of vegetation 
maintenance on the SGL 33 RDA presumably will have increasing importance to the long-term conservation of 
woodcock in the local vicinity. 

Proceedings of the American Woodcock Symposium 10: 77–81
Key words: American woodcock, herbicides, rights-of-way, Scolopax minor, tree control.

Roscommon, Michigan, USA

 Research on the State Game Lands 33 Research and 
Demonstration Area (SGL 33 RDA) has been ongoing 
since 1953, making this the longest continuous study 
documenting the effects of mechanical and herbicidal 
maintenance on plants and animals along an electric 
transmission right-of-way (ROW) (e.g., Yahner et al. 
2002). This long-term study is invaluable from manage-
ment and ecological perspectives by providing an un-
derstanding of plant and animal response to ROW main-
tenance practices. 
 In 1982, a maintenance technique called the wire-
border zone method (Bramble et al. 1992) was ap-
plied to all treatment units on the ROW. This method 
combines mechanical and chemical techniques to 
produce a tree-resistant forb-low shrub-grass cover 
type in wire zones and a shrub cover type in border  
zones (Figure 1).
 The American woodcock (Scolopax minor) is a mi-
gratory game bird that has shown population declines in 
the northeastern United States over the past few decades 
as a partial result of forest maturation and conversion of 
farmland to forestland (Coulter and Baird 1982, Storm et 
al. 1995, Dessecker and McAuley 2001). The American 
woodcock is on the National Watchlist of the Pennsylva-
nia Audubon Society (www.audubon.org/bird/watchlist/
bs-bc-pennsylvania.html). Studies of woodcock popula-
tions on the ROW are relevant because this species can 
be an indicator of vegetation maintenance effects on the 
local ecosystem (e.g., Bramble et al. 1992). 

 I began long-term monitoring of American woodcock 
on the SGL 33 RDA in spring 2000. Woodcock have used 
portions of the ROW as a traditional courtship area since 
at least the late 1980s. The objective of my study was to 
determine the relative abundance of male woodcock at 
courtship sites in relation to treatment units and use of 
wire versus border zones on the ROW. My study is impor-
tant because highway construction has been ongoing over 
the last couple of years in the Bald Eagle Valley, about 
10 km south of the ROW; building of the U.S. 99 Inter-
state began in 2002 (Yahner 2004, www.corridor-o.com). 
The Bald Eagle Valley represents an important habitat for 
breeding woodcock and includes many traditional court-
ship areas for singing male woodcock (Liscinsky 1972). 
Thus, highway construction potentially has eliminated or 
reduced courtship and nesting habitat for woodcock in the 
valley. As a consequence, the ROW in the SGL 33 RDA 
may become more valuable as alternate woodcock habitat 
in the region.

STUDY AREA

 The study area was located on the SGL 33 RDA, 
which is along a 230-kV transmission line right-of-
way (ROW) and is owned and maintained by FirstEn-
ergy Corporation in the Allegheny Mountain Province, 
Centre County, Pennsylvania. Oak (Quercus spp.) and 

1 E-mail: rhy@psu.edu
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red maple (Acer rubrum) were common trees in border 
zones of the ROW and in the adjacent forest (Yahner 
et al. 2002). On the ROW, common shrubs were black-
berry (Rubus allegheniensis), dewberry (Rubus spp.), 
blueberry (Vaccinium spp.), witch hazel (Hamamelis 
virginiana), and sweet fern (Comptonia peregrina); ma-
jor forbs included goldenrod (Solidago spp.), hayscent-
ed fern (Dennstaedtia punctilobula), and bracken fern 
(Pteridium aquilinum); common grasses were poverty 
grass (Danthonia spicata) and meadow fescue (Fescue 
elatior).

METHODS

Treatments on the ROW

 Six treatment units are present on the ROW, with at 
least 2 replicates each of 1) handcutting, 2) low-volume 
basal spray, 3) mowing plus herbicide, 4) stem-foliage 
spray, 5) foliage spray, and 6) mowing. The total length 
of the ROW used in this study was approximately 3.2 
km, and treatment units vary in size from 0.8 to 1.5 ha. 
The ROW was treated most recently in July 2000 (Yah-
ner et al. 2002, Yahner et al. 2003). Undesirable trees 
were cut in handcut units in wire and border zones, and 
undesirable trees and shrubs were treated with a low-
volume basal spray of Garlon 4® (Dow AgroSciences, 
Indianapolis, IN) (25%) in basal oil (75%) in wire and 
border zones of other units. Handcut units were charac-
terized by shrub-tree-forb (here the relative percentage 
of shrub cover type exceeded that of tree cover type; 
tree type exceeded that of forb type) cover type in wire 
zones and shrub-tree cover type in border zones. Low-
volume basal spray units were shrub-forb-grass cover 
type in wire and border zones. Mowing plus herbicide 
units were forb-shrub-grass cover type in wire zones 
and shrub-forb cover type in border zones. Stem-foliage 
spray, foliage spray, and mowing units were shrub-grass 
cover type in both wire and border zones. 

Surveys of American Woodcock 

 I conducted surveys of courting American wood-
cock 5 times per year for 7 years from late March to 
late April 2000–2006 on the ROW. Time between con-
secutive surveys on a given unit ranged from 4–7 days. I 
plotted locations of courting males with regard to treat-
ment unit and zone (wire versus border). Courtship in 
male woodcock consists of a twittering flight song and 
buzzing “peent” call, which is performed at dusk (Tappe 
et al. 1989). I began each survey at dusk and continued 
for 45–60 minutes (Storm et al. 1995). I made vehicular 
stops along the ROW at approximately 0.4-km intervals, 
using an access road traversing the length of the ROW. 

At least 5–10 minutes were spent at each stop to note 
presence and location of individual male woodcock, 
based on courtship song or flight. I assumed that indi-
vidual male woodcock remained in the same unit from 
night to night. However, because my survey was based 
on unmarked birds at dusk this assumption was difficult 
to verify. 

RESULTS 

 In 2000, I documented 1 singing male woodcock 
on the ROW of the SGL 33 RDA (Table 1). In 2001, 3 
woodcock used the ROW as a courtship area. In 2002, 
the number of woodcock singing on the ROW dropped 
to 2000 levels (n = 1). In 2003 I again surveyed 3 wood-
cock on the ROW. Then in 2004–2006, the number of 
woodcock observed on the ROW increased, ranging 
from 7 to 8. In addition, on at least 3 occasions dur-
ing springs 2000–2004, I flushed >1 brood of woodcock 
in border zones along the ROW (R. H. Yahner, unpub-
lished data), suggesting that the ROW was being used as 
nesting habitat by woodcock. 
 I found 1 singing male woodcock each year in a 
handcut unit (HC-2) from 2000–2002 and in 2003, 2 
woodcock occurred in this unit (Table 1). In 2005, the 
number of woodcock in this unit increased to 3. The 
HC-2 is not a homogeneous unit because it was con-
verted from a mowing-plus-herbicide to a handcut unit 
in 2000. Woodcock occurred on the HC treatment type 
during all years of the study (Table 1). From 2000 to 
2003, I found singing male woodcock in 3 treatment 
types: HC, low-volume basal spray (BLV), and stem-
foliage spray (SF) (Table 1). During the latter years of 
the project (2004–2006), woodcock also started using 
mowing only (M) and mowing-plus-herbicide (MH) 
treatment units (Table 1). 

DISCUSSION

 Interestingly, singing woodcock use of differ-
ent treatment units from 2004–2006 corresponded to 
a regional increase in singing males as portrayed in 
survey results conducted by the U.S. Fish and Wild-
life Service (Cooper and Parker 2009: Figure 4). My 
survey results suggest that treatment type becomes 
less important as populations increase. The important 
component of the ROW is a vegetation structure con-
ducive to woodcock breeding and not necessarily the 
manner in which that structure is attained. I found that 
singing males used both wire and border zones of the  
ROW (Table 1).
 The wire-border zone method of vegetation mainte-
nance on the ROW created early successional habitat for 
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Year Survey date Unit Zone No. heard

2005 27 March HC-2 wire 1

HC-2 border 2

1 April BLV-1 border 1

MH-1 wire 1

BLV-3 wire 1

6 April HC-2 border 2

BLV-2 border 1

SF-2 border 1

10 April BLV-3 border 1

11 April HC-2 wire 1

BLV-2c border 1

2006 31 March HC-2 border 1

BLV-1 border 1

BLV-3 border 1

SF-2 wire 1

1 April BLV-2 border 1

MH-1 wire 1

7 April HC-2 wire 1

BLV-2 wire 1

BLV-2 border 1 

M-2 wire 1

SF-2 border 1

8 April BLV-3 border 1

MH-1 wire 1

11 April HC-2 wire 1

Year Survey date Unit Zone No. heard

2000 9 April HC-2  
(formerly M-2) wire 1

16 April HC-2 wire 1

20 April HC-2 wire 1

2001 1 April BLV-2 border 1

HC-2  
(formerly M-2) border 1

22 April BLV-2 border 1

HC-2 border 1

SF-2 border 1

2002 17 April HC-2 border 1

2003 2 April HC-2 border 1

BLV-2 wire 1

9 April HC-2 border 1

HC-2 wire 1

BLV-2 border 1

2004 30 March HC-2 border 1

M-3 wire 1

M-3 border 1

BLV-2 border 1

7 April MH-2 border 1

F-2 border 1

BLV-1 wire 1

BLV-3 border 1

14 April BLV-1 wire 1

BLV-1 border 1

BLV-3 border 1

17 April HC-2 wire 1

BLV-2 border 1

Table 1. Number of singing male woodcock heard during 5 surveys/year relative to treatment unit and zone (wire versus border) 
on the State Game Lands 33 Research and Demonstration Area, March–April 2000–2006. HC = handcut, BLV = low-volume basal 
spray, SF = stem-foliage spray, F = foliage spray, M = mowing, MH = mowing plus herbicide.
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Figure 1. Diagram of a 230-kV electric transmission line, 
showing wire and border zones. A combination of a low-
growing forb-shrub-grass cover type develops in the wire 
zone, and a tall-shrub cover type occurs in the border zone. 
Adjacent to the border zone often is uncut forest.

woodcock (Dessecker and McAuley 2001). Areas used 
by breeding woodcock as diurnal habitat and nest sites 
include a mixture of bare ground, large shrubs, and sap-
lings (Straw et al. 1986, McAuley et al. 1996), which is 
similar to that found in border zones of the ROW (Fig-
ure 1). Shrubs in border zones of the ROW also provide 
cover for singing males, while open areas in both wire 
and border zones give woodcock an unobstructed path 
during courtship flights (Dessecker and McAuley 2001). 
 In conclusion, early successional habitat created 
by the wire-border zone method of vegetation mainte-
nance on the ROW (Yahner et al. 2002) provides local-
ized habitat for American woodcock, which typically is 
more important to species occurrence than landscape-
scale habitat (Storm et al. 1995). Based on 7 years of 
data, I conclude that suitable courtship sites are avail-
able along the ROW for woodcock, especially in bor-
der zones characterized by shrubs and reduced canopy 
cover. Shrubs in border zones provide cover for singing 
males, while open areas in both wire and border zones 
give woodcock an unobstructed path during courtship 
flights. Additional research may show that habitat on the 
ROW will continue to become increasingly valuable to 
American woodcock as construction along I-99 in the 
valley progresses over the next few years or when the 
proposed Corridor O is constructed from Port Matilda, 
past Philipsburg, to I-80 (Yahner 2004, www.corridor-o.
com). 
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FALL DIURNAL HABITAT USE BY ADULT 
FEMALE AMERICAN WOODCOCK IN 
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Abstract: We assessed how habitat structure and food availability influenced use of cover types at the habitat-patch 
and home-range scales by adult female (after hatch year) American woodcock in Michigan, Minnesota, and Wisconsin 
from 2002 through 2004. We also investigated use of alder (Alnus spp.) as a staging cover prior to fall migration. We 
selected this cover to investigate seasonally changing use of cover types based on past scientific studies. Seasonal 
changes in cover type use could have important ramifications for woodcock management intended to provide or 
improve woodcock habitat. We measured edge proximity, stem density, and earthworm abundance at woodcock 
locations and paired these locations to random locations at the microhabitat scale (2002 data), 20 m from use locations 
within the same stand. We also compared edge proximity with paired use and random locations at the home-range 
scale (2003 and 2004 data; >35 and <200 m from use locations across cover types) and investigated habitat selection 
at this scale. Adult female woodcock (n = 139) used a variety of cover types and the relative use of cover types 
changed among years and states. The greatest frequency of alder use across all states occurred in 2003, a drought year. 
We found no difference between alder use during the entire fall period and early fall (t = 0.01, P = 0.9) or late fall 
(t = 0.28, P = 0.7) indicating that alder was not used as staging cover prior to migration. Structural habitat features 
may be more important than food resources to habitat selection especially at the home-range spatial scale; cover 
types most heavily used by woodcock often had the lowest earthworm abundances. Woodcock selected habitats with 
generally lower total stem density and fewer mature stems in young cover types than we found at random locations. 
We found little evidence to suggest woodcock selected habitat based on food procurement needs, stem density, or edge 
proximity alone, however our results indicated that well developed shrub layers and lack of residual large diameter 
trees in early seral covers might be important. These findings may indicate that predator avoidance, measured by 
structural characteristics, may be more important than food abundance in selection of habitat by woodcock, which 
makes management objectives intended to provide woodcock habitat a feasible task.

Proceedings of the American Woodcock Symposium 10: 83–94
Key words: American woodcock, earthworms, Great Lakes region, habitat, Scolopax minor, structure.
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Figure 1. Location of American woodcock study areas in Mich-
igan, Minnesota, and Wisconsin.

 Long-term population declines in American wood-
cock (Scolopax minor) are often attributed to habitat 
changes, particularly the loss of early successional for-
ests. Several research efforts have focused on wood-
cock habitat preferences; however, accurate estimates 
of woodcock habitat availability are difficult to obtain 
(Woehr 1999). Forest inventory data have been used to 
estimate availability of woodcock habitat, but correla-
tions between gross trends in forest cover types and 
woodcock population trends have shown few significant 
relationships (e.g., Woehr 1999, Dessecker and Purs-
glove 2000). Thus, Woehr (1999) speculated that not all 
seedling-sapling hardwood forest is suitable woodcock 
habitat and other factors must be driving habitat selec-
tion. Supporting this contention, Gregg (1984) reported 
that a number of aspen (Populus spp.) stands within his 
study areas were not used by woodcock and that wood-
cock often only used small areas within selected stands.
 Habitat structure and earthworm availability have 
been identified as the primary factors affecting habitat 
use by woodcock, although there is no consensus on 
which of these factors is most influential. Results of 
some studies indicated that structure was most impor-
tant (Liscinsky 1972), while others found that wood-
cock habitat use was related primarily to earthworm 
abundance (Reynolds et al. 1977, Parris 1986). Several 
studies have noted no relationship between earthworm 
biomass and woodcock habitat use (e.g., Wishart and 
Bider 1976, Kroll and Whiting 1977). 
 Understanding woodcock habitat use is compli-
cated by changing environmental conditions (e.g., 
soil moisture) and variation in habitat preference over 
seasons. Woodcock exhibit distinct changes in habitat 
preference by season (Mendall and Aldous 1943, Wis-
hart and Bider 1976) and with different environmental 
conditions within and among years (Sepik et al. 1983, 
Gregg 1984). Wishart and Bider (1976), for example, 
found that resident woodcock use shifted to alder (Al-
nus spp.) cover types during autumn despite high soil 
moisture throughout their southwestern Quebec study 
areas. These authors suggested that perhaps alder cover 
serves as migration staging areas. Many shorebirds use 
staging areas with abundant food resources during mi-
gration, and Wishart and Bider (1976) speculated that 
in dry years alder woods would supply woodcock with 
food requirements for migration.
 Woodcock show an affinity for forest edges in their 
selection of habitat; they nest near edges, select edges 
for diurnal cover during summer and fall, and courtship 
behavior occurs in openings near edges (Wishart and 
Bider 1976, Parris 1986, McAuley et al. 1996). Edge 
proximity and the simple nature of diurnal habitat struc-
ture—early seral and even-aged stands—may play an 
important role in diurnal habitat selection.

 To assess fall habitat use and factors influencing 
habitat use, we used radio telemetry to monitor habitat 
use by after-hatch-year (AHY) adult female woodcock 
at 3 study areas in Michigan, Minnesota, and Wiscon-
sin from 2002–2004. Our specific objectives were to 1) 
describe habitat use over space and time, 2) determine 
whether alder acts as a staging cover in fall, and 3) as-
sess the relative importance of habitat structure versus 
food availability in habitat selection. Our research was 
conducted under the assumptions that structural selec-
tion is likely an effect of predator avoidance and earth-
worm abundance influences food availability. 

STUDY AREAS

 We conducted our research in the western Great 
Lakes region, which included study areas in Minnesota, 
Michigan, and Wisconsin (Figure 1). We selected study 
areas in large blocks of industrial private and public-
owned forests with high woodcock densities. Study 
areas among the 3 states were comprised of similar 
principle forest types used by woodcock including al-
der, aspen, northern hardwood swamp (NHS), northern 
mesic forest (NMF), shrub-carr (shrub), conifer, and 
meadows as outlined in the Wisconsin Natural Heri-
tage Inventory (NHI; Epstein et al. 2002). Conifer cover 
type included several communities included in the NHI: 
mesic cedar forest, black spruce swamp, and tamarack 
swamp. Meadow cover included the NHI northern sedge 
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Figure 1.  Location of American woodcock study areas in Michigan, Minnesota, and Wisconsin. 
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meadow community, old fields, and wildlife openings. 
There is no Great Lakes NHI community type for aspen 
(Populus spp.). Aspen stands are generally seral to other 
hardwood forest communities and are minor compo-
nents without frequent disturbance. However, because 
aspen is an important woodcock cover, we included it as 
a separate cover type.
 Study sites in Michigan were located within the 
Copper Country State Forest in northern Dickinson 
County in the Upper Peninsula. In Minnesota, study 
sites were located within the southern portion of the 
15,672-ha Mille Lacs Wildlife Management Area and 
the adjacent 1,166-ha Four Brooks Wildlife Manage-
ment Area. These sites were in east-central Minnesota in 
Mille Lacs County and had similar vegetative communi-
ties and management. Wisconsin study sites were in the 
Lincoln County Forest and Tomahawk Timberlands in-
dustrial forest. Both study sites were in Lincoln County 
in north-central Wisconsin and were managed primarily 
for timber production and recreational opportunities. 
 Our study areas were dominated by northern mesic 
forest stands. Sugar maple (Acer saccharum) dominated 
the better-drained soils and red maple (Acer rubrum) 
dominated the more mesic sites with aspen being a 
strong seral component in disturbed northern mesic for-
ests. Wet basins contained spruce–fir (Picea–Abies) on 
wet mineral soils and spruce–tamarack (Picea–Larix) 
bogs on wet organic soils. 
 

METHODS

Capture

 We captured woodcock in Minnesota, Michigan, 
and Wisconsin between mid-August and the end of 
September from 2002 through 2004. We terminated our 
capture efforts on 30 September each year to reduce the 
possibility of capturing non-resident, migrating wood-
cock (Mendall and Aldous 1943, Gregg 1984). Capture 
techniques included spotlighting (Rieffenberger and 
Kletzly 1967) and intercepting woodcock flights to roost 
fields at dusk using mist nets (Sheldon 1960, McAuley 
et al. 1993). We used plumage characteristics and bill 
length to age and sex woodcock (Mendall and Aldous 
1943, Greeley 1953, Martin 1964). We classified ages 
as hatch year (HY; fledged young-of-the-year) or AHY 
(all older birds). We weighed woodcock and attached a 
radio transmitter weighing approximately 4.4 g to birds 
>140 g using a single loop wire harness and livestock-
tag cement following the techniques of McAuley et al. 
(1993). Following transmitter attachment, we released 
woodcock at capture sites.

Radiotelemetry

 In early September of each year we randomly se-
lected a subset of radio-marked AHY female woodcock 
(2002: n = 37, 2003: n = 54, and 2004: n = 48) across 
the 3 states for habitat sampling. We located our subset 
of woodcock ≥5 times per week using hand-held yagi 
and/or rubberized H-antennas and portable receivers. 
We took coordinates for each daily location within ap-
proximately 2–14 m of the true woodcock location us-
ing a hand-held Global Positioning System (GPS) be-
cause we did not want to flush birds and alter behavior 
when determining locations. We visually located wood-
cock to minimize chances of accidental disturbance and 
to describe habitat use more accurately. We obtained 
approximately 88% of all locations without flushing 
woodcock, thus minimizing our influence on habitat se-
lection. If we were unable to locate woodcock from the 
ground, we relocated them via fixed-wing aircraft. We 
monitored woodcock until they died or migrated, which 
we inferred when we failed to detect a signal during 3 
consecutive aerial telemetry flights. 

Habitat Use

 We collected habitat-use data at 2 spatial scales, 
microhabitat and home-range. We sampled habitat use 
during fieldwork in 2002 at the microhabitat scale; this 
corresponds to Johnson’s (1980) fourth-order selec-
tion—the actual procurement of food items within a 
home range. The second level we investigated was the 
home-range scale, with data collected in 2003 and 2004; 
this corresponds to Johnson’s third-order selection—
“the usage made of various habitat components within 
the home range” (Johnson 1980). We selected these 
scales to better understand observations that character-
ize woodcock use of particular stands (third-order) and 
locations within stands (fourth-order). 

Cover Type Use 

 We classified habitats where birds were located ac-
cording to overstory cover type and size class of stems. 
We based our cover type classification on dominant 
canopy species defined by greatest percent cover. Cover 
types we included were aspen (AS), northern mesic for-
est (NMF), conifer, northern hardwood swamp (NHS) 
by size class and alder, shrub-carr (shrub), and meadow. 
We used three size classes: 1) seedling-sapling (S), <10 
cm diameter at breast height (DBH); 2) pole (P), 10–30 
cm DBH; and 3) mature (M), >30 cm DBH. 
 We tested the hypothesis that alder was used as a 
staging cover prior to migration. We used 2-sample t-
tests and divided the fall period into 2 blocks of time: 
late August through September (early fall) and October 
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through early November (late fall). If alder was used 
as a staging cover for resident woodcock we expected 
greater woodcock use of alder in late fall, just prior to 
migration (Meunier et al. 2008), than early fall. We con-
strained the alder preference analysis to individuals with 
≥15 locations in each period. We tested for differences 
in frequency of alder use between the two periods with 
paired t-tests. 

Microhabitat Use

 In 2002, we paired woodcock use locations with 
random locations twice per week (n = 266) for com-
parisons at a microhabitat scale. We quantified habitat 
variables approximately 2–14 m from radio-equipped 
woodcock (“use” locations). We then sampled random 
locations approximately 20 m away from use locations 
at a random bearing, but within the same cover type. 
We compared stem density, density of Rubus spp., edge 
proximity, and earthworm abundance between all paired 
use and random points using paired t-tests (stem density 
and earthworm abundance comparisons) and chi-square 
tests (edge proximity). 
 We estimated stem density per 0.004 ha along bent 
transects with the starting location of the transect cor-
responding to the estimated woodcock use location. To 
avoid flushing woodcock, we used L-shaped transects 
turning 90° toward the woodcock at the midway point. 
We determined the transect length by the length of the 
observers’ outstretched arms span (Penfound and Rice 
1957). We counted each vertical woody stem within the 
bounded transect (arm span) that forked below breast 
height as an individual stem and tallied all stems count-
ed within the bounded transect to estimate stem density 
(Penfound and Rice 1957). We used Braun-Blanquet 
(1932) cover classes to estimate density of Rubus spp. 
and analyzed stem density comparisons by cover type in 
addition to size class using data pooled across all wood-
cock by cover type. We used paired t-tests to compare 
the means of pooled cover type classes. 
 To determine if woodcock exhibited a preference in 
fall for close proximity to edges we quantified the dis-
tance to the nearest edge within 30 m and the edge type 
(e.g., adjacent cover types, water bodies, roads, trails 
etc.) for use and paired random locations. To assess 
preference for proximity to an edge, we calculated the 
proportion of use and random locations that were ≤15 
m and >15 m from an edge and compared these propor-
tions between location types using chi-square tests. 
 We estimated earthworm biomass within a 35-cm2 

(0.1225-m2) plot at each daily use location with a spicy-
mustard solution extraction method following the pro-
tocol of Lawrence and Bowers (2002). We collected 
earthworms that surfaced during a 5-minute period and 
subsequently determined the ash-free dry mass for each 

sample (±0.0001 g) to compare samples over a large 
geographic area (Hale et al. 2004). We used earthworm 
biomass as an index to woodcock food availability and 
sampled at the location nearest to our woodcock. We 
used 2-sample t-tests to test for differences in earth-
worm biomass between use and random locations. Two-
sample t-tests are less sensitive than paired tests, but we 
used this technique due to a very small number of ran-
dom sample locations and instead pooled over the entire 
season, which, due to the large variance in earthworm 
samples over time, negated dependence among samples. 

Home-range Scale Habitat Use

 We used home-range-scale habitat data we collected 
in 2003 and 2004 to compare use and random locations 
across cover types to explore woodcock habitat selec-
tion. We defined cover types as “selected” when the 
observed use frequency was greater than the expected 
use frequency and when the corresponding random-lo-
cation frequency was less than expected. Expected use 
frequency was that under our null hypothesis of equal 
use proportions between use and random locations. We 
analyzed cover-type data from use and random locations 
with chi-square tests using MINITAB (Minitab, Incor-
porated 1999). 
 In 2003 and 2004, we established random locations 
(n = 2,534) at the home-range scale by walking a ran-
dom distance (between 35 and 200 m) and bearing from 
use locations. Eighty percent of all adult female wood-
cock movements between days are <200 m (Doherty et 
al. 2010), so this scale allowed a comparison of diurnal 
habitat features across cover types but constrained ran-
dom locations to within the home-range scale. 
 We used the same analysis for home-range-scale 
edge-proximity data as we did for microhabitat-scale 
data collected in 2002. Analyses consisted of chi-square 
tests to compare the proportion of locations ≤15 m from 
an edge between use and random locations. 
We used earthworms sampled at use locations from 
2002 through 2004 to determine if earthworm abun-
dance varied across cover types. To meet the assump-
tion of normally distributed data we divided worm data 
based on earthworm presence or absence (i.e., samples 
where we found earthworms and samples where we did 
not). We analyzed the presence-absence data first, using 
chi-square tests. Second, we used analysis of variance 
(ANOVA) in SYSTAT (Systat 2000) to test for the main 
effects of state, year, and cover type for all presence 
data. Our response variable was the log weight of earth-
worm samples where we found earthworms (presence 
data, n = 2,496). We transformed data to the log scale 
to meet the assumption of normality. We also plotted the 
log weights against the date of sampling to determine if 
we needed to incorporate daily or seasonal effects. We 
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used Tukey multiple comparisons (Systat 2000) to com-
pare earthworm biomass among cover types. 

RESULTS 

Cover Type Use and Selection

 We sampled >20 habitat-use locations for each of 
90 AHY female woodcock (2002: n = 19, 2003: n = 
38, and 2004: n = 33). Adult female woodcock used a 
variety of cover types (Table 1). The most commonly 
used cover type across states was seedling-sapling aspen 
(AS-S) and alder, but the relative importance of cover 
types differed among years and states (Table 1).
 We found evidence of woodcock cover-type se-
lection at the home-range scale (across cover types). 
Radio-marked woodcock used seedling-sapling aspen 
more than expected in all states and years except in Min-
nesota during 2004 (Tables 2 and 3). Woodcock also se-
lected alder cover in Wisconsin during 2003 (χ2= 11.08, 
df = 1, P < 0.01) and 2004 (χ2 = 17.68, df = 1, P < 0.01) 
and Minnesota in 2003 (χ2 = 18.97, df = 1, P < 0.01) 
and 2004 (χ2 = 3.10, df = 1, P = 0.08). A greater propor-
tion of random locations were in meadows and mature 
northern mesic forest, except in Minnesota during 2004, 

Michigan Minnesota Wisconsin

Habitat category
2002
(n = 
117)

2003
(n = 
412)

2004
(n = 
461)

2002
(n = 
310)

2003
(n = 
484)

2004
(n = 
276)

2002
(n = 
218)

2003
(n = 
531)

2004
(n = 
483)

Alder 8.5 12.4 8.2 20 21.7 8.0 11 20.2 17.6

Aspen seedling–sapling 39.3 44.7 68.5 26.8 25.2 15.2 72.5 39.7 42.0

Aspen mature 5.6 2.2 7.7 4.8 9.4 2.3 14.7 7.2

Aspen pole 5.1 6.8 3.0 22.9 11.6 14.9 2.3 6.6 7.7

Conifer 19.7 27.7 11.3 3.4 5.2

Northern hardwood 
swamp mature 11.1 0.5 1.0 4.7 1.5

Northern mixed  
forest mature 3.4 1.4 4.6 2.9 10.3 8.7 6.4 11.7 6.8

Northern mixed  
forest pole 3.3 3.6 0.8 1.4

Northern mixed  
forest sapling 12 0.3 1.9 0.4 2.3 0.9 7.0

Meadow 0.7 2.2 0.3 1.2 0.7 0.6

Shrub 0.9 0.2 19 19 34.2 3.2 0.2 4.3

Total 100 100 100 100 100 100 100 100 100

Table 1. Cover types (% of total) used in 2002, 2003, and 2004 by after-hatch-year female American woodcock in Dickinson 
County, Michigan, Mille Lacs County, Minnesota, and Lincoln County, Wisconsin. 

when we observed no difference between woodcock 
use frequency and random location frequency in mature 
northern mesic forest (χ2 = 0.10, df = 1, P = 0.76).
 We were not able to generalize about use of coni-
fer and mature aspen cover types. In 2003, woodcock in 
Michigan selected conifer cover (χ2 = 4.35, df = 1, P = 
0.04), whereas woodcock in Wisconsin tended to avoid 
conifers (χ2 = 5.00, df = 1, P = 0.03). Wisconsin wood-
cock were located in mature aspen in greater proportion 
(χ2 = 10.60, df = 1, P < 0.01) than random locations in 
2003, but in Michigan in 2004 (χ2 = 4.90, df = 1, P = 
0.03) and Minnesota in 2003 (χ2 = 9.54, df = 1, P < 0.01) 
a greater proportion of random locations was within ma-
ture aspen. 
 We found no difference between the mean frequency 
of alder use over the entire fall and in August/September 
(t = –0.01, df = 27, P = 0.99) or October/November 
(t = –0.28, df = 27, P = 0.78). 

Microhabitat Use

 We sampled habitat data at random locations for 
roughly one-third of woodcock use locations in Wiscon-
sin (n = 77) and Minnesota (n = 105), and in Michigan 
nearly half of use locations were paired with random 
locations (n = 54). Stem density comparisons indicated 
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few statistically significant relationships across all 3 
states; however, a few differences between use and ran-
dom locations were in the same direction among states. 
For example, for data pooled by cover type and stem 
size, we found fewer stems at use locations in seedling-
sapling aspen covers (t = –1.82, df = 113, P = 0.07), and 
higher mean total stem density at random locations was 
a general trend for most cover types (Table 4). How-
ever, in Minnesota shrub stem density was higher at use 
points than at random points within alder (t = 2.20, df 

= 18, P = 0.04) and seedling-sapling aspen (t = 1.93, df 
= 31, P = 0.06) cover types, and the density of Rubus 
spp. within shrub cover type was higher at use locations 
(t = 3.78, df = 33, P < 0.01). In contrast, woodcock use 
locations often had fewer mature stems than random lo-
cations. Examples are in seedling-sapling aspen in Wis-
consin (µ = 5 versus µ = 200; we found no mature stems 
in seedling-sapling aspen in Michigan), and alder (µ = 
13 versus µ = 72), shrub (µ = 41 versus µ = 240), and 
willow (µ = 46 versus µ = 125) covers in Minnesota. 

Michigan Minnesota Wisconsin

Cover type Random Use P Random Use P Random Use P

Alder 48 51 0.758 53 105 0.000 55 107 0.001
Aspen seedling-sapling 137 184 0.001 66 122 0.000 136 211 0.002
Aspen mature 22 23 0.885 47 23 0.002 36 78 0.001
Aspen poled 18 28 0.131 72 56 0.094 24 35 0.410
Conifer 88 114 0.037 1 29 18 0.025
Northern hardwood swamp mature 2 2 0.998 7 5 0.532 3 8 0.214
Northern mesic forest mature 24 6 0.001 102 50 0.000 100 62 0.000
Northern mesic forest pole 14 16 0.763 4 4 0.813
Northern mesic forest seedling-sapling 1 7 9 0.650 5
Meadow 68 3 0.000 32 6 0.000 56 0.000
Shrub 3 1 0.315 71 92 0.108 5 1 0.065
Other
Total 411 412 472 484 448 529

Michigan Minnesota Wisconsin

Cover type Random Use P Random Use P Random Use P

Alder 31 38 0.418 12 22 0.078 40 85 0.000
Aspen seedling-sapling 199 316 0.000 43 42 0.892 135 203 0.000
Aspen mature 22 10 0.028 21 26 0.454 35 35 0.935
Aspen pole 15 14 0.818 41 41 0.986 35 37 0.871
Conifer 64 52 0.200 34 25 0.199
Northern hardwood swamp mature 1 6 13 0.104 4
Northern mesic forest mature 57 21 0.000 26 24 0.757 67 33 0.000
Northern mesic forest pole 5 10 0.193 16 7 0.052
Northern mesic forest seedling-sapling 1 21 34 0.083
Meadow 60 10 0.000 73 2 0.000 62 3 0.000
Shrub 1 48 95 0.000 6 21 0.004
Other 4 19
Total 454 461 275 276 474 483

Table 2. Cover type selection (observed use frequency > expected, observed random location frequency < expected) chi-square 
test comparisons between woodcock use location frequency counts and randomly located point frequency counts in 2003.

Table 3. Cover type selection (observed use frequency > expected, observed random location frequency < expected) chi-square 
test comparisons between woodcock use location frequency counts and randomly located point frequency counts in 2004.
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Comparisons among states by stem size and cover type 
should be interpreted with some caution due to a high 
number of comparisons and large variance.
 During 2002, woodcock in Wisconsin were located 
≤15 m from an edge more than expected in seedling-

sapling aspen (χ2 = 15.55, df = 1, P < 0.01) and mature 
northern mesic forest (χ2 = 4.29, df = 1, P = 0.04) cover 
types. In Minnesota in 2002, we located woodcock ≤15 
m from an edge more than expected in seedling-sapling 
aspen (χ2 = 5.80, df = 1, P = 0.02) and shrub (χ2 = 2.73, 
df = 1, P = 0.10) covers. In Michigan, the proportion of 
distances ≤15 and >15 m to an edge were not different 
between use and random locations for any cover type 
(Table 5).
 We found no differences in earthworm biomass be-
tween use versus random locations within cover type or 
pooled across all cover types (Table 6). We were un-
able to analyze earthworm abundance by cover type at 
the microhabitat level for Minnesota because too few 
random points were sampled for earthworms. Micro-
habitat scale earthworm comparisons were limited by 
small sample sizes for many covers and estimates of 
earthworm abundance exhibited high variability, which 
likely reduced our ability to detect differences. 

Home Range-scale Habitat Use

 We observed no consistent pattern of edge selection 
by AHY female woodcock among states or years (Table 
5). In 2003 a greater proportion of use locations was ≤15 
m from an edge than random locations for mature and 
pole-sized aspen in Michigan (χ2 = 8.70, df = 1, P < 
0.01; χ2 = 3.93, df = 1, P = 0.05, respectively) and Wis-

Cover 
type

Use
mean 
stems/

ha

Random
mean 
stems/

ha
t df P

Alder 9,156 10,268 –0.79 28 0.436
AS-Sa 10,277 11,355 –1.82 113 0.071
ASP 7,085 8,467 –1.43 26 0.164
NMFb 8,596 8,184 0.28 16 0.780
Shrub 11,418 12,231 –0.66 35 0.512
ALLc 9,560 10,294 –1.83 249 0.068

a Aspen seedling-sapling cover type.
b Northern mesic forest cover type.
c Aspen mature (n = 8), Conifer (n = 9), and Northern 
hardwood swamp (n = 4) covers were not analyzed 
individually due to small sample size. 

Table 4. Paired t-tests by cover comparing mean stem 
densities (stems/ha) at sites used by woodcock and random 
sites within the same stand for radio-marked after-hatch-year 
American woodcock in Michigan, Minnesota, and Wisconsin, 
from September to November 2002. 

Michigan Minnesota Wisconsin
Cover type 2002 2003 2004 2002 2003 2004 2002 2003 2004

Alder 0.134 0.979 0.738 0.421 0.717 0.638 0.160 <0.001 0.503
Aspen mature 0.003 0.186 0.172 0.811 0.596 <0.050 0.012 1.000
Aspen pole >0.500 0.047 0.340 0.202 0.583 0.607 0.007 0.859
Aspen seedling-sapling 0.690 0.624 0.029 0.016 0.211 0.070 <0.001 0.851 0.773

Northern mesic  
forest mature 0.143 0.689 0.059 0.038 <0.001 0.008

Northern mesic  
forest pole 0.526 0.171 0.679

Northern mesic  
forest sapling < 0.050 0.391

Northern mesic forest 0.401 0.656 0.513 0.369
Shrub 0.098 0.940 0.763 0.381 0.650
Conifer 0.181 0.161 0.897 0.180 0.694

Northern hardwood 
swamp mature 0.007

Northern hardwood 
swamp 0.825 0.038 0.637

All Covers 0.781 0.046 0.015 0.418 0.822 0.009 <0.001 <0.001 0.578

Table 5. Chi-square comparisons (P-values) for distances < and >15 m to an edge for use and random points for after-hatch-
year female American woodcock in 2002, 2003, and 2004 in Michigan, Minnesota, and Wisconsin. 
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consin (χ2 = 6.39, df = 1, P = 0.01; χ2 = 7.24, df = 1, P 
< 0.01, respectively; Table 5). We found no difference 
in edge proximity between use and random locations in 
seedling-sapling aspen in 2003 in Michigan, Minnesota, 
or Wisconsin. In Wisconsin, a greater proportion of use 
points was in close proximity to edges (≤15 m) in ma-
ture northern mesic forest (χ2 = 12.60, df = 1, P < 0.01) 
and mature northern hardwood swamp (χ2 = 7.22, df = 1, 
P < 0.01) than for random locations.
 In 2004, Wisconsin had higher numbers of use loca-
tions than random locations ≤15 m from an edge in ma-
ture northern mesic forest (χ2 = 6.95, df = 1, P < 0.01). 
In Michigan, use locations were ≤15 m from an edge in 
greater proportion than random locations for woodcock 
located in seedling-sapling aspen (χ2 = 4.77, df = 1, P = 
0.03). In Minnesota, in both mature aspen and mature 
northern mesic forest, use locations were ≤15 m from 
an edge more frequently than random points (χ2 = 3.28, 
df = 1, P < 0.07, and χ2 = 3.57, df = 1, P < 0.06, respec-
tively).
 Types of edges most frequently encountered near 
woodcock locations included meadows, trails, logging 
roads, and ecotones—edges where ≥ 2 forest cover types 
met. Woodcock were also near streams, beaver ponds, 
and other water bodies. Across all states and years, 
meadows were the only edge type more frequently close 
to woodcock use locations than to paired random loca-
tions (Table 7). 

 The proportion of locations we sampled for earth-
worms and where earthworms were present by cover 
type was similar to the proportion of sample locations 
where we encountered earthworms for all covers. The 
only evidence for differences in proportion of samples 
with earthworms present was in shrub and pole-sized 
aspen covers. We observed earthworm presence more 
frequently than expected for shrub (χ2 = 15.64, df = 1, 
P < 0.01) and pole-sized aspen (χ2 = 4.98, df = 1, P = 
0.03) cover types. We also detected earthworm presence 
more frequently in mature aspen (χ2 = 3.05, df = 1, P = 
0.08) and other (χ2 = 3.78, df = 1, P = 0.05) cover types. 
The only cover type with lower earthworm detection 
than expected was seedling-sapling aspen (χ2 = 2.78, df 
= 1, P = 0.10).
 We did not find a seasonal or day effect on earth-
worm biomass, however we found differences in 
earthworm biomass among years (F = 32.89, df = 2, 
2481, P < 0.01), states (F = 60.35, df = 2, 2481, P < 
0.01), and cover types (F = 14.77, df = 10, 2481, P 
< 0.01). Earthworm biomass was lowest in 2003 and 
highest in 2004, though this relationship varied among 
cover types (Figure 2). Earthworm biomass was low-
est in Michigan in all years, and highest in Wisconsin 
in both 2002 and 2003. Conifer, seedling-sapling as-
pen, and northern hardwood swamp cover types were 
lower in earthworm abundance than all other cover 
types and did not differ from one another (Figure 3).  

DISCUSSION

 Although many factors likely contribute to wood-
cock habitat selection, we focused our investigation 
on stand characteristics—stem density and edge prox-
imity—and earthworm biomass as a surrogate of food 
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in Michigan, Minnesota, and Wisconsin.

Figure 3. Least square mean with 95 % confidence intervals 
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Figure 3.  Least square mean with 95 % confidence intervals of the log earthworm weight by cover type for 
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Location Use Random df t P
Michigan

Alder 0.0705 0.0458 8 0.577 0.579
Aspen S-S 0.1225 0.0571 45 1.439 0.157
Conifer 0.0165 0.1153 9 –1.122 0.291
NHSM 0.1196 0.0202 8 1.743 0.120
NMFM
NMFS 0.0534 0.024 4 1.900 0.130
All Covers 0.0774 0.0599 73 0.608 0.545

Minnesota
Alder
Aspen S-S
Conifer
NHSM
NMFM
NMFS
All Covers 0.0878 0.0817 15 0.120 0.906

Wisconsin
Alder 0.5117 0.2151 25 1.524 0.140
Aspen S-S 0.0863 0.0561 174 1.175 0.242
Conifer
NMFM 0.4716 0.7083 4 –0.451 0.675
NMFS 0.0936 0.0115 1.400
NHSM
All Covers 0.1789 0.1164 160 1.372 0.172

Use locations Random locations

Year Site n Meadow Trail–
Road Ecotone Water n Meadow Trail–

Road Ecotone Water

2002
MI 117 19.7 19.7 55.6 0 54 11.1 24.1 55.6 0
MN 385 0.3 14.1 58.7 0 133 0 11.3 57.9 0
WI 154 65.6 7.8 13.6 9.7 36 58.3 2.8 27.8 11.1

2003            
MI 412 24.5 13.3 57.3 0.5 412 12.4 17.4 67.5 0
MN 473 31.3 19.2 45 3 465 25.6 22.4 50.1 0.9
WI 494 28.1 16.2 39.3 9.3 392 16.1 12.5 54.6 4.3

2004            
MI 461 17.4 40.1 40.8 0 461 15.4 32.8 50.1 0.2
MN 276 47.1 11.6 38.4 0.4 276 21.4 15.2 56.5 2.2

 WI 290 37.6 13.1 35.5 7.6 282 24.5 16 47.9 7.4

Table 6. Two-sample t-test comparisons of ash-free dry weight of earthworms sampled at locations used by after-hatch-year 
female American woodcock and random locations within the same cover type patch in fall 2002 in Michigan, Minnesota, and 
Wisconsin.

Table 7. Edge types encountered (% of total) near after-hatch-year female American woodcock use locations and random 
locations in Michigan, Minnesota, and Wisconsin from 2002–2004.
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availability. AHY woodcock in our study used a vari-
ety of cover types and size classes, adding to the com-
plexity of describing structural characteristics selected 
by woodcock where forest management often results 
in heterogeneity of seral stages and cover types. While 
our stem density and edge proximity comparisons lack 
strong patterns across all states and years, we observed 
interesting trends. 
 Woodcock locations preferred by adult female 
woodcock generally had lower stem density as com-
pared to corresponding random locations (Table 4). 
This was similarly true in shrub cover types, though the 
abundance of shrubs stems was greater at use locations 
in seedling-sapling aspen cover and alder in Minnesota. 
Gregg (1984) noted that a shrub component appeared 
to be a prerequisite for woodcock use of many mature 
aspen stands in Wisconsin. High shrub density among 
covers may be a component of site quality, with greater 
species diversity in higher quality sites. Higher quality 
sites may provide non-suckering species an ability to 
compete with aspen and alder, for example. This could 
also be an edge effect, with greater competition between 
aspen and shrub species along edges due to increased 
sunlight near the forest floor, which provides greater op-
portunity for shrubs to flourish. We observed woodcock 
near edges though with little consistency among states, 
years, and cover types (Table 5). Examples of negative 
associations between mature stems and woodcock use 
of simple structured covers (seedling-sapling aspen, 
shrub, alder, and willow) may be a result of mature 
stems providing avian predator perches, that could neg-
atively influence woodcock use. While mature stands 
with a developed shrub understory offer an abundance 
of perching trees, the structure of these stands is not as 
simple, perhaps affording woodcock greater protection.
 Surprisingly, we found no difference in earthworm 
abundance between used and random locations at the 
microhabitat level. This suggests that either woodcock 
are not selecting habitat at the microhabitat level based 
on food abundance or that our sampling methodol-
ogy was not sufficiently precise to detect differences. 
At the home-range scale woodcock also did not appear 
to be selecting covers based on earthworm abundance. 
Seedling-sapling aspen cover types, the most preferred 
cover type across the 3 states and 3 years, had the lowest 
earthworm biomass of all used cover types (Figure 3), 
indicating that on average our radio-marked woodcock 
selected areas with abundant adequate structure over ar-
eas with high earthworm biomass.
 The proportion of alder use was greatest in all states 
in 2003, a drought year. Use of alder when conditions are 
drier is consistent with results of past research (Sepik et 
al. 1983, Gregg 1984) where habitat use changed with 
different environmental conditions. Alder stands proba-
bly offer foraging habitat for woodcock in drought con-

ditions and are an important component of woodcock 
habitat. Earthworm biomass was lower in all cover types 
in 2003, but alder had the highest mean earthworm bio-
mass during this period (Figure 2). This may indicate 
that under most conditions all habitats had sufficient 
earthworm availability for woodcock foraging. Under 
these average conditions structural characteristics of 
habitat may be of primary importance in woodcock use 
of cover types. We found no evidence that alder is used 
as a staging cover, as there was no difference in the fre-
quency of alder use between early- and late-fall periods.
 Our results illustrate the importance of structural het-
erogeneity in woodcock habitat use. Proximity to edge 
may facilitate escape routes (Parris 1986), high stem den-
sity may afford concealment from predators, and lack of 
mature trees in early seral (structurally simple) habitats 
may reduce predation risk from avian predators for wood-
cock during the fall. In addition, a dense shrub layer may 
be an important structural component in woodcock habi-
tat selection of cover types. Further investigation of the 
relationships among total stem density, shrub stem den-
sity, and edge proximity as related to site quality may elu-
cidate management options of these habitat features for 
woodcock management. 
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successional forest management in important riparian corridors. This seriously limits management opportunities that 
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 The American woodcock (Scolopax minor), a popu-
lar game bird throughout eastern North America, has ex-
perienced long-term (1968–2006) population declines of 
1.9 percent per year in the Eastern Region and 1.8 percent 
per year in the Central Region (Kelley and Rau 2006). 
The U.S. Fish and Wildlife Service (USFWS) strategic 
plan for migratory bird management identifies Ameri-
can woodcock as a “bird of management concern” and 
a “game bird below desired condition” (USFWS 2004). 
Recently developed Wildlife Action Plans identify the 
woodcock as a “Species of Greatest Conservation Need” 
in the western Great Lakes states (Michigan, Minnesota, 
and Wisconsin) (Eagle et al. 2005, Minnesota Depart-
ment of Natural Resources 2006, and Wisconsin De-
partment of Natural Resources 2005), despite relatively 
stable populations over the past 10 years. These were the 
top 3 states, respectively, in woodcock harvest during the 
2005–06 hunting season, and together accounted for 62.8 
percent of the nation’s estimated harvest (Kelley and Rau 
2006). 
 Habitat loss and degradation are the predomi-
nant factors influencing woodcock population trends 
(Dessecker and McAuley 2001, Woehr 1999). Habitats 
used by woodcock vary with activity, time of day, and 

season, but they are primarily an early successional for-
est species (Dessecker and McAuley 2001). Through-
out the breeding range, woodcock prefer habitats char-
acterized by high densities of woody stems (Sepik and 
Dwyer 1982), like recently regenerated forest stands 
or shrub-dominated retired agricultural lands. Dense 
young forest or shrub-dominated habitats on moist soils 
are ideal (Keppie and Whiting 1994). Earthworms com-
prise nearly 80 percent of woodcock diet (Sperry 1940). 
Moist soils keep worms at or near the soil surface and 
available to foraging birds. Reynolds et al. (1977) re-
ported that both woodcock and earthworms used alder 
and aspen habitats the most, whereas conifers were 
rarely used. Leaf palatability, soil moisture, and soil 
temperature influenced earthworm numbers and helped 
determine woodcock habitat use. 
 Some studies have indicated that vegetative struc-
ture may be even more important than food availabil-
ity in determining woodcock habitat use (Gregg 1984). 
When clearcut, aspen frequently regenerates into very 
dense young forests ideal for woodcock, ruffed grouse, 
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golden-winged warbler, and other species adapted to 
dramatic forest disturbance (Thompson and Dessecker 
1997). Aspen forests are the only deciduous species rou-
tinely managed through clearcutting; therefore they of-
fer one of the few opportunities to easily create quality 
woodcock habitat. 
 Aspen in the western Great Lakes states are fast 
growing, short-lived trees that begin to decline at 55 to 
70 years of age (Perala 1977). Many aspen forests in the 
region are currently overmature and highly susceptible 
to death and conversion (USDA Forest Service 2006a, 
2006b). Half (54,000 acres) of the existing 106,789 acres 
of aspen forest communities on the Hiawatha National 
Forest are currently considered overmature (USDA For-
est Service 2006a). Shade tolerant forests frequently 
replace aspens that are allowed to naturally succeed. 
Conversions in Wisconsin and Michigan typically be-
come northern hardwoods, which are already the most 
abundant forest type in the western Great Lakes states 
(Cleland et al. 2001). 
 The importance of habitat in migration corridors is 
often overlooked in bird conservation strategies (Rich 
et al. 2004). Habitat use during migration has profound 
consequences for birds’ ability to satisfy energy require-
ments, vulnerability to predators, and exposure to envi-
ronmental stress (Moore et al. 1993). Early successional 
scrub-shrub habitat is preferred by migrating songbirds, 
as evidenced by these habitats holding the greatest num-
ber of species, the highest species diversity, and the larg-
est number of individual birds of all habitats analyzed 
(Moore et al. 1993). Riparian or riverine areas also pro-
vided abundant suitable migration habitat for woodcock, 
as well as for a wide array of migrating birds. Factors 
that limit or reduce the ability to provide quality wood-
cock habitat on the breeding grounds or migratory stop-
over sites hinder conservation efforts for this species in 
this region. Several recent habitat management changes 
occurring in the western Great Lakes region may limit 
the ability to maintain or restore woodcock populations. 

Early Successional Habitat Decline

 Many disturbance-dependent ecosystems across the 
United States, including early successional forests, have 
declined in recent years (Cleland et al. 2001). Aspen/
birch types declined by 1.3 million acres between the 
last 2 forest inventory cycles in the western Great Lakes 
states (Cleland et al. 2001). These declines are due in 
part to nearly a century of fire suppression, land conver-
sion, rural development, and forest maturation (Trani et 
al. 2001). Aspen and aspen/birch forests comprise the 
majority of early successional deciduous forest commu-
nities in the western Great Lakes states, covering 12.9 
million acres (Cleland et al. 2001). This accounts for 79 
percent of the aspen-birch forest acreage in the eastern 

United States. Over a 58-year period in Michigan (1935 
to 1993, and a 61-year period in Wisconsin (1935 to 
1996), aspen/birch acreage declined by 37 percent and 
36 percent, respectively. However, between 1935 and 
1990, aspen/birch acreage declined by only 6 percent 
in Minnesota (Cleland et al. 2001), largely due to the 
westward progression of initial logging that delayed de-
velopment of the second-growth forest. This allowed it 
to be regenerated in Minnesota before it could succeed 
to the next seral stage.
 Forest Inventory and Analysis (FIA) data that clas-
sify forest stands as seedling/sapling (≤ 20 years old) 
can be used to identify gross trends in woodcock habitat 
(Woehr 1999). Twenty-eight percent of the forested land 
in the western Great Lakes states exists as seedling-sap-
ling stands, with stand-size class distribution relatively 
even within the region (Trani et al. 2001). The major-
ity of this young forest is aspen/birch type, because it 
is typically managed with even-aged techniques, as op-
posed to northern hardwoods types that are rarely found 
as young forests. The acreage of aspen seedling-sapling 
stands has increased in Minnesota and Wisconsin, but 
decreased in Michigan over the fourth and fifth forest 
inventory cycles (1977 to 1990 in Minnesota, 1983 to 
1996 in Wisconsin and 1980 to 1993 in Michigan) (Cle-
land et al. 2001).
 While 62 percent of forested lands in the western 
Great Lakes states are in private ownership, (Cleland 
et al. 2001), FIA data shows that non-industrial private 
landowners control only 41 percent of the aspen forests. 
Public lands (federal, state, county) account for 45 per-
cent of the aspen forests and corporate and tribal enti-
ties own 14 percent. The rate of loss of aspen habitats 
on non-industrial private forestlands greatly exceeds the 
rate of loss on public lands (Leatherberry 2001). 
 The gross amount of preferred aspen/birch forest in 
the western Great Lakes is declining, but the amount in 
a young condition has increased in Wisconsin and Min-
nesota due in part to an active timber industry. Public 
lands contain a disproportionately high amount of aspen 
forests, and are therefore very important for woodcock 
management. Woodcock populations in the area are ex-
periencing long-term declines, but in the short-term (10 
years) they show signs of stabilizing (Kelley and Rau 
2006). Loss of other habitats, including old fields, forest 
openings, lowland hardwood forests (Straw et al. 1994), 
wintering habitat (Krementz and Jackson 1999) and 
young riparian forests may still limit woodcock popu-
lations. Habitat loss is considered the biggest threat to 
woodcock populations, but other factors (e.g., migration 
stress, predation, weather events, and man-made obsta-
cles) can contribute to mortality.
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Figure 1. Chequamegon/Nicolet National Forest aspen 
harvest projected under the 1986 forest plan, compared to 
actual harvest. 

Table 1. Future changes in aspen acreage in western Great Lakes region national forest plans.

Management Changes in National Forests

 Five USDA National Forests in the western Great 
Lakes region recently revised their forest plans (Table 
1). The plans will dictate forest management for the next 
10–15 years on over 5.7 million acres. Due to the large 
amount of aspen in national forests relative to private 
lands (Cleland et al. 2001), national forests have the po-
tential to significantly impact the future level of early 
successional forests in the region, and consequently im-
pact future woodcock populations. Together these plans 
project declines of 276,189 acres in aspen forest habi-
tat (4.8 percent of the total acreage) on these 5 forests 
by the second decade following plan implementation 
(USDA Forest Service 2004a, b, and c, 2006a and b). 
Four of the revised plans show 28.5 to 58 percent de-
creases in aspen levels by the tenth decade. 
 National forests have demonstrated an inability or 
unwillingness to meet aspen regeneration goals. The 
Chequamegon/Nicolet National Forest failed to achieve 

the 1986 forest plan aspen regeneration goals in 15 of the 
18 years that the plan was in effect (Figure 1). During 
that period, the forest regenerated an average of 2,258 
acres of aspen annually, only 51 percent of the plan’s 
acreage goal. Contributing factors included reduced 
budgets and staff, other forest health concerns, lengthy 
environmental assessment processes, conflicting stan-
dards and guidelines, project appeals, and litigation. 
The land management decisions of the USDA Forest 
Service have been challenged and appealed frequently 
in federal court, and the agency believes such litigation 
constrains its professional expertise and limits effective 
forest management (Keele 2006). Currently 100 million 
board feet (MMBF) of timber scheduled for harvest on 
the Chequamegon/Nicolet National Forest are being 
delayed due to litigation (M. Theisen, U.S. Forest Ser-
vice, personal communication). This litigation situation 

Period Chippewa (MN) Superior (MN) Cheq./Nicolet 
(WI) Hiawatha (MI) Ottawa (MI)

Existing 144,700 609,400 336,100 106,789 119,000

First decade  Unknown Unknown 330,000 85,000 109,000

Second decade 73,500 442,300 Unknown Unknown Unknown

Difference at end of 
first or second decade

–71,200
(–49.2%)

–167,100
(–27.4%)

–6,100
(–1.8%)

–21,789
(–20.4%)

–10,000
(–8.4%)

100 years 60,800 256,100 216,200 76,400 Unknown

Difference in 100 years –83,900
(–58.0%)

–353,300
(–58.0%)

–119,900
(–35.7%)

–30,389
(–28.5%) Unknown

Figure 2. Percent of clearcut vegetation treatments on Chip-
pewa National Forest projects 2 years after plan revision.
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is similar on most other western Great Lakes national 
forests (N. Weiland, U.S. Forest Service, personal com-
munication).
 National forests are also unwilling or unable to fol-
low forest plan direction regarding forest management 
methods and procedures. Two years after implementa-
tion of the revised Chippewa Forest Plan, only 3 of 7 
vegetation projects had met the plan’s percentage of 
clearcut treatments (Figure 2). Although this goal is 
not necessarily intended to be met on each individual 
project, it will not be possible to attain planned acre-
age of young forest habitat across the forest unless 
some projects clearcut more than the planned level to  
make up for those where clearcutting is only a  
minor component. 
 There has been a dramatic reduction in woodcock 
habitat quality as well as quantity on national forests 
in the region in recent years, as few true clearcuts have 
been prescribed in aspen stands. Rather, “clearcuts with 
reserves” have been implemented, a prescription that 
specifies leaving a number of standing live trees after 
harvest. Initially these were unmerchantable trees and 
clumps of the parent stand intended to serve as visual 
buffers, wildlife habitat and seed sources. However, an 
increasing number of management prescriptions specify 
retaining all non-merchantable trees, all conifer regen-
eration, all oaks, and 10–15 dominant and co-dominant 
aspens per acre. The shade from this level of residual 
basal area can inhibit aspen suckering, reducing stem 
density in the new stand (Perala 1977). The auxin hor-
mone production from live standing aspens further 
reduces sucker density (Farmer 1962). Aspen are be-
ing retained in a conscious effort to create thin stands, 
thereby reducing competition for conifer underplantings 
or advanced regeneration. Together these effects create 
lower quality habitat for woodcock, ruffed grouse, gold-
en-winged warblers, and other associated wildlife.

Management Changes in State Forests

 It is difficult to ascertain the future impact of chang-
ing forest management on state lands upon early succes-

sional wildlife in the western Great Lakes region. Cur-
rent statewide forest plans for the western Great Lakes 
states provide frameworks for common goals and objec-
tives but do not specify overall habitat or forest type lev-
els (Michigan Department of Natural Resources 2006, 
Wisconsin Department of Natural Resources 2004). The 
Michigan plan, for example, sets objectives of balanc-
ing the age class distribution of the aspen cover type 
and minimizing the loss of the aspen cover type over 
the next 10 years, but without setting acreage targets for 
Michigan forests (Michigan Department of Natural Re-
sources 2006). Implementing the state plan is left up to 
individual state forest or regional planning teams oper-
ating over varying time periods. 
 The Minnesota Department of Natural Resources 
performs forest planning based on landscape ecosys-
tems at the subsection level. Not all subsection plans are 
complete, but those that are all plan to convert thousands 
of acres from aspen to another forest type (Table 2). This 
is largely driven by a desire to manage closer toward a 
range of natural variation, or historical condition based 
on pre-European settlement estimates. Many conver-
sions will be accomplished by allowing stands to mature 
into the next growth stage, increasing the conifer com-
ponent in mixed stands, or by re-typing stands that have 
already succeeded. The result will be a gross loss of early 
successional forest type, however the impacts of lost as-
pen acreage to wildlife may be offset by plans to harvest 
aspen closer to rotation age, resulting in more young for-
est at any given time (Minnesota Department of Natural  
Resources 2004).
 FIA data shows aspen levels on forestland under 
state ownership in each of the states in the western Great 
Lakes region continuing to decrease as forest matura-
tion continues (down 3.8% in Michigan from 1980 to 
2003, down 2.8% in Minnesota from 1977 to 2003, and 
down 1.0 % in Wisconsin from 1983 to 2003). However, 
the decrease in aspen acreage has appeared to stabilize 
within the last decade in each of the states, with a slight 
increase in aspen acreage on state forestland in Wiscon-
sin. Much of this increase is related to the acquisition 
of former forest industry land by the state through the 

Table 2. Minnesota DNR Subsection Forest Resource Management Plan (SFRMP) scheduled aspen conversions.

Subsection plan Current aspen acres
Aspen acres being 
converted to other  

forest types
Percent change

Agassiz Lowlands 268,500 13,545 –5

Border Lakes 130,318 43,000 –33

Mille Lacs Uplands 98,946 4,947 –5

North Shore Highlands 67,453 14,868 –22
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Knowles-Nelson Stewardship Fund rather than an in-
crease in management activities (Wisconsin Department 
of Natural Resources 2006). 

Management Changes on Private Land

 The extent and age class distribution of aspen for-
ests are important, but the future of early successional 
forests also depends greatly on which harvest techniques 
are used in the western Great Lakes region (Trani et al. 
2001). Timber harvest methods like clearcut or shelter-
wood harvesting create sufficient disturbance to allow 
regeneration of early successional forests. Selective har-
vesting methods (e.g., thinning, patch selection) do little 
to change the successional stage. The small tracts found 
in present land-use patterns provide little opportunity 
for forest management or natural disturbance adequate 
to create the abundant, dense early successional habitat 
required by woodcock. 
 Land ownership patterns may also provide impor-
tant insights and challenges to management options. 
Private properties are being fragmented into increas-
ingly smaller parcels (Kilgore and Mackay 2007). Over 
50 percent of private landowners in the U.S. have less 
than 20 acres of timberland (Birch 1996). In Wisconsin, 
slightly more than one-third of 248,000 forest landown-
ers own less than 10 acres of forestland (Leatherberry 
2001), and every year an average of 3,385 new parcels 
are created in Wisconsin’s forestlands (Wisconsin De-
partment of Natural Resources 2003). In Minnesota, 
mean parcel size in forest land transactions decreased 
from 79 acres in 1989 to 57 acres in 2002 (Kilgore and 
Mackay 2007). Over the same period the proportion of 
20- to 40-acre tracts in sales increased from 51 to 63 
percent. While non-industrial private landowners play 
an important role in managing the area’s forests, they 
face increasingly difficult challenges in holding and 
managing forestland. Rising costs of holding land and 
other pressures contribute to increased land sales and 
subdivision. Nearly 29 percent of new landowners in St. 
Louis County, Minnesota stated an intention to resell the 
land within 5 years, and 42 percent of those respondents 
planned to subdivide the property (Donnay et al. 2005). 
 As forest tract size decreases, so does the likelihood 
that the landowners will perform any active forest man-
agement (Roberts et al. 1986). The intensive manage-
ment or disturbance required to maintain aspen acreage 
may not be practical or readily accepted by private land-
owners. Private individuals own nearly 9 million acres in 
Wisconsin, but a majority of these landowners (54 per-
cent) have not harvested timber, and thus have declining 
opportunities to perpetuate aspen habitats (Leatherberry 
2001). Reasons for not harvesting timber include the be-
liefs that cutting will reduce the beauty of their land, 
that their timber is not of a size or quantity to warrant a 

harvest, and that the holding is too small to manage. Six-
teen percent of landowners surveyed in Wisconsin were 
opposed to any harvesting (Leatherberry 2001). Private 
landowners control management of nearly a half million 
forested acres in the state. An additional concern is that 
there is rarely management cooperation among small 
landowners, and adjacent landowners can have very dif-
ferent goals and beliefs about timber cutting, leading to 
increased fragmentation. Therefore, as tracts become 
smaller, we can expect fewer, and smaller, early succes-
sional forest patches on the landscape.
 Industrial forestlands have also recently undergone 
extensive ownership changes. Over 23 million acres 
of industrial timberland in the United States changed 
ownership between 1999 and 2004 (Wilent 2004). In 
Minnesota, 309,000 acres of former Boise Cascade 
Corporation holdings were sold to a corporation inter-
ested primarily in its real estate value. Choice accessible 
parcels are being logged and then sold as recreational 
properties, while conservation easements are sought for 
remote, productive timberlands. Other large industrial 
landowners are following suit. These lands were his-
torically open to public access, but are often posted by 
the new recreational owners. As stated earlier, smaller 
recreational landowners are less likely to manage their 
forests in a manner that will benefit woodcock. Conser-
vation easements counter some of the loss of forested 
lands across the nation by protecting large acreages 
from development and ensuring public access. How-
ever, while most specify that forests must be sustainably 
managed, few insist upon active management, and yet 
others place restrictions upon even-aged harvest meth-
ods (Huff 2004). One of the largest such transactions 
was conducted on more than 1.1 million acres of former 
forest industry land in the Upper Peninsula of Michigan 
in 2005. 

Management Changes in Riparian Areas

 Riparian areas are among the most important and 
diverse parts of forest ecosystems (Wisconsin Depart-
ment of Natural Resources 2003). They support high 
soil moisture and a variety of associated vegetation 
and wildlife. Riparian areas are extremely important to 
woodcock populations because they feed primarily on 
earthworms and other invertebrates. Site factors that 
affect woodcock food supply, like soil moisture, soil 
fertility, slope, aspect, and other characteristics must be 
considered in their management (Sepik et al. 1981). As 
an example, habitat management in valleys and lower 
slopes is more beneficial to woodcock than management 
on dry upper and middle slopes (Liscinsky 1972). 
 A wide range of measures are in place across the 
western Great Lakes states to ensure that forestry op-
erations do not negatively affect water quality. Several 
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of these measures can have important ramifications to 
woodcock habitat and populations. Voluntary Best Man-
agement Practices (BMPs) are identified for riparian 
management zones (RMZs) in each of the western Great 
Lakes states. These BMPs vary by state, but in general 
promote long-lived tree species within 100 feet of most 
perennial streams, and favor the use of selective harvest-
ing rather than even-aged harvesting. Riparian manage-
ment guidelines that preclude removal of substantial 
overstory vegetation may unnecessarily limit develop-
ment of early successional habitat that could provide im-
portant resources for woodcock and other early succes-
sional species (Dessecker and McAuley 2001). 
 All revised national forest plans except the Ottawa 
National Forest prescribe desired future conditions for 
riparian forests that may reduce woodcock habitat by 
favoring long-lived trees (Table 3). The Ottawa Plan 
recognized a need to maintain aspen in and adjacent to 
riparian environments. It provides flexibility to adjust 
and vary riparian area widths across the landscape based 
on site-specific conditions including soil, hydrology, 
and vegetative characteristics (USDA Forest Service 
2006B). 
 The Chippewa and Superior National Forests did not 
explicitly establish more stringent riparian management 
zones for trout streams (USDA Forest Service 2004b, 
USDA Forest Service 2004c). However, a USDA Forest 
Service representative was appointed to the Minnesota 
Forest Resources Council and aided in the development 

of Minnesota’s Voluntary Site-level Forest Management 
Guidelines (VSLFMG). The revised forest plans state 
that the forests, “…will use, as a minimum, the Coun-
cil’s Voluntary Site-level Guidelines for forest manage-
ment.” The VSLFMG specify a 50- to 100-foot buffer 
for even-aged forest management (25–80 ft2/acre resid-
ual) along non-trout streams, but a 150-foot buffer for 
even-aged management (60 ft2/acre residual) along trout 
streams.
 The Chequamegon/Nicolet and Hiawatha National 
Forests incorporated state BMPs into their revised forest 
plans, but then placed additional aspen regeneration re-
strictions for 450 and 500 feet, respectively, on each side 
of selected streams and their tributaries (USDA Forest 
Service 2004a, USDA Forest Service 2006A). These in-
creased widths were ostensibly imposed to reduce the 
risk of future beaver activity on streams used by brook 
trout or salmon (USDA Forest Service 2006A). There 
appears to be little justification for this amended restric-
tion on aspen management. Allen (1983) reports most 
of the trees utilized by beaver in a Massachusetts study 
were within 98.4 feet of the water’s edge. Another study 
referred to by Allen (Hall 1970) stated that 90 percent 
of all cutting of material was within 98.4 feet of the wa-
ter’s edge. These onerous and short-sighted restrictions 
ignore the fact that beaver activities are natural, and that 
they create warm-water wetland habitats used by several 
other species, such as moose, ducks, wading birds, etc.

Chippewa 
National Forest

Superior 
National Forest

Chequamegon/
Nicolet

National Forest
Hiawatha

National Forest
Ottawa National 

Forest

Desired condition 
of riparian forests Favor long-lived 

species
Favor long-lived 
species

Favor long-lived 
species

Consists of older, 
late seral species

Favor long-lived 
species but 
recognize need to 
manage aspen

1986 Plan aspen 
regeneration 
restrictions along 
trout streams  

NA NA

200 ft. on Nicolet

300 ft. on 
Chequamegon

200 ft. 200 ft.

Revised 
Plan aspen 
regeneration 
restrictions along 
trout streams

150 ft. for even-
aged, 200 ft. for 
un-even aged.
   

150 ft. for even-
aged, 200 ft. for 
un-even aged.

450 ft. on selected 
streams and 
tributaries,
300 ft. on 
remainder

500 ft. on 
designated 
streams and 
tributaries

Restriction 
dropped to provide 
management 
flexibility

Amount of 
riparian aspen not 
regenerated under 
revised plan

Unknown Unknown Between 12,340 
and 19,870 acres 7,159 acres NA

Table 3. Riparian zone management on western Great Lakes region National Forests, according to revised forest plans. 
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 It is doubtful whether implementing these broad-
brush measures will reduce beaver populations. Howard 
and Larson (1985) noted that the availability of woody 
vegetation is of secondary importance in habitat suit-
ability for beaver. Jenkins (1981) reported that the types 
of food species present might be less important in deter-
mining habitat quality for beavers than physiographic 
and hydrologic factors affecting the site. Stream width, 
stream gradient, soil drainage class and watershed size 
are all factors that determine beaver colony locations on 
streams (Howard and Larson 1985).

CONCLUSION AND IMPLICATIONS

 Aspen and other early successional forests are criti-
cally important to the American woodcock and a vast 
array of other wildlife species. Ninety-five of 187 spe-
cies (51 percent) of neotropical migratory songbirds 
that breed in the Midwest use shrub-sapling young for-
est habitats to some degree during the breeding season 
(Probst and Thompson 1996). The Fish and Wildlife 
Service’s Partners in Flight program listed the golden-
winged warbler as one of its songbird species of conti-
nental importance in Bird Conservation Region 12 (the 
western Great Lakes region) (Rich et al. 2004). About 
78 percent of the continent’s golden-winged warbler 
population, identified by the U.S. Fish and Wildlife 
Service as a National Watch List species, is in this re-
gion. Its habitat requirements are almost identical to the 
woodcock. The highest breeding densities of golden-
winged warblers occur in 1- to 4-year old aspen stands, 
with densities dropping quickly after stands are 10 years 
old (Roth 2001). It is clear that the western Great Lakes 
region forests are the main source of golden-winged 
warbler populations in the entire U. S., and provide one 
of the last opportunities to halt the bird’s downward de-
cline. The future of this already imperiled species could 
be seriously threatened if aspen or other young forest 
habitat continues to decline at significant levels.
 All 5 new National Forest Plans call for reductions in 
early successional habitats (276,189 acres in 2 decades), 
and incorporate specific management restrictions that 
could further reduce woodcock habitat. The cumulative 
effects of these actions, along with declining manage-
ment for early successional species on other public and 
private lands, could negatively impact future woodcock 
populations and other associated wildlife species.
 Management on state lands in the western Great 
Lakes region continues to show declining aspen lev-
els but has appeared to stabilize within the last decade. 
Statewide management plans display awareness for 
minimizing the loss of the aspen cover type in the near 
future, but it is unclear how this strategy will be accom-
plished in the individual state forests. Wisconsin and 

Michigan have shown significant declines in aspen lev-
els to succession in the past few decades. Minnesota has 
managed to maintain aspen levels due to a viable tim-
ber industry and older second growth forest. However, 
current forest management planning in Minnesota calls 
for extensive aspen/birch conversion (Table 2). The loss 
in aspen/birch acres may be offset by shorter rotations 
leading to a net increase in young forests.
 Limited forest management on private lands may 
contribute to the declines in woodcock populations. 
Changes in ownership and/or management direction 
of private forested tracts could have long-term impacts 
on the ability to manage woodcock habitat. Private for-
est landowners must have a better understanding of 
the wildlife habitat implications of not managing their 
lands. Improved communication with private forest 
landowners on management resources is essential, but 
techniques must be developed to engage a majority of 
landowners. Programs that target and educate private 
landowners, like the Wisconsin Woodland Stewards 
Program or the Ruffed Grouse Society’s Coverts Proj-
ect, are having a positive effect. In the past 13 years, 
the Wisconsin Coverts Project has directly or indirectly 
impacted 540,000 acres of private lands (Nack 2005). 
 As the number of landowners increases and parcel 
sizes become smaller, forest management will become 
more difficult and less cost effective (Leatherberry 
2001). Landowner incentive programs must be broader 
ranging and more effectively targeted (Baughman et al. 
1989). However, tax rebates and monetary payments 
seem to be a poor incentive for landowners (Kilgore et 
al. 2007). Without incentive or easement programs it is 
highly likely that the average size of individual private 
forest lands will continue to decrease. 
 The growing trend of conservation easements is a 
costly, but potentially necessary method, to insure that 
large forestland holdings remain intact and open to pub-
lic access. However, easements should not be overly 
restrictive regarding limits on forest management meth-
ods and strategies, and should clearly specify public ac-
cess routes and restrictions (Huff 2004). 
 Reductions in young forest habitats along riparian 
systems will have a significant negative effect on migra-
tory bird populations. Forest Service researchers found 
that management approaches for riparian forests often 
ignore their natural variability by using conventional, 
one-size-fits-all approaches (Palik et al. 1999). Riparian 
management standards should allow resource managers 
sufficient flexibility to make site-specific decisions. It is 
essential that we maintain a full range of habitat condi-
tions used by a diversity of riparian-dependent species, 
including the American woodcock. Standards should not 
be so rigid that they effectively eliminate early succes-
sional forest management options in riparian corridors. 
No-cut buffers simply limit management opportunities 
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and ignore the fact that disturbance is a natural part of 
riparian systems. 
 Due to their locations, many of the western Great 
Lakes region national forests provide key stopover sites for 
migratory birds, including woodcock, which allow them to 
rapidly replenish their depleted fat reserves. These habi-
tats should be recognized and addressed in comprehensive 
conservation strategies and management plans for migra-
tory birds (Moore et al. 2005). 
 The western Great Lakes states are one of the few 
remaining areas in the Eastern U.S. with abundant pub-
lic land, a culture of forest management, and the timber 
industry infrastructure necessary to maintain young for-
ests. As others have also concluded, declines in early 
successional wildlife species can best be arrested in this 
region (Askins 1993, Hagen 1993, Smith et al. 1993, 
Probst and Thompson 1996, Franzreb and Rosenberg 
1997, and Roth 2001). It is imperative that land manag-
ers look more closely at the area’s important early suc-
cessional habitat and the wildlife species that use it. 
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FALL MIGRATION RATES, ROUTES,  
AND HABITAT USE OF AMERICAN  
WOODCOCK IN THE CENTRAL REGION

NICK A. MYATT1, Arkansas Cooperative Fish & Wildlife Research Unit, Department of Biological Sciences, 
 University of Arkansas, Fayetteville, AR 72701, USA
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Abstract: American woodcock (Scolopax minor) ecology has been extensively studied on the breeding grounds and 
to a lesser extent on the wintering grounds, but little research has been conducted on the migration ecology of this 
declining species. In Fall 2001 we began a 3-year study to document woodcock fall migration routes, rates, and habitat 
use in the Central Region of the U.S. From 2001–2003, 582 radio-marked woodcock initiated migration from 3 study 
sites in Minnesota, Wisconsin, and Michigan. Aerial searches were conducted from fixed-wing aircraft during each fall 
migration period in the Central Region. During 224 hours of aerial telemetry, we located 42 radio-marked woodcock 
in 6 states. Radio-marked birds were located in upland habitats more frequently than bottomland habitats (66.6% vs. 
33.3%, respectively). Migrating woodcock used a higher proportion of mature forest than expected. Stopover duration 
often exceeded 4 days, with some birds stopping longer than a week. Using locations of radio-marked birds, we 
speculated woodcock migration routes in the central U.S. GIS was used to map potential woodcock habitat in the Central 
Region. Based on our results, we identified priority areas for future woodcock management in the Central Region.  
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FALL SURVIVAL OF AMERICAN 
WOODCOCK IN THE WESTERN 
GREAT LAKES REGION
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Abstract: Concern about the status of woodcock populations has highlighted the need for information on the role 
of hunting mortality in woodcock population dynamics. We radio-marked 1,171 woodcock during a 4-year study in 
Minnesota (2001–2004), and Michigan and Wisconsin (2002–2004), to assess the magnitude and causes of woodcock 
mortality during fall. In all three states, woodcock were radio-marked in paired study areas, one of which was open 
to woodcock hunting and one of which was closed to woodcock hunting or had limited access for woodcock hunting. 
We used program MARK to estimate fall survival rates and hunting mortality rates, and to construct a set of candidate 
models to examine the effects of hunting and the effects of covariates (year, state, sex, age, size) on survival. Survival 
rates of woodcock were 11.6% (95% CI = 4.5–18.7) higher in non-hunted areas than in hunted areas. Hunting 
accounted for 71 of the 147 (48%) woodcock deaths in the hunted areas; 47 (32%) were killed by predators and 29 
(20%) died of various other causes. In the non-hunted and lightly-hunted areas, 38 of the 66 deaths (58%) were caused 
by predators; 16 birds (24%) died of various other causes (24%) and 12 birds (18%) were shot. Akaike’s Information 
Criterion model selection indicated that fall survival varied by treatment (i.e., hunted versus non-hunted) and year. 
Fall survival did not vary by age, sex or size. The overall hunting mortality rate estimate in hunted areas was 14.5%. 
We found weak evidence that hunting mortality was higher for female woodcock than for males. Our results should 
be useful to biologists and administrators involved with making decisions about woodcock harvest management. 
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DETECTING PASSAGE OF MIGRANT 
RADIO-TAGGED WOODCOCK USING 
SEMI-AUTOMATED RECEIVER 
RECORDING EqUIPMENT FROM 
FIRE TOWERS 
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Abstract: We devised a semi-automated receiver recording system to detect the passage of migrant woodcock at 
Cape May, New Jersey. Woodcock were originally instrumented with conventional VHF radio transmitters at 2 sites 
in Maine (Moosehorn National Wildlife Refuge, near Calais, and commercial timberland near Milford) and 1 site in 
Vermont (Ethan Allen firing Range in Underhill). Commercially available video cassette recorders (VCR) and long-
play tapes were used to record both video of the receiver scanner, as well as the receiver audio. Tandem recorders 
with built-in daily program facilitated full night-time (16 hr max) recording. Detection of passing woodcock was 
maximized by mounting the receiving system in fire towers that provided line-of-site view to the horizon above the 
forest canopy. Preliminary findings from 1999 recordings indicated a detection range of between 20 and 25 miles. 
Twenty-one woodcock were detected in two distinct waves of migration: 5 birds over two nights, 6–7 November, 
and 16 birds over 4 nights, 27–30 November. Woodcock were recorded on 25 instances with detection durations 
ranging from 7 to 73 minutes. Most woodcock (20 of 25) were detected in the late night segment from 8 p.m. to 4 a.m. 
Woodcock took between 8 and 18 days to travel the approximately 600 miles from Moosehorn Refuge to Cape May.
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INFERENCES ABOUT THE MATING  
SYSTEM OF AMERICAN WOODCOCK  
(SCOLOPAX MINOR) BASED ON 
PATERNITY ANALYSIS

HEATHER L. ZIEL1, Department of Wildlife Ecology, University of Maine, 
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Abstract: The mating system of American woodcock (Scolopax minor) has variously been described as promiscuous 
with a dispersed lek, resource-based polygyny, or monogamy. We sampled territorial males at their display sites, 
non-territorial males, and females with their broods on a study site in eastern Maine to characterize the mating 
system based on DNA analysis of microsatellite loci. We extracted DNA from blood samples from 90 males and 21 
females and their broods. Genetic analysis indicated that there was no evidence for multiple paternity within broods. 
Possible fathers were only identified for 10 of 21 broods; 3 of these were found at the singing site of the probable 
father, 5 were found near the singing site of a neighboring male to the putative fathers, and 2 broods, for which 
there was less certainty, were found far from the singing site of the possible fathers. These limited data suggest that 
females may be monogamous, but resources near the territory of the father are not critical to their decision to mate 
with him, providing some evidence that the social structure is best described as a dispersed lek. Our data were not 
sufficient to determine if males are promiscuous. If male woodcock mate with >1 female, then Singing-ground 
Surveys which count only males would not be an accurate reflection of population trends of both males and females. 
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 Mating systems often are distinguished by the 
spatial and temporal distribution of resources and the 
degree to which mates can be monopolized (Emlen and 
Oring 1977). Lack (1968) concluded that over 90% of 
avian species are monogamous, however polygamy is 
likely to occur when resources or mates are economi-
cally defendable. Monogamy is expected to occur if 
neither sex can monopolize multiple members of the 
opposite sex (Emlen and Oring 1977). In addition to the 
spatial clustering of resources and mates, the amount of 
parental care that each sex provides has a strong effect 
on mating systems (Ligon 1999). Polygamy is more 
likely to occur in species where one sex provides most of 
the parental care (Emlen and Oring 1977). If one parent 
contributes only gametes and does not invest time or 
energy in helping to provision and raise offspring, then 
that parent can seek multiple mates. 

 In birds, several types of polygamy occur (Emlen 
and Oring 1977, Davies 1991, Ligon 1999). In polygy-
nous systems, a male forms a mating association with 
multiple females. The social relationship between the 
male and several females extends past simply copu-
lating, and the male often provides parental care for at 
least some of his offspring (Davies 1991, Ligon 1999). 
In polyandrous systems, a female mates with multiple 
males, either sequentially or simultaneously, during 
a single breeding season. Males in these systems also 
have an extended social relationship with a female and 
provide much or all of the parental care (Davies 1991, 
Ligon 1999). If there is no pair bond or lasting social 
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relationship between the sexes, the mating system is 
considered promiscuous. Males and females both may 
copulate with multiple mates but do not associate after 
mating, and females provide all of the parental care 
(Davies 1991, Ligon 1999). 
 Several aspects of the American woodcock (Scol-
opax minor) mating system suggest that they are 
promiscuous and may use a type of lek. Leks can vary in 
the degree of male aggregation; in classical leks, males 
display in dense groups with small territories (a few 
meters in diameter), and in exploded or dispersed leks, 
males are more dispersed with larger territories, but they 
are still clustered in suitable display habitat (Hoglund 
and Alatalo 1995, Ligon 1999). Woodcock are one of 
the earliest returning migrants to the north and begin 
breeding as soon as they arrive in the spring (Sheldon 
1967). Males establish and defend individual display 
areas (singing-ground sites) in open habitat, which are 
spaced at intervals of about 100–400 meters (Ellingwood 
et al. 1993, this study). Dominant males compete and 
hold display territories by performing elaborate mating 
displays at dusk and dawn that include conspicuous 
visual and vocal elements (rather than colorful plumage) 
to attract females to their display sites (Sheldon 1967). 
Courtship behavior involves repeated flights, inter-
spersed with ground displays (Pettingill 1936, Mendall 
and Aldous 1943). During flights, males make a loud 
“twittering” sound, produced by air flowing through the 
outer three primaries, and on the ground, they turn in 
circles and utter loud calls known as “peents” (Sheldon 
1967). Males interact aggressively by making cackling 
flights that can be heard clearly at neighboring singing 
sites, and chasing away males that invade their display 
site territories (Pitelka 1943, Sheldon 1967). A surplus of 
subdominant males that do not hold display territories, 
typically occurs in woodcock populations (McAuley et 
al. 1993). Without a singing-site territory, subdominant 
males likely do not mate, however, they will replace 
dominant males if the latter are removed from their 
display sites (Sheldon 1967, Owen et al. 1977, Elling-
wood et al. 1993). 
 Characteristics of exploded leks that are relevant to 
American woodcock behavior are: 1) males are sepa-
rated by considerable distances and generally cannot 
see each other, so they interact primarily by vocaliza-
tions, 2) males are dispersed, but females can still visit 
several males in a brief period of time, and 3) male 
parental investment and contribution to offspring ends 
with mating. Female woodcock provide all parental care 
(Sheldon 1967), and males must rely on their ability 
to attract females by their displays to obtain reproduc-
tive success. Behavioral observations also indicate 
that female woodcock visit multiple males at their 
display sites during the pre-nesting and nesting periods 
(McAuley et al. 1993), presumably assessing the fitness 
of potential mates based on their displays. 

  These characteristics suggest that the woodcock 
mating system is promiscuous with a type of dispersed 
or exploded lek (Davies 1991), as suggested by Hirons 
and Owen (1982) and Ellingwood et al. (1993). Previous 
studies have also described the mating system of wood-
cock as monogamous (Mendall and Aldous 1943) or 
resource-based polygyny, in which males defend singing 
sites surrounded by good nesting habitat, an essential 
resource for females (Dwyer et al. 1988, McAuley et al. 
1993). These latter two mating systems, however, imply 
a social relationship (sensu Davies 1991) that does not 
pertain to American woodcock.  
 If the woodcock mating system is promiscuous with 
an exploded or dispersed lek, there may be little or no 
correlation between display sites of individual males and 
nest sites of broods they fathered. Although resources are 
not thought to be a distinguishing aspect of leks, males 
are widely dispersed in exploded leks and females may 
potentially forage or nest near a male’s display territory. 
We expected that dominant males would likely father 
one or more broods, while subdominant, non-territorial 
males would not father any offspring. Whether females 
mate with more than one male is difficult to predict. 
Based on observations of their pre-nesting behavior, 
females may mate with more than one of the males that 
they visit resulting in multiple paternity of their broods, 
or restrict mating to one dominant male as in some 
species of lekking grouse (Lebigre et al. 2007). 
 With the application of DNA techniques to natural 
populations of birds (Burke and Bruford 1987), it 
became possible to determine whether extra-pair copu-
lations resulted in extra-pair fertilizations, contributing 
to variability in reproductive success of individuals in 
a population. Studies showing the true relationships 
among parents and offspring indicate that many appar-
ently socially monogamous avian species have high 
levels of extra-pair paternity in their mating system 
(Westneat and Stewart 2003). Therefore, observations 
of social interactions alone are no longer sufficient to 
determine mating systems and reproductive success. 
Species that appear to be monogamous, but are revealed 
as having engaged in extra-pair copulations and fertil-
izations, are described as being socially monogamous 
(but not genetically monogamous) (Gowaty 1996, 
Wallander et al. 2001, Bennett and Owens 2002). DNA 
studies have also shown that the mating system may be 
flexible in some species (Jiguet et al. 2000).
 To examine the American woodcock mating system 
and determine whether male and female woodcock 
engage in multiple matings, we analyzed paternity using 
microsatellite loci by genotyping females and their 
offspring, dominant males on display site territories, and 
subdominant males in the study area. 
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STUDY AREA

 The 2,100-ha study site was located in Hancock 
County, in eastern Maine [T32 MD (44º95’ N; 68º63’ 
W)] in regenerating, mixed deciduous–conifer forest 
land owned by Champion International Corporation 
(Figure 1a). Woodcock males typically establish display 
site territories in forest openings. In our study area, they 
also establish display sites on tertiary logging access 
roads and on an abandoned airstrip, and females nest 
in the nearby wooded habitat. Females use the same 
habitat for nesting and diurnal cover throughout the 
season (McAuley et al. 1993).

METHODS

Field methods

 Observations of displaying males began as soon as 
they arrived in late March over three seasons (1997–
1999). We set up mist nets around singing sites to catch 
dominant males observed displaying at those sites, 
plus any non-territorial subdominant males in the area. 
Some of the dominant males were marked with indi-
vidual color bands in addition to standard U.S. Geolog-
ical Survey (USGS) bands, so we could quantify their 
display behavior (Ziel 2000). Female behavior is cryptic 
and difficult to observe, as they remain in wooded cover 
as much as possible. If we happened to catch a female in 
the mist nets, we attached a 3.5–4.0-g radio transmitter 
to the back of the bird with livestock-tag cement and a 

single-loop wire harness that was secured with a metal 
crimp (McAuley et al. 1993). We radio-tracked these 
females until their broods hatched. To catch the majority 
of females and their chicks, we used trained English 
setters to find them about the time when we estimated 
that broods should be hatching. We relied on the avail-
ability of the dogs and were unfortunately not always 
able to sample broods as soon after hatch as would be 
ideal. When disturbed, females and chicks respond by 
freezing, so it is relatively easy to catch the female by 
dropping a hand net over her, and to reach down and 
pick up her chicks (Ammann 1974, 1977). We gener-
ally looked for 4 chicks with each female because they 
are determinate layers (always lay 4 eggs); however, 
if it was a renest or some nest predation had occurred, 
there were commonly 3 or fewer young. All females and 
chicks were banded with USGS bands. 
 Weight, age (hatch year [HY], second year [SY], 
after second year [ASY]), and location of capture were 
recorded for all birds. We determined age from prima-
ries 15–18 (Martin 1964). We used a 23-gauge needle to 
collect small blood samples from the brachial or femoral 
vein of each individual. Blood was stored in lysis buffer 
at –20° C. 

Laboratory methods

 DNA was extracted from blood samples using stan-
dard phenol/chloroform extractions (Sambrook et al. 
1989), and DNA concentrations of each sample were 
estimated with a Hoefer DyNA Quant Fluorometer, 
which uses fluorescence to quantify DNA concentra-
tions. We obtained primers for 17 tetranucleotide micro-

Figure 1a. Study site and locations of males, females, and broods (1997–1999) from which blood samples were collected. Filled 
circles represent males at display sites and triangles designate locations of females and their broods. Multiple males at a display 
site represent dominant and subdominant individuals over several years and/or males that appeared briefly at the study site and 
then disappeared.
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satellite loci developed by S. Piertney (University of 
Aberdeen) for the ruff (Philomachus pugnax), 9 of which 
are published (Thuman et al. 2002). Five loci amplified 
in American woodcock, but only 2 loci (Ruff 6, Ruff 8) 
were polymorphic and could be used to assess paternity. 
We used an MJ PTC-100 programmable thermal cycler 
to amplify microsatellite loci in 20-µl reactions. Poly-
merase chain reaction (PCR) reactions contained 10x 
buffer (pH 8.0), 1.5 mM MgCl2, 0.2 µM of each forward 
and reverse primer, 1.25 units Taq polymerase (Perkin-
Elmer), 10 ng of DNA, 0.2 mM dNTPs, and 0.25 µM 
fluorescent dNTPs (R6G). The PCR program used to 
amplify Ruff 6 was 94° C for 2 minutes, followed by 29 
cycles of 94° C for 30 seconds, annealing at 50° C for 30 
seconds, and extension at 72° C for 30 seconds, with a 
final extension of 2 minutes at 72° C. We used the same 
program to amplify Ruff 8 except the annealing temper-
ature was 48° C. After amplification, we ran samples on 
a 3.5% Nusieve GTG (FMC BioProducts) gel to visu-
alize PCR products. Samples were purified in CENTRI-
SEP (Princeton Separations, Inc.) columns to remove 
unincorporated fluorescent dNTPs, and genotyping was 
done on an ABI 377 automatic sequencer. 

Data analysis

 Alleles were scored and analyzed with GeneScan™ 
and Genotyper™ (Applied Biosystems Inc.) software 
using the size standards TAMRA350 or TAMRA500 
(ABI). We determined genotypes of all males, females, 

and chicks with locus Ruff 6 and verified that the female 
with each brood was likely the maternal parent. Geno-
types of males were compared to those of females and 
their chicks to determine if they were possible fathers. 
These comparisons excluded males that could not have 
sired broods. We compared genotypes of all sampled 
males with all chicks because males often return to the 
same display areas in consecutive years (Dwyer et al. 
1988), so it is possible that males were in the area even 
if not caught each year. All females and broods were 
also genotyped with locus Ruff 8, but only those males 
that could have fathered broods based on results of locus 
Ruff 6 were genotyped with it. We determined the geno-
types of potential fathers for each chick manually and 
determined whether paternity of all chicks in each brood 
could be explained by one male, or if >1 male was 
required to account for the number of different alleles 
among offspring in a brood. Multiple paternity would 
be assumed if the number of paternal alleles at a locus 
required to explain genetic variation in a brood was 
greater than 2. Allele frequencies were tested for Hardy-
Weinberg equilibrium at locus Ruff 6 using ARLEQUIN 
1.1 (Schneider et al. 1997). We did not attempt to calcu-
late the probability that another male in the population 
had the same genotype as a probable father of specific 
broods, because we only had data for one autosomal 
locus (Ruff 6) and one sex-linked (Z) locus (Ruff 8) 
(Thuman et al. 2002).

Figure 1b. Locations of females and their broods (solid symbols) and the males (open symbols) whose genotypes matched 
those of potential fathers of each brood. Similar symbols represent broods and males that may have fathered them. The two solid 
inverted triangles represent both nests of a female that renested (first nest = 1, second nest = 2). 
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Table 1. Genotypes of females, chicks, and potential fathers based on loci Ruff 6 (first line) and Ruff 8 (second line). Genotypes of 
fathers are inferred from genotypes of chicks and mothers. Locations indicate where broods were found relative to display sites of 
potential fathers, and symbols represent females and their broods (as illustrated in Figure 1b).

Year Location 
of broods

Female 
genotypes

 Chick 
genotypes

 Probable genotype(s) 
of father

Potential 
father(s)

 Year/Age
(location of 

potential father)

1999  01-05-1 401 152/160
 104/

416 156/160
 148/

156/156 or 156/?
112/148

132 156/156
 112/148

1998/ASY
(01-05-1)

417 152/156
 112/

423 152/156
 148/

424 152/156
 112/

1999  01-07-2 415 160/164
 128/

430 152/160
 124/128

144/152
124/124 or 124/?

403 144/152
 124/124

1999/ASY
(01-07-3)

431 152/160
 124/128

432 152/164
 124/128

433 144/164
 124/128

1998  Esker Rd. 150 152/160
 140/

142 156/160
 136/

156/156 or 156/?
112/136

005 156/156
 112/136

1999/ASY
(01-05-2)

143 156/160
 112/

028 144/156
 112/136

1997/ASY
(E. airstrip)

144 156/160
 136/

1998  01-04-2 165 164/176
 124/

152 156/176
 120/124

156/156 or 156/?
120/120 or 120/?

152 156/164
 120/120

leg 156/176
 120/

1998  01-07-1 177 148/160
 100/

178 148/156
 100/112

156/172
112/112 or 112/?

154 156/172
 112/116

179 160/172
 112/

180 160/172
 112/

1998 west of 
01-04-5

181 160/164
 140/

182 156/164
 116/

156/160 or 156/164
116/132

156 156/160
 116/132

183 156/164
 132/140

184 160/164
 116/
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RESULTS

 We collected blood samples from 90 males, and 
21 females and their broods over 3 years. In 1997, 5 
females, 15 chicks, and 19 males were sampled; in 1998, 
8 females, 25 chicks, and 22 males were sampled; and in 
1999, 8 females, 28 chicks, and 49 males were sampled 
for a total of 169 birds. Both microsatellite loci were 
highly polymorphic; 10 alleles were scored for Ruff 6 
and 17 alleles Ruff 8. All females were hemizygous at 
Ruff 8 (females birds have ZW sex chromosomes rather 
than XX as in mammals), and most males (ZZ) were 
heterozygous. Chicks that were homozygous at Ruff 
8 were assumed to be either females or homozygous 
males. Allele frequencies of the breeding population 
were within expectations of Hardy-Weinberg equilib-
rium at Ruff 6 (P > 0.05). Allele frequencies of males 
and females were examined separately at each locus; 

they were normally distributed for both sexes at Ruff 6 
and for males at Ruff 8.
 There was no evidence to support multiple paternity 
within any of the 21 broods we sampled. No broods had 
more than 2 paternal alleles per locus, thus, the most 
parsimonious explanation based on these limited data is 
a single father for each brood (Table 1). When genotypes 
of inferred fathers of broods were compared with males 
we sampled in the field, candidate fathers were identified 
for 10 of the 21 broods (Table 1). In those cases where 
we identified a potential father, 3 broods were found at 
the singing site of the possible father and 5 broods were 
found near the singing site of a neighboring male to the 
possible father. Paternity of the other 2 broods (denoted 
L and T, Table 1) was more equivocal—they were found 
far from the singing sites of the possible fathers (Figure 
1b). We do not have sufficient data to determine whether 
any males fathered multiple broods.

Year Location 
of broods

Female 
genotypes

 Chick 
genotypes

 Probable genotype(s) 
of father

Potential 
father(s)

 Year/Age
(location of 

potential father)

1997
 

01-04; 
middle of 

road

015 160/164
 120/
 +

016 160/164
 124/
017 160/164
 120/128

160/164 or 160/160 or 
160/? or 164/164 or 
164/?
124/128

002 144/160
 124/128

1997/SY
(01-04-1)

 018 160/164
 124

1997  E. airstrip 031 152/156
 120/

032 144/152
 120/136

144/152 or 144/156
112/136

028 144/156
 112/136

1997/ASY
 (E. airstrip)

 Γ 033 144/152
 112/120

034 152/156
 120/136

035 144/152
 112/

1997 01-03Stud 
Mill Rd.

051 156/160
 120/

048 148/160
 120/

148/148 or 148/?
120/120 or 120/?

004 148/152
 120/120

1997/SY
(01-04-5)

 L 049 148/156
 120/

131 144/148
 120/120

1998/ASY
(01-05-3)

1997 Stud Mill 
Rd/ 

22-00-0

029 144/164
 160/
 T

030 144/164
 104/160

144/164 or 144/144 
 or 144/? or 164/164 
 or 164/?
104/104 or 104/?

287 144/156
 104/120

1999/ASY
(01-04-1)

Table 1. Continued.
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DISCUSSION

 Based on our limited data, evidence for multiple 
paternity was not detected in any American woodcock 
brood we sampled; parentage of all 21 broods could be 
explained by a single mother and father. Thus, genetic 
analyses to date suggest that female woodcock are 
genetically monogamous. These results are not consis-
tent with behavioral observations, which indicate that 
females visit multiple males during the pre-nesting 
and nesting periods of the breeding season (McAuley 
et al. 1993, Ziel 2000). Females visit several males, 
however all visits do not result in copulations; in fact, 
female behavior is so cryptic that it is often difficult to 
determine if copulation has occurred. Unfortunately, we 
could not capture all nesting females on the study site to 
address the question of males fathering multiple broods. 
More detailed analyses with more loci are necessary to 
determine paternal genotypes more accurately before 
drawing conclusions about male reproductive success. 
Woodcock are likely promiscuous—females only mate 
with a single male, while males possibly mate with 
multiple females. We have observed a single male copu-
late with >3 different females during an evening court-
ship period (DGM personal observation).
 Most of the broods we found were located near a 
male singing site (Figure 1b), which supports previous 
evidence that females nest close to male display areas 
(Mendall and Aldous 1943, Sheldon 1967, Caldwell 
and Lindzey 1974, Gregg 1984, Dwyer et al. 1988). 
Of those broods for which we were able to identify a 
possible father, three were captured next to the puta-
tive father’s singing site, and five were found closer to a 
neighbor’s singing site. Woodcock chicks are precocial 
and can move from the nest on the day they hatch, but 
they are still fed by the female for the first 8–10 days. It 
is possible that broods found next to neighboring males’ 
singing sites moved there after hatching, as nesting 
and brood rearing habitat is uniform and continuous 
near most of the displaying males at our study site. 
Broods ranged in age from 1–14 days, and both 1-day 
old and 14-day old broods were found at a neighbor’s 
site. However, one 14-day old brood was found at the 
site of the potential father, so they do not necessarily 
move long distances from the nest site. McAuley et al. 
(1993) found that females tend to stay near nest sites 
with their broods in wet years, while in drier years they 
move to damper areas to forage for earthworms to feed 
chicks. These data are suggestive that resources near the 
display territory of the potential father are not critical to 
the female’s decision to mate with him, and that wood-
cock have a dispersed lek mating system. The 2 broods 
found far from the candidate fathers may have belonged 
to females that renested (McAuley et al. 1993), or we 
may not have sampled the actual father. 

 In lek mating systems, behavioral studies have 
shown that male reproductive success is highly vari-
able and often skewed toward a few males that obtain 
most of the copulations (Hoglund and Alatalo 1995), 
although low variance in reproductive success occurs 
in some lekking shorebird species (e.g., buff-breasted 
sandpipers, Tryngites subruficollis, Lanctot et al. 1997). 
Behavioral observations of male woodcock during their 
display periods indicated that the frequency of flights, 
frequency of vocalizations, duration of flights, number 
of male-male interactions, and number of female visits 
were significantly different among males (Ziel 2000). 
Significant variation in displays among males could 
contribute to variation in reproductive success. Unfortu-
nately, our brood sampling scheme depended on which 
ones the trained dogs found on any given day and we 
only had behavioral data for one territorial male for 
which we also had some evidence that they potentially 
sired a brood that we sampled. 
 While lekking males are expected to mate with 
multiple females, female behavior is less predictable; in 
some species they mate with only one male, but in others, 
with multiple males (Ligon 1999). Based on our limited 
dataset, we did not find evidence for multiple paternity in 
any woodcock broods, suggesting that females may mate 
with only one male. This is unusual compared to some 
other species of lekking shorebirds such as buff-breasted 
sandpipers (Lanctot et al. 1997) and ruffs (Lank et al. 
2002, Thuman and Griffith 2005), which have high rates 
of multiple paternity; however, lack of multiple paternity 
within broods is not an unusual result in lekking species, 
such as grouse (e.g. sage grouse, Centrocercus uropha-
sianus, Semple et al. 2001; black grouse, Tetrao tetrix, 
Alatalo et al. 1996, Lebigre et al. 2007). 
 One possible reason why females visit multiple 
males, though they appear to be genetically monoga-
mous, is to encourage males to continue to display in 
case they need to renest (Dwyer et al. 1988, McAuley 
et al. 1993). Female woodcock commonly renest if 
they lose a nest or a brood; they may move 1–15 km to 
renest, but where they choose to mate before renesting is 
unknown (McAuley et al. 1990). If females visit males 
to encourage them to display in the vicinity of their first 
nest, they may choose to mate with males in that area 
because they have observed them displaying and know 
where they are. One brood that matched with a potential 
father was the second brood for the female (Figure 1b, 
symbol ▼). Her first nest, located about 0.8 km from 
where the potential father displayed, was destroyed 
before the eggs hatched, and her second nest was about 2 
km from where the male displayed. If this male fathered 
her brood, it suggests that females mate with males near 
their first nest and then move farther away to renest.
 In summary, behavioral observations (McAuley et 
al. 1993, Ziel 2000) and genetic data (this study) suggest 
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that the mating system of American woodcock is similar 
to a promiscuous, dispersed lek, as has been observed 
for another lekking shorebird, the great snipe (Gallinago 
media) (Hoglund and Lundberg 1987). However, our 
genetic results were obtained using only 2 microsatel-
lite loci (one of which was sex-linked) and more data 
are required to fully characterize the mating system. A 
larger sample of females and chicks is also necessary to 
further address the question of males fathering multiple 
broods and differential reproductive success among 
males. We sampled males intensively each spring, but 
were still only able to capture potential fathers of fewer 
than half of the broods we sampled. Despite these limi-
tations, we have provided some insights into the mating 
system of a species that is notoriously difficult to study. 
To more definitively address these questions it would 
be necessary to capture and obtain blood from all males 
(dominant and subdominant) that displayed within our 
study area and most of the females and their broods. 

MANAGEMENT IMPLICATIONS

 Based on these limited data, results suggest that 
females may be genetically monogamous, despite the 
socially promiscuous behavior of males observed copu-
lating with several females (DGM personal observa-
tion). The annual Singing-ground Survey counts the 
number of displaying males along established road-
routes (Kelley and Rau 2006, Keppie and Whiting 
1994), providing an estimate of the number of breeding 
males each year. However, females are difficult to 
census during the early breeding season because their 
behavior is cryptic. If woodcock mated in a 1:1 ratio, 
then the Singing-ground Survey could provide informa-
tion about population trends of both males and females. 
This could have important implications for management 
because it is not known how female numbers have been 
affected by population declines. It has been assumed that 
both female and male woodcock are declining, but this 
assumption is based on the Singing-ground Survey of 
males (Kelley 2000). We have shown that females may 
be monogamous, but in order to use Singing-ground 
Surveys to estimate the number of breeding females 
in a population, it would be necessary to determine the 
proportion of surveyed males that father multiple broods 
and what proportion, if any, do not father any.
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Abstract: Knowledge of the sex of adults and young birds in natural populations can enhance our understanding of 
behavior and survival and can have a variety of wildlife management applications. The need for a genetic method 
of sex determination is based on the findings that adults in an estimated 50% of all bird species are morphologically 
identical and the percentage is even greater in chicks. This is particularly true for American woodcock (Scolopax 
minor) chicks. A recently developed genetic technique uses the polymerase chain reaction (PCR) to determine bird 
gender from feather pulp samples. This DNA-based system uses 2 conserved CHD1 (chromo-helicase-binding) genes 
that are located on the avian sex chromosomes in all birds, with the possible exception of the ratites (Struthioniformes). 
This study attempts to determine the feasibility of using this noninvasive approach when collecting woodcock chick 
feathers in the field. We ran DNA analysis on a total of 172 samples from 126 individual chicks and on 19 known-
sex juvenile and adult carcasses submitted during the winter and summer of 2005 for controls. Of the 126 chicks 
processed, 98 samples provided distinguishable results. Of the 19 known-sex individuals, 15 had expected results and 
there were no results for 7 samples. 
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sex determination.

Roscommon, Michigan, USA

 The American woodcock (Scolopax minor) is fair-
ly common throughout Michigan and the state is one 
of the more important breeding and harvest areas for 
woodcock in the U.S. However, significant long-term 
(1968–2008) declines in the number of woodcock sing-
ing males in Michigan and the Central Region were de-
tected using Singing-ground Survey data (SGS). The 
Central and Eastern Regions have experienced aver-
age long-term declines in singing males heard per route 
of 1.2% and 1.1% per year, respectively, since 1968 
(Cooper 2008). The decline seen in Michigan was 1.3%  
per year.
 Threats to woodcock populations as listed in the 18 
April 2005 Species of Greatest Conservation Need (Mich-
igan Department of Natural Resources 2006) include con-
version of habitat to agriculture lands; fire regime; grazing 

and mowing patterns; forest maturation; industrial, resi-
dential, and recreational development; and urban, munici-
pal, and industrial pollution. Woodcock is an important 
game species in the state and an indicator of early succes-
sional habitat; it also has value to nonhunters. Hunters har-
vested an estimated 113,000 woodcock during 2007, com-
pared to 390,000 harvested in 1976 (Frawley and Stewart 
2009). The declining availability of quality habitat is be-
lieved to be a primary cause for the decline in the popula-
tion (Dessecker and McAuley 2001). Approximately 20.8 
million acres (8.4 million ha) of new woodcock habitat 
needs to be created across the woodcock range in order to 
return woodcock population densities to those observed 
during the early 1970s (Kelly 2008).

1 E-mail: fierkej@michigan.gov
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 The need for a genetic method of sex determina-
tion is based on the findings that adults in an estimated 
50% of all bird species are morphologically identi-
cal and the percentage is even greater in chicks. This 
is particularly true for American woodcock chicks. 
Examination of the wing feathers of adult woodcock 
has traditionally been used to determine sex (Mar-
tin 1964). There currently exists no practical method 
to determine the sex of live woodcock chicks using  
visual examination. 
 The purpose of the study is to determine if a re-
cently developed molecular genetic technique that uses 
polymerase chain reaction (PCR) to identify bird gender 
from DNA samples is applicable for use with woodcock 
chick feather samples. The chicks could be sexed with 
minimal disturbance or injury by collecting a feather 
sample during routine annual banding.
 Molecular genetics studies in woodcock could en-
hance our ability to draw ecological inferences related 
to issues of gene flow, mating behavior not detectable 
through direct observation, and our understanding of the 
sex ratio of chicks and of the survival and dispersal of 
sexes from hatching to adulthood. Knowledge obtained 
could ultimately be applied in population analysis and 
management activities. Sex determination using feath-
ers could also be used to check the accuracy of biologist 
data used to determine sex from wing and beak mea-
surements in adults. 

METHODS

Sample Collection

 Initial instruction sheets and 1,000 sample collec-
tion envelopes were distributed to those interested at the 
April 2005 spring training session for woodcock banders 
held by the Michigan Department of Natural Resources 
(DNR) Wildlife Division. The DNR provided banders 
with quail (Colinus virginianus) chicks approximately 
10 days old for banding and feather collection practice. 
Banders were asked to pluck (not cut) 2 or 3 breast or 
shoulder feathers of each woodcock chick at least 3 days 
old. In the field, chicks are banded from age one hour 
to age 12 days, when they are beginning to fly; age is 
determined by bill length (Ammann 1994) or actual ob-
servation. 
 Michigan woodcock banders collected feathers from 
6 May through 8 June 2005. Immediately after plucking, 
banders inserted the feathers into a small paper envelope 
and labeled the envelope with the chick’s federal band 
number, date, and collector information. Banders then 
either mailed the feathers or delivered them by hand to 
the Michigan DNR Wildlife Disease Laboratory (WDL). 
The WDL kept most samples at –70° C until extraction. 

After the season, we contacted a number of banders and 
asked for their comments and suggestions regarding 
feather collection procedures. We also received samples 
from the Minnesota DNR. 
 During the fall hunting season, hunters collected 
woodcock carcasses, holding the carcasses on ice for ≤3 
days. Immediately upon their arrival at WDL, we nec-
ropsied most of the carcasses, collected breast, primary, 
and tail feathers separately, and inspected sex organs. 
We processed feathers from these known-sex woodcock 
carcasses as control samples. In addition, banders and 
the Minnesota DNR collected and submitted feathers 
from 12 nesting hens. 

DNA Extraction

 A 0.5-cm segment was cut from the rachis end of 
feathers and placed in a 1.5-ml tube. The rachis was 
cut longitudinally once or twice on some of the larger 
feathers. We extracted genomic DNA using the Qiagen 
DNeasy extraction kit (Qiagen, 27220 Turnberry Ln. 
Ste. 200, Santa Clarita, CA 91355) following the proce-
dures for purification of total DNA from animal tissues 
in the DNeasy Tissue Handbook (March 2004 edition) 
with one modification: in step 8 of the handbook , we 
used 75 µl AE buffer instead of 200µl. Non-latex nitrile 
gloves were worn throughout the procedure and instru-
ments and working surfaces were rinsed with ethyl alco-
hol and flamed between samples.

DNA Amplification and Visualization of Bands

 The method for DNA analysis is based on the genet-
ic amplification of the chromo-helicase-DNA-binding 1 
(CHD1) gene found in the sex chromosomes of most 
birds (ratites are the exception) and was successfully 
established in the mid-1990s by Ellegren and Sheldon 
(1997), Griffiths et al. (1998), and Whittingham and 
Dunn (2000). 
 We amplified these genes (genetic markers) with 
specific primers and separated the products on a poly-
acrylamide or agarose gel. Several published sets of 
primers aid in determining bird sex. The first set de-
signed was the P8/P2 (Griffiths et al 1998). A second 
published set of primers is 2250F/2718R (Fridolfsson 
and Ellegren 1999). This study used the P2 and P8 
primers to amplify the region of the CHD1 gene by 
PCR from feathers. We performed PCR reactions using 
5 µl DNA, 2.5µl 10X LGL, 2.5 µl 2mM dNTP, 2.5 µl 
P2 primer, 2.5 µl P8 primer, 0.5 µl 24 mM MgCl2, 0.5 
µl TAQ, and 9 µl H20 for a total reaction of 25 µl. We 
performed the PCR reaction in a Robocycler Gradient 
96 Stratagene thermal cycler at 94° C for two minutes, 
then 40 cycles of the following: 94° C for 30 seconds, 
50° C for one minute, and 72° C for five minutes. For 
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Figure 1. Patterns of amplified DNA on polyacrylamide gel using 
P2 and P8 primers. M = male, F = female, bp = base pairs.

all samples, visualization of PCR product used vertical 
6% polyacrylamide gels run at 60 watts. We scanned the 
polyacrylamide gels on an FM-BIO II machine made 
by Hitachi, the fluorescence arising from a HEX dye at-
tached to the 5’ end of one of the primers. In preparing 
reagents and following PCR reaction protocol, we used 
procedures established by Michigan State University’s 
Molecular Ecology Laboratory. Two personnel scored 
gels independently for quality control purposes.

RESULTS
 
 Banders throughout Michigan collected breast 
feathers from 153 chicks 6 May through 8 June 2005, 
and Earl Johnson (Minnesota DNR) submitted breast 
feathers from 19 chicks in June of 2004. In addition, the 
Michigan banders and Earl Johnson (Minnesota DNR) 
collected and submitted 12 feather samples from nest-
ing hens. Woodcock hunters submitted 58 carcasses for 
known-sex controls in the fall of 2004. We received 21 
carcasses from other sources. We ran DNA analysis on 
140 samples from the 126 individual chick samples and 
on 32 samples from 19 individuals of the adult known-
sex controls. 
 The analysis of gelled DNA product yielded pat-
terns of bands by which males and females could be 
differentiated (Figure 1). Visualization on acrylamide 
gels showed 3 banding patterns similar to those seen in 
auklets (Dawson 2001). We observed 2 different-sized 
DNA fragments for the Z chromosome. Dawson found 
3 forms for the Z chromosome (365, 373, and 377 base 
pairs) and 2 for the W (388 and 391 base pairs), which 
they determined to be polymorphisms. The banding pat-
terns were strong for samples of breast, primary, and tail 
feathers from known-sex controls.
 Of the 126 chick samples processed, 98 samples 
provided distinguishable results with 48 indicating male 
and 50 indicating female. Of the 15 known sex control 
samples with distinguishable results, 100 percent were 
in agreement with the anatomically determined sex. 

Adherence to Expected Sex Ratio

 The male:female ratio for all individual chicks sam-
pled was 48:50, close to the expected 50:50 ratio. The 
results for the sex ratio for chicks identified to broods 
were also very close to the expected 50:50 ratio. Three 
of the four 4-chick broods were 50:50, and one had 2 
males, 1 female, and 1 individual with no clear result. 
Of the five 3-chick broods, 2 broods had 1 male and 
2 females, 2 broods had 2 males and 1 female, and 1 
brood had 2 females and 1 individual with no clear re-
sults. There were 2 broods with 2 chicks, and both had 1 
male and 1 female. 

DISCUSSION 

DNA Analysis

 The P2/P8 primer technique yielded expected re-
sults for both the known sex control samples and for the 
expected sex ratio of chicks in broods. We obtained re-
sults for 105 of the 140 chick feather samples analyzed 
(75% usable) and for 25 of the 32 control samples (78% 
usable). Success rates of 75% and 78%, respectively, 
indicate that laboratory and field handling procedures 
were adequate.
 The polymorphism of the Z chromosome may 
have complicated scoring as compared to using the 
2550F/2718R primers. In addition, the smaller DNA 
fragment size with the P2/P8 primer set ruled out the 
use of agarose gels. 
 Due to budget and time constraints, we re-amplified 
and gelled only 7 of the 39 chick samples that had no 
results on the first run. We were also unable to test the 
use of the 2550F/2718R primer set (Fridolfsson and 
Ellergren 1999) as suggested by Dawson (2001) and 
Dr. Kennedy (Albion College, MI, personal communi-
cation) and Dr. York (Hillsdale College, MI, personal 
communication). These primers amplify PCR products 
of 2 distinct bands of 130 base pair size difference (430 
and 600) and are readily visualized on an agarose gel. 

Field Collection

 One to 2 feathers from the woodcock chicks appears 
to be an adequate size sample for DNA sexing (Table 
1) even if the feathers are very small. Because banders 
at the training session were concerned about plucking 
feathers from some of the younger chicks, it was agreed 
that they would try to collect from chicks >3 days old 
and pluck only shoulder or breast feathers. 
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 It was noted that wing and shoulder feathers emerge 
first, and the shoulder feathers should provide more ma-
terial (feather pulp) for DNA analysis than breast feath-
ers. Comments from banders regarding chick safety in-
dicated that shoulder feather removal would cause less 
potential damage to the chick skin or muscle. Feathers 
will immediately begin to grow back at pluck sites (Earl 
Johnson, Minnesota DNR, personal communication). 
There was also a concern that if the ambient temperature 
is less than 15° C the chicks might not be returned to the 
hen for warming as soon as needed. It was noted that 
there was some difficulty placing the very small feathers 
into the envelope. 

CONCLUSION

 This relatively non-invasive molecular sexing tech-
nique is convenient for field collectors, simple to per-
form in the laboratory, and rather inexpensive in labor 
and supplies. DNA analysis appears to be an effective 
way to distinguish sex in woodcock adults and chicks 
using feather pulp. This technique may serve to verify 
the phenotypic parameters currently in use to determine 
woodcock sex, such as the measurement of adult bill 
length and wing feathers. Additional verification of this 
method could be undertaken by collecting data on the 
sex of banded chicks when they are taken as adults in 
the fall harvest.  
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5 4 3a

10b 1 1

a Two of the samples with no results were from the same 
brood taken on the same day.
b This was a different sample consisting of very tiny down 
feathers.
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GENETIC VARIATION AMONG GRAVID 
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Abstract: We investigated genetic variability in gravid female American woodcock (Scolopax minor) from 2 
eastern Texas counties during late January 1997–1999. We amplified and sequenced a 750-base-pair fragment of the 
mitochondrial cytochrome b gene for 20 gravid females collected on winter range. We observed 13 unique haplotypes 
among the 20 individuals with an average haplotype divergence of 0.63%. The high level of haplotype diversity (h = 
0.009474) and low nucleotide diversity (π = 0.00509) are consistent with genetic variation in woodcock collected on 
the traditional summer nesting range. A possible explanation of our results is that admixture occurs among woodcock 
populations on wintering grounds. If winter breeding is common, it may provide a mechanism for preventing genetic 
differentiation of woodcock populations from different flyways, and this lack of differentiation has implications for 
the designation of management units for woodcock.
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Key words: American woodcock, genetics, management units, mitochondrial DNA, Scolopax minor, Texas, 
winter breeding.

Roscommon, Michigan, USA

 The range of the American woodcock (Scolopax mi-
nor) includes most of the forested areas of the eastern 
United States and Canada. Woodcock normally winter in 
the Piedmont and Coastal Plains of the southern United 
States from Texas to South Carolina. The breeding range 
includes most of the wintering range and extends north-
ward into southern Canada (Straw et al. 1994). During 
most winters, males begin regular courtship flights by 
early January and reach reproductive readiness between 
mid-January and early February (Whiting and Boggus 
1982, Mason 1986). Clutch initiation on the southern 
range occurs between late January and mid-March 
(Causey et al. 1974, Stamps and Doerr 1977, Whiting 
and Boggus 1982). Relatively warm and wet weather 
in January may increase the frequency of nesting on 

southern portions of the range (Causey et al. 1987). 
Studies of breeding on the southern range have consis-
tently shown high variability in breeding rates with oc-
casional years of significant southern breeding. In Ala-
bama, the proportion of females nesting locally varied 
from 4% to 38% in January and February over 2 years 
(Walker and Causey 1982). In eastern Texas, 17 years 
of January harvest data for female woodcock likewise 
showed considerable annual variability and potentially 
high breeding rates in some years (0–29%; Whiting et 

1 Current address: Texas Agricultural Experiment Station, P.O. Box 1658, 
Vernon, TX 76384, USA.

 2 E-mail: comerce@sfasu.edu
3 Current address: Natural Sciences Division, Pepperdine University, 24255 

Pacific Coast Highway, Malibu, CA 90263, USA.
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al. 2005). In February, 35% of adult female woodcock in 
eastern Texas were gravid over a 6-year period (Whiting  
et al. 1985). 
 Banding data for woodcock populations from Cen-
tral and Eastern Regions suggest limited exchange be-
tween these 2 regions (Krohn 1972). Traditionally, pop-
ulations of woodcock from these 2 regions have been 
managed separately (Coon et al. 1977). Band recovery 
data have shown that woodcock have a high degree of 
fidelity to breeding grounds in Maine (Krohn and Clark 
1977) and Pennsylvania (Coon et al. 1976). Females ap-
parently have high fidelity to specific nest sites (Straw 
et al. 1994) and there is little crossover between man-
agement units (Coon et al. 1977). These observations 
support the management unit designations and would 
suggest that Central and Eastern populations are repro-
ductively separate. 
 Recent assessments of management units have em-
ployed population genetics for the identification of geo-
graphically and presumably genetically distinct popula-
tions of game species (Gay et al. 2004) as well as breeding 
populations in both neotropical migrants (Kimura et al. 
2002) and shorebirds (Wenink et al. 1996). Existing ge-
netic data from the northern breeding range of the Amer-
ican woodcock indicate limited demographic isolation of 
the Eastern and Central Regions (Rhymer et al. 2005). 
These results suggest substantial gene flow among the 
management units, along with overall high levels of ge-
netic diversity among woodcock. The mechanism for 
gene flow between regions is not clear; however, mixing 
of birds on the wintering ground is one possible explana-
tion, particularly if breeding on the wintering ground is 
extensive. The objective of this study was to assess the 
genetic characteristics of female woodcock breeding on 
winter range in eastern Texas.

METHODS

 During late January, we obtained tissue samples 
from gravid female woodcock harvested by hunters ei-
ther on or adjacent to the Davy Crockett National For-
est in Houston and Trinity counties in eastern Texas. We 
collected brain tissue samples from all gravid females 
and maintained them in a –80° C ultra-cold freezer un-
til final processing. We followed the procedure of Sam-
brook et al. (1989) to extract total genomic DNA from 
the tissue samples. We used the polymerase chain reac-
tion (PCR; Saiki et al. 1988) to amplify a 750-base-pair 
fragment of the mitochondrial cytochrome b (mtDNA, 
Cyt b) gene. Reaction protocols and primers used to am-
plify and sequence the fragment were those reported by 
Ransom et al. (2001). We performed amplification in a 
Perkin Elmer/Cetus DNA thermal cycler, and sequenced 
amplification products using an ABI PRISM™ (Applied 

Biosystems, Perkin-Elmer Cetus, Norfolk, CT) dye-
terminator cycle-sequencing kit. Prior to sequencing, 
we removed excess dye and primers from the samples 
on G-50 Sephadex spin columns. We then loaded PCR 
products on an Applied Biosystems 377 automated se-
quencer (Foster City, CA). We sequenced all fragments 
on both strands. We aligned overlapping sequences us-
ing the program Sequencher 3.1.1 (Gene Codes Corpo-
ration, Ann Arbor, MI), and examined each composite 
sequence for an open reading frame. We performed final 
alignment of all mitochondrial DNA (mtDNA) haplo-
types using Clustal W (Thompson et al. 1992). We sub-
mitted all sequences to GenBank® (Benson et al. 2000) 
for assignment of accession numbers.
 We obtained estimates of Tamura and Nei (1993) 
distances for all pair-wise comparisons of unique mtD-
NA haplotypes, and we estimated relationships among 
haplotypes using both neighbor-joining and maximum 
parsimony methods in PAUP*4.0b (Swofford 1999). 
We calculated haplotype diversity (h) and nucleotide di-
versity (π) using the methods of Nei (1987) and Tajima 
(1983), respectively, as implemented in the program 
ARLEQUIN (Schneider et al. 2000). 

RESULTS

 Between 25 January and 31 January in the years 
1997–1999, we collected tissue samples from 20 gravid 
female woodcock. The proportion of adult females that 
were gravid during this time period varied among years, 
with 17/31 (55%) in 1997, 4/20 (20%) in 1998, and 1/4 
(25%) in 1999. We were unable to obtain genetic data 
for 2 birds; further details about harvested birds in these 
years can be found in Whiting et al. (2005). Among the 
20 birds from which we collected genetic information, 
we identified 13 unique mtDNA haplotypes. Four haplo-
types were shared among birds, including: 4810cons (3 
birds; 15%), 4815cons (3 birds; 15%), 1.7cons (2 birds; 
10%), and 4821cons (3 birds; 15%). The remaining 9 
haplotypes were unique to a single bird. 
 Haplotype divergence ranged from 0.159% to 
1.444% and averaged 0.630%. Distances between 
haplotypes ranged from 0.00159 to 0.01111 (Table 1). 
The dendrogram based on neighbor-joining did not 
show significant clustering of haplotypes; instead, it 
suggested a large number of haplotypes that are only 
weakly and evenly differentiated (Figure 1). We did 
not observe clustering by year of harvest, and 2 haplo-
types (4810cons and 1.7cons) were found in both 1997 
and 1998. Haplotype diversity was high (h = 0.947 ± 
0.03) and nucleotide diversity was low (π = 0.00509 ± 
0.00306).
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DISCUSSION

 The results of our study are similar to those of 
Rhymer et al. (2005) and indicate high mtDNA hap-
lotype diversity among woodcock across their range. 
The high haplotype diversity may indicate extensive 
mixing and elevated gene flow among subpopulations 
of woodcock. We found that haplotype diversity (13 in 
20 birds) in samples from 2 Texas counties was similar 
to or greater than that from 14 states and 4 Canadian 
provinces (32 in 114 birds for the ND6 gene) sampled 
by Rhymer et al. (2005). The large number of haplo-
types in our small geographic area is consistent with the 
effects of substantial mixing on the wintering grounds. 
Nucleotide diversity was relatively low, suggesting re-
cent divergence of haplotypes. As noted by Rhymer 
et al. (2005), the high haplotype diversity and lack of 
genetic structure in woodcock populations could be the 
result of one or more factors including either ongoing 
gene flow or historical demographic events. Historical 
demographic events that could produce the observed 
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Figure 1. Neighbor-joining dendrogram of p distances 
between cytochrome b haplotypes for American woodcock 
collected in Trinity and Houston counties, Texas, during late 
January 1997–1999. 
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pattern of high haplotype diversity and low nucleotide 
diversity include a recent and rapid population expan-
sion or a recent population bottleneck. Due to the lim-
ited spatial scale and number of samples in our study, 
we cannot determine the influence of these events on 
current population genetic structure.
 Female gene flow among geographically defined 
subpopulations of woodcock would also produce the ob-
served genetic patterns in this study and that of Rhym-
er et al. (2005). Genetic mixing is possible wherever 
woodcock breeding occurs, including the traditional 
northern breeding grounds. However, banding studies 
have consistently documented high fidelity to northern 
natal sites, with individual woodcock often returning to 
the same breeding location in successive years (Coon 
et al. 1976, Krohn and Clark 1977, Straw et al. 1994). 
Thus, mixing on the traditional breeding grounds may 
not account for the observed variability. However, if 
both mixing of subpopulations and extensive breeding 
occur on the southern wintering range, this may provide 
a logical explanation of observed genetic patterns. 
 Evidence for breeding by woodcock on the south-
ern wintering range is well-established and widespread 
(e.g., Causey et al. 1987, Whiting and Boggus 1982). 
The amount of southern breeding appears to be high-
ly variable and dependent on several factors (Whit-
ing et al. 2005); however, it can be high in some years 
(Walker and Causey 1982, Whiting et al. 1985). This 
study provides genetic evidence that is consistent with 
the occurrence of mixing of woodcock populations on 
the southern wintering range and is substantiated by 
evidence from limited banding studies in the Southeast. 
Woodcock banded in Louisiana on winter range were 
recovered across the northern range from Minnesota to 
Nova Scotia with approximately 50% recovery in the 
Central Region and 20% in the Eastern Region (Martin 
et al. 1969). East-west movement during winter may oc-
cur as well, as birds banded in Louisiana were recovered 
in 7 southeastern states (Ala., Ark., Ky., Mo., Miss., 
Tenn., Tex.; Martin et al. 1969). Data on limited num-
bers of banded birds (n = 24) recovered in eastern Texas 
showed that they were banded in 5 northern states (Ind., 
Me., Mich., Minn., Wis.) and in Louisiana (D. Haukos, 
USFWS, personal communication). 
 Genetic divergence among woodcock appears to 
be correlated with a rapid population expansion during 
the glacial retreat of the late Pleistocene (Rhymer et al. 
2005). However, based on genetic data and other evi-
dence, gene flow among subpopulations on the winter 
range provides a plausible explanation for the mainte-
nance of genetically mixed woodcock populations in 
North America. 
 Although the data presented here are too limited 
to be used as a basis for changing current woodcock 
management practices, they suggest, in combination 

with other data (e.g., Rhymer et al. 2005), that mixing 
between current management units is not uncommon. 
Although currently defined management regions appear 
to be justified based on fidelity to breeding grounds, ex-
tensive mixing of birds on the wintering range may call 
into question the value of separate management units for 
this portion of the species’ range. In any case, further 
genetic analyses across the winter range, along with de-
mographic studies, will be necessary to determine the 
importance of winter mixing in the population genetics 
of woodcock and the ultimate value of the current man-
agement designations. 
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STATUS OF AMERICAN WOODCOCK 
AND WOODCOCK SURVEYS IN 
NORTH AMERICA
THOMAS R. COOPER1 and JAMES R. KELLEY, JR., U.S. Fish and Wildlife Service, Division of Migratory 
 Bird Management, BHW Federal Building, 1 Federal Dr., Fort Snelling, MN 55111, USA

Abstract: The U.S. Fish and Wildlife Service (USFWS), with support from numerous cooperators, coordinates 3 annual 
surveys to assess the population status of American woodcock (Scolopax minor). The surveys include the American 
Woodcock Singing-ground Survey (SGS), the American Woodcock Wing-collection Survey (WCS), and the Harvest 
Information Program (HIP). The U.S. Fish and Wildlife Service summarizes data from each survey in an annual 
American Woodcock Status Report. The report presents results for the 2 North American woodcock management 
regions (Eastern and Central). Annual woodcock banding and band recoveries provide additional information used for 
the management of woodcock. In this paper, we review the status of the SGS and WCS, present a summary of results 
from each survey, and discuss concerns and research priorities relevant to each survey. We do not cover the HIP survey 
because Padding et al. (2010) presented a review of the survey at the symposium. We also review banding effort over 
time and review how banding data have been used for woodcock management. Moving forward, stakeholders should 
provide direction on how to improve the current surveys and how to integrate these data into a modeling framework 
that enables managers to assess population response to harvest and habitat management decisions. 

Proceedings of the American Woodcock Symposium 10: 135–145
Key words: American woodcock, banding, Singing-ground Survey, Scolopax minor, Wing-collection Survey.

Roscommon, Michigan, USA

 The American woodcock is a popular game bird 
throughout eastern North America. The management ob-
jective of the U.S. Fish and Wildlife Service (USFWS) is 
to maintain populations of woodcock at levels consistent 
with the demands of consumptive and non-consumptive 
users (U.S. Fish and Wildlife Service 1990). Reliable 
population trends, harvest estimates, and information on 
recruitment and distribution are essential for comprehen-
sive woodcock management. Each year, the USFWS, in 
cooperation with state, provincial, and private partners, 
coordinates three surveys to assess the population sta-
tus of American woodcock. The Singing-ground Survey 
(SGS) provides an annual index of abundance, the Wing-
collection Survey (WCS) provides an annual index of 
woodcock recruitment, and the Harvest Information Pro-
gram (HIP) uses a sampling frame of woodcock hunt-
ers to estimate the number of hunters, harvest, and days 
spent afield each year. The USFWS summarizes data 
from these surveys in an annual report that is distributed 
to stakeholders (annual report available online: http://
www.fws.gov/migratorybirds/NewReportsPublications/
PopulationStatus.html). The USFWS, with input from 
stakeholders, uses the data to make annual management 
decisions for the Eastern and Central Management Re-
gions (Figure 1). Several private partners and govern-
ment agencies participate in annual woodcock banding 
activities, although there is currently no national coordi-
nation of banding effort.

 Our objective for this paper is to review the status 
of each survey used to monitor American woodcock 
populations. For each survey, we present background 
information about the survey including survey method-
ology, summarize the most recent results as of the Tenth 
American Woodcock Symposium, and discuss current 
concerns and research priorities relevant to each survey. 
Padding et al. (2010) reviewed the Harvest Information 
Program (HIP), so we do not include a review of the HIP 
survey in our paper. We also summarize banding effort 
through time and review the use of banding data to date. 

AMERICAN WOODCOCK  
SINGING-GROUND SURVEY (SGS)

SGS Background and Methodology

 The SGS was developed to monitor changes in 
woodcock relative abundance and exploits the conspicu-
ous courtship display of the male woodcock. Early stud-
ies demonstrated that counts of singing males provide 
indices to woodcock populations and could be used to 
monitor annual changes (Mendall and Aldous 1943, 
Goudy 1960, Duke 1966, and Whitcomb 1974). Before 

1 E-mail: tom_cooper@fws.gov
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1968, observers conducted counts along non-randomly-
located routes. Beginning in 1968, the USFWS relocated 
routes along lightly traveled secondary roads in the cen-
ter of randomly chosen 10-minute degree blocks within 
each state and province in the central and northern por-
tions of the woodcock’s breeding range (Figure 1). 
 Each route is 3.6 miles (5.4 km) long and consists of 
10 listening points. Observers survey the routes shortly 
after sunset and record the number of woodcock heard 
peenting over a period of two minutes at each stop (the 
vocalization of displaying male woodcock). Acceptable 
dates for conducting the survey align with latitudinal 
bands to coincide with peaks in courtship behavior of 
local woodcock (Figure 2). In most states, the peak of 
courtship activity (including local woodcock and wood-
cock still migrating) may occur earlier in the spring and 
local reproduction may already be underway during 
survey timeframes. However, designated survey dates 
minimize the counting of migrating woodcock. Survey 
protocols designate acceptable wind, precipitation, and 
temperature conditions to avoid adverse weather condi-
tions that may affect courtship behavior or the ability of 
observers to hear woodcock (Kelley and Rau 2006).
 The survey consists of approximately 1,500 routes. 
Routes where no woodcock are heard for 2 consecutive 
years enter “constant zero” status and are not run for the 
next 5 years to avoid expending unnecessary resources. 
If woodcock are heard on a constant zero route after 5 
years, the route reverts back to active status. Approxi-
mately half of the survey routes are in constant zero sta-
tus. For more details about the development of the SGS, 
consult Sauer and Bortner (1991). 
 Survey data analysis methodologies have become 
more sophisticated over time. Geissler and Noon (1981) 

developed the base year method to assess change in an-
nual indices using ratios of counts. The base year meth-
od may have resulted in biased trend estimates and bi-
ased variance estimates (Sauer and Bortner 1991). Due 
to the potential biases, Geissler and Sauer (1990) refined 
analysis using a route-regression method. Using this 
method, trends are estimated using the weighted aver-
ages of route-specific slopes (Sauer and Bortner 1991). 
The route regression method was further modified by 
incorporating Poisson regressions with log links for in-
dividual routes (Link and Sauer 1994). 
 Work is currently underway to estimate trends using 
hierarchical log-linear modeling methods. In practice, 
the hierarchical modeling approach will provide trend 
and annual indices that are generally comparable to the 
estimates provided by the previously used route regres-
sion approach. However, the hierarchical model method 
has a more rigorous and realistic theoretical basis than 
the weightings used in the route regression approach, 
and the indices and trends are directly comparable as 
the same data are used to calculate each. In addition, 
it allows the incorporation of model-based assumptions 
regarding the distribution of observer effects, stratum 
effects, effort, and other features over space and time 
 (Editors’ Note: Since the symposium, the U.S. Fish 
and Wildlife Service in cooperation with the U.S. Geo-
logical Survey Patuxent Wildlife Research Center start-
ed using a hierarchical model to estimate indices and 
trends from the SGS. This change was initiated in 2008. 
Please consult Sauer et al. 2008 for details on using the 
hierarchical modeling approach).

SGS Results Summary

 Each year, trends are estimated for the most recent 
1-year, 10-year, and long-term (1968–present) time pe-
riods (Kelley and Rau 2006). The number of woodcock 
heard displaying during the 2006 Singing-ground Sur-

Figure 1. Woodcock management regions, breeding range, 
and American Woodcock Singing-ground Survey coverage.

Figure 2. Survey windows for the American Woodcock 
Singing-ground Survey.
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Figure 3. Long-term trends (smooth line) and annual indices 
of the number of woodcock heard on the American Woodcock 
Singing-ground Survey, 1968–2006 (Kelley and Rau 2006).
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vey in the Eastern Region was not significantly different 
from 2005 levels; however, the Central Region expe-
rienced an 8% decline (Table 1). Ten-year trends were 
computed for 357 routes in the Eastern Region and 381 
routes in the Central Region. Ten-year trend estimates 
for both regions were not significant (Table 1). Long-
term (1968–2006) trends were estimated for 625 routes 
in the Eastern Region and 631 routes in the Central Re-
gion. Both regions show significant long-term declining 
trends of –1.9 and –1.8% per year for the Eastern and 
Central Regions, respectively (Figure 3). There were 
significant long-term declines in breeding population 
indices throughout many states and provinces in the 
Eastern and Central Regions (Table 1). 

SGS Survey Future

 The SGS continues to be an essential tool for the 
management of the American woodcock in North 
America. The survey’s past and future uses include  
the following: 

1. The survey provides a long-term data set to guide 
the management of woodcock in North America. 
The survey detected long-term population declines 
throughout the species’ range. In response, the USF-

WS implemented more conservative hunting seasons 
in an effort to keep hunting seasons commensurate 
with population status.

2. The Woodcock Task Force, created by the Associa-
tion of Fish and Wildlife Agencies, used data from 
the survey to develop explicit population and habitat 
goals for the American Woodcock Conservation Plan 
(Kelley et al 2008). Further, the task force will use 
data from the SGS to assess progress toward meet-
ing the population and habitat goals outlined in the 
American Woodcock Conservation Plan.

3. The USFWS, in cooperation with Flyway Councils, 
plans to develop a harvest strategy for woodcock 
based on various population parameters. Data from 
the SGS will factor heavily into strategy formulation. 

4. Researchers have used data from the SGS to build 
spatially explicit models showing the relationship 
between woodcock abundance and landscape-level 
variables (Thogmartin et al. 2007). 

 
 Survey cooperators have identified several concerns 
relating to the SGS. Future work should focus on ad-
dressing the following concerns:

1. Declining participation in the SGS – Participation in 
the survey has declined over recent years mainly due 
to funding or staff shortages of cooperating agencies. 
Survey cooperators should heighten awareness of the 
survey’s importance and open a dialogue with cooper-
ating agencies in order to improve survey participation.

2. Lack of detection probability estimates – Researchers 
should evaluate techniques (i.e., repeated counts, dis-
tance sampling, and removal methods) for estimat-
ing detection probabilities of woodcock along SGS 
routes. Determining detection probabilities would 
potentially allow the estimation of population size 
from SGS count data. Population estimates could 
then be incorporated into the framework for develop-
ing a harvest strategy for woodcock, used to develop 
improved conservation goals, and for other purposes 
not yet envisioned. 

3. Habitat changes adjacent to routes – Because the 
SGS is a roadside survey, habitat changes along SGS 
routes may not be representative of changes to the 
larger landscape. Previous research (Dwyer et al. 
1983) evaluated the relationship of habitat variables 
to indices along SGS routes; however, the relation-
ship of habitat changes along routes to changes on 
the larger landscape has not been evaluated. Results 
from the Morrison et al. (2010) paper presented at 
the symposium show that habitat is increasing across 
the province of New Brunswick, but decreasing 
along SGS routes. Survey cooperators should as-
sess if landscape changes along survey routes reflect 
changes to the surrounding landscape throughout the 
survey area. 

Year
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State, 
province, or 

region
No. of routesb

2005–2006 1996–2006 1968–2006

nc % 
change 90%CI n % 

change 90% CI n % 
change 90% CI

CT 3 2 –26.9 –55.9 2.1 4 –13.7 –43.0 15.7 9 –10.4 ** d  –17.1 –3.8 
DE 2 0 2 –13.4 * –16.4 –10.4 2 2.9 –8.5 14.2 
ME 43 28 13.0 –6.4 32.5 51 1.0 –0.4 2.5 66 –1.9 *** –2.8 –1.1 
MD 9 4 560.6 –862.4 1983.7 6 –27.3 –71.3 16.7 21 –9.7 ** –16.9 –2.5 
MA 11 2 64.7* 49.7 79.6 9 1.9 –4.7 8.6 20 –4.6 * –8.7 –0.5 
NB 12 10 –4.3 –24.6 15.9 52 4.3*** 2.1 6.6 64 –0.5 –1.5 0.6 
NH 14 11 –18.7 –38.0 0.5 13 0.4 –3.1 3.8 18 1.2 –0.9 3.3 
NJ 3 2 3.9 –109.7 117.5 5 –13.8 –26.0 –1.7 17 –8.9 *** –10.9 –7.0
NY 58 37 26.5 –19.6 72.7 75 –2.5 –7.0 2.1 107 –2.5 *** –3.5 –1.4 
NS 32 16 –25.6 –51.6  0.5 43 –4.3 –14.0 5.4 60 –0.2 –1.8 1.3 
PA 28 11 –30.1 –61.3 1.0 27 –0.2 –5.5 5.0 58 –3.4 *** –5.3 –1.5 
PEI 5 3 2.2 –18.5 23.0 7 –8.0 –18.3 2.3 12 –1.6 –3.3 0.1 
QUE 4 0 16 7.6*** 4.1 11.1 56 –1.3 –4.4 1.7 

RI 1 0 0 2 –16.3 –23.9 –8.6 
VT 15 11 –4.2 –29.8 21.5 17 0.9 –1.8 3.7 21 –0.7 –2.4 0.9 
VA 12 4 102.1 –514.9 719.2 11 –16.9 ** –26.5 –7.3 47 –11.1 *** –14.9 –7.3 
WV 19 10 –6.2 –33.0 20.5 19 –7.2 –15.8 1.4 45 –2.7 *** –4.1 –1.2 

Eastern 271 152 4.3 –12.4 21.1 357 0.0 –1.8 1.7 625 –1.9 *** –2.4 –1.4 

IL 8 0 5 13.2 –13.2 39.6 25 24.5 –7.2 56.2 
IN 16 2 –96.1*** –97.0 –95.2 7 –5.1 –22.2 12.0 39 –7.1 ** –12.1 –2.0 

MBe 11 4 –27.4* –46.2 –8.5 21 0.0 –4.0 4.0 22 –2.4 –5.5 0.8 
MI 95 68 –7.9 –18.8 3.0 108 –1.0 –3.0 1.1 147 –1.7 *** –2.5 –0.9 
MN 74 52 –8.3 –19.3 2.6 79 0.5 –1.7 2.8 102 –1.0 * –1.8 –0.1 
OH 32 15 –12.7 –39.6 14.3 27 –6.7 –14.4 0.9 57 –6.2 *** –9.1 –3.3 
ON 31 12 –5.5 –29.6 18.5 60 3.1 –0.3 6.4 138 –1.9 ***  –2.7 –1.1 
WI 68 47 –5.2 –22.5 12.2 74 0.1 –1.9 2.1 101 –1.9 *** –2.5 –1.2 

Central 335 201 –8.0** –14.5 –1.5 381 –0.1 –1.2 1.0 631 –1.8 *** –2.3 –1.4 

a Mean of weighted route trends within each state, province, or region. To estimate the total percent change over several years, use: (100((% change/100)+1)y)–100 where 
y is the number of years. Note: extrapolating the estimated trend statistic (% change per year) over time (e.g., 30 years) may exaggerate the total change over the period.
b Total number of routes surveyed in 2006 for which data were received by 1 June.
c Number of comparable routes (2005 versus 2006) with at least 2 non-zero counts.
d Indicates slope is significantly different from zero: * P < 0.10, ** P < 0.05, *** P < 0.01; significance levels are approximate for states/provinces where n < 10.For purposes 
of this report, statistical significance was defined as P < 0.05, except for the 2-year comparison where P < 0.10 was used because of the low power of the test.
e Manitoba began participating in the Singing-ground Survey in 1990.

Table 1. Trends (% change per yeara) in the number of American woodcock heard in the Singing-ground Survey during 1968–2006, as determined by the estimating 
equations technique (Link and Sauer 1994).
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4. The survey does not cover the entire breeding range 
– A significant number of woodcock may breed north 
of the SGS area (Sauer et al. 2008). Survey coopera-
tors should assess the number of woodcock breed-
ing north of the current survey area. In addition, 
they should assess the number of woodcock breed-
ing south of the current survey area. Biologists in 
Kentucky, which is south of the current survey area, 
are currently investigating the number of woodcock 
breeding in the state (John Brunjes, Kentucky De-
partment of Fish and Wildlife Resources, personal 
communication). 

5. Changes in migration and breeding chronology – 
Woodcock may be migrating and breeding earlier in 
response to climate change. Future research should 
assess the influence of climate change on the cur-
rent survey timing throughout the area surveyed by  
the SGS. 

 (Editors’ note: Since the symposium, research to 
estimate detection probabilities and compare habitat 
change along SGS routes with the larger landscape 
have been funded through the USFWS Webless Research 
Program. The research is being conducted through the 
Minnesota Cooperative Fish and Wildlife Research 
Unit. Additionally, the Division of Migratory Bird 
Management initiated an ongoing dialogue to improve 
Singing-ground Survey participation in 2008 with the 
distribution of a 2007 participation assessment that was 
shared with partners in state and provincial agencies 
and with the Canadian Wildlife Service (CWS). Gaps in 
participation were identified and efforts are underway 
to address areas of concern. Participation levels are 
now tracked and communicated to partner agencies on 
an annual basis.)

AMERICAN WOODCOCK  
WING-COLLECTION SURVEY (WCS)

WCS Background and Methodology

 The WCS, operational since 1963, was incorpo-
rated into a national webless migratory gamebird wing-
collection survey in 1997. The primary purpose of the 
WCS is to provide indices to reproductive success of 
woodcock. Wing data also provide information on the 
chronology and distribution of woodcock harvest since 
hunters report the date and location of harvest for each 
wing. 
 Woodcock hunters, the USFWS, and state wildlife 
agencies cooperate in the wing survey effort. Partici-
pants include hunters who either 1) participated in past 
surveys; 2) were a subset of hunters that indicated on the 
Harvest Information Program survey that they hunted 

woodcock; or 3) contacted the USFWS and requested 
to participate in the survey. The USFWS provides WCS 
participants with prepaid mailing envelopes and re-
quests them to submit one wing from each woodcock 
harvested. Hunters record the date of the hunt along with 
the state and location where they harvested the bird. Par-
ticipants only submit envelopes from successful hunts. 
State, federal, and private biologists determine the age 
and sex of the harvested individuals by examining plum-
age characteristics (Martin 1964, Sepik 1994) during the 
annual woodcock wingbee. Prior to examining wings, 
all wingbee participants must pass a test of known-age 
and known-sex wings. 
 The ratio of immature birds (male and female com-
bined) per adult female in the harvest provides an in-
dex to recruitment of young into the population. An-
nual recruitment indices are calculated for each state 
with ≥125 submitted wings. Regional indices are cal-
culated each year by weighting the regional index with 
the relative contribution of each state to the cumula-
tive number of adult female and immature wings re-
ceived since the start of the survey in 1963 (Kelley and  
Rau 2006). 

WCS Results Summary

 Over the past five hunting seasons (2001–2005), an 
average of 1,127 hunters per year have participated in 
the WCS and have submitted an average of 10,516 wings 
per year (Figure 4). The long-term average (1963–2004) 
recruitment index for the Eastern Management Region 
(EMR) is 1.67 juveniles per adult female, while it is 1.62 
for the Central Management Region (CMR) (Figure 5, 
Kelley and Rau 2006). In the EMR, recruitment indices 
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Figure 4. American woodcock wing receipts and hunter partic-
ipation in the American Woodcock Wing-collection Survey, 
2001–2005.
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have been below the long-term average for 9 of the past 
10 years, while in the CMR the indices have been below 
the average for the past 10 years (Figure 5). 

WCS Discussion

 The WCS continues to provide important informa-
tion about annual woodcock recruitment but future work 
could improve the survey by addressing the following 
concerns:
1. Small sample sizes for some states where woodcock 

are hunted – Survey coordinators should take steps 
to improve participation from all states where wood-
cock are harvested. For example, set a goal to receive 
wings in proportion to the number of woodcock har-
vested in each state (i.e., get a certain percentage of 
the wings harvested in each state based on harvest 
estimates from the HIP survey).

2. Non-random survey design – The USFWS does 
not randomly select participating hunters to submit 
wings. The non-random survey design could bias 
survey results; however, unpublished data from the 
Canadian Harvest Survey Program indicated that age 
ratios did not differ between wings received random-
ly and non-randomly (Eric Reed, Canadian Wildlife 
Service, personal communication). 

3. Age ratios are not adjusted for age-specific har-
vest vulnerabilities – Future research should assess 
whether age-specific harvest vulnerability exists. If 
vulnerability differs between age classes, analysts 
should adjust recruitment indices to reflect differ-
ences in harvest vulnerability.

4. Precision estimates (i.e., confidence intervals) are not 
calculated for recruitment indices – Data analysts 
should investigate techniques for estimating the pre-
cision of recruitment indices.

5. The woodcock wingbee protocol differs from other 
migratory gamebird wingbees (i.e. waterfowl) – At 
the waterfowl wingbee, an expert double-checks 
each wing to confirm the recorded age and sex.  
No one double-checks wings at the woodcock 
wingbee; participants must only pass a test prior to  
examining wings.

AMERICAN WOODCOCK BANDING

Banding Background and Methodology

 There currently is no consistent, range-wide band-
ing program for American woodcock in North America 
like there is for other species such as waterfowl. Most 
banding is completed through state-led efforts that are 
heavily reliant on volunteers or associated with localized 
research projects. For example, Minnesota and Michi-
gan have active brood banding programs where pointing 
dogs are used to locate broods (Ammann 1981), while 
biologists in Louisiana band wintering woodcock us-
ing night-lighting techniques on roosting fields (Olinde 
2007). In addition, researchers have banded numerous 
birds as part of long-term research efforts such as those 
at Moosehorn NWR in Maine. The major barrier to an 
operational woodcock banding program is that wood-
cock are not attracted to bait like other game birds (i.e., 
waterfowl and doves). Therefore, banders must expend 
a large amount of effort to band a limited number of 
woodcock using methods such as pointing dogs, mist 
netting at singing ground locations, or night-lighting at 
roosting fields.

Banding Summary

 Banding records from the United States Geologi-
cal Survey’s (USGS) Bird Banding Laboratory indicate 
that 118,466 woodcock have been banded between 1930 
and 2005. Cooperators from twenty states or provinces 
banded ≥500 birds during this time period (Table 2). 
Banding effort was not consistent over time, with ef-
fort peaking during the 1970s when >35,000 bird were 
banded (Table 2). Areas with the highest banding densi-
ty include north-central Wisconsin, northern Michigan, 

Figure 5. Weighted annual indices of recruitment from the 
American Woodcock Wing-collection Survey (U.S.), 1963–
2005 (Kelley and Rau 2006).The dashed line represents the 
1963–2004 average.
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State/Province 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000sa Total

Michigan 2 0 109 2,717 3,905 6,593 13,451 7,437 34,214
Louisiana 54 455 9,013 8,608 1,593 4 2,044 1,314 23,085
Maine 325 255 111 4,247 7,817 2,452 2,074 702 17,983
Wisconsin 1 0 6 612 9,360 1,134 264 532 11,909
New York 1 0 50 597 2,819 127 49 20 3,663
West Virginia 0 0 0 1,636 1,685 226 7 10 3,564
Minnesota 2 0 33 241 1,072 338 746 854 3,286
New Jersey 0 4 11 1,061 1,834 112 18 5 3,045
Massachusetts 7 2 1,035 188 874 75 102 18 2,301
Pennsylvania 18 18 204 231 371 292 694 24 1,852
New Brunswick 28 254 260 283 869 6 5 0 1,705
North Carolina 0 0 1 5 1,323 341 2 1 1,673
Virginia 0 0 0 15 14 795 536 41 1,401
Quebec 0 0 0 2 139 225 738 149 1,253
Indiana 0 0 0 91 221 597 32 1 942
Ontario 0 0 48 173 324 138 146 101 930
Alabama 2 0 0 10 669 229 0 0 910
Maryland 0 0 5 91 488 136 22 12 754
Ohio 0 0 4 28 154 373 120 67 746
Vermont 0 0 0 0 161 15 122 201 499
Total 440 988 10,890 20,836 35,692 14,208 21,172 11,489 115,715

a Records through 31 December 2005.

Table 2. Number of American woodcock banded by decade for each state or province where ≥499 woodcock have been banded.

State/Province 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s Total

Michigan 0 2 55 301 237 252 455 281 1,583
Louisiana 1 8 40 90 124 38 138 172 611
Maine 6 8 9 129 327 27 26 10 542
West Virginia 0 0 1 333 136 4 0 2 476
Wisconsin 0 1 21 25 236 66 14 21 384
New Jersey 2 1 7 36 144 3 2 0 195
Pennsylvania 0 2 27 57 75 15 14 2 192
New York 3 0 8 42 112 8 1 0 174
Indiana 0 0 0 4 23 131 3 1 162
Massachusetts 2 2 11 16 69 2 5 3 110
New Brunswick 1 4 6 20 62 2 5 0 100
Minnesota 0 0 6 7 28 7 22 17 87
Mississippi 1 1 6 24 35 4 1 0 72
Quebec 0 0 1 2 14 9 36 1 63
Connecticut 0 0 2 17 32 1 0 3 55
Total 16 29 200 1,103 1,654 569 722 513 4,806

Table 3. Number of hunter-reported band recoveries by decade for each state or province where ≥50 American woodcock have 
been reported.
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Figure 6. Banding distribution for American woodcock. Individual points represent banding locations in low-density banding areas.

eastern Maine, eastern West Virginia, and central Loui-
siana (Figure 6). Other states or provinces with <500 
banding records include Connecticut, Delaware, District 
of Columbia, Florida, Georgia, Illinois, Iowa, Kentucky, 
Labrador, Manitoba, Mississippi, Missouri, Nebraska, 
New Hampshire, North Dakota, Nova Scotia, Oklaho-
ma, Rhode Island, South Carolina, South Dakota, Ten-
nessee, and Texas. 
 A total of 6,197 banded woodcock have been en-
countered between 1930 and the end of the 2005 hunt-
ing season. A majority of the encounters (5,303) are re-
coveries reported from hunter-shot birds. Fifteen states 
or provinces have ≥50 band recoveries during this time 
period (Table 3). The greatest number of recoveries 
came from the 1970s (Table 3), which corresponds to 
the decade of highest banding effort. The recovery area 
distribution is similar to the banding area distribution 
(Figure 7). Other states or provinces with band recov-
eries, but numbering <50 records include Alabama, Ar-

kansas, Delaware, Florida, Georgia, Illinois, Iowa, Kan-
sas, Kentucky, Maryland, Missouri, New Hampshire, 
North Carolina, Nova Scotia, Ohio, Oklahoma, Ontario, 
Rhode Island, South Carolina, Tennessee, Texas, Ver-
mont, and Virginia. 

Banding Discussion

 Data from band recoveries have been important 
in the management of woodcock even though there is 
not a consistent, range-wide banding program. For ex-
ample, the creation of the Eastern and Central Wood-
cock Management Regions was biologically justified 
through analysis of band recovery data (Martin et al. 
1969, Krohn et al. 1974, Coon et al. 1977, Myatt and 
Krementz 2005). Banding data have also been used to 
examine woodcock vital rates such as annual survival 
and band recovery rates (e.g., Krohn et al. 1974, Dw-
yer and Nichols 1982, Krementz and Bruggink 2000, 
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Figure 7. Recovery distribution for bands from hunter-reported American woodcock. Individual points represent recovery locations 
from low-density areas.

Krementz et al. 2003). Although banding data have been 
used to estimate vital rates, McAuley et al. (2005) indi-
cate that estimates derived from banding data are im-
precise due to the inadequate amount of banding data 
available. Dwyer and Nichols (1982) noted that lim-
ited banding and recovery data sets have always been 
a barrier to better understanding woodcock population 
dynamics. Although researchers have recommended 
increasing banding effort and banding area distribu-
tion to improve the precision of estimates (Krementz 
et al. 2003), others have indicated that starting an ad-
equate banding program would be difficult and may 
not be the best use of limited resources (Krementz and  
Bruggink 2000). 
 At minimum, stakeholders should complete a band-
ing needs assessment that evaluates the feasibility of im-
plementing an operational range-wide banding program. 
The assessment should provide guidance on how many 

birds need to be banded in order to calculate precise es-
timates of survival, recovery, and harvest at the manage-
ment region scale. Decision makers will then have to 
determine if the benefits of having banding data to better 
inform management outweigh the cost of implementing 
an adequate banding program. If feasible, implementing 
an operational banding program will require significant 
cooperation between federal, state, and private conser-
vation partners. 

DISCUSSION

 American woodcock population management in 
the United States has historically relied on trend data 
from the SGS. Managers have not used data from the 
other surveys (HIP, WCS, and banding data) in any for-
mal decision-making process to date. Moving forward, 
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stakeholders should cooperate on developing a concep-
tual model that incorporates the biologically relevant 
periods of the annual woodcock cycle. As a first step, 
population modelers should assess the utility of using 
data sets from the current surveys in developing a de-
mographic-based population model. Using the model as 
a tool, stakeholders can then begin to 1) identify gaps 
in our current information base; 2) prioritize additional 
data collection needs that will feed into a population as-
sessment framework; and 3) begin assessing population 
response to harvest and habitat management decisions.  
 (Editors’ note: Since the symposium, the USFWS 
released a scoping document in December 2007 that 
outlines the available woodcock population data and 
presents a method for integrating these data sources 
into a population modeling framework. In addition, the 
Migratory Shore and Upland Game Bird Support Task 
Force convened a workshop in August 2009 to identify 
the priority information needs for woodcock over the 
next 5–10 years. Participants determined that develop-
ing a demographic-based model was a high priority for 
improving management of woodcock.)
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BREEDING EURASIAN WOODCOCK 
SURVEY IN BELARUS
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Abstract: In 2005, the Institute of Zoology of the National Academy of Science of Belarus and APB-Birdlife Belarus 
(NGO Akhova Ptushak Belarusi) undertook a survey of breeding Eurasian woodcock Scolopax rusticola to 1) develop 
the woodcock monitoring program in Belarus, 2) produce a baseline population index for this breeding population of 
woodcock, and 3) investigate the distribution and abundance of breeding woodcock in relation to woodland habitat 
characteristics. Our survey method was based on counts of roding males. We performed counts at 60 listening points 
located in 10 plots (12 x 12 km each). Observers made the counts of roding birds during May and June. Habitat data 
were collected within 50–100 m from the each observation point. The number of detections varied between 2 and 30 
(mean 11.6 ± 6.91 SD). We found that as tree density increased, woodcock abundance declined. Additional surveys 
are necessary to establish population trends and to further elucidate the factors influencing woodcock abundance. With 
trend estimates and habitat use information, biologists will be able to better manage Eurasian woodcock in the future.

Proceedings of the American Woodcock Symposium 10: 147–151
Key words: Belarus, breeding, Eurasian woodcock, roding, survey, Scolopax rusticola.

Roscommon, Michigan, USA

 While the Eurasian woodcock (Scolopax rusticola) 
is a very popular game bird in Belarus, the species is one 
of the less studied waders in the country. The Belaru-
sian breeding population of woodcock has been recently 
estimated at 100,000–120,000 roding males (Nikiforov 
and Mongin 1998, Thorup 2006). However, the current 
estimations are based on limited or incomplete informa-
tion and the trends for changes in woodcock populations 
are unknown. Traditionally woodcock hunting is more 
popular in spring than in fall, and there are only lim-
ited data concerning the impact of hunting on the spe-
cies abundance (Sandakov 2004a). The growing hunt-
ing tourism in Belarus may pose a threat for the species 
both in spring and fall seasons if proper management 
and conservation measures are not developed.
 In order to improve our knowledge of the current 
status and trends of the breeding population of Eur-
asian woodcock in Belarus, we conducted a number 
of studies during the 2005 breeding season. Our main 
objectives were to 1) initiate a woodcock monitoring 

program in Belarus, 2) produce a baseline population 
index for the breeding woodcock population there,  
and 3) investigate the distribution and abundance  
of breeding woodcock in relation to woodland  
habitat characteristics. 

STUDY AREA

 The total area of Belarus is 207,600 km2 and wood-
lands occupy about 40% of the territory. Conifer and 
mixed forests (67%) predominate over deciduous for-
ests (33%). We surveyed roding woodcock during the 
breeding season in Belarus. Surveys were made at 10 
plots (12 x 12 km) where woodlands dominated (Fig-
ure 1). Two survey plots were located in the National 
Park of Belovezhskaya Pushcha (52°42’ N, 24°03’ E; 

1 E-mail: ed.mongin@mail.com
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52°35’ N 23°54’ E), two were in the Berezinsky Reserve 
(54°50’ N, 28°22’ E; 54°42’ N, 28°16’ E), and the others 
were in non-protected areas.

METHODS

Habitat variables and classification

 We classified and recorded several habitat variables, 
which were previously suggested to influence distribu-
tion of woodcock during the breeding season (Hirons 
and Johnson 1987), namely the type of woodland, the 
basal area of trees (m2/ha), and the litter depth (cm). 
These are important variables in the context of wood-
cock biology. Litter depth is related to humus and ac-
tivity of soil invertebrates, which determine amongst 
other things the abundance of earthworms (Hirons and 
Johnson 1987, Løfaldli et al. 1992, Duriez et al. 2005). 
We collected habitat variables in plots within 50–100 
m from each observation point. We calculated the basal 
area of trees in 5 100-m2 plots and measured the litter 
depth in 10 1-m2 plots. To determine the basal area of 
trees we recorded to the nearest centimeter the diam-
eters of trees at breast height in selected plots, and we 
calculated a mean basal area of trees in m2 per ha. We 
ranked the density of trees as follows: 1) <25 m2/ha, 2) 
26–35 m2/ha, 3) >35 m2/ha. We classified woodlands as 
deciduous, mixed, pine-birchen, or conifer on the basis 
of the dominant tree species recorded at each site. To 
avoid problems with too many null proportions in the 
analysis, we combined deciduous and mixed woodlands 

into one category. We divided the age of forest into 3 
classes: young (<40 years), middle-aged (41–70 years) 
and mature (>70 years). We measured the litter depth to 
the nearest 0.5 cm directly at samples dug out. We used 
three classes of litter depth: 1) < 3cm, 2) 3–5 cm, and 3) 
>5 cm.

Roding woodcock surveys

 We conducted roding woodcock surveys at listen-
ing points following the method developed in France 
(Ferrand 1993). We established listening points in 12 x 
12-km survey plots, and we divided each plot into 36 
sampling units (2 x 2 km). We sampled 6 random units 
in each plot. Listening stations were located in the cen-
ter of sampling units. We allowed observers to move 
toward an open area (e.g., a clearing or crossing of for-
est roads) to find a suitable observation point. We con-
ducted surveys between 20 May and 30 June 2005 as the 
most intensive roding of woodcock takes place during 
this period (Sandakov 2004b). Surveys began approxi-
mately 15–30 minutes before sunset and continued for 
>2 hours. We did not conduct counts of roding males if 
it was raining hard or if winds exceeded 19 km/hr. For 
each listening station, an observer recorded all wood-
cocks seen and heard, as the number of roding males 
generally correlates well with the number of individuals 
and hence provides an index of male abundance (Fer-
rand 1993, Hoodless 2004). We defined 2 classes of 
abundance according to Ferrand (1993): low-abundance 
sites had 1–4 detections and high-abundance sites had 
>4 detections. Occupation rate is the proportion of lis-
tening points that were either high- or low-abundance 
sites.

Statistical analyses

 We analyzed the number of woodcock detections per 
2-hour period using a generalized linear model (GLM) 
and ANOVA using STATISTICA 6 (StatSoft Inc. 2001). 
We investigated the relationship between uncorrected 
counts and tree density, litter depth, age, and the type of 
woodland.

RESULTS

 We surveyed 60 listening points across 10 plots. 
Roding woodcocks were detected at all listening 
points, and the number of contacts varied between 2 
and 30 (mean 11.6 ± 6.91 SD). The occupation rates  
of the high- and low-abundance sites were 0.86 and  
0.13 respectively.
 We found no relationship between either habi-
tat type, the age of forest or the interaction of these 2 

Figure 1. Plots where Eurasian woodcock were surveyed in 
2005. Plots 2–3 and 8–9 were located in Berezinsky Reserve 
and National Park of Belovezhskaya Pushcha, respectively. 
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Figure 2. Box plots of roding Eurasian woodcock detected in different forest types in 

Belarus.

variables and the number of woodcock detected (GLM 
habitat type F2,51 = 0.78, P = 0.464, age of forest F2,51 = 
0.13, P = 0.879, habitat type x age of forest F4,51 = 0.74, 
P = 0.566, Figure 2). We also did not find any relation-
ship between litter depth and the number of woodcock 
detected (ANOVA, F2,44 = 0.89, P = 0.419). We found 
that as tree density increased, the number of woodcock 
detected decreased (ANOVA, F2,45 = 4.94, P = 0.012, 
Figure 3).

DISCUSSION

 We found that roding woodcocks are present at a 
higher proportion of survey plots in Belarus (100% 
in the present study) compared to surveys conducted 
elsewhere in western European countries. For exam-
ple, occupation rates in France ranged from 19–28% 
(Gossmann and Ferrand 2004, Gossmann et al. 2005) 
and were 43% in the United Kingdom (Hoodless et 
al. 2006). At the same time occupation rate averaged 
85–95% in Russia (Fokin et al. 2004) and 95–100% in 
Estonia (Elts 2002). The higher proportion of occupied 
sites in Belarus, Russia and Estonia is likely explained 
by the higher numbers of breeding woodcock compared 
to the western European countries (Thorup 2006) and 
by similar structure of natural forests in the Eastern Eu-
ropean countries. Mean numbers of contacts at listening 
points were similar between western and eastern Euro-
pean countries: 7.3–9.8 in Russia (Fokin et al. 2004), 9.5 
in the UK (Hoodless et al. 2006), 9.6–12.6 in western 
Switzerland (Estoppey 2004), and 15.0–20.1 in Estonia 
(Elts 2002). 

 Our preliminary analyses of the differences in vari-
ous woodland habitats suggest that in Belarus male rod-
ing woodcocks occupy conifer as well as mixed and de-
ciduous woods during the breeding season. Our results 
are only based on male behavior, but we assume that 
male habitat use reflects the habitat use of females as 
well (Hirons 1980, Hirons and Johnson 1987). We found 
no difference in the number of woodcock detections in 
different habitats, similar to that reported for Britain 
(Hoodless et al. 2006). 
 We found a negative relationship between tree 
density and number of woodcock detections, likely ex-
plained by the feeding and breeding behavior of wood-
cock. Woodcock prefer feeding habitats where trees are 
less dense and percentage cover of ground vegetation 
is higher (Hirons and Johnson 1987). Roding males fly 
over the territories, preferably relatively open habitats 
(Fokin and Blokhin 1999), where females breed (Hirons 
1980, Hirons and Johnson 1987, Lauer et al. 2006). We 
did not discover a relationship between litter depth and 
number of woodcock detected. Nevertheless the litter 
depth is an indicator of humus type. Litter depth was 
overall thinner in mixed and deciduous woods com-
pared to pine-birchen and conifer woods. A thin litter 
layer is typical for humus of mulls type and results from 
an active and abundant soil fauna (Duriez et al. 2005). 
They found that mull humus soils were preferred by 
woodcock to moders and mors because mulls are richer 
in earthworms. 
 Our use of a 50–100-m sampling circle for habitat 
measurements was probably too small, and in the future 
a larger sampling plot should be used. We chose this ap-
proach in order to take data comparable to data taken in 
the UK (Hoodless et al. 2004). 

Figure 3. Box plots of roding Eurasian woodcocks detected 
among forests ranked by tree density in Belarus. 

Figure 2. Box plots of roding Eurasian woodcock detected in 
different forest types in Belarus.
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Our study is the first step in establishing the monitor-
ing program for woodcock in the territory of Belarus. 
Similar studies have been carried on for >10 years in 
other European countries such as France, Russia, Es-
tonia, Switzerland, and the UK. A common procedure 
should lead to better estimates of population trends and 
species abundance in Europe. Annual monitoring of the 
Eurasian woodcock should provide the hunting manag-
ers and Natural Resources Conservancy agencies with 
important information to maintain the population of the 
species at such a level that will guarantee sustainable 
use of woodcock. Comparison of the data on Eurasian 
and American woodcock (S. minor) should help to un-
derstand and prevent the long-term population declines 
of the species on both continents. In Belarus, further 
work is needed to establish population trends and to  
determine the factors influencing the species abun-
dance in order to establish a sustainable national  
management policy. 
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AMERICAN WOODCOCK 
SINGING-GROUND SURVEYS: 
SHOULD THEY BE EXPANDED?

R. MONTAGUE WHITING, JR.1, Arthur Temple College of Forestry and Agriculture, 
 Stephen F. Austin State University, Nacogdoches, Texas 75962

Abstract: Standardized Singing-ground Surveys have been conducted in the northern United States and southern 
Canada to detect trends in American woodcock (Scolopax minor) populations since 1968. Surveys have not been 
conducted in southern and some midwestern states in which woodcock are known to breed because the survey protocol 
was purposely designed to minimize counts of migrating males. Singing-ground Survey dates were thus established to 
occur after migrating males departed the survey areas. However, the frequency of singing males by survey date over 
a breeding season, regardless of geographic location, often takes the form of a bell-shaped curve, with the maximum 
number of singing males presumably corresponding to the presence of migrants. Examination of courting male counts 
from southern states shows bell-shaped curves similar to those from traditional Singing-ground Survey areas. This 
suggests that some of the males recorded during traditional surveys are migratory. The only curves that showed the 
desired right-skewed patterns, which would be the expected patterns if counts took place after migrants had passed 
through and before courtship waned, are from the northern portion of the woodcock breeding range in Quebec. 
Additionally, the highest counts of courting males per route tend to occur in the northern portions of the survey area. 
These findings suggest that existing surveys in southern portions of the survey area are recording some migrating 
males. Data also suggests that nesting in the South and Midwest contributes to the continental woodcock population. I 
contend that current Singing-ground Surveys are potentially missing an important segment of the woodcock population 
and may not reflect continental population trends. Hence, surveys should be expanded into southern and midwestern 
portions of the breeding range not currently included in the survey. 

Proceedings of the American Woodcock Symposium 10: 153–159
Key words: American woodcock, population estimates, Scolopax minor, Singing-ground Surveys.

Roscommon, Michigan, USA

1 Email: mwhiting@sfasu.edu

 The American woodcock (Scolopax minor) is a 
popular migratory game bird hunted throughout much 
of eastern North America. In the United States, the spe-
cies is managed as separate populations in 2 regions. 
The Eastern Region corresponds to the Atlantic Flyway 
for waterfowl and generally is east of the Appalachian 
Mountains. The Central Region is west of the Appala-
chians and includes all of the Mississippi Flyway and 
eastern portions of the Central Flyway (United States 
Fish and Wildlife Service [USFWS] 1990).
 Population trends are monitored primarily through 
the Singing-ground Survey, with inferences also drawn 
from analysis of the parts collection survey data. The 
Singing-ground Survey, initiated in 1968, was developed 
to take advantage of the male woodcock’s conspicuous 
courtship display at dusk. Standardized 5.4-km routes 
are located along secondary roads in randomly selected 
10-minute blocks in central and northern portions of the 
species breeding range. Detailed methodology is provid-
ed by Tautin et al. (1983). 

 Singing-ground Surveys are conducted in 6 Cana-
dian providences and 19 states. The southernmost states 
surveyed are Virginia in the Eastern Region and Ohio, 
Indiana, and Illinois in the Central Region; Minnesota 
is the only state west of the Mississippi River. Singing-
ground Surveys are not conducted in many southern and 
midwestern states with documented woodcock nesting 
(Causey et al. 1974, Barclay and Smith 1977, Stamps 
and Doerr 1977, Roberts and Dimmick 1978, Whiting 
and Boggus 1982, Murphy and Thompson 1993). 
 Woodcock are the only polygynous migratory game 
bird that is surveyed using counts of courting males. 
Dominant males actively defend their courtship sites 
from other males, and there are few data that quantify 
the number of non-courting males that may be on such 
sites (Keppie and Whiting 1994). Likewise, there are 
no data to estimate the number of breeding females per 
courting male (Owen et al. 1977) or changes in these 
ratios over time and geographic region; however, Gregg 
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(1984) concluded a close relationship between courting 
males and nesting females in Wisconsin. At least one 
study found no correlation between singing males and 
actual population densities (Dwyer et al. 1988), whereas 
another study did (Whitcomb and Bourgeois 1974). As a 
result, accuracy of the Singing-ground Survey has been 
questioned and researchers have encouraged a more 
rigorous design (Owen et al. 1977, Sauer and Bortner 
1991). Also, the Singing-ground Survey currently em-
phasizes the central portion of the breeding range. My 
data and observations suggest that an expansion of the 
survey to include the southern and western portions of 
woodcock breeding range, coupled with a critical evalu-
ation of survey timing, may result in a survey design 
that provides more accurate population estimates. I con-
tend that surveying the entire breeding range is impor-
tant when monitoring polygynous, migratory species 
that are subject to potentially extreme weather events 
throughout that range.

COUNTING MIGRATING MALES

 Singing-ground Surveys conducted in the South and 
southern Midwest would record migrating males, and it 
is likely that some males would be recounted when they 
reached the traditional survey area. The original survey 
was designed to minimize counting of migrating males. 
However, for a variety of potential reasons, the current 
survey is likely counting such males. In the current sur-
vey area, courting male woodcock are counted during 
5 overlapping 21-day periods beginning 10 April in the 
southernmost areas and ending 20 May in the northern-
most areas (Tautin et al. 1983). The dates are assigned 
by latitude. Although in theory the dates were selected 
such that the majority of migrating males have passed 
through, documentation on the scientific basis for how 
the dates were selected is lacking.
 When woodcock Singing-ground Surveys were 
originally standardized across the assumed breeding 
range, the survey design was based on work in central-
southern Michigan (Goudy 1960, Duke 1966) and in 
Massachusetts (Sheldon 1953). Using data from surveys 
that started in late March or early April and extended 
through May, Goudy (1960: 16) selected his “central 
period” such that it would “include the 30-day period 
of courtship activity with the most consistent series of 
counts.” However, his 3 years of data showed no dis-
cernable pattern, and the numbers of birds per stop dur-
ing the central periods varied widely. Duke (1966: 699) 
conducted counts for 2 springs; for his “stable period,” 
the starting date was based on the cessation of territo-
rial behavior and when “courtship activity seemed to be-
come fairly regular.” Four of the 5 counts were initiated 
within a week after the first courting male was heard; 

snow delayed the start of Duke’s (1966) fifth count by 
a week. However, data from neither study suggest a pe-
riod of high courtship activity resulting from migrants 
passing through. As a result, it is likely that both Goudy 
(1960) and Duke (1966) included migrating males in 
their counts. For the standardized surveys, Goudy (1960) 
recommended 20 April–10 May and Duke (1966) sug-
gested 15 April–15 May.
 Courtship flights in the Gulf Coastal Plain begin as 
early as November in warm winters (Roboski and Cau-
sey 1981). Testes recrudescence in adult males begins in 
early December; in subadults, enlargement begins about 
2 weeks later (Stamps and Doerr 1977, Whiting and 
Boggus 1982, Rushing and Doerr 1984). Males begin 
establishing territories and performing regular courtship 
flights in late December and early January (Whiting and 
Boggus 1982, Causey et al. 1987, Tappe et al. 1989). 
Some males reach sexual maturity by late December and 
virtually all are mature by late January or early Febru-
ary (Stamps and Doerr 1977, Roberts 1980, Whiting and 
Boggus 1982, Rushing and Doerr 1984, Mason 1986). 
 In Oklahoma (Barclay and Smith 1977) and eastern 
Texas (Whiting and Boggus 1982, Tappe et al. 1989), 
numbers of courting males plotted against date produced 
bell-shaped curves with peaks in mid-February; in each 
study, the number of courting males rapidly declined 
after the peak and there were few or no actively court-
ing males by the second week of March. In Tennessee 
and Missouri, numbers of courting males peaked about 
10 March (Roberts and Dimmick 1978), and 17 March 
(Murphy and Thompson 1993), and after these dates, de-
clines paralleled those observed in Texas and Oklahoma. 
The rapid declines in courtship activities after the peaks 
suggest that migrating males were included in the sur-
vey results. Conversely, in North Carolina, the number 
of courtship flights peaked in mid-March, rapidly de-
clined initially, then slowly declined through April and 
into May; duration of the flights was longer in April and 
May than in March (Rushing and Doerr 1984). These 
results suggest that birds recorded in April and May were 
residents. Similarily, in Quebec, numbers of males on 
courtship sites demonstrated a bell-shaped curve which 
peaked in late April, declined rapidly until early May, 
then remained stable for the last 3 weeks of the month 
(Couture and Bourgeois 1977). The authors attributed 
the drop in density in early May to “… the end of the 
migrants passage.” 
 These studies indicate that the numbers of surveyed 
courting males tend to show a bell-shaped curve that 
moves northward in an orderly manner as spring pro-
gresses. (Murphy and Thompson 1993). As the birds 
move north, the curve should flatten as males reach their 
areas of residence and thus drop out of the migrating 
population. To meet protocol, timing of surveys should 
occur after the migration peak has passed. As currently 
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conducted, some Singing-ground Surveys probably are 
counting migrating males (Whitcomb and Bourgeois 
1974, Dwyer et al. 1988). The magnitude of including 
migrating males in continental-wide population estimates 
has not been quantified and warrants further evaluation.

BREEDING AND NESTING OUTSIDE 
OF THE SURVEY AREA

 In the last 40 years, numerous studies have docu-
mented widespread nesting by woodcock south of the 
Singing-ground Survey area. The first set of studies was 
by Causey and his students in Alabama (Causey et al. 
1974). It is likely that those researchers were the first to 
purposely seek, capture, and band woodcock chicks in 
the southern United States. During 15 years, that group 
banded 360 chicks and 30 nesting/brooding hens. Their 
results in locating nests and broods between 1974 and 
1980 were similar to early efforts by biologists on the 
northern breeding grounds (Causey 1981). 
 Researchers also have recorded woodcock nests and 
chicks in North Carolina (Stamps and Doerr 1977, Rush-
ing and Doerr 1984), Tennessee (Roberts and Dimmick 
1978), Kentucky (T. Edwards, Kentucky Department of 
Fish and Wildlife Resources, personal communication), 
Oklahoma (Barclay and Smith 1977), Texas (Whiting 
and Boggus 1982), and Missouri (Murphy and Thomp-
son 1993). Conversely, a study in South Carolina (Pace 
and Wood 1979) and 2 studies in Louisiana (Olinde and 
Prickett 1991, Olinde 2000) showed little evidence of 
nesting.  
 Woodcock undoubtedly breed and produce young 
in the southern and central portions of their range. Us-
ing 6 years of data from 5 southern states, with most 
data from Alabama, Tennessee, and Texas, Whiting et 
al. (1985) found that 60 of 170 (35%) adult woodcock 
hens had ovaries in the rapid eruption stage during Feb-
ruary, indicating that egg laying would occur within 
9 days (Stamps and Doerr 1977, Whiting and Boggus 
1982). Based on limited sample sizes, the proportions 
of females in breeding condition generally north of 
these states but south of the survey area, range 8 to 67% 
(Stamps and Doerr 1977, Pace and Wood 1979). In Mis-
souri, Murphy and Thompson (1993) recorded 30 nests 
and 10 broods, and estimated that all clutches were initi-
ated in March. The significance of southern and mid-
western breeding activity to the continental woodcock 
population is unknown and warrants further investiga-
tion. If these areas are responsible for significant recruit-
ment to the continental population, expanding the cur-
rent survey routes into these regions is warranted.

FACTORS AFFECTING WOODCOCK
NESTING IN THE SOUTH

 Historically, woodcock may not have bred and nest-
ed north of the glacier line (ca latitude 40° N). All earth-
worm species north of that line are of European origin 
(Gates 1970, Reynolds 1977, Hendrix and Bohlen 2002) 
and may not have been present prior to colonization by 
Europeans. In the South, the earliest records of wood-
cock breeding and nesting activities can be traced to 
bulletins of state ornithological organizations and other 
state-oriented publications (e.g., Oberholser 1938, Im-
hoff 1962, Pitts 1978), some dating to the early 1900s. 
In the 1950s, Reid and Goodrum (1954) documented 
woodcock nests and chicks on cutover pine lands in 
west-central Louisiana. However, it was not until the 
Fifth Woodcock Symposium in 1974 that southern nest-
ing was brought to the attention of woodcock research-
ers and biologists. Prior to that, nesting research had 
been concentrated in the northern states and Canada, 
and most of the limited southern research focused on 
wintering habitat, primarily in the Atchafalaya Basin of 
Louisiana. 
 The amount and distribution of nesting habitat in the 
South has changed since the original woodcock surveys 
were designed in the late 1950s and early 1960s. Dur-
ing the 1950s, forest industry purchased large quanti-
ties of retired farm land (Fickle 2004). For most com-
panies, even-aged forest management using the clearcut 
regeneration system was standard procedure by the late 
1960s. A widely used technique to prepare the sites for 
planting of pine seedlings was to shear residual vege-
tation (Fox et al. 2007). Shearing resulted in vigorous 
hardwood sprouts which produced abundant leaves, 
thus food for earthworms. Until canopy closure when 
the planted pines were 8 to 12 years old, such planta-
tions provided excellent woodcock habitat if the soil 
supported earthworms and its texture and structure al-
lowed probing. Woodcock used the young plantations 
for diurnal cover (Boggus and Whiting 1982), feeding 
(Gregory and Whiting 2000), courting (Tappe and Whit-
ing 1989, Murphy and Thompson 1993), nesting, and 
brood rearing (Whiting and Boggus 1982).
 Widespread use of the clearcut regeneration sys-
tem in the South began about the same time as the stan-
dardized Singing-ground Surveys (Fox et al. 2007). As 
clearcutting use in the South expanded and quality of 
woodcock habitat on the northern breeding grounds de-
clined (Owen et al. 1977), results from Singing-ground 
Surveys in the Eastern and Central regions showed de-
creasing population trends. It is possible that as breeding 
activity decreased in the North, it increased in the South. 
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 Woody plant invasion also may have resulted in 
increased woodcock breeding activity in the South and 
Midwest. Historically, the southern and western peripher-
ies of the woodcock’s range were grasslands which were 
maintained by fire. Fire control has been a factor that al-
lowed woody plants to invade the grasslands and produce 
habitat in which woodcock breed. In Texas, woodcock 
nests or chicks have been recorded in a Chinese tallow 
(Sapium sebiferum) thicket (Robinson and Aumann 1997) 
and a mixed-species shrubland (Cain et al. 1977), both in 
the Gulf Prairies and Marshes Ecological Region (Gould 
1962), and in a pecan (Carya illinoinensis) bottomland in 
the city limits of Austin (Mosier and Martin 1980), which 
is in the Edwards Plateau Region (Gould 1962). All three 
areas were historically grasslands or surrounded by grass-
lands prior to fire exclusion (Gould 1962). These south-
ern nesting records coincide with nesting records from 
the western periphery as detailed by Smith and Barclay 
(1978) and supported by Lingle (1981) and Sargeant and 
Sargeant (2001). 

CONCLUSIONS AND  
RECOMMENDATIONS

 Abundance indices as derived from Singing-ground 
Surveys suggest that woodcock populations in the East-
ern and Central regions have declined in the last 37 
years. However, I hypothesize the declines are not as 
drastic as indicated by the Singing-ground Survey re-
sults because southern and midwestern recruitment to 
the continental population is ignored. Habitat conditions 
throughout the traditional Singing-ground Survey area 
have deteriorated, primarily because of forest succes-
sion (Straw et al. 1994). As a result, courtship, breed-
ing, and nesting may have increased in the South and 
Midwest, and spring-migrating woodcock seeking ap-
propriate breeding habitat may have dispersed further 
north (Marshall 1982, Keppie et al. 1984) and/or west of 
the current survey area. If so, the current surveys do not 
reflect population trends. Surveys conducted throughout 
the known breeding range of the species would help ad-
dress these possibilities and provide a multitude of other 
benefits. 
 Throughout its range, the intensity and timing of 
woodcock courtship activity (Dwyer et al. 1988, Tappe 
et al. 1989) and nesting (Causey 1981, Dwyer et al. 
1988, Vander Haegen et al. 1993) vary among years. 
If habitat and climatic conditions are appropriate in the 
Deep South, males court intensively and nesting may be 
extensive. If not, courtship is subdued and there is little 
or no nesting. In Alabama, Causey et al. (1987) found 
that January temperature was positively related to nest-
ing activity. However, Whiting et al. (2006) were un-

able to confirm that relationship. Other authors have hy-
pothesized that nesting in the South is related to winter 
precipitation (Davis 1961, Cain, et al. 1977, Robinson 
and Aumann 1997). The relationship of climatic condi-
tions to woodcock courting and breeding in the South 
is probably more complicated than just temperature or 
precipitation. Data from southern Singing-ground Sur-
veys could be used to investigate that relationship and 
the relationship between courtship intensity in the South 
and in the current survey area. Likewise, surveys on the 
western periphery of the species range would aid in de-
termining if woodcock are taking advantage of favor-
able weather conditions, expanding their breeding range 
because of improved habitat, or both.
 There are numerous other questions regarding 
woodcock breeding and nesting in the South that need to 
be addressed. As others have noted (Causey et al. 1987, 
Keppie and Whiting 1994), the contribution of southern-
nesting woodcock to the continental population is un-
known. Likewise, it is unknown whether a bird hatched 
in February would be aged as an adult or subadult if it 
was bagged the following January and its wing submit-
ted to the Wing-collection Survey. The possibility that 
female woodcock which nest in the South during winter 
may nest again in the North during spring or summer 
also has been raised (Causey et al. 1987). 
 In addition, dates when the onset of testes enlarge-
ment/recrudescence and attainment of sexual maturity 
occur in males on the wintering grounds are well docu-
mented. However, there are no publications that address 
when testes return to the quiescent stage. Such informa-
tion would aid in clarifying the issue of whether males 
counted in southern portions of the Singing-ground Sur-
vey area are residents. If so, their testes should return to 
the quiescent stage earlier in the year than those counted 
in the northern portions of the survey area. Research-
ers collecting males on the northern breeding grounds 
should gather such data. Mason (1986) used serum tes-
tosterone concentrations to estimate gonadal maturity 
in male woodcock. It may be possible to expand on his 
techniques such that sacrificing males would not be nec-
essary.
 Clearly, southern reproduction is occurring and po-
tentially having a significant effect on the continental 
woodcock population. However, data on the magnitude 
and consistency of this effect, in addition to a complete 
understanding of the geographic distribution of breeding 
activities, are lacking. I contend that the USFWS should 
consider incorporating southern and additional mid-
western portions of the woodcock range into the annual 
singing survey. Some data are available that can guide 
the expansion of the current survey. Using USFWS 
standardized Singing-ground Survey procedures, Texas 
Parks and Wildlife Department conducted surveys in the 
Piney Woods and Post Oak Savannah regions of eastern 
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Texas for 5 years (George 1992). Some of these routes 
probably could be re-established. The routes in Oklaho-
ma (Barclay and Smith 1977) probably could not be re-
established, but standardized routes could be positioned 
in the same counties in which they took place. Surveys 
of courting males in North Carolina (Rushing and Do-
err 1984) and Missouri (Murphy and Thompson 1993) 
appear to have been conducted differently than stan-
dardized Singing-ground Surveys, but still may serve as 
starting points. Regardless, if southern and midwestern 
surveys are not initiated, many of the questions and sur-
vey assumptions I review in this manuscript will remain 
unanswered and unsubstantiated because there will still 
be a lack of long-term data.
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Abstract: Banding of American woodcock (Scolopax minor) is an effective technique to monitor woodcock migration, 
distribution, and other aspects of woodcock life history. In the 1930s, researchers in the United States began using 
pointing bird dogs to locate woodcock broods for banding. Since the 1960s, the Michigan Department of Natural 
Resources and Environment (DNR) implemented a spring woodcock-banding program involving volunteers and the 
use of pointing dogs. This program has improved in recent years through mandatory bander training sessions. Using 
trained volunteer banders, woodcock banding programs can be improved and expanded into broader geographic areas 
without encumbering government agencies. This model can be adopted in other states and regions to increase the scope 
and distribution of banding programs. Currently, the DNR program enlists approximately 100 volunteer banders who 
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The DNR has implemented a spring American wood-
cock (Scolopax minor) banding program since 1960. This 
program involves recruiting and training volunteer band-
ers who use pointing dogs to find woodcock hens (adults) 
and chicks (locals) during April, May and June. Michigan 
has the largest woodcock banding program throughout 
the United States and Canada, banding >20,000 more 
birds than the next largest banding program (Maine) since 
1981 (Mayhew and Luukkonen 2010). 

Previous researchers have identified the value of 
woodcock banding. Mendell and Aldous (1943) noted 
that banding woodcock should be part of any manage-
ment program for this species. They also determined 
that the most effective capture method in Maine was to 
locate broods with trained bird dogs. Liscinsky (1962) 
suggested that data from woodcock banding was the 
primary source of information used to acquire knowl-
edge about the birds’ movement and migration. Sheldon 
(1967) stated that extensive banding is required to help 
interpret the population composition of the fall kill as 
revealed by annual wing collection. In Michigan, Am-
mann (1973) reported that brood banding appeared to be 
more efficient than other known methods and that brood 
banding was about twice as productive as either mist 
netting or night lighting. 

Dwyer and Nichols (1982) noted that poor band-
ing and recovery data have always been a problem in 
the investigations of woodcock population dynamics. 

Owen et al. (1977) and McCabe (1982) also identified 
the high cost and difficulty of banding adequate num-
bers of woodcock as a problem. Krementz and Bruggink 
(2000) noted that too few woodcock banding programs 
following the late 1970s in the Eastern Region and the 
early 1980s in the Central Region have hindered manage-
ment decisions. A nationally expanded woodcock banding 
program would increase our knowledge of how annual 
harvest and survival influence woodcock demographics 
(Straw et al. 1994, Krementz et al. 2003, Mayhew and 
Luukkonen 2010 and Schultz et al. 2010. The data from 
Michigan are one of the most consistent long-term 
samples of woodcock banding information (Krementz 
and Bruggink 2000, Krementz et al. 2003, and Mayhew 
and Luukkonen 2010). The purpose of this paper is to 
provide background on the Michigan woodcock band-
ing and training program, describe the volunteer train-
ing program, highlight program success, and encourage 
other states and regions to develop similar programs.

PROGRAM HISTORY

The DNR banding program began in 1960 after the 
U.S. Bureau of Sport Fisheries and Wildlife (Bureau) 
enlisted the assistance of natural resource agencies to 
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band woodcock in key production states. The Bureau 
needed large numbers of banded woodcock to develop 
an adequate data-gathering program that could provide 
information on woodcock population characteristics 
(Clark 1971). DNR wildlife biologist, G. A. Ammann, 
participated in this banding effort and successfully used 
a pointing dog to locate broods. The technique of band-
ing wildlife using pointing dogs was first used in Eu-
rope and was later adopted in the United States. In North 
America, G. Swanson is credited with first using this 
method in 1937 to band birds in Maine (Mendall and Al-
dous 1943). Prior to this, game workers in Europe used 
this technique to band European woodcock (Scolopax 
rusticola; Ammann 1973). 

During the infancy of Michigan’s banding program, 
Ammann was joined by DNR wildlife biologists and a 
limited number of private cooperators (i.e., people not 
employed by the DNR). Most private cooperators were 
friends of biologists and were mentored by the biologists. 
As time progressed, additional private volunteer coopera-
tors participated in the program. From 1960 to 1972, 39 
banders participated during part or all of the 13-year pe-
riod. Twenty-seven of these participants were private co-
operators. During this time, there were 2,224 woodcock 
banded including 2,038 chicks (Ammann 1973). 

After Ammann’s retirement from the DNR in 1972, 
he remained active in Michigan’s woodcock banding 
program and also focused on banding woodcock in 
other regions of the birds’ range. Through the years, he 
refined this banding technique and encouraged others to 
participate in banding activities (Ammann 1973, 1977, 
1981, 1994).

The characteristics of participants involved in 
the DNR woodcock banding program have changed 
through the years. In the 1970s and 1980s, the major-
ity of Michigan banders were private cooperators with 
little background in wildlife management but with an 
enthusiastic interest in woodcock. Later, dog trainers 
and field trial competitors became involved in the pro-
gram and emphasis shifted to dog handling with a major 
importance placed on number of birds banded by an in-
dividual. During the 1990s, mentoring from DNR staff 
was limited due to other workload activities and band-
ing responsibilities were not well defined. 

A program evaluation was conducted in 1999 and 3 
areas were identified for program improvement: 1) ex-
pand woodcock bander knowledge about woodcock life 
history, research and management; 2) emphasize impor-
tance of good record-keeping; and 3) provide training 
about proper handling and banding technique, including 
capture myopathy. A procedure also was developed for 
becoming a woodcock bander and bander responsibili-
ties were clarified.

Thus, the Michigan woodcock banding program 
has evolved through the years. Implementation of for-

mal training for banders and an annual evaluation of the 
program has been valuable for improving efficiency, in-
creasing the rigor in data collection, and reducing stress 
to woodcock during the banding process. 

DNR’s WOODCOCK 
BANDING PROGRAM

In order to band woodcock, volunteers must qualify 
each year for a DNR banding permit. We annually as-
sess each bander based on established criteria that in-
clude attendance at the most recent mandatory training 
session, a DNR satisfactory rating for previous band-
ing efforts, maintenance of accurate annual banding re-
cords, and submission of banding records to the DNR 
prior to 1 July. 

The banding authorization is valid from 1 April–1 
July. Prospective banders must apprentice with an estab-
lished bander (sponsor/mentor) for at least 1 field sea-
son. A volunteer coordinator with banding knowledge 
facilitates these mentor-apprentice contacts. The spon-
sor must submit a letter of recommendation to the DNR 
to qualify the potential new bander for a future band-
ing permit. The new bander must attend the mandatory 
training session and abide by permit stipulations. 

The agency hosts a mandatory woodcock bander’s 
training session during April in odd-numbered years. 
The objective of this one-day training is to keep volun-
teer banders current in brood banding techniques, band-
ing requirements and woodcock biology. In even-num-
bered years, a non-mandatory summer bander’s picnic 
is held in July to discuss banding activities. The sum-
mer meeting is organized by the banders. Both meet-
ings allow for an exchange of ideas and provide input 
on methods to improve the program. In years when the 
mandatory training is not conducted, banders are sur-
veyed to confirm their interest in program participation. 
Qualified banders who indicate a desire to be involved 
are identified with an “active status” in our database and 
are provided current-year banding information. 

The mandatory woodcock bander’s training session 
is designed to reinforce bander responsibilities and edu-
cate volunteers about current issues pertaining to wood-
cock. Each topic meets a specific educational objective 
designed to maintain a high level of bander competency 
(Table 1). Core agenda items are record-keeping and 
banding technique. Maintenance of accurate banding re-
cords is stressed. Sample banding forms (Appendices A 
and B) are provided for review and banders are taught or 
reminded how to complete the documents. 

Participants are also taught how to determine band-
ing location coordinates and are tested on their map-
reading skills. Because most people are familiar with 
township, range, and section, we ask them to report their 
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locations using this format. When we enter the data for 
the U.S. Geological Survey (USGS) Bird Banding Lab-
oratory, we convert these locations to the appropriate ten 
minute block. 

Banding techniques are highlighted through class-
room discussion and hands-on activities. Capture my-
opathy is defined and students learn methods to prevent 
chick mortality. Proper chick handling and banding 
skills are illustrated during a quail chick banding exer-
cise. This applied activity replicates banding woodcock 
chicks in the field. During the training session, attend-
ees are encouraged to share banding tips and methods to 
streamline banding activities. 

Participants are also polled on ways to strengthen 
the banding program and training curriculum. Agency 
staff provide updates about woodcock research and 
management. At the conclusion of the mandatory train-
ing, banders receive their written banding authorization, 
banding forms, and bands. 

Agency staff review banding forms submitted by 
banders and submit banding data to the USGS Bird 
Banding Laboratory in Laurel, Maryland, USA. State 
banding information is analyzed by DNR personnel 

and included in woodcock management documents de-
veloped by the DNR. An annual Woodcock Bander’s 
Newsletter is produced in partnership with banders and 
agency staff. This report documents yearly banding ac-
tivities and cursory seasonal banding observations. The 
newsletter serves as a tool to communicate with banders 
and others about woodcock management.

RESULTS

Volunteers have banded more woodcock in Michi-
gan than in any other state. The number of birds banded 
has increased from 100 birds banded in 1965 to nearly 
1,000 per year recently. The number of banders partic-
ipating in this program has increased from 6 in 1965 
(Amman 1966), 18 in 1975 (Whitcomb 1976), 43 in 
1985 (Amman 1986), to 57 in 2006. There were ap-
proximately 100 banders in the mid-1990s; however, the 
number of banders declined in recent years as individu-
als retired from banding for various reasons. New vol-
unteers are recruited by the DNR and existing banders in 
an effort to maintain at least 100 banders. 

Topic Objective

Welcome and introductions Create positive learning environment and define meeting goal. 
Woodcock management

National level
State level
Research

Update banders on current woodcock management and research activities being 
conducted at national and state level. 

Woodcock banding sessions
History Provide history of banding program and describe why program is important today.

Banding statistics and other 
survey results Provide information on banding efforts and band recovery.

Record keeping Stress importance of maintaining accurate banding records. Train individuals how to 
collect information necessary to fulfill USGS Bird Banding Laboratory requirements. 

Brood searching Educate banders on how to determine potential areas to locate broods. Describe search 
dog requirements and necessity of using a trained dog.

Handling and banding 
technique

Illustrate safe and humane methods to handle and band woodcock through pictures, 
video, and hands-on activities.

Capture myopathy Inform banders about capture myopathy and how they can eliminate handling mortality. 

Woodcock bander’s 
newsletter Provide update on newsletter status and content.

Banding program 
improvement

Solicit feedback from banders about constructive ways to enhance program. Provide 
opportunity for volunteer coordinator to discuss banding issues with group.

Question and answer session Provide encouraging atmosphere for individuals to pose questions about banding 
program and woodcock management. 

Distribution of banding packets Distribute bands, banding forms and banding permit to attendees.

Table 1. Agenda topics for mandatory woodcock bander’s training.
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Use of trained volunteers has been paramount to 
banding efforts within the state. In 2006 banders spent 
approximately 1,500 hours in search of woodcock, ob-
served over 1,000 chicks, banding 917 chicks and 44 
adults. In 2006 there were 86.4 chicks observed and 
59.5 chicks banded per 100 hours of search time. In 
2005 there were 75.8 chicks observed and 54.2 chicks 
banded per 100 hours of search time. Woodcock are 
banded throughout Michigan (Figure 1), with most 
banding occurring in what is considered good breeding 
habitat. The majority of chicks are banded in April and 
May (Figure 2).

At each training session, banders are required to 
complete an evaluation form. Feedback suggests that 
the training program amplifies participant enthusiasm. 
Although most banders are avid woodcock hunters, they 
confirm that they would trade fall hunting for spring 
banding, if they had to make a choice. Banders also indi-
cated that they would volunteer to use mist-nets to band 
woodcock in summer if additional banding efforts were 
needed by the agency.

Although we lack comparable pre- and post manda-
tory bander training information relating to chick mor-
tality, we theorize that chick handling mortality has been 
reduced since the onset of the training. Banders report 
that they are more aware of the potential for handling 
myopathy and that they work to abate mortality associ-
ated with capture. 

Prior to establishment of the training program, over-
sight of banding activities and bander records required a 
significant time commitment by agency personnel to pro-
duce accurate records. Since inception of the training pro-
gram, accuracy and timeliness of submitted data has im-
proved and there has been a major reduction in staff efforts. 

DISCUSSION

We believe that banding woodcock using trained 
volunteers provides information useful for management 
of woodcock and that assistance from volunteers can be 
expanded to other areas of the country. Michigan band-
ing efforts have proven invaluable in providing large 
sample sizes for analysis. Researchers including Kre-
mentz and Bruggink (2000), Krementz et al. (2003), and 
Mayhew and Luukkonen (2010) have analyzed wood-
cock band recovery data from birds banded by DNR vol-
unteers to better understand woodcock ecology. Wood-
cock ecology in North America depends on local and 
international influences that affect population dynamics. 
To understand these dynamics, woodcock investigators 
and managers identified the need for increased banding 
efforts throughout woodcock range. Continued band-
ing of local birds in Michigan and expanded banding in 
other production areas may prove helpful as researchers 
study the impacts of harvest and habitat conditions on 
woodcock populations. In addition, information collect-
ed by banders such as woodcock chicks observed per 
100 hours of search time may be useful as an index of 
local woodcock production trends. 

As greater emphasis is placed on banding woodcock 
throughout their breeding range, the Michigan banding 
program can serve as a template for others agencies to 
emulate. This is due to the large number of birds band-
ed through the Michigan program and the efficiency of 
trained Michigan volunteers. 

Figure 1. Location of woodcock banded by the Michigan 
Department of Natural Resources woodcock banding partici-
pants by ten-minute latitude and longitude blocks, 1997–2006.
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Figure 2. Number of woodcock banded by month by partici-
pants in the Michigan Department of Natural Resources wood-
cock banding program, 1997–2006.
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Banders become self-monitoring when they under-
stand that the program could be jeopardized by non-
compliance of participants. Since establishment of the 
training program there has been improvement in timeli-
ness of band record submission and quality. These im-
provements have reduced staff time required to produce 
acceptable band records, banding efficiency and a sus-
tainable banding program. 

Successful program implementation depends on 
continued communication, education, and outreach. The 
primary benefit of the banding program is a large num-
ber of woodcock banded by volunteers. Another posi-
tive outcome is that trained banders are better informed 
about woodcock management activities and effectively 
share this knowledge with other upland game bird en-
thusiasts. These banders become vested in supporting 
woodcock management activities and the need to main-
tain young forest habitat. They develop into educated 
opinion leaders who network with others to communi-
cate and support the need for woodcock management. 
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Appendix A. Banding form used by volunteer woodcock banders in Michigan, USA.
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Michigan Department of Natural Resources–Wildlife 

WOODCOOK BANDING RECORD 
Requested by authority of Part 401 of Act 451, PA of 1994, as amended

Banding Year 
2003

Name of Bander (provide Name on ALL additional sheets) 
Pat Bander 

14Address
01234 Peent Lane 

Telephone (H) 
000-000-0000

Hours you searched for broods this year. 
Do not include hours of getting your dog in shape.
Include only search hours after hatch.→

Total from Daily Log 
1 Brittany Spaniel City, State, ZIP 

Twitter, Michigan 01234-5555 
Telephone (W) 
000-000-0000 Number of dogs used Breed

BROOD INFORMATION BANDING LOCATION - FOLLOW DIRECTIONS CAREFULLY 
BROOD NO.* NO. OF

CHICKS #
BAND NUMBER

(IN SERIAL ORDER)
HEN OR
CHICK SECTION TOWN RANGE COUNTY MILES & DIRECTION FROM CITY OR TOWN IN SAME COUNTY MONTH &

DAY

1 4 1 5 1 3 - - 0 6 0 1 9 Chick 6 17N 3W Clare 4 mi. NE of Clare 5/10

“ 1 5 1 3 - - 0 6 0 2 0 “ “ “ “ “ “ “

1 5 1 3 - - 0 6 0 2 1 “ “ “ “ “ “ “

1 5 1 3 - - 0 6 0 2 2 “ “ “ “ “ “ “

1 5 1 3 - - 0 6 0 2 3 Hen “ “ “ “ “ “

2 3 Flying brood–none captured                               5/13 

3 2 1 5 1 3 - - 0 6 0 2 4 Chick 19 20N 5W Clare 9 mi. NW of Harrison 5/15

1 5 1 3 - - 0 6 0 2 5 “ “ “ “ “       

 - -

 - -

 - -

 - -

   - -

 - -
* - Identify each brood in numerical order, including flying birds, where no chicks 

were captured 
# - Opposite the brood number, give total number of checks you observed in that 

brood, including those not banded 
Please see SAMPLE Woodcock Banding Record on reverse side.

Complete all data sheets and 
return by July 1 to: WILDLIFE DIVISION 

MICHIGAN DEPARTMENT OF NATURAL RESOURCES 
PO BOX 30444 
LANSING  MI  48909-7944

PAGE___1_____ OF ___1_____ PR2140 (Rev. 03/08/2003) 
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Appendix B. Daily field log completed by volunteer woodcock banders in Michigan, USA.

Pat Bander 

Michigan Department of Natural Resources–Wildlife Division 

WOODCOOK BANDERS DAILY FIELD LOG
Requested by authority of Part 401 of Act 451, PA of 1994, as amended Name

MONTH &
DAY COUNTY KEEP DAILY NOTES OF ALL TRIPS AFIELD IN CHRONOLOGICAL ORDER. PRECISE LOCATIONS ARE NOT 

NEEDED.
NUMBER OF 
WOODCOCK

MOVED
NUMBER OF 

GROUSE MOVED
DOG HOURS

AFIELD

4/26/2003 Clare Partly cloudy; 50° F; Dog found 3 nests 6 1 1.5 

4/27/2003 Clare Sunny, windy, 65° F; Found one nest. 6 4 2 

5/6/2003 Gladwin Sunny 2 0 3.5 

5/10/2003 Clare Cloudy, windy, 40° F; Banded 4 chicks and 1 hen in Brood #1, found RG nest. 13 5 3.5 

5/13/2003 Clare Partly cloudy, 45° F; First brood we found was flying, 3 chicks. 8 3 1.5 

5/15/2003 Gladwin Mostly cloudy; 55° F.  Found one brood with 2 chicks. 1 7 2.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please provide your name on every sheet!
PAGE___1_____ OF ___1_____ PR2140-1 (Rev. 03/08/2003) 
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Roscommon, Michigan, USA

SURVIVAL AND RECOVERY 
OF WOODCOCK BANDED IN 
MICHIGAN, 1981–2004

SARAH L. MAYHEW1, Michigan Department of Natural Resources, 
 PO Box 30444, Lansing, MI 48909-7944, USA

DAVID R. LUUKKONEN, Michigan Department of Natural Resources, Rose Lake Research Center, 
 8562 E. Stoll Rd., East Lansing, MI 48823, USA

Abstract: Indices from American woodcock (Scolopax minor) monitoring programs suggest a long-term population 
decline in the Central Region. The U.S. Fish and Wildlife Service has restricted hunting regulations for Central Region 
woodcock because of concern over the apparent population decline. Long-term estimates of woodcock survival can 
help resolve relationships among population trends, hunting regulations, and survival. Although banding information 
is unavailable for most Central Region breeding areas, Michigan has coordinated a banding program that has provided 
enough marked birds to evaluate models explaining temporal variation in survival. These data consist of spring 
banding of adults and locals as well as limited traditional preseason bandings of adults and hatch-year birds. We fit 
a suite of models to band-recovery information collected during 1981–2004. The data provided a range of support 
for models varying from the most general model with year- and age-dependent survival and recovery rates to several 
reduced models that constrained age and year effects. Our model set included appropriate tests for evidence of effects 
of the hunting regulation changes enacted in 1997 on adult and juvenile woodcock survival.

Proceedings of the American Woodcock Symposium 10: 169–174
Key words: American woodcock, harvest, management, Michigan, recovery rates, Scolopax minor, survival rates. 

 Indices of spring abundance for American wood-
cock (Scolopax minor) in the Central Region have 
declined an average of 1.8% per year from 1968 to 
2005 as monitored through the annual Singing-ground 
Survey (Kelley and Rau 2005). The indices for wood-
cock in Michigan have closely matched that trend with 
an average 1.7% annual decline (Kelley and Rau 2005). 
A major component of woodcock preferred habitat, 
early successional forests, has been declining over the 
same time period throughout most of the woodcock’s 
northern range leading to speculation that habitat loss is 
the primary cause of declines in woodcock populations 
(Dessecker and Pursglove 2000).
 Concerns over long-term declines in woodcock 
abundance led to changes in federal woodcock harvest 
regulations in the Central Region (Kelley and Rau 
2005). Prior to 1991, the framework dates (i.e., the 
earliest and latest dates on which hunting is allowed) for 
woodcock hunting seasons extended from 1 September 
through 28 February with a 5-bird bag limit. The U.S. 
Fish and Wildlife Service (USFWS) changed the closing 
framework date to 31 January beginning with the 1991 
hunting season. Regulations became even more restric-

tive in 1997 and included a 45-day season (beginning 
the Saturday closest to 22 September) and a 3-bird 
bag limit. Krementz and Bruggink (2000) suggested 
that changes in harvest regulations such as these could 
potentially manipulate woodcock survival.
 Banding data and subsequent encounter informa-
tion allow for estimation of survival and recovery rates 
for different groups within a population and provide a 
means of testing for effects of regulation changes on these 
parameters. Michigan has the largest woodcock banding 
program in the United States and Canada and more 
than 26,000 woodcock have been banded there since 
1981. Krementz et al. (2003) used band-recovery data 
from woodcock banded in Michigan to estimate long-
term (1978–1998) survival and recovery rates and were 
unable to detect an effect of the 1991 changes in hunting 
regulations on woodcock survival. The 1997 regulations 
changes, however, were even more restrictive and may 
have resulted in a more substantial reduction in harvest 
rates than the 1991 restrictions. Thus, the effects of 1997 
changes on woodcock survival may be more detectable.

1 Email: mayhews@michigan.gov 
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 Our objective was to estimate the long-term survival 
and recovery rates of local, juvenile, and adult wood-
cock using the 1981–2004 Michigan woodcock band-
recovery data. We also attempted to assess whether the 
1997 regulation changes impacted survival rates.

METHODS

 Our methods closely followed those of Krementz 
et al. (2003). We obtained all banding and recovery 
data from the U.S. Geological Survey Patuxent Wild-
life Research Center Bird Banding Laboratory (BBL) in 
Laurel, Maryland, USA. We analyzed banding data from 
normal, wild woodcock of known age banded between 
1 March and 31 August in Michigan from 1981 through 
2004. We used recovery data from birds shot or found 
dead between 1 September and 28 February. We used 
data from birds classified as locals (birds incapable of 
sustained flight and hatched during the banding year), 
juveniles (capable of sustained flight and hatched during 
the banding year), and adults (birds banded after the 
calendar year of hatching) as coded in the BBL files. We 
eliminated juveniles banded in April or May and locals 
banded in July, August, September, or October to allow 
us to estimate survival rates for these age classes over 
more distinct periods of time and because banders may 
have misidentified the age class of these birds. Nesting 
phenology of woodcock in Great Lakes states suggests 
juveniles are unlikely prior to June and locals unlikely 
after June (Gregg 1984). Adult bandings occurred 
between March and October, with the peak falling  
in May. 
 We created recovery matrices for each age class 
from 1981 through 2004. We were unable to assess 
potential sex differences in survival and recovery rates 
because banders did not sex local birds at the time of 
banding and banded most birds as locals. We used 
Program MARK (White and Burnham 1999) to estimate 
survival and recovery rates and to test for differences 
between age classes and over time. To focus on testing 
for time and age effects on survival, our most general 
model contained year-dependent survival and recovery 
rates for each age class. 
 Birds banded during the spring of their hatching 
year were subject to several more months of mortality 
risk prior to the recovery period than birds banded 
during the summer. We used the method described in 
Krementz et al. (2003) to account for this difference. We 
inserted zeros along the diagonal of the local recovery 
matrix (because hunting recoveries were not possible 
during the summer months) so that the survival rate 
estimate for the first time period for the locals corre-
sponded to the summer period. We then adjusted the 
juvenile and adult recovery matrices by adding a final 

column of zeros so all matrices had the same number of 
columns. We fixed the local recovery rate and the final 
juvenile and adult survival and recovery rates at zero. In 
the MARK parameter index matrices, we advanced the 
local parameter indexes to correspond to those of juve-
niles during the second time period (associated with the 
locals’ first hunting season after hatching). 
 We tested several candidate models similar to those 
presented in Brownie et al. (1985) to identify potential 
effects of time, age, and harvest regulations on survival 
and recovery rates. The adjustments required to account 
for the banding of local birds made the most general 
model unsuitable for testing goodness of fit using 
program BROWNIE (Brownie et al. 1985). Instead, we 
tested for overdispersion in the data using the median ĉ 
approach described in the Program MARK help files. 
Due to the variability in time frames for estimating 
survival rates, all of the candidate models we tested 
included the age effect for survival. The importance of 
age in survival rates in the Krementz et al. (2003) study 
supported our approach. Among the models Krementz 
et al. (2003) tested, models with year-dependent 
survival and recovery rates received very little weight, 
so we tested only a few models with year-dependent 
survival and recovery rates; most models we parameter-
ized constrained survival and recovery rates to either 
be constant or have a linear temporal trend. We looked 
for potential effects of the 1997 regulations change 
on survival rates by including models that differenti-
ated between a constant 1981–1997 survival rate and a 
constant 1997–2004 survival rate (indicated by “regs” in 
the model name). Krementz et al. (2003) found virtually 
no support for an effect of the 1991 regulations change 
on survivorship. Thus, we felt models that included an 
effect of 1991–1996 framework on survivorship would 
be overparameterized, and we did not include them.
 Model selection followed the approach of Burnham 
and Anderson (2002) based on Akaike’s Information 
Criterion (AIC) adjusted for small sample size (AICc). 
Models with lower AICc values fit the data better than 
those with higher AICc values. Models with ΔAICc 
values ≤2 are generally considered to fit the data well, 
but to account for model uncertainty, we used all models 
with AICc weights ≥0.00001 (regardless of ΔAICc 
values) in model averaging procedures. We used model 
averaging to calculate annual survival rate estimates for 
locals, juveniles, and adults and recovery rate estimates 
for juveniles and adults. 

RESULTS

 To obtain a robust sample, we included bandings 
and recoveries from 1981 through 2004 in our analysis, 
the most recent year of available banding data. After 
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removing birds of unknown age and recoveries that 
fell outside the 1 September through 28 February time 
frame, we obtained records for 24,456 banded birds and 
913 recoveries (Table 1). Most woodcock (21,862) were 
banded as locals while only 563 were banded as juve-
niles. Recoveries of Michigan banded birds occurred 
throughout the Central Region, primarily in Michigan 
and Louisiana, and in a few scattered locations in the 
Eastern Region. About 93% of the woodcock recoveries 
occurred in Michigan. 
 The most general model included time varying 
survival and recovery rates for all age classes. The 
median ĉ test estimated the variance inflation factor at 
ĉ = 1.1191 for the global model, suggesting a reason-
able fit of the model to the data. Burnham and Anderson 
(2002) do not recommend using ĉ > 1 if the model fit is 
reasonable, so we did not make adjustments to ĉ for the 
analysis. The model with the lowest AICc had constant 
age-specific survival rates over time and a decreasing 

linear trend (slope = –0.0110 on the logit scale) in 
recovery rates over time (Table 2). All other models had 
ΔAICc >2. Thirteen models had AICc weights >0.0001. 
 The models with the fewest parameters tended to 
have the lowest AICc values, and a few patterns were 
apparent. The 4 models with the lowest AICc values 
included constant survival rates. Models that included 
an effect of the regulations change on survival received 
little weight, with the highest receiving an AICc weight 
of 0.0064. Models with year-dependent survival and 
recovery rates had virtually no weight.
 We included all models with AICc weights ≥ 0.00001 
to calculate model-averaged estimates of recovery and 
survival rates. Local birds had high survival during the 
summer months (0.848; Table 3) and juvenile survival 
was low (0.273; Table 3). Adult woodcock had a higher 
annual survival rate than juveniles (0.465; Table 3). 
Given the absence of age effects on recovery rates in the 
top model, the lack of a difference between model-aver-
aged estimates of juvenile and adult annual recovery 
rates (0.028 for juveniles and adults) was expected 
(Table 3). 

DISCUSSION

 As expected given the similarity in the datasets, our 
survival estimates were similar to those Krementz et 
al. (2003) reported, but with improved precision. Our 
point estimate of juvenile survival was slightly higher 
than the estimate Krementz et al. (2003) reported but 
was still slightly below the range (0.313–0.356) of 
survival for male and female juvenile woodcock in the 
Central Region (Dwyer and Nichols 1982). Our adult 
survival estimates are slightly lower than the esti-
mates reported by Dwyer and Nichols (1982) for adult 
females in the Central Region, but are slightly higher 
than estimates reported for adult males. The 1978–1982 
adult and juvenile survival rates Krementz and Brug-
gink (2000) reported were higher than the survival rates  
we estimated. 
 The role of harvest in limiting woodcock popula-
tion growth is uncertain. With an additional 6 years of 
banding information covering a more restrictive regula-
tory framework compared to the Krementz et al. (2003) 
study, we found no discernable change in survival asso-
ciated with restrictions in woodcock hunting season 
frameworks. Woodcock harvest in Michigan peaked at 
about 390,000 birds during 1976 and then declined to less 
than 150,000 birds annually in recent years (Michigan 
DNR, unpublished estimates). Despite reduced harvest 
in Michigan primarily resulting from declining hunter 
numbers and, to a lesser degree, more restrictive hunting 
season frameworks (Luukkonen and Frawley 2010), our 
results suggest that woodcock survival has been stable 

Year Number 
banded

Number 
recovered

1981 652 18
1982 484 28
1983 438 19
1984 514 15
1985 539 19
1986 518 21
1987 764 35
1988 965 42
1989 1,254 40
1990 953 34
1991 828 41
1992 949 27
1993 842 25
1994 1,502 47
1995 1,488 45
1996 1,444 49
1997 1,706 51
1998 1,613 68
1999 1,682 52
2000 1,472 47
2001 1,439 47
2002 1,162 41
2003 1,049 63
2004 1,049 39

Table 1.  Number of normal, wild woodcock banded (between 
1 March and 31 August) in Michigan and recovered dead 
(between 1 September and 28 February) throughout the 
United States and Canada, 1981–2004.
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Table 2.  Model statistics from estimation of survival (S) and recovery (f) rates for adult, juvenile, and local woodcock leg-banded 
in Michigan, 1981–2004.  

Model Name AICc Δ AICc AICc weight Parameters Deviance

Sconstant local, constant juv, constant ad flinear 9718.288 0.00 0.5409 5 384.882

Sconstant local, constant juv, constant ad fconstant 9720.328 2.04 0.1950 4 388.924

Sconstant local, constant juv, constant ad flinear juv, linear ad 9721.408 3.12 0.1137 7 384.000

Sconstant local, constant juv, constant ad fconstant juv, 

constant ad
9722.110 3.82 0.0800 5 388.705

Slinear local, linear juv, linear ad fconstant juv, constant ad 9724.134 5.85 0.0291 8 384725

Sconstant local, constant juv, constant ad fyear-dependent 9726.104 7.82 0.0109 27 348.641

Slinear local, linear juv, linear ad flinear juv, linear ad 9726.486 8.20 0.0090 10 383.075

Sconstant local, regs juv, regs ad flinear juv, linear ad 9727.172 8.88 0.0064 10 383.761

Slinear local, linear juv, linear ad flinear 9727.604 9.32 0.0051 8 388.195

Sconstant local, regs juv, regs ad flinear 9728.190 9.90 0.0038 8 388.781

Slinear local, linear juv, linear ad fconstant 9728.865 10.58 0.0027 7 391.457

Slinear local, linear juv, linear ad fyear-dependent 9729.827 11.54 0.0017 30 346.360

Sconstant local, regs juv, regs ad fconstant 9729.850 11.56 0.0017 7 392.443

Sconstant local, regs juv, regs ad fyear-dependent 9736.143 17.86 0.0001 30 352.666

Sconstant local, regs juv, regs ad fyear-dependent juv, 

year-dependent ad
9740.273 21.99 0.0000 54 308.635

Syear-dependent local, year-dependent juv, year-dependent ad 
flinear

9761.087 42.80 0.0000 72 293.268

Sconstant local, regs juv, regs ad fconstant juv, constant ad 9767.905 49.62 0.0000 8 428.496

Syear-dependent local, year-dependent juv, year-dependent ad 
fyear-dependent

9788.960 70.67 0.0000 94 276.849

Syear-dependent local, year-dependent juv, year-dependent ad 
fyear-dependent juv, year-dependent ad

9815.591 97.30 0.0000 118 255.074

over time. Perhaps larger changes in woodcock season 
frameworks (e.g., season lengths, bag limits) or hunter 
numbers would have been necessary to affect changes 
in harvest rates that would result in temporal changes in 
survival rates. Another possibility is that annual wood-
cock survival is relatively invariant to hunting mortality 
rate across the range of harvests realized during our study 
(i.e., a pattern expected under a hypothesis of compen-
satory mortality [Anderson and Burnham 1976]) or that 
reproduction is declining in response to density-depen-
dent limitation on the breeding grounds. We note that 
harvest age ratios (juveniles to adult females) have been 
declining in the Central Region since the mid-1980s 
(Kelley and Rau 2005), suggesting reduced productivity 

could be contributing to woodcock declines. 
 Additional information will likely be required to 
resolve uncertainties surrounding the effects of hunting 
on woodcock populations. Unlike some migratory water-
fowl species, there are no estimates of band-reporting 
rates for woodcock that would allow estimation of 
harvest rates from band-recovery data. We concur with 
others that expanding the spatial extent of woodcock 
banding in the Central Region and estimating wood-
cock band-reporting rates via reward banding would 
provide additional insights into the role of harvest and 
survival in woodcock demographics (Straw et al. 1994, 
Krementz et al. 2003). Effects of changing survival and 
reproduction on population growth could be assessed 
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within the context of population models that incorpo-
rate all relevant vital rates. Resolving uncertainty about 
the effects of both habitat limitation and harvest on 
woodcock populations should be a priority for wood-
cock researchers and managers, and there may be useful 
templates available from experiences with other migra-
tory game bird groups or species that would assist in 
developing a strategic research plan for woodcock 
(Schultz et al. 2010). 
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Abstract: During 1986–1989, we radio-marked 89 female American woodcock (Scolopax minor) during the period 
1 April–30 June at Moosehorn National Wildlife Refuge in Maine. We followed 61 broods comprised of 212 chicks 
for a 21-day brood period to determine survival. Brood survival, the probability of fledging >1 chick from a brood, 
varied among years and during the 21-day brood period ranged from 0.438 (95% CI: 0.189–1.000) to 0.833 (95% 
CI: 0.583–1.000). Survival of chicks varied from 0.222 (95% CI: 0.103–0.480) to 0.787 (95% CI: 0.6325–0.980) and 
averaged 0.469 (95% CI: 0.403–0.547) among years. Over all years, brood survival averaged 0.617 (95% CI: 0.500–
0.762) and chick survival averaged 0.469 (95% CI: 0.403–0.547) for the brood period. We tested for relationships 
between survival and independent variables with Cox proportional hazards models. We examined covariates year, 
clutch size (3 or 4), age of the hen, and weather variables potentially related to survival: average daily maximum 
temperature, average daily minimum temperature, and average daily rain. Chick and brood survival differed among 
years, and was related to minimum daily temperature, with higher survival associated with higher minimum daily 
temperature. Survival of chicks and broods of after-second-year females did not differ from survival of chicks and 
broods of second-year females. 
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 American woodcock (Scolopax minor) popula-
tions have exhibited declines in the United States since 
at least the late 1960s (Straw et al. 1994, Cooper et al. 
2008). The Singing-ground Survey (SGS) provides an 
index to changes in woodcock abundance and there 
have been long-term (1964–2007) annual declines in 
counts of male woodcock on the SGS in both the East-
ern (–1.2%) and Central Management Regions (–1.1%) 
(Cooper et al. 2008). Dwyer et al. (1983) documented 
an association between increases in urban and industrial 
development along survey routes and declines in num-
bers of woodcock counted in the late 1960s to the late 

1970s in 9 northeastern states. The ratio of immature 
birds per adult females in the harvest provides an in-
dex to recruitment of young into the population and is 
measured by the Wing-collection Survey (WCS). There 
have been long-term declines in woodcock recruitment 
in both management regions of North America (Coo-
per et al. 2008) suggesting that the population declines 
could be the result of declining reproductive success. It 
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is widely believed that loss of early successional for-
est habitat is responsible for the observed declines in 
woodcock populations and recruitment (Dessecker and 
McAuley 2001, Kelley et al. 2008).
 Most estimates of annual survival for woodcock 
are derived from analyses of annual band recoveries 
from birds banded in the 1970s and 1980s (Dwyer and 
Nichols 1982, Krementz and Bruggink 2000) and are 
for fledged birds. Mendall and Aldous (1943) reported 
that chick mortality was about 10% for the pre-fledging 
period but provided no data. Krementz et al. (2003) es-
timated survival of pre-fledged young from mid-May to 
August as 0.843 (SE = 0.101) by comparing the ratio 
of direct recoveries for birds banded as flightless chick 
versus those banded as fledglings. Dwyer et al. (1982) 
regressed brood size on brood age and estimated attri-
tion rate as 0.09 chicks per day in Maine. Gregg (1984) 
used a similar method to estimate chick mortality at 0.04 
chicks per day in Wisconsin, but this method fails to in-
clude mortality from loss of entire broods (Cowardin 
and Johnson 1979). Wiley and Causey (1987) used ra-
dio telemetry and reported survival of woodcock chicks 
to 21 days in Alabama of 0.84. Our objectives were to 
determine survival of woodcock chicks from hatch to 
fledging (21 days) and to relate survival to weather vari-
ables and female age.

Study Area

 We conducted this study on the 65 km2 Baring Unit, 
Moosehorn National Wildlife Refuge (MNWR), Wash-
ington County, Maine, near Calais (67° 15’ W, 45° 5’ 
N). Since 1973, 40-50 ha of woodlands on MNWR have 
been harvested annually to maintain habitat for wood-
cock (Sepik et al. 1977), resulting in a mostly uneven-
aged, second-growth, northern hardwood-conifer forest 
with mixed stands of quaking aspen (Populus tremu-
loides), bigtooth aspen (P. grandidentata), paper birch 
(Betula papyrifera), gray birch (B. populifolia), and red 
maple (Acer rubrum) (Derleth and Sepik 1990). Domi-
nant conifer types included white spruce (Picea glauca), 
red spruce (P. rubens), and balsam fir (Abies balsamea) 
with scattered white pine (Pinus strobus), red pine (P. 
resinosa), and tamarack (Larix laricina). Margins of 
streams and some fields contain extensive stands of al-
der (Alnus incana). Habitat management for woodcock 
at MNWR was detailed by Sepik et al. (1977, 1981) and 
Sepik and Dwyer (1982).

METHODS

Field Techniques

 During 30 March–31 May, from 1986 to 1989 we 
used mist nets (Sheldon 1960) set near and around dis-
play sites of males and along edges of known nesting 
areas and feeding sites to capture female woodcock dur-
ing the crepuscular period (McAuley et al. 1993a, b). 
During daylight, we used long-handled nets to capture 
females with broods and occasionally on nests, which 
were located using a pointing dog (Ammann 1974). 
We distributed our effort among forest types to obtain a 
sample of females from all potential habitat types on the 
study area. We banded captured birds with United States 
Fish and Wildlife Service (USFWS) leg bands, sexed 
and aged captured birds (SY = second year [1-year 
old], ASY = after second year [> 2-year old]) by plum-
age characteristics (Martin 1964), and measured mass 
(± 1 g) with a spring scale. We attached radio transmit-
ters (3–4 g, <3% body mass) to birds’ backs with cattle 
tag cement and a single loop of Teflon®-coated steel 
wire, which encircled the birds’ breasts (McAuley et al. 
1993a). 
 Following capture and when we expected female 
woodcock to have broods, we homed in on radio sig-
nals to visually locate the female and count chicks in her 
brood. We assumed all broods contained 4 chicks and 
carefully searched the area for each chick. If 4 chicks 
were not found we re-located the brood the following 
day and searched again to verify there were <4 chicks. 
If the hen and brood were located via a pointing dog, we 
allowed the dog to search for other chicks. We banded all 
chicks in each brood using USFWS bands. We aged (in 
days) chicks that were not from nests with known hatch 
dates by measuring their bill length (Ammann 1982). 
If a captured female was not already radio-marked, we 
attached a transmitter and released her with the brood at 
the site of capture. 
 We located signals of radio-marked females daily 
with programmable scanning receivers and vehicle-
mounted 7-element Yagi antennas. Two to 3 times per 
week we used hand-held antennas to home in on radio 
signals and visually locate females and their broods. We 
located and counted the number of chicks, while making 
every effort to not flush females or chicks. We consid-
ered reductions in the number of chicks from the previ-
ous encounter to be the result of chick mortality. We as-
sumed mortality had occurred at the midpoint between 
visits (Mayfield 1975). 
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Table 1. Number of American woodcock chicks and broods 
captured at Moosehorn National Wildlife Refuge (NWR) 
during 1986–1989.

Statistical Analyses

 We used the Kaplan-Meier (Kaplan and Meier 1958) 
product-limit procedure as modified by Pollock et al. 
(1989) to estimate survival rates of chicks and broods, 
standard errors, and 95% confidence intervals. The Ka-
plan-Meier product-limit procedure allows for staggered 
entry of individuals into the model and right-censoring 
of data (Pollock et al. 1989). We began monitoring for 
mortality the day after birds were marked and followed 
broods to 21 days of age. Woodcock chicks grow rapidly 
and at 25 days are nearly full grown (Pettingill 1936, 
Mendall and Aldous 1943). We calculated chick surviv-
al, which is the probability of individual chicks surviv-
ing the entire 21-day period and brood survival, which 
is the probability of >1 chick in a brood surviving to 21 
days. We tested for differences in yearly survival rates 
between and among years using Wald tests, score tests, 
and likelihood-ratio tests (Agresti 2007). The Wald test 
compares individual parameters (e.g., 1986 vs. 1987, 
1987 vs. 1988, etc.). The score test compares individual 
parameter estimates to zero and requires rearranging pa-
rameterization of the model, although survival curves 
are unaffected. For this test we constructed a model 
where 1986 was treated as the baseline and we com-
pared other years to 1986. We then re-parameterized the 
model using 1987 as the baseline. With likelihood-ratio 
tests we constructed models with different parameter 
sets to evaluate the needed complexity of the model. 
 We compared 4 separate year parameters versus 3 
year parameters (1986, 1987, and a combination of 1988 
and 1989), then those 3 year parameters versus 2 year 
parameters (1986 and combination of 1987, 1988, and 
1989), and finally 3 year parameters versus 2 year pa-
rameters (1986 and 1987 combined and 1988 and 1989 
combined). We tested for relationships between sur-
vival and independent variables with Cox proportion-
al hazards models (Cox and Oakes 1984, Kalbfleisch 
and Prentice 1980) using S-plus version 6.2 (Insight-
ful Corporation, Somerville, Massachusetts, USA). In 
analyses of individual chick survival, we used “death” 
as the event of interest. We used Akaike’s Information 
Criterion (AIC) to compare among models in an infor-
mation-theoretic framework (Burnham and Anderson 
1998). We examined covariates year, age of female (SY, 
ASY), clutch size, and weather variables: average daily 
maximum temperature (maxT), average daily minimum 
temperature (minT), and average daily rain. We added 
all variables into the initial model and then deleted non-
significant (α = 0.05) variables using a backward step-
wise approach. We obtained weather data from a weath-
er station set up in the center of the study area at MNWR 
headquarters. For each chick and brood, we averaged 
daily temperature (º C) over the period they were moni-
tored, producing an average temperature for that chick 

or brood’s period of observation. The yearly and overall 
average temperatures were the averages of each chick 
or brood’s average temperature for all chicks or broods 
in a year or over all years combined. We calculated an 
average minT for the brood period for all years to scale 
all years to a common temperature and plotted survival 
in relation to this average minimum temperature.

RESULTS

 During 1986–1989 we captured and radio-marked 
89 female woodcock. Marked females produced 61 
broods and 212 chicks (Table 1) that we monitored and 
used in survival analyses. During the study 100 chicks 
died, 36 broods had >1 chick die, and 20 of the broods 
lost all chicks. Average temperatures during the brood 
period varied among years. Average maximum tempera-
ture was 18.3º C in 1986, 22.8º C in 1987, 21.1º C in 
1988, and 22.2º C in 1989. Average minimum tempera-
ture was 2.8º C in 1986, 6.1º C in 1987, 3.9º C in 1988, 
and 8.9º C in 1989. Peak hatching dates for broods var-
ied each year, resulting in a wide range of temperature 
variation among years. In 1986, 11 of 13 broods hatched 
before 15 May; in 1987, 9 of 17; in 1988, 17 of 23; and 
in 1989, only 1 of 8 hatched before 15 May. 
 Survival of chicks was different among years (Fig-
ure 1). The Kaplan-Meier (K-M) survival curve for 
chicks in 1986 was different from that in 1987 (z = 
1.93, P = 0.054), 1988 (z = 4.08, P = 0.00), and 1989 
(z = 3.86, P = 0.00). Pairwise comparisons of chick 
K-M survival curves from 1987, 1988, and 1989 were 
mixed. Wald tests indicated that chick survival curves in 
1987 and 1988 were not different (z = 1.40, P = 0.162), 
1987 and 1989 curves were not different (z = 1.45, P = 
0.147), and the 1989 curve was similar to the 1988 curve 
(z = 0.071, P = 0.993). Score tests indicated 1987 chick 
survival was different from that in 1988 (z = 3.82, P < 
0.001) and 1989 (z = 3.16, P = 0.002). Likelihood-ratio 
tests indicated 1988 and 1989 chick survival were not 
different (χ2 = 0.03, P = 0.86, df = 1), 1987 survival was 
different from survival in 1988 and 1989 (χ2 = 18.46, P 
= 0.000, df = 1), and 1986 survival was different from 
that in 1987 (χ2 = 4.48, P = 0.034, df = 1). Based on re-
sults of all tests we concluded that 1987 chick survival 

Year
1986 1987 1988 1989

Broods 13 17 23 8
Chicks 42 61 82 27
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was different from that in 1988 and 1989. The 21-day 
period survival of chicks varied from 0.787 (95% CI: 
0.6325–0.980) in 1986 to 0.222 (95% CI: 0.103–0.480) 
in 1989 (Figure 1), with a composite rate of 0.469 (95% 
CI: 0.403–0.547) over all 4 years.
 Based on AIC, the model of chick survival includ-
ing minT and year (Table 2) was the best-supported 
model among our suite of candidate models. Similarly, 
Cox proportional hazards analyses indicated a strong 
minT and year effect on chick survival (Table 3), with 
high values of minT decreasing the hazard and thereby 
increasing survival probability. Results of other tests 
confirmed the proportional hazards analyses (R2 = 0.367 

(max possible= 0.991), Likelihood ratio test = 97, P < 
0.001, df = 4; Wald test = 76.8, P < 0.001, df = 4;Score 
test = 89, P < 0.001, df = 4). We calculated the average 
minT for the brood period for all years (4.9º C) and us-
ing the best-supported model, plotted survival in rela-
tion to this average minT (Figure 2). Age of hen and 
clutch size had no effect on survival.
 Survival of broods during the 21-day brood period 
varied by year and ranged from 0.833 (95% CI: 0.583–
1.000) in 1986 to 0.438 (95% CI: 0.189–1.000) in 1989 
(Figure 3). Composite period survival rate across all 4 
years was 0.617 (95% CI: 0.500–0.762). Results of tests 
comparing yearly estimates were mixed. Wald tests in-

Model Log Likelihood No. of 
parameters AIC ∆AIC

minT, year –455.98 4 919.95 0.00
maxT, minT, year –455.94 5 921.88 1.93
Full model [maxT, minT, rain, year] –455.92 6 923.84 3.89
minT, year (1987 and 1988 combined) –459.22 3 924.45 4.50
maxT, year –469.31 4 946.62 26.67
year –485.33 3 976.67 56.71
minT –497.70 1 997.39 77.44

Table 2. Model selection for survival of woodcock chicks captured at Moosehorn NWR 1986–1989 using Akaike’s Information 
Criterion (AIC). Variables included minimum temperature (minT), years (1986, 1987, 1988, and 1989, which were treated as 
categorical data), maximum temperature (maxT), and rainfall (rain). 
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Figure 1. Kaplan-Meier estimates of survival of American 
woodcock chicks during the 21-day brood period by year. 
Broods were captured at Moosehorn NWR during April–June 
1986–1989. Confidence intervals (95%) are indicated for the 
end of the 21-day period. 
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Figure 2. Proportional hazards estimates of survival of Amer-
ican woodcock chicks during the 21-day brood period by year 
calculated for a common average minimum temperature of 
4.9º C. Broods were captured at Moosehorn NWR during 
April–June 1986–1989. Confidence intervals (95%) are indi-
cated for the end of the 21-day period.



 179Survival of Broods and Chicks in Maine • McAuley et al.

dicated yearly survival rates were not different (z ranged 
from 0.03–0.647, all Ps >0.514) and the score test gave 
similar results (z ranged from 0.75–1.75, all Ps >0.079). 
We re-parameterized the model using combinations of 
years. Likelihood-ratio tests indicated that survival was 
similar during 1989 and 1988 (χ2 = 0.01, P = 0.939, df 
= 1) and during 1986 and 1987 (χ2 = 0.65, P = 0.420, df 
= 1). We then used proportional hazards to construct a 
model with 1986–1987 combined and with 1988–1989 
combined. The resulting model indicated survival of 
broods was similar in 1988 and 1989 but differed from 
1986 and 1987 survival (R2 = 0.106; χ2 = 6.84, P = 0.09, 
df = 1; Wald z = 5.78, P = 0.016, df = 1; score z = 6.55, 
P = 0.010, df = 1). Similar to the analyses for chicks, the 

best-supported model included minimum temperature 
and year (Table 4). The best-supported Cox proportional 
hazards model included both minimum temperature and 
year effects on brood survival (Table 5), with high val-
ues of minimum temperature decreasing hazard, thereby 
increasing survival probabilities. Results of other tests 
confirmed the proportional hazards analyses (R2 = 0.265 
(max possible = 0.927); Likelihood ratio test = 18.8, P 
= 0.0009, df = 4; Wald test = 15.6, P = 0.0035, df = 4; 
Score test = 17.6, P = 0.0015, df = 4). As with the anal-
ysis of chick survival, we used the average minimum 
temperature for the brood period to scale all years to a 
common temperature and then plotted survival in rela-
tion to this average minimum temperature (Figure 4). 

Variable Coeff SE (coeff) e(coeff) za Pa

minT –0.204 0.0286 0.816 –7.12 <0.001
year 1987 2.177 0.5150 8.819 4.23 <0.001
year 1988 2.805 0.4823 16.527 5.82 <0.001
year 1989 4.677 0.6477 107.449 7.22 <0.001

a Test of the null hypothesis that the parameter is equal to zero

Figure 3. Kaplan-Meier estimates of survival of American 
woodcock broods (probability >1 chick from a brood survives) 
during the 21-day brood period by year. Broods were captured 
at Moosehorn NWR during April–June 1986–1989. Confidence 
intervals (95%) are indicated for the end of the 21-day period. 

Figure 4. Proportional hazards estimates of survival of Amer-
ican woodcock broods (probability >1 chick from a brood 
survives) during the 21-day brood period by year calculated for 
a common average minimum temperature of 4.9º C. Broods 
were captured at Moosehorn NWR during April–June 1986–
1989. Confidence intervals (95%) are indicated for the end of 
the 21-day period.
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Table 3. Parameter estimates for best-supported (based on Akaike’s Information Criterion) Cox proportional hazards model of 
survival of woodcock broods captured at Moosehorn NWR 1986–1989. Model included minimum temperature (minT; º C) and 
years (1987, 1988, and 1989, which were treated as categorical variables). 
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DISCUSSION

 Dwyer et al. (1982) and Gregg (1984) used point-
ing dogs to locate, band, and measure woodcock chicks 
(Ammann 1974) and make inferences about survival of 
broods and chicks. Dwyer et al. (1982) reported that in 
Maine there were age-related differences in production 
by female woodcock that resulted in smaller broods, 
later hatching dates, and slower mass gain of chicks for 
broods from SY birds. Despite these differences in pro-
duction they reported no difference in survival through 
the brood period and felt year effects were more impor-
tant than hen age in affecting chick survival. Similarly, 
we found no differences in survival between broods 
from SY and ASY females. Gregg (1984) in Wisconsin 
reported brood attrition was 0.04 chicks per day (0.89 
chicks over a 21-day survival period) and Dwyer et al. 
(1982) reported attrition was 0.09 per day (1.89 chicks 
over a 21-day survival period). If the average brood size 
was about 3.5 chicks, 21-day chick survival would be 

about 0.76 in the Wisconsin study and about 0.46 in 
Maine. A shortcoming of the regression analyses used 
by these authors is that broods that lose all chicks are not 
represented because these broods cannot be observed. In 
our study, 60% of broods had >1 chick die and 33% of 
broods lost all chicks.
 Wiley and Causey (1987) used radio-telemetry and 
reported survival of chicks to 15 days as 0.95, but re-
ported that survival from 15–32 days was 0.67. They 
estimated that survival to 21 days was 0.84 (95% CI: 
0.64–0.96). They asserted that mortality increased after 
woodcock chicks fledged at around 21 days. We fol-
lowed 26 broods past 21 days and observed no mortality 
after 20 days. 
 Contrary to our findings, survival of woodcock 
chicks in Alabama was not related to weather (Wiley 
and Causey 1987). In Maine, we found a strong positive 
relationship between average minimum temperature and 
survival—low temperatures correlated with lower sur-
vival. When we plotted survival as a function of a com-
mon average temperature (Figure 1), survival increased 
for years with lower average temperatures (1986) and 
decreased for years with higher average temperatures 
(1989). At 4.9º C survival of chicks in 1986 would be 
about 0.93, while in 1989 no chicks would have sur-
vived. Similarly, we found that the probability that ≥1 
chick in a brood survived (brood survival) was related 
to average minimum temperature during the brood pe-
riod. Brood survival ranged from about 0.833 in 1986 
to 0.438 in 1989 (Figure 3). When we plotted survival 
scaled to an average temperature of 4.9º C, survival in 
1986–1988 would be similar and around 0.475, and no 
broods would have survived in 1989. Vander Haegen et 
al. (1993) reported that persistent frost in April affected 
earthworm availability on Moosehorn NWR. In 1989, 
lack of snow cover in winter and cold temperatures in 
April caused frost to persist into May. Earthworm avail-
ability and female mass were lower in April 1989 than 
in 1987 and 1988 (Vander Haegen et al. 1993). Initiation 

Model Log Likelihood Parameters AIC ∆AIC

minT, year –70.52 4 149.03 0.00
maxT, minT, year –69.57 5 149.13 0.10
minT, year(1988 and 1989 combined) –72.50 3 151.00 1.97
Full: maxT, minT, rain, year –69.54 6 151.09 2.06
minT, year(1986 and 1987 combined) –72.78 3 151.55 2.52
year –76.17 3 158.35 9.32
minT –78.74 1 159.47 10.44

Table 4. Model selection for survival of woodcock broods captured at Moosehorn NWR 1986-1989 using Akaike’s Information 
Criterion (AIC). Variables included minimum temperature (minT; ºC), years (1986, 1987, 1988, and 1989, which were treated as 
categorical data), maximum temperature (maxT; ºC), and rainfall (rain). 

Variable Coeff SE 
(coeff) e(coeff) za Pa

minT –0.201 0.063 0.818 –3.16 0.002
year 1987 2.256 1.193 9.546 1.89 0.059
year 1988 2.833 1.080 17.005 2.62 0.009
year 1989 4.4545 1.434 94.170 3.17 0.002

a Test of the null hypothesis that the parameter is equal to zero

Table 5. Parameter estimates for best-supported (based 
on Akaike’s Information Criterion) Cox proportional hazards 
model of survival of woodcock broods captured at Moosehorn 
NWR 1986–1989. Model included minimum temperature 
(minT; º C) and years (1987, 1988, and 1989, which were 
treated as categorical variables). Brood survival is the 
probability of ≥1 chick in a brood surviving the 21-day  
brood period.
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of nesting was 3–4 weeks later than usual in 1989. We 
found only 1 brood that hatched before 15 May in 1989 
and no radio-marked woodcock re-nested after losing a 
nest or brood (unpublished data). Dwyer et al. (1988) 
found a significant negative relationship between chick 
production and total precipitation and a non-significant 
negative relationship between chick production and av-
erage maximum temperature. In our study we found no 
association between total precipitation and survival but 
lower average minimum temperature was negatively 
related to survival. In most years, rain during spring is 
associated with cooler temperatures (McAuley personal 
observation). During cooler weather chicks would need 
to be brooded more and would feed less, which could in-
crease mortality. Rabe et al. (1983) looked at bioenerget-
ics of breeding woodcock and reported that the greatest 
potential for weather-related stress on woodcock occurs 
during brood rearing. They reported that energy require-
ments of chicks were equal to those of the hen after 4–5 
days. Vander Haegen (1992) found there was a positive 
relationship between ambient air temperature and activ-
ity rates of females with broods and that activity pat-
terns of brood females seemed to be governed by the 
thermoregulatory requirements of chicks. He surmised 
that reduced activity was caused by frequent brooding 
of chicks. 
 Dwyer et al. (1988) revised their earlier estimate of 
chick survival (Dwyer et al. 1982) and estimated daily 
survival of 0.9707 (SE = 0.0067). This would translate 
into a survival estimate of 0.53 for the 21-day brood 
period and is similar to our estimates. Annual survival 
rates for juvenile woodcock have been estimated using 
banding data (Dwyer and Nichols 1982, Krementz and 
Bruggink 2000, and Krementz et al. 2003) and are low 
(0.26–0.36). Dwyer et al. (1988) used mark-recapture 
data and estimated that spring–summer survival of 
fledged juvenile woodcock was high (0.836 for females; 
0.926 for males). Derleth and Sepik (1990) used radio-
telemetry and determined that survival of woodcock in 
Maine from summer to fall (15 June–20 October) was 
0.63 and 0.71 for juvenile males and females, respec-
tively. Krementz et al. (2003) used banding data from 
chicks banded during the brood period and estimated 
that survival from the brood period to the end of sum-
mer was 0.88, although their 95% CI was large (0.4025–
0.9873). They felt that once woodcock eggs hatched, 
young had a high probability of surviving and departing 
on fall migration. Our data do not support that asser-
tion. Using our estimate of chick survival (0.46) and the 
summer survival estimate of Dwyer at al. (1988), sur-
vival from hatching to the beginning of fall would be 
0.384–0.425, which is considerably lower than the point 
estimate of Krementz et al. (2003) but similar to the 
lower bound of the 95% CI of their estimate. This low 
production rate could be mitigated somewhat by re-nest-

ing effort of female woodcock. Female woodcock are 
persistent re-nesters and will lay a replacement clutch 
even after losing broods <11 days old (McAuley et al. 
1990). We found that the probability of a brood surviv-
ing to fledging was about 0.475. If most of the females 
that lost broods re-nested, and assuming nest success of 
50% (McAuley et al. 1990), production might increase 
another 25%.

MANAGEMENT IMPLICATIONS

Our study in eastern Maine indicated that survival of 
woodcock chicks is variable and is likely affected by 
weather, especially low temperatures that may be as-
sociated with precipitation. Under warm spring condi-
tions, survival of chicks during the 21-day brood period 
can be as high as 0.90 whereas cold temperatures are 
associated with low survival. Under average spring tem-
peratures, chick survival during the 21-day brood period 
of about 0.50 is probable. Because survival of fledged 
young is fairly high (Derleth and Sepik 1990), poor sur-
vival of chicks during the brood period is probably the 
primary determinant of lower yearly production and re-
cruitment. Longcore et al. (1996, 2000) found an asso-
ciation between survival and habitat use of adult males 
and females; therefore, providing habitat conditions that 
provide overhead cover, high stem densities and moist 
soils for abundant earthworms could enhance survival 
by reducing thermoregulatory costs and foraging time, 
especially during periods of cool, wet weather.
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Greg Sepik died May 28, 
1998 at the age of 48. At the 
time of his death he was a 
Zone Biologist for Region 5 
of the U.S. Fish and Wildlife 
Service. He was stationed 
at Moosehorn NWR, where 
he was deeply involved in 
research and habitat manage-
ment for woodcock during 
his entire career. His studies 

at Moosehorn began with graduate work 1976 and 
continued professionally in 1979 when he was hired 
as the refuge biologist at Moosehorn NWR. He was a 
persistent advocate for managing some portion of every 
refuge for early successional habitat. Through his work 
Moosehorn NWR became the premiere showcase of 
how to manage habitat for American woodcock and 
other early successional species.

In 1971 Bill Halteman grad-
uated from Oberlin College 
with a B.A. in Mathematics. 
After a 4-year interlude for 
military service, he began 
studies for the Ph.D. in 
Biostatistics at the University 
of Washington. He gradu-
ated in 1980 and joined the 
Mathematics faculty at the 
University of Maine where 

he continues to serve. His time is divided between 
teaching applied statistics courses to graduate students 
in the experimental sciences and providing statistical 
consulting for whomever needs help analyzing their data.

David Clugston spent most 
of his career involved with 
large-scale population and 
habitat management evalu-
ations varying from wild 
horse censusing and behav-
ioral studies in the high 
desert of Wyoming to New 
England harvest and habitat 
use of American woodcock. 
He has had the good fortune 

of having captured, handled, radio-tagged, and tracked 
a wide variety of species in some of the wildest parts 
of the United States. For the last 9 years he has been a 
Fishery Biologist with the Corps of Engineers, North-
west Division and Portland District Offices overseeing 
the RM&E programs dealing with fish passage and 
migration in the Columbia River Basin.
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Abstract: The Michigan Department of Natural Resources has monitored American woodcock (Scolopax minor) 
hunting effort and harvest via post-season mail surveys of randomly selected small-game hunters since 1954. We 
analyzed hunter numbers and harvest over the period 1954–2004 to model the impact of changes in woodcock 
abundance, hunter numbers, and U.S. Central Management Region (CMR) hunting season frameworks on woodcock 
harvest in Michigan. We found that the best models predicting woodcock harvests included the following variables 
in decreasing order of importance: number of woodcock hunters, license type, hunting season frameworks, and 
woodcock abundance indices. The best models predicting woodcock hunter numbers included the following variables 
in decreasing order of importance: number of ruffed grouse (Bonasa umbellus) hunters, hunting season frameworks, 
license type, and woodcock population indices. We used these models to partition harvest reductions after the 
implementation of recent regulation restrictions into 3 components: 1) direct effects of regulation restriction on annual 
harvests by active hunters, 2) indirect effects of regulation restrictions operating via reduced hunter participation, 
and 3) reduced hunter participation not associated with regulation change. The direct effect of regulation restrictions 
was an estimated reduction in annual harvest among active hunters by approximately 26,090 woodcock, and we 
estimated an additional harvest reduction of about 55,490 woodcock associated with reduced hunter numbers. Based 
on models of hunter numbers, regulation restrictions may have directly resulted in about 6,170 fewer woodcock 
hunters, which translated to an annual harvest reduction of 15,230 woodcock or about 27% of the harvest reduction 
associated with fewer hunters. Thus, we estimate the cumulative effects of “background” declines in hunter numbers, 
declines in hunter activity associated with regulation restrictions, and the effects of regulation restriction on active 
hunters reduced annual harvest by 81,580 birds; this estimate was about 2% higher than the observed difference in 
mean annual woodcock harvests before and after implementation of regulation restrictions. Although the overall 
decline in small game hunters in Michigan has likely reduced risks of overexploitation for a number of small game 
species, research and management directed toward reducing uncertainties about the roles of harvest and habitat loss 
in woodcock declines would help agencies better address conservation goals for this species.

Proceedings of the American Woodcock Symposium 10: 185–194
Key words: American woodcock, harvest, hunting, frameworks, hunting regulations, Michigan.

Roscommon, Michigan, USA
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 The United States Fish and Wildlife Service (US-
FWS) regulates American woodcock (Scolopax minor) 
harvest through hunting season frameworks (season 
length, daily limits, and earliest and latest dates; Kelley 
and Rau 2005); states then choose specific seasons that 
must conform to these frameworks. The USFWS man-
ages woodcock populations within 2 management re-
gions in cooperation with the Atlantic, Mississippi, and 
Central Flyways with Michigan being part of the Cen-

tral Management Region (CMR). Between 1954 and 
2004, the USFWS changed earliest and latest dates for 
woodcock hunting seasons 8 times while woodcock sea-
son length or daily limits changed 3 times in the CMR 
(Kelley and Rau 2005). Annual estimates of harvest and 
hunting effort provide wildlife managers one means 
to evaluate impacts of changing migratory bird hunt-
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ing season frameworks. State agency harvest surveys 
provide the best historic estimates or indices to long-
term woodcock harvest as federal surveys only included 
hunters who purchased a U.S. Migratory Bird Hunting 
and Conservation (Duck) Stamp prior to initiation of the 
Harvest Information Program (Straw et al. 1994, Kel-
ley and Rau 2005).The Michigan Department of Natural 
Resources (MIDNR) has estimated woodcock hunting 
effort and harvest via post-season surveys of small game 
hunters since 1954 (Frawley 2004a) and Michigan has 
led the nation in number of woodcock hunters and an-
nual harvest (Straw et al. 1994, Kelley and Rau 2005).
 Breeding population indices in the CMR indicate a 
long-term decline in woodcock abundance since 1968 
(Kelley and Rau 2005). Although U.S. woodcock har-
vests have also declined, some biologists attributed re-
duced harvests more to declining hunter numbers than to 
declining woodcock abundance (Straw et al. 1994). In-
complete sampling frameworks for historic federal har-
vest surveys as well as changing woodcock abundance 
and hunter numbers complicate interpretation of harvest 
estimates in response to changing woodcock hunting 
season frameworks. Hunting regulations may impact 
hunter behavior and the number of woodcock harvested 
in several ways. For example, changing season length or 
daily bag limits may modify the number of active hunt-
ers, the number of days hunted per active hunter, or the 
daily harvest per hunter. Our objective was to evaluate 
the influence of hunter numbers, woodcock abundance, 
and hunting season frameworks on woodcock harvest 
and hunting effort in Michigan from 1954–2004.

METHODS

 Although sample sizes varied each year, the ba-
sic survey methodologies and the sampling plan for 
estimating Michigan woodcock hunter effort and har-
vest was changed only once since 1954. The MIDNR 
made an important change in the small game licensing 
structure by the creation of a sportsman license in 1970 
(Hawn 1979). This changed the sampling frame for sur-
veys, and we included a variable in our analyses that 
grouped years before and after initiation of this license 
type to account for this change. Each year following the 
completion of small game hunting seasons, the MIDNR 
sent a questionnaire to randomly selected small game 
hunting license purchasers. The number of small game 
licensees that received questionnaires increased from 
about 4,000 during 1954–1962 to 5,000–6,000 during 
1963–1978 (Hawn 1979). Since 1978, the number of 
small game hunters surveyed by MIDNR has ranged 
from about 5,000 to 16,000 hunters, except in 1984 
when the MIDNR did not conduct a survey. Response 
rates were variable, so MIDNR sent ≤2 follow-up ques-

tionnaires to non-respondents in an attempt to achieve 
>70% response each year; response rates ranged from 
60 to 95% over the course of our study. The survey pro-
duced estimates of woodcock hunter numbers, hunting 
effort, and harvest. Hunting effort was quantified as the 
number of individual days an individual hunted, regard-
less of how long they spent hunting each day. Recently, 
MIDNR estimated harvest with a stratified random sam-
pling design, using county of residence as the stratum, 
to improve precision (Frawley 2004a). More detailed 
year-specific sampling methodologies are documented 
in MIDNR Wildlife Division Reports (e.g., Frawley 
2004a) maintained on file in the MIDNR Lansing office.
 We modeled harvest using linear models with 2 cat-
egorical explanatory variables: hunting season frame-
works and license types (years <1970 or years >1970), 
and 2 continuous covariates: woodcock abundance in-
dices for Michigan (Kelley and Rau 2005) and hunter 
numbers. Our decision to use hunter numbers instead 
of hunting effort (hunter-days) for analysis was some-
what arbitrary as hunter numbers and effort were highly 
correlated (r = 0.96). We defined 4 season frameworks 
based on combinations of season lengths and daily 
limits: 40 days, 4 birds (1954–1962); 50 days, 5 birds 
(1963–1966); 65 days, 5 birds (1967–1996); and 45 
days, 3 birds (1997–2004). We also considered includ-
ing an indicator variable to account for years when fed-
eral frameworks allowed seasons to open on or before 
September 15 or after that date (September 15 was the 
traditional opening date for ruffed grouse (Bonasa um-
bellus) and woodcock hunting in Michigan); however 
changes in framework opening dates were coincident 
with recent changes in season lengths and daily limits, 
making it impossible to unambiguously estimate effects 
of framework dates.
 We modeled woodcock harvest by fitting 2 sets 
of models corresponding to different partitions of the 
data because woodcock abundance indices were not 
collected prior to 1968. The first model set included 
the entire time series considering all variables except 
woodcock abundance indices. The second model set in-
cluded all explanatory variables (i.e., including wood-
cock abundance indices) for the period 1968–2004. Our 
most complex models included an interaction between 
hunter numbers and hunting season frameworks and an 
interaction between woodcock abundance indices and 
hunting season frameworks, which allowed slopes of 
linear relationships between harvest and covariates to 
differ among hunting season framework categories. We 
ranked 9 candidate models fit to the full data set and 
17 models fit to the reduced data set using information-
theoretic methods and estimated model weights based 
on Akaike’s Information Criterion adjusted for small 
sample size (AICc; Burnham and Anderson 2002). 
For each model, we calculated the number of param-
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eters (K), small sample Akaike’s information criterion 
(AICc), difference in AICc relative to smallest AICc in 
the model set (Δi), AICc weight (wi), and coefficient of 
determination adjusted for number of parameters (R2). 
We calculated model-weighted parameter estimates 
using subsets of models relevant to the parameters of 
interest (Burnham and Anderson 2002). We did not at-
tempt to calculate model-weighted parameter estimates 
for the regulation framework change from 50 days and 5 
birds (1963–1966) to 65 days and 5 birds (1967–1996) 
because of the short duration of the 50-day framework 
and the changes made in the mail survey sampling frame 
shortly after this framework change.
 We modeled woodcock hunter numbers as a function 
of woodcock abundance indices, hunting season frame-
works, license type, and numbers of ruffed grouse hunt-
ers. Since ruffed grouse and woodcock are commonly 
hunted at the same time, we included ruffed grouse 
hunter numbers in the model to account for changes in 
hunting participation among the population of potential 
hunters (i.e., woodcock hunters could be considered a 
subgroup of ruffed grouse hunters). Our methods for fit-
ting and ranking these models were similar to methods 
used to fit harvest models; we considered 2 partitions 
of the data and our most complex models included an 
interaction between ruffed grouse hunter numbers and 
hunting season frameworks and an interaction between 
woodcock abundance indices and hunting season frame-
works.
 For the most recent regulation restriction, we used 
model-averaged parameter estimates from harvest and 
hunter models to partition effects of season frameworks 
into those resulting from direct effects of regulation re-
striction on annual harvests of active hunters, indirect 
effects of regulation restrictions operating via reduced 
hunter participation, and effects of reduced hunter par-
ticipation not associated with regulation change (i.e., 

background decline in hunter numbers). We used differ-
ences in mean annual hunter numbers 8 years before and 
after regulation change as our overall estimate of change 
in hunter numbers after implementation of regulation 
restrictions. We estimated effects of overall change in 
hunter numbers on harvest as the product of the param-
eter estimate relating number of hunters to harvest and 
observed differences in mean number of hunters. We es-
timated the indirect effect of regulations reducing hunter 
participation as the product of parameters for effects of 
regulations on hunter numbers and the parameter esti-
mate relating number of hunters to harvest. We utilized 
the program SPSS Version 16 (SPSS Inc., Chicago, Il-
linois) for all statistical analyses.

RESULTS

 Estimates of woodcock hunter numbers ranged from 
29,150 during 1954 to 126,270 during 1976; estimates 
of woodcock harvest ranged from 40,630 during 1956 to 
390,370 during 1976; annual estimates of hunter num-
bers and harvest were highly correlated (r = 0.883, n = 
50; Figure 1a). Hunter numbers and harvest increased 
during the period 1954–1976 and then declined (Figure 
1a). Estimates of hunter-days per hunter and harvest per 
hunter-day increased from 1954 through the late 1980s, 
and then declined slightly through 2004 (Figure 1b). 
Unlike changing trends in hunter numbers and harvest, 
woodcock abundance indices for Michigan indicated an 
overall long-term decline in woodcock abundance with 
shorter periods of relative stability during 1968–1980 
and 1982–1991 (Figure 2).
 Based on Akaike weights, the top-ranked harvest 
model among 9 models fit to the entire time series in-
cluded number of hunters and license type (Akaike 
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Figure 1. Estimates of (a) American woodcock harvest and hunter numbers and (b) woodcock harvest per hunter-day and hunter-
days per hunter in Michigan, 1954–2004. 
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weight, w = 0.576; Table 1). A model including hunt-
ing season frameworks in addition to number of hunters 
and license type received almost as much support as the 
top-ranked model (w = 0.415; Table 1). The best single-
explanatory variable model included number of hunters; 
however, this model received relatively little support (w 
< 0.01; Table 1). The sum of Akaike weights for mod-
els containing number of hunters was >0.99 as was the 
sum of weights for models containing the variable li-
cense type. The sum of Akaike weights for models con-
taining hunting season frameworks was 0.42. Although 
coefficients of determination (R2) were high for models 
with high Akaike weights (Table 1), the R2 statistic was 
nearly identical for the top 3 models and provided no 
basis for discriminating among the top models.
 The top 2 harvest models among 17 models fit to the 
1968–2004 time series (including woodcock abundance) 

accounted for about 72% of the Akaike weight. These 
models were identical to the top 2 models fit to the en-
tire time series, but the ranking order was reversed, with 
the model including number of hunters, hunting season 
frameworks, and license type receiving most support (w 
= 0.383; Table 2). A harvest model including number of 
hunters, license type, and woodcock abundance indices 
ranked third among models fit to the reduced time series 
(w = 0.130; Table 2) and the fourth-ranked model, in-
cluding all explanatory variables without interaction, fit 
the data nearly as well (w = 0.102; Table 2). The sum of 
Akaike weights for models containing number of hunt-
ers was >0.99 as was the sum of weights for models 
containing the variable license type. Summed Akaike 
weights for models containing hunting season frame-
works and woodcock population indices were 0.53 and 
0.28, respectively.
 The top 2 ranked models predicting woodcock 
hunter numbers among 9 models fit to the entire time 
series (excluding woodcock abundance) received al-
most equal support and together these models accounted 
for about 88% of the Akaike weight (Table 3); the top 
ranked model included grouse hunter numbers, hunt-
ing season frameworks, and license type (w = 0.458; 
Table 3), whereas the second-ranked model included the 
same explanatory variables, excluding license type (w = 
0.425; Table 3). The sum of Akaike weights for models 
containing number of grouse hunters was >0.99 as was 
the sum of weights for models containing the hunting 
season framework variable. The sum of Akaike weights 
for models containing license type was 0.46.
 The top-ranked model predicting woodcock hunter 
numbers among 17 models fit to the reduced time series 
(including woodcock abundance indices) included num-

Table 1. Candidate linear models considered for predicting American woodcock harvest in Michigan, 1954–2004.For each 
model, we report number of parameters (K), small sample Akaike’s information criterion (AICc), difference in AICc relative to 
smallest AICc in the model set (Δi), AICc weight (wi), and coefficient of determination adjusted for number of parameters (R2). 

Model Variablesa K AICc Δi wi R2

1 Hunters, license 4 1,014.2 0.00 0.576 0.92
2 Hunters, regulations, license 7 1,014.9 0.66 0.415 0.93
3 Hunters×regulations, license 10 1,022.6 8.34 0.009 0.93
4 Hunters, regulations 6 1,053.5 39.27 <0.001 0.84
5 Hunters×regulations 9 1,061.4 47.15 <0.001 0.83
6 Hunters 3 1,066.8 52.60 <0.001 0.78
7 Regulations, license 6 1,081.8 67.61 <0.001 0.72
8 Regulations 5 1,095.4 81.16 <0.001 0.62
9 License 3 1,112.7 98.46 <0.001 0.44

a All models include an intercept parameter, and models with interactions include associated single-variable effects.Hunters = 
number of woodcock hunters; license = variable indicating years before and after change in licensing options; regulations = 
federal regulation framework.

Figure 2. Annual indices of American woodcock heard during 
Singing-ground Surveys in Michigan (Kelley and Rau 2005), 
1968–2004. 
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ber of grouse hunters and hunting season frameworks (w 
= 0.205; Table 4). A model including woodcock popula-
tion indices in addition to number of grouse hunters and 
a model including license type in addition to number 
of grouse hunters both received almost as much support 

as the top-ranked model (w > 0.142; Table 4). The best 
single-explanatory variable model included the number 
of grouse hunters; model weights were relatively dis-
persed among the top 6 models (w > 0.104; Table 4). 
The sum of Akaike weights for models containing num-

Model Variablesa K AICc Δi wi R2

1 Grouse hunters, regulations, license 7 904.0 0.00 0.458 0.90
2 Grouse hunters, regulations 6 904.1 0.15 0.425 0.90
3 Grouse hunters×regulations 9 908.0 3.98 0.063 0.90
4 License, grouse hunters×regulations 10 908.3 4.28 0.054 0.90
5 Grouse hunters, license 4 924.3 20.28 <0.001 0.84
6 Grouse hunters 3 927.1 23.08 <0.001 0.83
7 Regulations 5 976.0 72.01 <0.001 0.56
8 Regulations, license 6 978.4 74.42 <0.001 0.55
9 License 3 1008.3 104.79 <0.001 0.11

a All models include an intercept parameter, and models with interactions include associated single-variable effects.Grouse 
hunters = number of ruffed grouse hunters; license = variable indicating years before and after change in licensing options; 
regulations = federal regulation framework.

Table 2. Candidate linear models considered for predicting American woodcock harvest in Michigan, 1968–2004.For each 
model, we report number of parameters (K), small sample Akaike’s information criterion (AICc), difference in AICc relative to 
smallest AICc in the model set (Δi), AICc weight (wi), and coefficient of determination adjusted for number of parameters (R2).

Model Variablesa K AICc Δi wi R2

1 Hunters, regulations, license 5 740.5 0.00 0.383 0.86
2 Hunters, license 4 740.7 0.27 0.335 0.86
3 Hunters, license, population 5 742.6 2.16 0.130 0.86
4 Hunters, regulations, license, population 6 743.1 2.65 0.102 0.86
5 Hunters×regulations, license, population 7 745.8 5.36 0.026 0.86
6 Hunters, regulations×population, license 7 746.1 5.61 0.023 0.86
7 Hunters, population 4 759.9 19.47 <0.001 0.76
8 Hunters 3 762.3 21.80 <0.001 0.73
9 Hunters, regulations, population 6 761.0 23.46 <0.001 0.76

10 Hunters, regulations 4 764.6 24.14 <0.001 0.72
11 Regulations, license, population 5 768.4 27.95 <0.001 0.71
12 License, population 4 769.8 29.34 <0.001 0.68
13 Regulations, license 4 787.2 46.72 <0.001 0.48
14 Regulations, population 4 794.9 54.39 <0.001 0.36
15 Regulations 3 795.9 55.38 <0.001 0.32
16 Population 3 796.6 56.16 <0.001 0.30
17 License 3 806.6 66.18 <0.001 0.08

a All models include an intercept parameter, and models with interactions include associated single-variable effects.Hunters = 
number of woodcock hunters; license = variable indicating years before and after change in licensing options; 

Table 3. Candidate linear models considered for predicting American woodcock hunter numbers in Michigan, 1954–2004.For 
each model, we report number of parameters (K), small sample Akaike’s information criterion (AICc), difference in AICc relative to 
smallest AICc in the model set (Δi), AICc weight (wi), and coefficient of determination adjusted for number of parameters (R2). 
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Model Variablesa K AICc Δi wi R2

1 Grouse hunters, regulations 4 656.8 0.00 0.205 0.86
2 Grouse hunters, population 4 657.4 0.59 0.153 0.86
3 Grouse hunters, license 4 657.5 0.74 0.142 0.86
4 Grouse hunters, regulations, license 5 657.6 0.79 0.138 0.86
5 Grouse hunters, regulations, population 5 658.0 1.28 0.108 0.86
6 Grouse hunters 3 658.1 1.36 0.104 0.85
7 Grouse hunters×regulations 5 659.5 2.69 0.053 0.86
8 Grouse hunters, license, population 5 659.7 2.90 0.048 0.86
9 Grouse hunters, regulations, license, population 6 660.4 3.62 0.033 0.86
10 Grouse hunters, license, regulations×population 7 663.2 6.46 0.008 0.86
11 License, population, grouse hunters×regulations 7 663.5 6.70 0.007 0.86
12 License, population 4 683.5 26.74 <0.001 0.71
13 Regulations, license, population 5 684.4 27.69 <0.001 0.71
14 Population 3 692.3 35.51 <0.001 0.61
15 Regulations 3 708.4 51.66 <0.001 0.39
16 Regulations, license 4 710.7 53.96 <0.001 0.38
17 License 3 727.4 70.60 <0.001 0.03

a All models include an intercept parameter, and models with interactions include associated single-variable effects.Grouse 
hunters = number of ruffed grouse hunters; license = variable indicating years before and after change in licensing options; 
regulations = federal regulation framework; population = woodcock population index.

Table 4. Candidate linear models considered for predicting American woodcock hunter numbers in Michigan, 1968–2004. For 
each model, we report number of parameters (K), small sample Akaike’s information criterion (AICc), difference in AICc relative to 
smallest AICc in the model set (Δi), AICc weight (wi), and coefficient of determination adjusted for number of parameters (R2). 

Response variable
Data set Woodcock harvest Woodcock hunters

Parameter (Years) SE SE

Intercept 1954–2004 41,461 18,133 6,279 6,694
1968–2004 32,166 27,256 2,739 9,355

Regulation change 40(4) to 50(5)a 1954–2004 7,800 13,104 20,319 14,738
Regulation change 65(5) to 45(3)a 1954–2004 –26,093 6,744 –6,167 6,084

1968–2004 –26,717 23,385 –7,118 4,016
License type 1954–2004 –82,395 13,547 6,686 2,136

1968–2004 –96,093 17,993 6,801 2,258
Woodcock hunter numbers 1954–2004 2.47 0.31 — —

1968–2004 2.57 0.32 — —
Ruffed grouse hunter numbers 1954–2004 — — 0.44 0.04

1968–2004 — — 0.42 0.05
Woodcock abundance index 1954–2004 — — — —

1968–2004 6,128 9,791 2,980 1,018

a Regulation changes are expressed as days (daily limit).

Table 5. Parameter estimates resulting from averaging linear models predicting American woodcock harvest response to 
changing hunting regulations, woodcock hunter numbers, woodcock abundance, and hunting license types. We modeled 
response of woodcock hunter numbers using the same explanatory variables as we used to predict harvest, except ruffed grouse 
hunter numbers replaced woodcock hunter numbers.

B̂B̂
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ber of grouse hunters was >0.99 whereas sums for mod-
els containing hunting season framework, license type, 
and woodcock population indices were 0.55, 0.38, and 
0.36, respectively. 
 Model-averaged parameter estimates for predict-
ing the effects of woodcock hunter numbers on harvests 
suggested that each Michigan hunter contributed an ex-
pected 2.47 (95% CI = ± 0.61) or 2.57 (95% CI = ± 0.63) 
woodcock to the annual harvest, depending on which 
time series we used for estimation (Table 5). Our model-
averaged parameter estimates relating woodcock abun-
dance indices to harvest suggested an increasing harvest 
with increasing woodcock abundance, but the estimate 
was imprecise and confidence intervals broadly over-
lapped zero (B̂  = 6,128; 95% CI = ± 19,190). Our esti-
mate of the effects of hunting season liberalizations en-
acted in 1963 (increase from 40 to 50 days and increased 
daily limit from 4 to 5) was imprecise, but suggested 
an increase in annual harvest by about 7,800 woodcock 
(95% CI = ± 25,684); the regulation restriction enacted 
in 1997 (reduced from 65 to 45 days and decreased daily 
limit from 5 to 3) resulted in an estimated decrease in an-

nual woodcock harvest of 26,093 (95% CI = ± 13,218) 
and 26,717 (95% CI = ± 45,834), depending on the time 
series we used for the estimate. The most precise esti-
mates for the 1997 regulation restriction was from the 
full time series. Values predicted from model-averaged 
estimates derived from these data showed a reasonable 
model fit when plotted with observed values (Figure 3).
 Model-averaged parameter estimates for predicting 
the effects of ruffed grouse hunter numbers on wood-
cock hunter numbers suggested that for each grouse 
hunter there were about 0.44 (95% CI = ± 0.08) or 0.42 
(95% CI = ± 0.10) woodcock hunters in Michigan, de-
pending on the time series we used for estimation (Table 
5). Model-averaged parameter estimates for the effects 
of woodcock abundance indices on hunter numbers sug-
gested increasing hunter numbers with increasing wood-
cock abundance (Table 5). Our estimate of the effects 
of hunting season liberalizations enacted in 1963 was 
imprecise, but suggested an increase in hunter activity 
by 20,319 woodcock hunters (95% CI = ± 28,886). The 
regulation restriction enacted in 1997 resulted in an esti-
mated decrease of 6,167 (95% CI = ± 11,924) and 7,118 
(95% CI = ± 7,871) active woodcock hunters, depend-
ing on the time series we used for the estimate.
 During the most recent 8-year period after woodcock 
hunting season frameworks were restricted (i.e., after 
1996), mean annual harvest declined 34% and mean an-
nual numbers of hunters declined 31% compared to the 
previous 8-year period; mean number of days hunted per 
hunter declined 4.7% and mean harvest per hunter-day 
declined 0.3% over the same period (Table 6). Based on 
parameter estimates from our linear models predicting 
harvest from hunter numbers, the direct effect of regula-
tion restriction was a reduction in annual harvest among 
active hunters by 26,093 woodcock (Table 5). Based on 
a mean reduction of 22,465 hunters associated with the 
period of regulation restrictions (Table 6) and an annual 
harvest of 2.47 woodcock per hunter (Table 5), we es-
timate an annual harvest reduction of about 55,490 as-
sociated with reduced hunter numbers. This estimate 

Woodcock hunting season framework
65 days, 5-bird limit 45 days, 3-bird limit

Variable x SE x SE

Woodcock harvest 231,328 14,986 151,595 8,995
Woodcock hunters 73,008 2,988 50,543 2,477
Harvest per hunter-day 0.443 0.012 0.441 0.013
Days hunted per hunter 7.13 0.16 6.80 0.08
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Figure 3. Observed relation between American woodcock 
harvest and hunter numbers in Michigan under 2 hunting 
season frameworks and predicted values based on model-
averaged parameter estimates, 1971–2004.

Table 6. Estimates of mean annual American woodcock harvest and hunting effort for 8-year periods before (1989–1996) and 
after (1997–2004) implementation of a restricted hunting season framework allowing 45 days of hunting and a 3-bird daily limit.
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includes any effect of regulation restrictions on hunter 
activity. Our model predicting hunter numbers suggests 
that regulations may have contributed to lack of par-
ticipation by about 6,167 hunters, which translates to a 
harvest reduction of about 15,230 or about 27% of the 
harvest reduction associated with fewer hunters. Thus, 
we estimate the cumulative effects of “background” de-
clines in hunter numbers, declines in hunter activity as-
sociated with regulation restrictions, and the effects of 
regulation restriction on active hunters reduced annual 
harvest by 81,583 birds (55,490 + 26,093); this estimate 
is about 2% higher than the observed difference in mean 
annual woodcock harvests before and after implementa-
tion of regulation restrictions (79,730: Table 6). 

DISCUSSION

 Game bird harvests likely vary in response to a 
suite of factors. We found that the best models predict-
ing woodcock harvests included, in decreasing order of 
importance: number of woodcock hunters, license type, 
hunting season frameworks, and woodcock abundance 
indices. Although woodcock harvests were closely as-
sociated with numbers of active hunters, our analyses 
suggested that the 1997 restriction in federal regulation 
frameworks contributed to woodcock harvest declines 
among active woodcock hunters in Michigan; however, 
the 1997 regulation restriction did not reduce harvest 
per hunter-day after this regulation change (Table 6). 
Changes in woodcock hunting regulations may also im-
pact harvest indirectly via reduced hunter recruitment 
or loss of hunters. The effect of woodcock abundance 
on harvest was relatively small compared to the effects 
of hunter numbers and regulations—our parameter esti-
mates indicated that a change in woodcock population 
indices by one singing male per route results in a change 
in harvest of about 6,100 woodcock annually. Although 
license type was not a variable of direct interest in our 
study, it was important to consider models that account-
ed for changes in the sampling frame for post-season 
mail surveys. 
 We found that the best models predicting woodcock 
hunter numbers included, in decreasing order of impor-
tance: number of ruffed grouse hunters, hunting season 
frameworks, license type, and woodcock population in-
dices. We found a strong association between numbers 
of grouse hunters and woodcock hunters, which is not 
surprising since these species are often hunted together 
in early-succession forested habitats. Although impre-
cise, parameter estimates suggest that recent regulation 
restrictions may have contributed to declines in wood-
cock hunter numbers in Michigan. Hunter numbers and 
resulting harvests also likely changed for reasons un-
related to regulation restrictions. Woodcock and ruffed 

grouse hunters have been declining in Michigan since 
the 1980s and these declines paralleled overall declining 
numbers of small game hunters (Frawley 2004b). Also, 
about half of the woodcock harvest reduction coincident 
with 1997 regulation restrictions appears linked to de-
clines in hunter numbers not directly related to regula-
tion restrictions. Changes in hunter numbers or effort 
have been related to wildlife abundance for some spe-
cies either linearly (e.g., bobwhite quail [Colinus virgin-
ianus]; Guthery et al. 2004) or curvilinearly (e.g., white-
tailed deer [Odocoileus virginianus]; Van Deelen and 
Etter 2003) and we observed a positive relation between 
woodcock population indices and hunter numbers; how-
ever, woodcock hunters and harvest declined at aver-
age rates of about 4–5% per year from 1989 through 
2004, which outpaced the woodcock population decline 
of about 2% per year in Michigan. Since ruffed grouse 
and woodcock are often hunted together and we did not 
consider models including ruffed grouse abundance, 
our analysis did not consider the possibility that wood-
cock hunter numbers respond more closely to changes 
in ruffed grouse rather than woodcock abundance. Data 
collected by MIDNR on ruffed grouse abundance since 
1990 lends little support to this model (Figure 4), al-
though this time series is relatively short compared to 
data available for woodcock.
 Although stakeholders may perceive a tight linkage 
between regulations and harvest, experience with other 
migratory birds suggests that for some species regula-
tion changes have had relatively small effects on harvest 
or harvest rates. For example, probability distributions 
for harvest rates expected with 60- and 45-day sea-
sons for mid-continent mallards (Anas platyrhynchos) 
showed large overlap in distributions and substantial re-
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duction in harvest rates were expected only with 30-day 
or closed seasons (USFWS 2006). Responses of harvest 
and harvest rates to regulation changes might be better 
predicted with additional studies directed at understand-
ing how hunter numbers and harvest respond to changes 
in hunting regulations and animal abundance. Specifi-
cally, the relationship of woodcock harvest to these vari-
ables could be assessed at the woodcock management 
region scale if historic estimates of regional woodcock 
harvest can be converted to the same scale as more re-
cent Harvest Information Program estimates. These 
studies should also include characterizing hunter ability 
as more skillful hunters may persist as hunter numbers 
decline (Guthery et al. 2004). 
 (Editors’ note: After the symposium was held, a 
working group composed of USFWS and Flyway biolo-
gists, converted woodcock harvest estimates from the 
old Mail Survey Questionnaire Survey to the same scale 
as the Harvest Information Program Survey using the 
methods developed by Padding et al. 2010.)

MANAGEMENT IMPLICATIONS

 There remains considerable uncertainty about the 
system involving hunters, harvest, and woodcock pop-
ulation response to exploitation. Agencies managing 
wildlife populations and hunters via harvest regulations 
often attempt to simultaneously meet multiple objec-
tives that balance biological and social risks of exploita-
tion with goals associated with providing recreational 
hunting opportunities. Uncertainty about impacts of har-
vest on a declining population tends to shift decisions 
in favor of regulation restrictions; however, strategies 
that are too risk-aversive unnecessarily constrain recre-
ational opportunities and could inhibit goals for hunter 
recruitment and retention. For example, if woodcock 
are declining for reasons unrelated to harvest, then addi-
tional regulation restrictions may not benefit woodcock 
populations, but might incur the cost of expediting the 
decline in participation of woodcock hunting. Hunting 
regulations that are too liberal may accelerate the de-
cline of woodcock, leading to loss of interest in hunting 
because of low woodcock abundance. For some species, 
hunting effort may be self-regulatory in the sense that 
number of hunters decline along with declining game 
abundance (Guthery et al. 2004); however when deci-
sions about hunting participation are based on multiple 
species (e.g., woodcock and ruffed grouse), there is a 
risk that hunting effort will be maintained by the spe-
cies in greater abundance and not track abundance of a 
species in decline. Although the overall decline in small 
game hunters in Michigan has likely reduced risks of 
overexploitation for a number of small game species, 
research and management directed toward reducing un-

certainties about the roles of harvest and habitat loss in 
woodcock declines would help agencies better address 
conservation goals for this species.
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Abstract: Recruitment indices are estimated annually for the American woodcock (Scolopax minor) using data 
collected through the Wing-collection Survey. At the annual woodcock wingbee, participants identify the age and sex 
of woodcock wings harvested by hunters. Participants go through training and testing to ensure that they are competent 
at aging and sexing woodcock wings, but the efficiency of these efforts has not been evaluated. We collected data 
on participants over 6 years to address their reliability in aging and sexing wings. Only about 65% of participants 
successfully passed a mandatory test in identification skills before scoring wings, and only about 60% of participants 
passed the same test on finishing scoring at the end of the wingbee. The most common mistakes included designating 
a wing from an immature bird as an adult or misidentifying a female as a male. We make a number of suggestions for 
improving the wingbee operation.

Proceedings of the American Woodcock Symposium 10: 195–201
Key words: aging, American woodcock, sexing, Scolopax minor, wingbee.
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 The American woodcock (Scolopax minor) is a 
popular game bird throughout eastern North America. 
The authority for management of this game bird resides 
with the U.S. Fish and Wildlife Service (USFWS) and 
Canadian Wildlife Service. In order to make sound man-
agement decisions for this bird, annual information on 
population abundance, harvest, and recruitment are nec-
essary (Kelley and Rau 2006). 
 To address recruitment information needs, a Wing-
collection Survey was developed (Kelley and Rau 
2006). The survey is administered as a cooperative ef-
fort between woodcock hunters, the USFWS, and state 
wildlife agencies. Wing-collection Survey participants 
are provided with prepaid mailing envelopes and asked 
to submit one wing from each woodcock they bag. The 
age and sex of the birds are determined by examining 
plumage characteristics (Martin 1964, Sepik 1994) dur-
ing the annual woodcock wingbee conducted by state, 
federal, and private biologists. The ratio of immature 
birds per adult female in the harvest provides an index 
of recruitment of young into the population. 
 Determining the age and sex of woodcock wings is 
not straightforward (McAuley et al. 1993) and for this 
reason, the USFWS trains all participants who assist 
with the wingbee. The reliability of these participants at 
aging and sexing wings has never been evaluated. Our 
objectives were to assess the following questions: 1) 
whether some participants learn more quickly than oth-
ers; 2) whether participants who attend multiple wing-

bees improve at aging and sexing with experience; 3) 
whether there have been any annual patterns in reliabil-
ity of participants; 4) whether participants consistently 
misidentify either by age or sex and if so, in what direc-
tion; and 5) whether participants make aging or sexing 
mistakes at the end of the wingbee because of fatigue. 
With information on the reliability of past wingbee par-
ticipants, and assuming that such mistakes will be made 
in the future, we made a number of recommendations 
aimed at improving the wingbee operation.

METHODS

 During the first morning of the week-long wingbee, 
all participants are given a short course by the USFWS 
woodcock specialist, lasting about 2 hours, in woodcock 
aging and sexing methods. The primary method used to 
age wings is based on feather appearance (Martin 1964, 
Sepik 1994). Briefly, the age of juveniles is based on 
a distinct subterminal band on secondary feathers 5–8, 
symmetrical mottling on both sides of the midline of 
the feather, and a relatively pointed feather tip. Mar-
tin (1964) found that an aging error rate of <2 percent 
could be achieved with sufficient training, and reported 
no errors in determining sex. Additional aging and sex-
ing methods also described and include 1) measuring 
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the wing length (from the bend of the wing to the tip of 
the longest straightened primary) for sex (Mendall and 
Aldous 1943); 2) measuring the combined width of the 
outer 3 primaries for sex (Greeley 1953, Blankenship 
1957); 3) examining the barbules of the primaries for 
the presence of frayed tips for age (Sheldon et al. 1958); 
and 4) observing the presence of retained secondar-
ies by adult woodcock for age (G. F. Sepik, USFWS, 
personal communication). Wingbee participants were 
encouraged to use any or all methods with which they 
felt confident to determine age and sex from wings. The 
instructor emphasized that methods described are not in-
fallible, and encouraged newcomers in particular to seek 
the assistance of experienced participants when uncer-
tainties arose regarding age or sex of wings examined. 
Wingbees involved both newcomers and experienced 
participants.
 Sets of woodcock wings and feathers that had been 
identified to age and sex by a group of expert biologists 
were available for training and reference. Participants 
received all publications on woodcock aging and sexing 
and were encouraged to review materials and practice 
with the reference parts to become proficient at aging 
and sexing. Once participants were confident at aging 
and sexing, they took a required test to assess their reli-
ability. Tests included either 25 or 30 known-age and 
known-sex wings. The known-age and -sex designations 
for wings in each test were based on the consensus of 
>5 expert biologists trained in aging and sexing wood-
cock wings. Note that a few test answers were changed 
in subsequent years by consensus of expert biologists. 
About 5 tests were available to take each year. As test 
wings became worn, those tests were replaced. One of 
the 5 tests was an “expert” test and included wings that 
were especially difficult to age and/or sex. This test was 
little used. Each participant was asked to take the test 
and grade themselves with the provided answer sheet. 
The age and sex of each wing had to be identified. Valid 
ages were immature, adult, or unknown, while valid 
sexes were male, female, or unknown. Unknown wings 
were those wings that were damaged to the extent that 
correctly identifying either age or sex was not possible. 
Although it was possible that a wing was both unknown-
sex and unknown-age, no such wings were included in 
any of the tests. Misidentification of ≤1 woodcock wing 
per test constituted a passing score. An incorrect answer 
was one where either age or sex for a wing was incor-
rect. Because hunters included wings of birds other than 
woodcock in their wing envelopes, the tests also in-
cluded some wings of the more common non-woodcock 
species, e.g., northern bobwhite (Colinus virginianus), 
and Wilson’s snipe (Gallinago delicata). In the case of 
the non-woodcock wing, the participant was allowed to 
answer that the wing was not a woodcock, but an an-
swer of unknown–unknown was considered incorrect. 

If >1 answer per test was incorrect, the participant was 
encouraged to review the methods for aging and sex-
ing and then take another test. The organizer encouraged 
participants taking additional tests to use a different set 
of wings each time. Tests were taken until the partici-
pant passed. Once the test was passed, the participant 
could begin aging and sexing woodcock wings from 
hunter envelopes.
 The reality of the wingbee was that not all partici-
pants followed instructions. Some participants did not 
take any tests, some participants made mistakes while 
self-grading, and some participants only reported some 
test results. We believe also that these inconsistencies 
varied by year. For these reasons, our results are biased. 
We expect that these biases will continue into the future 
without changes in the current operation of the wingbee.
 We asked that all participants turn in their answer 
sheets for all tests taken at the end of the training ses-
sion. We instructed the participants taking each test to 
record on their answer sheet an individual identification 
number, year, test identification number, and whether 
the test taken was a pretest or an exit test. A pretest was 
any test taken before the participant began aging and 
sexing wings from hunter envelopes. An exit test was a 
test taken on the last day that the participant was pres-
ent at the wingbee and after they were finished aging 
and sexing wings from hunter envelopes. We only asked 
participants to take a single exit test although some par-
ticipants took >1 exit test. For those participants taking 
multiple tests before passing, a few participants record-
ed the sequence number on the test sheet, i.e., if a par-
ticipant took 3 tests before passing, each answer sheet 
had the additional information of the sequence number 
of that particular test in the scheme of the 4 tests taken. 
 Quality control issues for the answer sheets in-
volved interpreting the letter or symbol used to identify 
age/sex of a wing, interpreting which answer was the 
answer used to check against, which test the participant 
took, and whether the test was the exit test. Interpret-
ing which answer was the final answer when multiple 
answers were given caused us the most concern. Often 
an answer was crossed out and another answer was re-
corded adjacent to the crossed out answer. Two interpre-
tations could explain this case: 1) the original answer 
was incorrect and the correct answer was recorded ad-
jacent to the incorrect answer upon grading the test, or 
2) the participant changed their mind, crossed out their 
original answer and recorded what they thought was the 
correct answer before grading the test. 
 Two measures of improvement were considered and 
calculated for the entire group as well as for those test-
ing in consecutive years and those who had skipped at 
least one year between their first and second testing. The 
first measure of improvement was based on the number 
of pretests taken during their second year compared to 
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Table 1. Numbers of woodcock wingbee participants who 
took and passed a pretest during 1994–2002.  Values in 
parentheses are percentages.

their first year. The other measure compared whether or 
not the participant obtained a passing grade in their sec-
ond year compared to their first year.
 Another way of thinking about improvement is to 
examine the within-year improvement of pretest scores. 
We were able to compile the test scores in the order in 
which they were taken for a subset of the participants 
who took multiple pretests in a year. At most, we were 
able to compile 7 tests for a participant. If participants 
were learning from their mistakes, subsequent test 
scores should have increased with each attempt. 

ANALYSES

 Because of the problems with data collection and 
interpretation described above, the assumptions under-
lying formal statistical inference procedures are not sat-
isfied and the results of statistical analysis would not be 
valid. Hence, only descriptive statistics that summarize 
various aspects of the data will be presented. 

RESULTS

Pretest

 The number of participants taking the pretest varied 
across years from 11 to 24 for a total of 110 participants 
across all 6 years (Table 1). Not all participants took pre-
tests. For example in 1994, one participant did not take 
a pretest but did take an exit test. Further, during each 
year, several experienced biologists excused themselves 
from the testing process. The modal number of tests 
taken by each participant in order to pass successfully 
was 1 but the mean was 2.8 (0.2 SE). One participant 
took 11 tests before passing, but this person voluntarily 
did not age and sex hunter envelope wings. The percent 
of participants successfully passing the pretest each 
year ranged from 32% in 1994 to 86% in 1995. Over all 
years, only 66% passed the pretest (Table 1). 
 The overall percentage of participants passing the 
pretest in a year was not greatly influenced by the num-
ber of tests each participant attempted (Table 2). Exam-
ining only those participants that passed the pretest on 
their first attempt (the bottom row of Table 2), we found 
no evidence that the passing rate differed across years. 
The percentage of participants that took more than one 
test before passing (the top row of Table 2) ranged from 
a low of 27% in 1994 to 89% in 1995. However, for 
these last 2 analyses, the numbers of participants each 
year ranged only from 4–17. 
 Next, we examined the annual pattern for partici-
pants who passed the pretest (Table 2 “passed” column). 
We found no practically significant difference in the per-

cent who passed taking only one test or passed taking 
multiple tests in different years. Most participants took 
more than one test each year before passing the pretest. 

Exit Test

 Fewer participants took the exit test (Table 3). The 
number of participants taking pretests was the same as 
the number taking the exit test only during 1995 and 

Pretest result
Year Failed Passed Total
1994 13 (68) 6 (32) 19
1995 2 (14) 12 (86) 14
1996 7 (37) 12 (63) 19
1997 4 (17) 20 (83) 24
2000 7 (30) 16 (70) 23
2002 5 (45) 6 (55) 11
Total 38 (34) 72 (66) 110

Pretest result
Number of 
pretests 

taken
Failed Passed Total

>1 21 (31) 47 (69) 68
1 17 (40) 25 (60) 42

Total 38 (34) 72 (66) 110

Exit test result
Year Failed Passed Total
1994 2 (50) 2 (50) 4
1995 7 (50) 7 (50) 14
1996 4 (25) 12 (75) 16
1997 12 (57) 9 (43) 21
2000 6 (46) 7 (54) 13
2002 3 (27) 8 (73) 11
Total 34 (43) 45 (57) 79

Table 2. Comparison of passing rate for woodcock 
wingbee participants that either took one pretest or more  
than one pretest during 1994–2002.  Values in parentheses 
are percentages.

Table 3. Numbers of woodcock wingbee participants 
who passed an exit test during 1994–2002.  Values in 
parentheses are percentages.
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2002. The largest difference occurred in 1994 when 
only 4 of 20 participants took the exit exam. Again, ex-
perienced biologists usually excused themselves from 
taking the exit exam. Across years, we found the per-
centage of participants who passed ranged from 43% in 
1997 to 73% in 2002 and 75% in 1996. On average over 
years, 57% passed the exit exam.

Score Improvement

 There were 18 participants who scored wings for 
>2 years, ranging from 2–6 years. Of these, 9 partici-
pated in only 2 years, two-thirds of whom skipped at 
least 1 year between returning. Those participants scor-
ing wings for more than 2 years tended to participate in 
consecutive years.
 We examined only the first- and second-year pretest 
scores from all 18 of these participants in detail. The 
change in the mean of the highest pretest score from the 
first to second year was 1.3 (0.9 SE). The results were 
the same when we considered those who participated 
in consecutive years and those who did not. In fact, 10 
individuals (55.6%) improved or had perfect scores in 
both years, 5 (27.8%) showed no change and 3 (16.7%) 
had lower scores in their second year compared to their 
first year. The largest improvement was 2 additional 
questions answered correctly and the largest reduction 
was 2 fewer questions answered correctly. Recall that 
the room for improvement was small because returning 
participants were expected to pass with >95% before 
scoring.
 Two-thirds of the multiple-year participants took 
fewer tests in their second year compared to their first 
year. However, 44.4% of these participants still took 
more than one test in their second year. When we con-
sidered only whether or not the participant obtained a 
passing score, 10 participants passed in both years while 
6 individuals passed in their second year but not in their 
first year. There were 2 participants who did not obtain a 
passing grade in either year.
 In looking at the change in participant scores within 
a year (Figure 1), there was no consistent pattern. If any-
thing, the pattern was for a general improvement, but 
this was not always the case. In 4 of 28 cases (14.3%), 
the final score was lower than the first score. The large 
fluctuation of scores between consecutive tests for many 
participants provides additional evidence that the data 
should not be subjected to formal statistical analyses 
and that the testing procedure needs to be improved.

Aging and Sexing Mistakes

 Some 680 mistakes were made in aging a wing dur-
ing pretests—375 immature woodcock were identified 
as adults (55.1%; 1.9% SE), and 305 adults were identi-

fied as immature birds. A rough approximation of a 95% 
confidence interval for the percentage of immatures 
misclassified as adults would span 51.4% to 58.5%. 
Because this interval does not contain 50%, this sug-
gests that, of the mistakes made, more immatures were 
misidentified as adults than adults misidentified as im-
matures. In examining these mistakes by year, we found 
that in 1994, participants tended to misclassify adults 
as immatures more often (64%) than in any other year 
except 2002 (49%).
 Many fewer mistakes were made in sexing 
wings—90 males were identified as females (30.6% 
of the mistakes) while 204 females were identified as 
males. More than twice as many females were misiden-
tified as males than males misidentified as females. In 
the case of sexing, there appeared to be no effect of year 
on misidentification of the sex of a wing.

DISCUSSION

 McAuley et al. (1993) noted that aging woodcock 
reliably by examining plumage characteristics is diffi-
cult. They reported that to achieve about 95% accuracy 
in differentiating between immature and adult wood-
cock, most technicians without experience needed about 
20 hours of practice with wings of birds of known age 
and sex. In discussing the problem of aging immature 
and adult woodcock, McAuley et al. (1993) indicated 
that most misclassifications were of immature birds be-
ing identified as adult because observers tended to ex-
amine secondaries proximal to the body that have been 
replaced by adult feathers. We too found that misidenti-
fying immature birds as adult birds was the pattern for 
wingbee participants. This error is important because 
one of the primary goals of the wingbee is to produce the 
recruitment index for the previous breeding season. The 
impact of this error would be to calculate recruitment in-
dices that are lower than they should be. An independent 
review (J. R. Kelley, Jr., USFWS, unpublished data) 
asked 5 experienced wingbee participants to score again 
1,653 woodcock wings from Maine, Pennsylvania, and 
Virginia that were scored by general participants. Us-
ing data assessed by experienced participants resulted 
in changes in age ratios from 1.494 to 1.597 for Maine, 
from 0.847 to 1.20 for Pennsylvania, from 1.605 to 
1.631 for Virginia and from 1.31 to 1.49 for a combined 
score. The difference between the general participants’ 
scoring and the expert scoring was in the direction that 
we found, i.e., general participants were misidentifying 
immatures as adults and so producing an age ratio that 
was lower than it should have been. 
 To address the problem of new participants aging 
and sexing duck wings at the waterfowl wingbee, a 
group of experts check every wing assessed (P. I. Pad-
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ding, USFWS, personal communication). Each expert 
attends a week of rigorous training with reference wings 
and must pass a test. The test includes 100 mallard 
(Anas platyrhynchos) wings and 3 tests are available. 
The passing scores required to become recognized as an 
expert are 95% on the first try, 96% on the second try, 
and 98% on the third try. Each year, experts spend 1 day 
before the wingbee reviewing 200 known-age and -sex 
wings. During this day, very experienced experts review 
mistakes made by the experts and advise them on how 
to avoid such mistakes in the future.
 The question of whether scores improved with ex-
perience at consecutive wingbees is an important one 
that was not well addressed by our tests. Our tests were 
centered on improvement in subsequent pretest scores, 

but only so much improvement in a passing score was 
possible, i.e., the only improvement possible was to shift 
from a 96% to a perfect score. We suspect that return-
ing participants perform better at aging and sexing be-
cause of their previous wingbee experience, but we can-
not state so based on our test results. We agree with the 
waterfowl wingbee approach that returning participants 
with sufficient training are a valuable part of the wingbee 
checking process. Having said this, we were intrigued at 
the resistance by expert participants to take tests. Not all 
experts excused themselves, but some consistently did 
so. That experts can make mistakes was demonstrated 
through the test answer sheets. The answer sheets were 
compiled usually by consensus of >5 experts, yet in sub-
sequent years, answers were changed by experts. Ag-
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Figure 1. Consecutive pretest scores of wingbee participants within a year.
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ing and sexing wings is difficult and through test scores, 
even experts can learn from their mistakes.
 The low passage rate for both the pretest and exit 
test are a concern. On average, about 35% of partici-
pants failed the pretest, yet apparently, these people 
went on to score hunter envelope wings. We can think of 
2 explanations to this problem. First, mistakes in grad-
ing the test can occur. Only a single grading error can 
make the difference between passing or not. Second, we 
think that some participants recognized that they made 
an identification error on the test, convinced themselves 
that they would not make such an error in the future, and 
proceeded on to score hunter envelope wings. Concern-
ing the exit test, after scoring hundreds of wings and 
discussing the ages and sexes of many individual wings, 
we would have expected that all participants should have 
been proficient by the end of the wingbee. Such was not 
the case as only about 60% passed the exit test. We can 
think of 2 explanations to this problem. Participants 
were not proficient at aging and sexing and were consis-
tently making mistakes throughout the wingbee. Alter-
natively, after aging and sexing many wings through the 
week, fatigue contributed to poor performance on the 
exit test. In either case, a better understanding of why 
these mistakes were made is warranted.

MANAGEMENT IMPLICATIONS

 Our results indicate that the current age ratios are 
biased. If so, then two options exist. First, a correction 
factor could be developed annually and applied to adjust 
the age ratio. While this approach has merit, we believe 
that a second option, changing the wingbee protocol, is 
more appropriate. We agree with McAuley et al. (1993) 
that aging and sexing woodcock wings requires suffi-
cient training. At present training consists of a few hours 
during the first morning of the wingbee. We suggest that 
training be increased, especially for newcomers. McAu-
ley et al. (1993) recommended 20 hours of training, but 
we recognize that 20 hours of training does not fit into 
the time frame of the week-long wingbee. We suggest 
that newcomers be sent a package of information for re-
view before the wingbee commences. At the wingbee, 
we recommend a minimum of 8 hours of training for 
newcomers. Along with this additional training, it is im-
portant that the known-age and -sex wings be correctly 
identified. Truly known-age and -sex wings can be ob-
tained during the hunting season from trained biologists 
who have the bird in hand to make the final determina-
tion. Grading of pretests needs to be completed by an 
impartial person. Permitting participants to grade them-
selves allows mistakes to slip into the process. Expert 
biologists need to take pretests too. Aging and sexing 
wings requires practice, even for experts. 

 Although we did not investigate these next two sug-
gestions, we think that they are worth considering. First, 
at each table, an expert should oversee all identifications 
made at that table. The expert should sample wings from 
each participant at the table to ensure that mistakes are 
not being made. Second, it is possible to clandestinely 
mark a set of known age-sex woodcock wings to check 
that misidentifications are not slipping through the sys-
tem. Fluorescent dyes can be applied to known age-sex 
wings and these wings can be monitored remotely to as-
sess quality control of the experts. This step too has been 
used at duck wingbees. We think that these two steps 
can improve the reliability of the scoring. 
 While these and other steps may slow down the 
wingbee process, we believe that correctly aging and 
sexing fewer wings will result in more precise age ratio 
estimates. One result of more precise age ratio estimates 
will be that managers will not consider more restrictive 
regulations when unnecessary. 
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 In light of declines in counts of displaying male 
American woodcock on annual Singing-ground Surveys 
in both the Eastern and Central Management Units (Kel-
ley and Rau 2006), several recent studies (Andersen et 
al. 2005, McAuley et al. 2005, Oppelt 2006) have inves-
tigated hunter harvest as a factor in woodcock mortality. 

MAGNITUDE AND SPATIAL 
DISTRIBUTION OF AMERICAN 
WOODCOCK HUNTING PRESSURE IN 
A CENTRAL MINNESOTA WILDLIFE 
MANAGEMENT AREA

DAVID E. ANDERSEN1, U.S. Geological Survey, Minnesota Cooperative Fish and Wildlife Research Unit2, 
 Department of Fisheries, Wildlife, and Conservation Biology, University of Minnesota, 
 St. Paul, MN 55108, USA
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Abstract: Hunting is considered a potential factor influencing American woodcock (Scolopax minor) population 
dynamics, yet little is known about the magnitude or spatial distribution of hunting pressure. In 2004 and 2005 as 
part of a larger telemetry study of fall movements, habitat use, and mortality of woodcock in central Minnesota, we 
investigated distribution of hunting pressure and hunters in a wildlife management area recently opened to woodcock 
hunting. We measured hunter use of the area by recording how many vehicles passed access points (2004 only), 
interviewed hunters as they prepared to hunt, asked hunters to carry Global Positioning System (GPS) units while 
hunting, and recorded information in post-hunt interviews about hunting success and methods. Over the 2-year study 
period, we obtained information from 48 hunts where hunters carried GPS units. On average, individuals hunted 
approximately 2.3 hours (n = 41) and shot and retrieved 0.54 (n = 48) woodcock and 0.18 (n = 38) ruffed grouse 
(Bonasa umbellus) per hunt. Most hunters (77%, n = 53) employed dogs while hunting, but there was no association 
between hunting success and use of dogs. Trips averaged just over 4.7 km (n = 33) and hunters on average traveled 
<1 km from their vehicle (n = 32), with the majority of hunting pressure close to existing trails. Woodcock hunters 
exhibited the strongest preference for aspen (Populus spp.) forest, even though this cover type was the most abundant on 
the study area. Our results suggest that even in an area managed and well known for upland bird hunting opportunities, 
hunting pressure was not widely distributed and woodcock harvest rate was low. 
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pressure in a public area as it first opened to woodcock 
hunting. Specifically, we (1) estimated the magnitude 
of hunting pressure, (2) measured spatial distribution of 
this hunting pressure, (3) characterized hunter behavior 
(e.g., hunt duration, use of dogs, etc.), (4) compared and 
contrasted behavior and success of different categories 
of hunters (e.g., those with and without dogs), and (5) 
assessed the relative risk of our radio-marked woodcock 
population that could have been exposed to hunting 
pressure by comparing the spatial distribution of hunt-
ing pressure with the spatial distribution of our marked 
woodcock population.

STUDY AREA

 We conducted this study in 2004 and 2005 on a por-
tion of the 1,166-ha Four Brooks Wildlife Management 
Area in east-central Minnesota (Figure 1). Four Brooks 
was expected to experience high upland bird hunting 
pressure, as the adjacent Mille Lacs Wildlife Manage-
ment Area was highly regarded as an upland bird hunt-
ing area, and both areas were in relatively close proxim-
ity to the Minneapolis-St. Paul Metropolitan Area. Four 
Brooks was acquired by the Minnesota Department of 
Natural Resources (MN DNR) in 2000 and opened to 
the public in 2001, except that as part of a larger telem-
etry study (Andersen et al. 2005), woodcock hunting 
(not other bird hunting) was prohibited on Four Brooks 
until 2004. Habitat management on Four Brooks con-
sisted primarily of timber harvest prior to acquisition by 
MN DNR. Since acquisition, habitat manipulation has 
emphasized the regeneration of existing aspen (Populus 
spp.) forest stands. In addition, on the far eastern por-
tion of Four Brooks, open habitats were maintained by 
mowing and brush removal as part of a dog trialing area. 
Predominant vegetative communities on Four Brooks 
included aspen forest (42% of total area), northern hard-
wood forest (21%), permanently flooded mixed-emer-
gent marsh (18%), and alder (Alnus spp.)–willow (Salix 
spp.) swamp (9%). Public entry to Four Brooks was pri-
marily through a single access point on the east side of 
the wildlife management area (WMA).

METHODS

Visitor use

 During the fall hunting seasons in 2004 and 2005, 
we observed the primary public access point at Four 
Brooks on weekend days and a random sample of week-
days and approached all visitors who entered the WMA 
and appeared to be hunters. If the purpose of their trip 
was to hunt upland birds, we asked if 1 person in the 

Although changes in distribution and quality of wood-
cock breeding habitat are thought to be the primary fac-
tors responsible for indicated population declines (Dw-
yer et al. 1983, Sauer and Bortner 1991, Woehr 1999), 
the role of hunting in woodcock population dynamics is 
not well understood. Managing harvest has been the pri-
mary regulatory response to apparent woodcock popula-
tion declines, with reduced bag limits and season lengths 
implemented in 1985 in the Eastern Management Unit 
and in 1997 in the Eastern and Central Management 
Units (Kelley and Rau 2006). 
 Relatively little is known regarding the impact of 
hunting pressure and harvest rate on woodcock popula-
tion dynamics. In the Eastern Management Unit, recent 
telemetry studies suggested that hunter harvest did not 
play an important role in the fall survival of woodcock 
(McAuley et al. 2005). However, in the Central Man-
agement Unit, telemetry indicated that woodcock sur-
vival in areas open to hunting was consistently lower 
than in areas closed to hunting or that experienced low 
hunting pressure (Andersen et al. 2005, Oppelt 2006), 
but that mortality rates attributable to hunting exhibited 
high annual variation. Together, these studies suggest 
that woodcock harvest on breeding areas with heavy 
hunting pressure may decrease woodcock survival rates 
in some circumstances, but impacts of hunter harvest is 
highly variable. 
 We hypothesized that much of the spatial and tem-
poral variation in the magnitude of hunter harvest in 
woodcock populations was due to differences in hunting 
pressure at a local scale. Unfortunately, most informa-
tion regarding woodcock hunting pressure comes from 
hunter success and harvest estimates at a much broader 
spatial scale. Based on Harvest Information Program 
(HIP) data, the median of the average number of wood-
cock shot by hunters per day in the Eastern Manage-
ment Unit in 2005–2006 was 0.49, with high variability 
among states (range = 0.17–1.5, data from Kelley and 
Rau [2006]). During the 2005–2006 hunting season, 
hunter success in the Central Management Unit was 
similar with a median of the average number of wood-
cock bagged per day afield of 0.50 (range = 0–1.08, data 
from Kelley and Rau [2006]). Kelley and Rau (2006) 
also reported a U.S. harvest of approximately 297,200 
woodcock in 2005–2006, with approximately 76% of 
harvest occurring in the Central Management Unit, sug-
gesting that at the management-unit scale, hunting pres-
sure was higher in the Central Management Unit than in 
the Eastern Management Unit. However, distribution of 
woodcock hunting pressure at local spatial scales is not 
well understood.
 As part of a larger study of woodcock survival and 
mortality factors in east-central Minnesota (Andersen et 
al. 2005), we investigated hunter behavior and the spa-
tial distribution and magnitude of woodcock hunting 
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Figure 1. Hunting pressure and locations of radio-marked American woodcock (n = 39, 2004 only) on the Four Brooks Wildlife 
Management Area (WMA) in central Minnesota, estimated from upland bird hunter GPS tracks (n = 33, 2004 and 2005) using a 
weighted fixed-kernel density estimator. Points were weighted based on cumulative time (minutes) across all hunters spent at that 
location. Contours represent 50 and 95% utilization distributions. 

party would carry a hand-held Global Positioning Sys-
tem (GPS) unit to track their hunting path and complete 
a voluntary survey about their trip. The survey asked 
hunters to record the number of people in their party, 
whether they used a dog to hunt, the primary purpose of 
their trip, and to record all birds they harvested. 
 We used a combination of visitor intercept and 
traffic count procedures (Gregoire and Buhyoff 1999, 
Watson et al. 2000) to estimate the number of wood-
cock hunters using Four Brooks during the woodcock 
hunting season in 2004, using standard sampling theory 
(Cochran 1977) to make these estimates. We defined the 
woodcock hunting period as the 42-day period from 25 
September (opening day) through 5 November 2004 
(the day before deer hunting season started and after 
most radio-marked woodcock had migrated from the 

study area). Because we suspected hunting pressure to 
be higher on weekends, we stratified the hunting period 
by weekend days (n = 12) and weekdays (n =30). We 
then intercepted visitors at the primary hunting entrance 
site on all weekend days and 10 randomly selected 
weekdays.
 We used visitor intercepts and observations to es-
timate the proportion of visitors who were upland bird 
hunters. In 2004 only, we used traffic counters at the 
primary and 2 minor access sites for the entire duration 
of the woodcock hunting period to record the number 
of vehicles visiting the study site. We based total visitor 
estimates on traffic counts for the primary parking site 
providing hunting access, because vehicle counts at mi-
nor access sites were sporadic and few. Based on these 
traffic counts, we used the estimate of the proportion of 
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visitors who were upland bird hunters to calculate the 
number of visits to the area for the purpose of upland 
bird hunting. We stratified use estimates by weekend 
and weekday users.
 In 2005, we similarly used visitor intercepts on 7 
randomly selected weekend days and asked upland bird 
hunters to carry a GPS receiver and complete a volun-
tary survey. We did not employ traffic counters (because 
our radio-telemetry study had concluded in 2004) nor 
intercept hunters on weekdays (based on results from 
2004, which suggested that most hunting pressure oc-
curred on weekends) in 2005, and were thus unable to 
make data-based estimates of hunter use in 2005.

Hunter behavior and habitat use

 In addition to information provided by hunters on 
the voluntary survey, we used GPS tracks recorded by 
upland bird hunters in 2004 and 2005 to spatially quan-
tify hunter behavior, characterize hunter habitat use, and 
estimate the spatial distribution of hunting pressure (see 
section on Data Analysis, below).

Telemetry

 As part of a larger telemetry study (Andersen et al. 
2005), we captured and attached radio transmitters to 
woodcock on Four Brooks in 2004 prior to the hunt-
ing season. We captured woodcock at dusk in mist nets, 
attached radio transmitters, and released radio-marked 
woodcock at capture locations as described in McAuley 
et al. (2005) and Andersen et al. (2005). On Four Brooks 
in 2004, we monitored radio-marked woodcock via both 
ground-based and aerial telemetry through the hunting 
season or until mortality occurred or radio-marked birds 
left on southward migration. Radio transmitters were 
equipped with mortality thermisters, which slowed the 
signal pulse interval if the transmitters cooled (i.e., was 
no longer attached to a woodcock or if the woodcock 
died). We monitored radio signals daily and assessed 
whether birds were alive based on signal pulse inter-
val. In addition, through the course of the study period 
(mid-September through early November), we flushed 
each radio-marked woodcock at least once to assess 
status (alive or dead) and to obtain a precise location 
estimate, which we used to approximate woodcock use 
of the study site (see Doherty 2004). We used these loca-
tions to compare the relative exposure to hunting pres-
sure among radio-marked woodcock. We also estimated 
hunting-season survival of radio-marked woodcock in 
2004 using program MARK (http://www.warnercnr.co-
lostate.edu/~gwhite/mark/mark.htm).

Data Analysis
 
 We first summarized hunter survey data and assessed 
whether there were differences in hunter behavior (e.g., 
whether hunters employed dogs) and hunting success 
based on if the primary quarry was woodcock (W), both 
ruffed grouse and woodcock (B), or only grouse (G). We 
compared characteristics of hunters across categories using 
analysis of variance (ANOVA) and chi-square analyses.
 Second, we evaluated spatial use patterns by hunt-
ers based on GPS tracks. Because GPS coverage may 
be lost more frequently in certain cover types or when 
farther from a trail (Graves and Waller 2006) resulting 
in the most complete tracks being from hunters who do 
not stray from trails, we assessed potential bias in GPS 
tracks in 2 ways. For both assessments we assigned all 
GPS locations within a track to a cover type based on 
habitat data provided by the MN DNR (Table 1). For the 
first assessment, we used logistic regression to identify 
factors influencing GPS coverage loss. We investigated 
whether the average distance from a trail over the in-
terval between the 2 previous GPS fixes and cover type 
at the previous and subsequent GPS fixes influenced 
the probability of reacquiring GPS coverage (evidence 
that coverage had been lost during the previous inter-
val). Hunter GPS tracks indicated when satellite con-
tact (contact with ≥3 satellites is required to estimate 
position) was reacquired by indicating the start of a new 
track segment, which we used as the response variable 
in logistic regression. To account for correlation of track 
segments within hunting parties, we included a fixed ef-
fect of hunting party. 
 In our second assessment, we used time between 
successive GPS fixes as the response variable (log-
transformed to achieve a normal distribution) in a gen-
eralized mixed-effects linear model (both fixed and 

Cover type Description

Alder-willow Alder/Willow Swamp, saturated
Artificial Artificial surfaces with < 25% cover
Aspen Aspen forest
Grass Planted grasses with sparse tree cover
Hardwood Northern hardwood forest
Marsh Mixed emergent marsh, permanently flooded
Upland shrub Native dominated upland shrubland
Conifer Saturated coniferous forest
Wetland Wetland – Open water

Table 1. Description of 9 cover type classifications available 
to upland bird hunters in 2004 and 2005 in the Four Brooks 
Wildlife Management Area in central Minnesota.
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random effects; Littell et al. 1996) using cover type 
(Table 1) at the current and previous location and av-
erage distance from a trail over the previous interval 
as fixed-effect predictor variables. Because GPS units 
acquire point data on a constant time interval if satel-
lite reception is not blocked, a longer interval between 
successive locations within a cover type or away from a 
trail would indicate bias in the GPS point data. We mod-
eled the dependence among within-hunting party GPS 
points (i.e., repeated observations of the same hunter) 
using a compound symmetric correlation error struc-
ture, which was chosen from alternative error structures 
using Akaike’s Information Criterion (AIC; Burnham 
and Anderson 2002). An underlying assumption in this 
analysis was that the probability of losing GPS coverage 
may be greater farther from the trail or in some habitat 
types, but was not so great that zero fixes came from 
those areas. Based on the outcome of these analyses, 
we characterized hunter behavior using more complete 
(≥49% coverage) GPS tracks. We also accounted for the 
differences in likelihood of GPS fixes by cover type by 
weighting GPS points by time between successive fixes 
across all hunter tracks across the study area. To do this, 
for each hunter track we drew a line between successive 
GPS fixes and placed points at 1-m intervals along this 
line. We then divided the time between successive GPS 
fixes by the distance (m) between fixes, and assigned the 
resulting amount of time to each of the points we gener-
ated on the line between GPS fixes. We assigned time 
remaining from the division of total time by distance 
between successive GPS fixes to the second GPS fix. 
 From the GPS track data, we calculated distance 
traveled (m), rate of travel (m per minute), and aver-
age distance from a trail (natural logarithm transformed) 
and categorized these variables as a function of dogs or 
no dogs and hunter type. To describe spatial extent of 
hunting pressure, we also estimated maximum distance 
from entry location. We then modeled the probability 
of success (i.e., bagging ≥1 bird = 1, bagging no birds 
= 0) using stepwise logistic regression, considering use 
of dogs, hunter type, total distance traveled, and average 
distance from a trail as independent variables.
 To examine cover type use by hunters and to assess 
choices made within a hunt by hunters on where to go 
next, we examined third-order cover type selection (e.g., 
cover type use within the area traversed by a hunter; 
Johnson 1980). To estimate habitat availability, we used 
Hawth’s Analysis Tools (Version 3.24, Beyer 2004; use 
of trade names does not imply endorsement by the U.S. 
Geological Survey or the University of Minnesota) in 
ArcMap (Version 9.0, Environmental Systems Research 
Institute, Redlands, CA) to generate a minimum con-
vex polygon (MCP; Mohr 1947) based on all woodcock 
hunter tracks originating at the primary access point 
and to assign the proportion of cover types within this 

MCP. We estimated hunter use of cover types based on 
the proportion of cumulative time that hunters spent in 
each cover type across all woodcock hunters who initi-
ated their hunt from the primary access point. We then 
used compositional analysis (Aebischer et al. 1993; BY-
COMP_2002, P. Ott © 2002) to assess selection at the 
scale of individual hunters.
 We were interested in factors that influenced hunting 
pressure such as cover type and ease of access (i.e., trails, 
distance from parking lot). To account for the differences 
in GPS fixes by cover type, we estimated the magnitude 
and spatial distribution of hunting pressure by weighting 
GPS points by time spent at that location across all hunter 
tracks across the study area. We used a fixed-kernel den-
sity estimator weighted by the amount of time spent at 
each point (at 1-m intervals along each hunter track, see 
above) location within 100 m to assign weighted average 
time spent by hunters per unit area (10 x 10 m pixel), 
and used these measures of hunter use to define a utili-
zation distribution (Worton 1989). We graphically com-
pared cumulative hunting pressure to flush locations of 
radio-marked woodcock, and assigned relative hunting 
pressure to individual woodcock based on average fall 
home range sizes of after-hatch-year adult female wood-
cock reported in Doherty (2004). We summed hunting 
pressure across estimated home ranges for radio-marked 
woodcock, and scaled this pressure to the woodcock with 
the highest hunting pressure. We used SAS (Version 9.1, 
SAS Institute, Inc., Cary, NC) for all statistical analyses, 
except as indicated above. 

RESULTS

Visitor Use
 
 We observed 98 visitors (72 weekend, 26 weekday) 
during the on-site visitor sampling days in 2004 and 
2005. During weekends, 41.3% (SE = 5.1) of visitors 
(n = 72) were upland bird hunters, while 64.3% (SE = 
13.1) of visitors during the week were upland bird hunt-
ers. Thirty-six upland bird hunters agreed to participate 
in the GPS portion of the study in 2004 and 18 upland 
bird hunters agreed to participate in 2005. 
 Because the proportion of visitors who hunted up-
land birds differed between week and weekend days in 
2004, we stratified traffic count estimates. Traffic count 
data were incomplete for the study period with 4 of 12 
days missing on the weekends and 10 of 30 days miss-
ing for weekdays. We used the average of the available 
data for each stratum to estimate 87 weekend and 113 
weekday visits during the 42-day study period in 2004. 
Based on the estimated activity proportions provided by 
visitor intercepts, we estimated 36 ± 4 (95% CI) week-
end and 73 ± 19 weekday visits for upland bird hunt-
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ing during the study period (total estimated bird hunting 
visits = 110). Average party size for upland bird hunters 
was 1.48, providing an estimate of 163 visitor days for 
upland bird hunting at the site during the 42-day wood-
cock hunting period in 2004. In 2005, we did not use 
traffic counters to monitor access to Four Brooks, but 
we did monitor and intercept 18 upland bird hunters at 
the primary access site on randomly selected weekend 
days. Of these 18 hunters in 2005, 16 completed the vol-
untary survey.

Hunter Behavior
 
 Of the 52 hunters who responded to our voluntary 
surveys in 2004 and 2005, 14 (27%) indicated they were 
hunting woodcock (W), 34 (65%) were hunting both 
grouse and woodcock (B), and 4 (8%) were hunting only 
grouse (G). Combined across hunting seasons, 12 (22% 
of sampled hunters) hunting parties bagged on average 
0.54 woodcock (n = 48) and 0.18 ruffed grouse (n = 38) 
per trip. There was no association (χ2 = 1.83, df = 2, P = 
0.40) between hunter type and the probability of success-
fully bagging ≥1 bird. The duration of hunts averaged just 
over 2 hours (138 minutes, SE = 11.6, n = 41), maximum 
distance hunters traveled from vehicles averaged just un-
der 1 km (SE = 0.1, n = 32, maximum distance ≈ 3 km), 
and on average, hunters traveled 4.7 km (SE = 0.37, n = 
33) per hunt. We found no difference (F2,37 = 2.31, P = 
0.11) in the duration of hunts among hunter types or be-
tween hunts where hunters bagged no versus ≥1 bird (F1,39 
= 2.06, P = 0.16). Forty-one (77%) of 53 parties hunted 
with dogs and there was a significant association between 
hunter type and the probability of employing dogs to hunt 
(χ2 = 7.99, df = 2, P = 0.02); 93% (13 of 14) of woodcock 
hunters and 76% (25 of 33) of both species hunters used 
dogs but only 25% (1 of 4) of grouse-only hunters em-
ployed dogs. Surprisingly, there was no association (χ2 = 
1.81, df = 1, P = 0.18) between the probability of a suc-
cessful hunt and the use of dogs.
 Forty-eight hunting parties carried a GPS unit to 
record their hunting track and 44 of these parties suc-
cessfully recorded their track. However, 1 track fell 
completely outside of Four Brooks and we excluded 
this track from further analysis. Hunting tracks were 
primarily (n = 39) initiated at 1 entry point, however 3 
other entry points were used infrequently (n = 4). Hunt-
ing tracks averaged 205 fixes (SE = 24.3), and of the 43 
tracks considered for analysis, on average, 34% (SE = 
5.0) of the time was missing due to either loss of GPS 
coverage, equipment malfunction, or user error. Nine 
tracks contained 0 missing data, 13 tracks were missing 
0–25% of time, 9 tracks were missing >25–50% of time, 
4 tracks were missing >50–75% of time, and 8 tracks 
were missing >75% of time. 

 Logistic regression analyses suggested that the 
probability of reacquiring GPS coverage (i.e., loss of 
and subsequent connection with ≥3 satellites) was in-
fluenced by all variables we evaluated, including cur-
rent cover type, previous cover type, average distance 
from a trail, and hunting party. These results suggested 
that GPS coverage was not equivalent for all hunters in 
all portions of Four Brooks. Furthermore, generalized 
linear models of factors affecting time interval between 
successive GPS locations suggested that there was an 
association between average distance from the trail 
between 2 successive GPS fixes (βAVGTRAIL = 0.0004; 
95% CI: 0.0002–0.0006) and the time between those 
successive GPS fixes. However, all of the 95% CI for 
coefficient estimates of the cover type at the first and 
second locations of an interval overlapped zero, indi-
cating that cover type was not a significant predictor of 
missing time due to lost GPS satellite reception. These 
analyses suggested that more complete tracks, based on 
time, were those closer to trails, but that there did not 
seem to be an influence of cover type on GPS coverage. 
Therefore, because our analyses suggested that location 
(i.e., GPS fixes) data may be biased toward being near 
trails or due to cover type, but that the amount of time 
between successive locations was only affected by dis-
tance from trails, we used time rather than location in 
subsequent habitat analyses and used only a subset of 
tracks where <52% (we included 2 tracks with slightly 
>50% of track time missing to maximize sample size) of 
the track time was missing (2004, n = 22; 2005, n = 11) 
to describe hunter behavior. 
 Stepwise logistic regression analyses indicated that 
only the distance traveled (χ2 = 4.55, df = 1, P = 0.03) 
by a hunter was a significant predictor of the probability 
of bagging at ≥1 bird (βDISTANCETRAVELED = 0.0007; 95% 
CI: = 0.2 x 10-16 – 0.0009). We observed no difference 
between hunters with or without dogs in distanced trav-
eled (F1,31 = 0.43, P = 0.52) or average distance from 
trails (F1,31 = 0.01, P = 0.91). However, hunters with 
dogs traversed their routes more quickly than hunters 
without dogs (F1,20 = 4.09, P = 0.05). We found no dif-
ference among hunter types in distance traveled (F2,28 = 
0.19, P = 0.82), average distance to trail (F2,28 = 0.35, P 
= 0.71), or rate of travel (F2,27 = 0.76, P = 0.48). 

Hunter Habitat Use

 We assigned cover types to all fixes in hunter GPS 
tracks that occurred within Four Brooks—hunters used 
7 of 9 available cover types: (1) alder-willow, (2) artifi-
cial, (3) aspen, (4) grass, (5) hardwood, (6) marsh, and 
(7) upland shrub (Table 1). We used GPS tracks from 
25 hunters who initiated their hunt from the primary ac-
cess point to define an MCP of 3.26 km2 that included 
7 cover types (aspen [proportion = 0.787], alder-willow 
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[0.020], marsh [0.107], upland shrub [0.072], hard-
wood [0.003], conifer [0.010], and wetland [0.001]). 
However, hardwood, conifer, and wetland cover types 
combined accounted for only 1.5% of total area in the 
MCP and none of these cover types was used by any 
hunter. Therefore, we considered these cover types to 
be unavailable to hunters in compositional analysis, be-
cause including cover types with near zero availability 
precludes computation of relative preference. Using this 
estimate of availability, we then used the proportion of 
total time hunters used each cover type to estimate use, 
and conducted a compositional analysis of third-order 
cover type selection by hunters. Results of this compo-
sitional analysis indicated that hunters used cover types 
non-randomly (χ2 = 78.87, df = 3, P < 0.001) and se-
lected cover types in the following order: aspen > marsh 
> upland shrub = alder

Hunting Pressure and Telemetry

 We captured and radio-marked 96 woodcock on 
Four Brooks in 2004, and used data from 81 of these 
woodcock to estimate survival during the woodcock 
hunting season (beginning the day before the wood-
cock hunting season opened and ending the day after 
the season closed).We excluded 15 radio-marked wood-
cock from survival analyses because of problems asso-
ciated with handling or adjustment to radio attachment, 
and censored data from 4 woodcock because they were 
killed by hunters solicited near the end of the hunting 
season to hunt woodcock at Four Brooks as part of our 
survival study. Hunting-season survival of woodcock at 
Four Brooks in 2004 was 0.903 (95% CI = 0.797–0.955), 
with 2 woodcock killed by hunters (approximately 25% 
of observed mortality).

 The spatial distribution of hunting pressure esti-
mated based on the time spent across the study area by 
all hunters who provided GPS tracks was concentrated 
along trails close to the primary access point (Figure 1). 
The average maximum distance hunters traveled from 
entry points was <1 km and the maximum distance any 
hunter traveled from their entry point was slightly <3 
km. Most woodcock on Four Brooks experienced rela-
tively little hunting pressure (Figure 2), with 14 (35.9%) 
of 39 radio-marked woodcock occurring outside of the 
95% contour of the estimated (Figure 1) hunter utiliza-
tion distribution and 7 (17.9%) radio-marked woodcock 
experiencing no hunting pressure (Figure 2). Two radio-
marked woodcock occurred within the estimated 50% 
hunter utilization contour (Figure 1). These 2 birds expe-
rienced 40% more hunting pressure than woodcock that 
experienced the next-highest estimated hunting pressure 
(Figure 2). None of the 39 woodcock with home rang-
es that included part of Four Brooks was harvested by 
hunters interviewed in 2004.

DISCUSSION
 
 Using GPS, voluntary surveys of hunters, and radio 
telemetry of American woodcock, we were able to char-
acterize how hunting pressure in a public hunting area 
was distributed in relation to access points and existing 
trails systems and relate hunting pressure to distribution 
of woodcock in central Minnesota. In 2004, the first year 
that Four Brooks Wildlife Management Area was open 
to the public for woodcock hunting, we estimated that 
there were 110 visits to Four Brooks for the purpose of 
upland bird hunting. Based on hunter GPS tracks from 
2004 and 2005, most hunters hunted close to existing 
trails and did not venture far from access points. In 2004, 
woodcock mortality during the hunting season was ap-
proximately 10%, and approximately 25% of this mor-
tality was attributable to hunting (i.e., hunting mortality 
of approximately 2.5%). Together, these results suggest 
that woodcock hunting in central Minnesota in 2004 at a 
newly opened public hunting area adjacent to one of the 
premier public upland bird hunting sites in the state had 
little influence on local woodcock survival.
 In large part, low hunter-caused mortality rates were 
likely due to the spatial distribution of hunting pressure 
in relation to the distribution of woodcock. Hunters pri-
marily hunted close to existing trails and near the pri-
mary entry point to the wildlife management area. In 
contrast, radio-marked woodcock occurred throughout 
Four Brooks, and many radio-marked woodcock ap-
peared not to have experienced any hunting pressure. If 
this spatial distribution of hunting pressure is typical of 
that in forested habitats elsewhere in woodcock habitat, 
manipulating the number and location of access points 

Figure 2. Relative estimated hunting pressure (1.0 = maximum, 
0.0 = minimum) experienced by radio-marked woodcock (n = 
39) on the Four Brooks Wildlife Management Area in central 
Minnesota in 2004. Hunting pressure is scaled to woodcock 
with the highest estimated hunting pressure.
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may be a management tool that both affords hunter ac-
cess and limits hunting pressure to birds in close prox-
imity to entry points. McCaffery et al. (1996) reported 
that ruffed grouse hunting pressure in northern Wiscon-
sin was similarly related to distribution and maintenance 
of trails, and Gullion (1983) reported that ruffed grouse 
farther from trails survived longer than ruffed grouse 
near trails. In our study, overall woodcock hunting mor-
tality rates remained low, even though use of the WMA 
by upland bird hunters was high. 
 Most (92%) upland bird hunters who visited Four 
Brooks were in pursuit of woodcock, either as the prima-
ry quarry, or in conjunction with hunting ruffed grouse. 
Woodcock hunters exhibited preference for aspen and 
marsh cover types, suggesting that they preferentially 
hunted along aspen forest edges, perhaps at the edge of 
marshes, where better shooting opportunities may have 
existed. Woodcock used aspen cover types during fall in 
our study area and in study areas in northern Wisconsin 
and Michigan’s Upper Peninsula (Meunier et al. 2010), 
and hunters appeared to focus on this cover type. How-
ever, woodcock also use a variety of other cover types 
(Meunier et al. 2010), including alder and upland shrub 
cover types. Hunters in our sample did not target these 
cover types compared with aspen cover types, thus re-
ducing hunting pressure for a portion of woodcock in this 
population.
 Approximately a third of upland bird hunters in 
our sample hunted without dogs (n = 12). Surprisingly, 
hunting with or without a dog did not appear to influence 
hunting success, although our sample sizes were too low 
to detect differences in hunting success. GPS tracks of 
both hunters and their dogs (T. Gartner, Garmin Interna-
tional, Olathe, Kansas, USA, unpublished data) suggest 
that hunting dogs traverse approximately 1.5–2.5 times 
the distance that their human hunting companions do. 
Hunting dogs presumably also increase the encounter 
rate with birds. Thus, the explanation for our finding that 
hunters without dogs had the same success rate as hunt-
ers with dogs is not readily apparent. Perhaps hunters 
with dogs chose not to shoot all woodcock that they had 
the opportunity to shoot, as some hunters reported to us 
that they primarily were interested in training their dogs 
on woodcock and not necessarily shooting woodcock.
 Our results are similar to those reported by Stedman 
et al. (2004), who monitored white-tailed deer (Odocoi-
leus virginianus) hunter behavior in Pennsylvania us-
ing GPS technology to track hunter movements, and 
Millspaugh et al. (2000), who used radio telemetry and 
location information reported by elk (Cervus elaphus) 
hunters in South Dakota to estimate space-use sharing 
between hunters and elk. They found that hunter density 
was negatively associated with distance to roads, and 
suggested that managers could use information about 
spatial distribution of hunters to redistribute hunting 

pressure to more effectively meet management goals 
(e.g., increase deer harvest). Our results similarly sug-
gest that hunter access could be used to distribute upland 
bird hunting pressure. Depending upon the objectives 
of management, hunting pressure could be more widely 
distributed across suitable habitat by providing regular-
ly spaced entry points. Alternatively, harvest mortality 
on local woodcock could likely be minimized by pro-
viding few entry points, while at the same time provid-
ing hunting opportunity. These results also highlight that 
regulatory actions such as bag limits or season lengths 
represent only one of several alternative management 
strategies for influencing recreational hunting behavior 
(Manning 1999). Alternative management actions such 
as site management might also be perceived as less of 
a constraint on hunting opportunity than regulatory ac-
tions. This consideration is important as hunting par-
ticipation is declining and regulations perceived to be 
restrictive have led to reduced hunting participation in 
other contexts (Fulton and Manfredo 2002).
 Finally, using GPS tracks of woodcock hunters pro-
vided a means of understanding how hunting pressure 
was distributed spatially—a factor influencing harvest 
that has not been studied in upland game birds. Only a 
few existing studies have focused on hunter spatial dis-
tribution and intensity of use, and these have involved 
large ungulates. Our results suggest that harvest rate of 
woodcock at local scales could be influenced by manip-
ulating hunter access, and consequently limit the extent 
of hunting pressure. Even in areas that experience high 
hunting pressure, managing entry points could limit the 
extent of hunting pressure, directing hunting pressure to 
a portion of the local woodcock population.

Future Research

 Future research on woodcock hunting pressure could 
focus on state and regional scales. A combination of di-
ary surveys of upland bird hunters and intercept GPS 
studies at multiple sites across Minnesota could deter-
mine: (1) the status (private vs. public) and cover types 
of the land most frequently hunted; and (2) whether the 
same movement patterns and onsite hunting pressure ap-
parent at Four Brooks are occurring throughout the state 
and/or region. This information is relevant to assessing 
the effectiveness of bag limits versus other management 
tactics for managing hunting impacts on woodcock. In 
addition, it would be useful to understand whether hunt-
ing pressure was similarly distributed among migrating 
woodcock stopping on our study site.
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Abstract: Efficient application of conservation measures is especially desirable in a constrained economic climate. 
Mapped predictions of a species’ abundance may allow the spatial targeting of focal areas for conservation, thereby 
increasing the efficiency of conservation efforts. Mapped predictions from a hierarchical spatial count model of 
the relative abundance of displaying male American woodcock (Scolopax minor, hereafter woodcock) during the 
breeding season provided an opportunity to identify focal areas for conservation in the midwestern and northeastern 
United States. We overlayed the mapped patterns in predicted relative abundance against digital data layers describing 
federal- and state-managed lands to identify the relative contribution of governmental agencies to the conservation of 
woodcock habitat. We found that governmental agencies, in a regional sense, have direct jurisdiction over woodcock 
habitat equal to that expected by chance. In total, 7% of predicted displaying male woodcock occurred on federally 
administered lands and 13% occurred on state-administered lands. Thus, the vast majority (80%) of the woodcock 
population occurs on private lands. We identified 10 peaks in relative woodcock abundance throughout the breeding 
range that may be focused on for future conservation action. Some of these peaks in predicted abundance, for 
instance, near Lake Superior State Forest in Michigan, are currently within the direct jurisdiction of governmental 
land management agencies, whereas other areas, such as peaks occurring in northwestern Pennsylvania, western New 
York, and northern Maine, largely occur in a private lands context. Thus, conservation of woodcock on their breeding 
grounds will require an array of management approaches largely dictated by their spatial context relative to current 
land ownership. With validation, these maps of predicted abundance relative to governmentally managed lands can be 
used to prioritize and focus management of woodcock in the United States portion of the breeding range.
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Key words: efficient conservation, hierarchical spatial count model, mapped predictions, Scolopax minor, Singing-
ground Survey.
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 Populations of American woodcock (Scolopax mi-
nor) in the United States have exhibited a long-term 
decline of –0.9%/yr between 1968 and 2006 (Sauer et 
al. 2008). The reasons for this decline are unclear but 
may be associated with changes in successional habi-
tats (Kelley et al. 2007). The nascent American Wood-
cock Conservation Plan called for, among other things, 
protecting and managing habitat needed to maintain or 
increase woodcock numbers. Implicit in this recom-
mended action is the need for understanding the current 
distribution of woodcock populations relative to man-
aged lands. 
 The efficiency of avian conservation increases when 
management action can be directed to the areas most 

suitable for a species. The use of models to predict dis-
tributions, occurrences, and abundances of species is 
common in ecological studies (Scott et al. 2002). These 
models can be used to assess species relationships to en-
vironmental variables and to locate areas with the great-
est potential for management or protection. 
 Thogmartin et al. (2007) used a hierarchical spatial 
count model to map regional patterns in the predicted 
relative abundance of woodcock in their United States 
breeding range. This modeling approach related counts 
from the North American Woodcock Singing-ground 
Survey to environmental covariates, adjusting for nui-
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Table 1. Source and a brief description of the data describing the federal- and state-managed lands occurring in the American 
woodcock breeding grounds of the midwestern and northeastern United States.

sances relating to spatial autocorrelation in survey 
counts and observer and year differences. Similar work 
has been conducted for landbirds in the upper midwest-
ern United States using Breeding Bird Survey route 
counts (Thogmartin et al. 2004, 2006).
 Federal and state natural resource agencies have 
greater ability in managing for species of conservation 
concern on land over which they have direct authority 
than on private lands. With mapped predicted relative 
abundances of woodcock as the basis for our research, 

we inferred the proportion of the United States breeding 
population of woodcock occurring on federal, state, and 
private lands. Further, we tested whether the proportion 
of the population on federal and state lands predicted 
by the species-habitat model exceeded that expected of 
a woodcock population distributed at random. We also 
tested whether areas of high predicted abundance were 
significantly more common on federal and state lands 
than would be expected by a random distribution of 
these population peaks. Understanding the spatial con-

Management 
authority Source Brief description

Federal National Atlas of the United States Federally owned or administered lands of the 
United States; created October 2003

Illinois Illinois Natural History Survey, Illinois Department of 
Natural Resources

Conservation areas, state forests, state parks,  
and fish and wildlife areas; based on report from 
June 1994

Indiana Indiana Natural Heritage Data Center Areas owned or managed by the Indiana 
Department of Natural Resources

Iowa Iowa Department of Natural Resources Land areas owned by the Iowa Department of 
Natural Resources

Maine Maine State Planning Office State and non-profit ownership with easements; 
created in 1989, updated in 1993

Michigan
Michigan Department of Natural Resources - 
Forest, Mineral and Fire Management Division, 
Resource Mapping and Aerial Photography

State land of ³40 ha

Minnesota

Minnesota Department of Natural Resources, 
Division of Wildlife; Division of Forestry - Forest 
Resource Assessment; Division of Parks and 
Recreation

Wildlife management areas, state forests, state 
parks, state recreation areas, and state waysides

New Hampshire Complex Systems Research Center, University of 
New Hampshire

GRANIT Conservation/Public Lands of ³2 acres that 
are mostly undeveloped and are protected from 
future development

New York New York State Office of Cyber Security and Critical 
Infrastructure Coordination

Recreation areas, campgrounds, and Adirondack 
and Catskill Parks

Ohio U.S. Geological Survey - Water Resources Division GAP conservation land stewardship; created 
December 2003

Pennsylvania

Pennsylvania Department of Conservation and 
Natural Resources, Bureau of State Parks; 
Department of Conservation and Natural 
Resources, Bureau of Forestry  

State parks and forests

Vermont Spatial Analysis Laboratory, University of Vermont
Vermont Conserved Lands Database; ³2-acre 
parcels managed by State entities; includes some 
privately owned easements

Wisconsin Wisconsin Department of Natural Resources
Areas managed by Wisconsin Department of 
Natural Resources that are managed through fee 
ownership, easement, or lease rights
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Figure 1. American woodcock abundance (birds/route) predicted for the upper midwestern and northeastern United States, as 
determined by a hierarchical Bayesian spatial count model of Singing-ground Survey counts.  Reprinted with permission of The 
Wildlife Society.

text of the breeding population relative to land manage-
ment authorities capable of managing woodcock should 
facilitate targeting of specific locations and strategies 
for management, thereby increasing the economic ef-
ficiency and the scientific justification for this manage-
ment.

STUDY AREA AND METHODS

 We studied woodcock in their primary breeding 
range in the United States, an area comprised of 18 
states in the northeast and north-central Midwest. This 
area is defined by the extent of the North American 
Woodcock Singing-ground Survey (Tautin et al. 1983, 
Sauer and Bortner 1991). We used the mapped predic-
tions of a Bayesian hierarchical spatial count model 
(Thogmartin et al. 2007) as the basis for our inferences 
(Figure 1). North American Woodcock Singing-ground 
Survey counts were predicted with a log-linear func-
tion of explanatory variables describing habitat, year 
effects, and observer effects. The model also included 
a conditional autoregressive term representing poten-
tial correlation between adjacent route counts. The best 

model suggested woodcock counts were higher in land-
scapes with more forest, especially aspen (Populus spp.) 
and birch (Betula spp.) forest, and in locations with a 
high degree of interspersion among forest, shrubs, and 
grasslands. Woodcock counts were lower in landscapes 
with a high degree of human development. Data with-
held from model construction and for the years 2002 and 
2003 indicated the model r2 ≥ 0.7 and exhibited little if 
any bias in the predictions. 
 We overlaid this mapped prediction against federal- 
and state-administered lands in the geographic informa-
tion system ArcGIS 9 (Environmental Systems Research, 
Inc., Redlands, California, USA; Table 1). Locations 
of federal lands were obtained from the National Atlas 
and consisted of federally administered lands of ≥640 
ha in size; these lands included small private inhold-
ings, which we were unable to discriminate. The state-
administered lands were obtained from various state and 
academic sources (Table 1). States defined their admin-
istered lands differently, yielding little consistency on 
what constituted a state-administered land. Regardless, 
we used these data as the best available information for 
state-level inference. The proportion of the predicted 
population was calculated for federal, state, and private 
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lands. Private lands were all lands not under federal or 
state management; we acknowledge that private lands 
span the gamut of management practices, up to and in-
cluding highly managed private timberlands. We used 
Kolmogorov-Smirnov one-sample tests to determine 
whether, within each state, the proportion of the wood-
cock population under federal or state land management 
authority was more than would be expected given the 
proportion of federal and state land. 
 To focus management action on land units where 
peaks in predicted abundance occurred, we isolated 
peaks in predicted abundance by smoothing transitions 

in our model predictions. This smoothing was conduct-
ed with a spatial averaging of mapped predictions over 
the range of the woodcock based on a circular moving 
window with a radius of 13 cells (~7,000 m). We defined 
the highest 5% of cell values from the map of predicted 
abundance as hotspots. Consequently, areas defined as 
possessing a predicted relative abundance of ≥5.6 birds/
route were identified. As with the population as a whole, 
we tested whether the proportion of the hotspots under 
federal- or state-management authority was more than 
could be expected given the proportion of land occupied 
by these management authorities within each state.

State Land 
ownership Area (km2) Area 

proportion
Population 
proportion

Relative abundance

Min Mean Max Range 

Maine
Federal 732 0.01 0.009 0.85 4.15 8.19 7.34
State 4,210 0.05 0.050 0.26 2.89 8.54 8.28
Private 82,979 0.94 0.941 0.23 3.03 9.01 8.78

Michigan
Federal 21,638 0.13 0.145 0.73 3.46 11.92 11.19
State 19,199 0.11 0.128 0.25 4.16 12.07 11.81
Private 127,982 0.76 0.727 0.24 3.43 12.13 11.89

Minnesota
Federal 22,169 0.09 0.109 0.12 3.00 8.23 8.11
State 37,760 0.16 0.186 0.05 2.65 15.30 15.25
Private 180,931 0.75 0.705 0.05 1.96 15.8 15.75

New York
Federal 957 0.01 0.008 0.02 1.74 9.04 9.01
State 31,337 0.20 0.250 0.04 2.81 13.65 13.61
Private 124,592 0.79 0.743 0.02 2.69 14.30 14.28

Pennsylvania
Federal 3,541 0.03 0.030 0.15 1.04 3.58 3.43
State 9,635 0.08 0.082 0.14 0.77 8.45 8.31
Private 113,787 0.90 0.888 0.14 1.18 15.39 15.25

Vermont
Federal 2,728 0.10 0.110 0.45 1.87 18.05 17.59
State 1,511 0.06 0.061 0.51 2.32 16.58 16.06
Private 22,173 0.84 0.830 0.45 2.37 18.10 17.65

Wisconsin
Federal 9,403 0.06 0.065 0.21 2.67 6.58 6.37
State 5,877 0.04 0.041 0.13 1.96 10.34 10.21
Private 135,576 0.90 0.895 0.13 2.06 10.71 10.58 

Total 958,717 1.00 1.000 0.15 2.43 13.11 12.96

Table 2. Proportion by state of the predicted American woodcock breeding population in the United States occurring on federal, 
state, and private lands.  Summary relative abundances (minimum, mean, maximum, and range) by ownership category along 
with a weighted average across ownership categories are provided. 
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RESULTS

 The vast majority (grand mean = 80%) of the dis-
playing male American woodcock population in the 
United States was predicted to occur on private lands 
outside of the direct jurisdiction of federal or state land 
management (Table 2). The proportion of the population 
occurring on private lands varied from 71% in Minne-
sota to 94% in Maine. Seven percent of the predicted 
population occurred on federal land and 13% on state 
land, which was marginally higher than the proportion 
of the area under federal and state administration (6% 
and 11%, respectively). Neither federal- nor state-ad-
ministered lands held jurisdiction over a greater propor-
tion of the predicted population than expected by chance 
(Ds < 0.29, Ps > 0.96).
 Ten areas were identified as hotspots (Figure 2). 
These occurred in central Minnesota, the upper and low-
er peninsulas of Michigan, northwestern Pennsylvania, 
western and northern New York (and the adjacent part of 
northern Vermont), and Maine. Nearly 3% of the areas 
predicted as hotspots of breeding woodcock abundance 
were under federal land management, whereas 21% of 
these areas were under state authority. Lake Superior 
State Forest in the Upper Peninsula of Michigan was 
especially noteworthy for containing 39% of 1 hotspot 
(hotspot 4), whereas Adirondack Park and Dead Creek 
Wildlife Management Area in northern New York con-
tained about 40% of another hotspot (hotspot 8). Missis-
quoi National Wildlife Refuge, a Wildlife Management 
Institute woodcock best management practices demon-
stration area, appeared to be prime habitat for breeding 
woodcock, as predicted relative abundances at this lo-
cation (range = 16–19 birds per route) were an order 
of magnitude higher than the regional mean (1.68 birds 
per route). The least governmentally managed hotspots 
were in northwestern Pennsylvania (hotspot 6), western 
New York (hotspot 7), and northern Maine (hotspot 10), 
each with <4% of their area under management. As with 
the population as a whole, federal and state land man-
agement agencies held jurisdiction over a proportion of 
the predicted hotspots equal to that expected by chance 
(Ds < 0.20, Ps = 1.00). 

DISCUSSION

 We summarized the predictions of a spatial model 
of woodcock breeding season relative abundance to 
infer the relative potential contribution of federal and 
state authorities to the management of this species on its 
breeding grounds. Our assessment suggested that con-
servation of this species as defined by the proportion of 
the population occurring on federal and state adminis-
tered lands was equal to that predicted by chance. Giv-

en that federal and state administered lands constitute 
~20% of the landscape, the vast majority of the wood-
cock population occurs in a private lands context. Fur-
ther, whereas some areas of peak predicted abundance 
were well within federal and state lands, many areas 
where woodcock were abundant were privately held. 
 This private lands context has profound conse-
quences for how this species may be managed. Manag-
ing species on private lands is more difficult because 
managers must partner with a wide and uncertain array 
of constituents, requiring a much greater investment of 
time and money to effect the same outcome that may be 
had on governmentally administered lands. The North-
ern Forest Woodcock Initiative, established by the Wild-
life Management Institute in Bird Conservation Region 
14 (the Atlantic Northern Forest), is a model program 
for directing woodcock conservation on private lands. 
The Northern Forest Woodcock Initiative is a coalition 
of 32 public and private conservation entities whose 
purpose includes outreach to private landowners. Repli-
cation of these initiatives in areas where we predict high 
abundance may be a useful means of focusing conserva-
tion efforts on private lands. 
 Admittedly, circumspect use of our results is re-
quired because the mapped model has not been field val-
idated, and woodcock populations and habitats are dy-
namic and expected to change over time in contradiction 
to the implied static nature of the maps we produced. 
Internal model validation indicated the mapped model 
was unbiased and explained a majority of the variance 
in the counts (r2s > 0.7), giving us confidence in its use 
here (Thogmartin et al. 2007). However, readers should 
be cognizant that this internal validation could not eval-
uate model performance everywhere it may be applied. 
Therefore, local managers are encouraged to use exist-
ing knowledge and assessments before acting on these 
results.
 Further, local managers should understand that the 
value of these regional assessments cannot be used to 
identify specific parcels of land upon which to work for 
the benefit of woodcock. Regional models and maps 
and the assessments of the conservation estate that re-
sult from them are most useful for bringing regional re-
sources to bear on a more localized portion of a region. 
Within these focal areas, because of the static nature of 
these mapped predictions and their limited resolution, 
managers with a better understanding of the local habi-
tat will need to determine where these regional resourc-
es would be best used.
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MANAGEMENT IMPLICATIONS

 A benefit of mapping patterns in predicted abun-
dance relative to governmentally administered lands 
is that areas may now be prioritized within states and 
across the region. We recommend focusing management 
efforts for woodcock in areas where they are most abun-
dant in the breeding season because this represents an 
efficient approach to conserving this species (Figure 2). 
National wildlife refuges of the U.S. Fish and Wildlife 
Service may use the overlays of the predicted breeding 
season population relative to refuge boundaries to di-
rect their private lands programs. For instance, the Mis-
sisquoi National Wildlife Refuge may direct its private 
lands program to conserve breeding habitat south and 
west of the Canadian border in northern New York and 
Vermont (Figure 2, hotspot 8). Rice Lake and Crane 
Meadows National Wildlife Refuges in Minnesota may 
coordinate conservation efforts with the state of Minne-
sota (specifically Mille Lacs, Snake River, Solana, Four 
Brooks, and Rum River wildlife management areas and 
state parks) to retain extant habitat south and east of their 
respective refuges (Figure 2, hotspot 2). Seney National 
Wildlife Refuge in Michigan occurs in the midst of a 
hotspot (Figure 2, hotspot 4) and may direct its private 
lands program to promoting the creation of new habitat 
in and among the areas north of the refuge. 
 Both federal and state authorities may use the over-
lays of predicted abundance and management boundar-
ies to target conservation easements, land acquisition, 
and other conservation initiatives directed for the man-
agement of this species. We believe this spatial targeting 
of conservation effort represents an efficient, account-
able, and scientifically justifiable approach to the man-
agement of this species. 
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Abstract: Since 1977, American woodcock (Scolopax minor) have been managed on the basis of 2 populations, or 
regions, as recommended by an examination of banding data which indicated little interchange of birds between the 
Atlantic and Mississippi Flyways. Past examination of woodcock populations used state or province of banding as the 
smallest level of geographic unit. I examined the spatial distribution of 3,431 direct recoveries of woodcock grouped by 
44 banding degree blocks using multi-response permutation procedures (MRPP). Cluster analysis of MRPP statistics 
was used to group degree blocks with similar recovery patterns. Results of clustering indicated general support for 
division of woodcock populations by flyway boundaries, but also provided information on locations of potential sub-
populations of birds that may serve as reference areas for future banding studies.
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Abstract: Woodcock harvest regulations in the U.S. have gradually become more restrictive in response to continued 
population declines. We summarized woodcock hunting season frameworks in the U.S. from 1918–2005. Population 
trend estimates and seasonal patterns of woodcock wing receipts under various harvest regulation packages were 
examined for the Eastern and Central Regions. Similarly, hunter numbers and woodcock harvest from the Annual 
Questionnaire Survey of U.S. Waterfowl Hunters (1964–2001) and Harvest Information Program (1999–2004) were 
summarized for periods characterized by similar harvest regulations.
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Abstract: Band recovery and Wing-collection Survey data have the potential to provide information on American 
woodcock (Scolopax minor) fall migration ecology in the Central Region, yet these extensive data sets have not been 
analyzed recently. We analyzed all direct recoveries of woodcock banded in Michigan, Minnesota, and Wisconsin, as 
well as Wing-collection Survey data, to determine the progression of fall migration, the migration direction and final 
destination of woodcock migrating from these states. Migration initiation based on band recoveries was not observed 
until late October and early November, with most migration occurring during November. Wing receipt data showed a 
similar trend, with most change in mean receipt latitude occurring from 1 November–5 December. During November, 
wing receipts were spread through the entire Central Region. By 15–31 December, 92% (n = 26) of band recoveries 
were on the wintering grounds (south of 33º N latitude). Most banded woodcock from Michigan, Minnesota, and 
Wisconsin wintered in Louisiana. Because woodcock banded in these states remain in these states through November, 
they will be exposed to harvest for most of the hunting season. Should the population status of local birds be a 
concern, this migration pattern needs to be considered when setting season dates.
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Abstract: From April–June, 1987 and 1988, 12 radio-equipped female woodcock (Scolopax minor) were remotely 
monitored at their nest sites on Moosehorn National Wildlife Refuge to determine patterns and constancy of incubation 
behavior. Females spent 92% of their time on the nest, leaving for only 108.42 ± 3.77 (SE) min/day. The total time 
spent off the nest each day did not vary by year (P = 0.39), by daily high temperature (P = 0.71), or by precipitation 
(P = 0.48). There was some indication that renesting birds spent more time off of the nest/day than  rst nesters and 
that the amount of time woodcock hens spent off the nest at night was related to the phase of the moon. Nesting 
woodcock hens consistently left their nests during crepuscular periods, remaining on the nest for only 1 of 131 
morning crepuscular periods and 3 of 131 evening crepuscular periods. Crepuscular movements of nesting hens 
accounted for 39% of the total time spent off the nest (258 episodes), 55% of time spent off the nest occurred during 
the daylight hours (294 episodes), and only 6% occurred at night (38 episodes). Nesting females spent 41% of all their 
time off the nest, active in the immediate vicinity of the nest.
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