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TO MY FATHER 

CARL LEOPOLD 

PIONEER IN SPORTSMANSHIP 

.. How oft against the sunset sky or moon 
We watched the moving zig-zag of spread wing& 
In unforgotten autumns gone too soon, 
In unforgotten springs I" 
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FOREWORD 

Some who now strive to advance conservation programs are 
prone to forget that there was a time when there was no field of 
conservation endeavor. Wild things were something to be overcome 
and forgotten, not something to be cherished, respected, and man
aged purposefully to ensure their perpetuation and associated val
ues. 

In the United States until about 1905, the prevalent notion of 
"conservation" was to enact laws to restrict hunting and thereby 
string out the remnant wildlife supplies and make them last longer. 
Wildlife was considered as something that must eventually disap
pear, not as a resource that could be produced at will through pre
scribed management. 

Among the embryonic conservation ideas, concepts, theories, 
and beliefs of the early 1900S were some that gained broader recog
nition as the 20th century passed the halfway mark. They included: 

• Conservation through wise use, advanced by Theodore 
Roosevelt and Gifford Pinchot in 1910. Under this doc
trine, wildlife, forests, rangelands, and other similar re
sources were conceived to be renewable, and therefore could 
be perpetuated if managed on the basis of scientific informa
tion. Care of these resources was recognized as a public re
sponsibility, and the ownership of wildlife as a public trust. 

• A moral responsibility for perpetuation of threatened forms 
of wildlife. This was considered among the first major steps 
in recognizing public values of wildlife. 

• Seeking institutional arrangements, means, and measures to 
maintain and produce wildlife in life communities used by 
people. 

Aldo Leopold's reaction to degraded wildlife and land situations 
of his time was to produce this monumental book, Game Manage
ment, first published in 1933. It was fashioned from his belief that 
through coordination of scientific information and uses of land, 
wildlife populations could be restored through "creative use of the 
same tools which have heretofore destroyed it-axe, plow, cow, 
fire, and gun." 

Game Management provides the ideas, principles, techniques, 
XVII 
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and administrative alignments to encourage land to produce wild
life. It incorporates the philosophies of a sensitive individual with 
unique perceptions. As Leopold stated in A Sand County Almanac, 
"There are some who can live without wild things, and some who 
cannot." This book is by a man who could not, one committed to 
restoring "wild things" and managing wildlife on a sustainable 
basis. 

Findings from the literature were combined with Leopold's per
sonal field experiences to provide in Game Management a framework 
of "factors" and "influences . . . to portray the mechanism which 
produces all [wildlife] species on all lands, rather than to present 
the procedures for producing particular species or managing par
ticular lands." These "factors" and "influences" operating on wild
life populations and their environments are as pertinent today as 
they were when set forth more than five decades ago. They con
stitute the cornerstone for the science and art of wildlife manage
ment. Leopold now is heralded as the "father" of the profession and 
practice. 

That Aldo Leopold visualized more than wiidilfeiiand reia
tionships is clear in his statements: "Every head of wild life still 
alive in this country is already artificialized, in that its existence is 
conditioned by economic forces. . . . The hope of the future lies 
not in curbing the influence of human occupancy-it is already too 
late for that-but in creating a better understanding of the extent of 
that influence and a new ethic for its governance. . . . Manage
ment is a way to maintain a supply of game, and other wild life, in 
the face of that [human population] expansion." 

Leopold's call, and other calls, for broader recognition of wild
life values have prompted responses and some significant advances 
in man/wildlifelland relationships. In the 1930s, some people rec
ognized that wildlife could not be perpetuated adequately by laws 
that only regulated its consumptive use or established refuges for it. 
Additional legal measures were needed to interject wildlife values 
into planning a host of land and water developments and uses. With 
such requirements, alternatives to prevent adverse impacts on wild
life and their habitats could be identified. This approach is precisely 
what Leopold had visualized must be used to advance wildlife man
agement and what he outlined in Game Management. 

This strategy and Leopold's principles were encompassed in sev
eral federal laws-including the Fish and Wildlife Coordination 
Act (1934 )-designed, in varying degrees, to advance and achieve 
wildlife conservation. Some statutes, like the Coordination Act, are 
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narrowly drawn and mandate consideration only of impacts on 
wildlife and fish. Others, like federal pollution laws, seek to main
tain the integrity of life communities by maintaining physical, 
chemical, and biological characteristics required for sustained pro
ductivity, including wildlife. 

By 1969, the fundamental ideas of Leopold, and those of many 
others, combined to help lay another profound conservation frame
work and milestone-the National Environmental Policy Act. 
Known best by its acronym, NEPA added for the first time precise 
national requirements for all u.s. federal agencies to consider land! 
man/wildlife relationships. And it declared several pioneering en
vironmental/conservation policies, including: 

• To promote efforts to prevent or eliminate damage to the 
environment and biosphere; 

• To create and maintain conditions under which man and 
nature can exist in productive harmony; 

• To fulfill the responsibilities of each generation as trustee of 
the environment for succeeding generations; 

• To preserve important national aspects of our natural 
heritage and maintain, wherever possible, an environment 
that supports diversity; and 

• To enhance the quality of renewable resources. 
Under NEPA guidelines and regulations, all agencies of the 

u.s. federal government must utilize a systematic interdisciplinary 
approach that will ensure the integrated use of natural and social 
sciences and environmental design arts in planning and decision 
making that have impact on man's environment. Ecological infor
mation, as sought by Leopold, is to be generated and used in 
evaluating, planning, and implementing federally assisted resource
development projects. 

NEPA incorporates an ecological dimension in public adminis
tration, building from the ground up, with more careful attention 
given soils, waters, plants, animals, and people in particular units 
of the landscape. It brought the environmental impact statement as 
an action-forcing mechanism to induce an ecological conscience 
throughout the u.s. federal government's operations. Procedures 
require an agency to become fully aware of the potential environ
mental impacts of proposed actions before it approves a develop
ment plan. Avoidable adverse environmental impacts are to be 
foreseen and avoided. Similar policies and requirements also have 
been enacted in some states and in Canada. 

These NEPA policies and processes set in motion a new system in 
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society for integrating wildlife and other similar requirements in 
ever-intensifying uses of the landscape. Whether Leopold visu
alized such a comprehensive act and procedural system is unknown. 
But it is clear that, through Game Management, he provided funda
mental concepts, philosophies, principles, and insights supportive 
of the act and embodied in the procedures. 

The environmental awareness growth and movement of the 
I960s and thereafter provided the growing "public will" to reform 
attitudes and actions of man toward nature. It spawned society's first 
broad, major effort (NEPA) to reorient the priorities and respon
sibilities of government, and to establish a mechanism to prevent 
adverse impacts to the resource base, including its wild living re
sources. Public polls in the past two decades show continuing broad 
concern and strong support for environmental quality and the 
means and measures to ensure it. Whereas Aldo Leopold had called 
for integrated resource planning and management, NEPA finally 
required it. The courts continue to reaffirm the U. S. federal gov
ernment-wide policy of environmental quality and conservation. 
Slowly and incrementally, Leopold's land ethic has been and con
tinues to be woven into the fabric of society. 

Similar efforts have been made on the international scene. A 
global environmental ethic has been written into treaties, resolu
tions, agreements, and administrative practices through the United 
Nation's system and the good work of the International Union for 
Conservation of Nature and Natural Resources and others. In all of 
these advances, the blueprint is for sustainable development and 
more sensitive resource use. 

Wildlife, especially those forms moving among states and coun
tries, must be managed intensively to avoid competition among po
litical entities and excessive exploitation of their populations and 
supportive habitats. Enactment of the Lacey Act in I900, the first 
U. S. federal wildlife statute, reflected the views of conservation 
program administrators and elected officials that the best way to 
manage mobile wildlife and fish is through coordinated, cooper
ative efforts. Leopold propelled the call for such needed efforts, 
with emphasis on habitat required to produce wildlife. 

Early treaties, like those for fur seals (I 9 I I) and the first for 
migratory birds with Great Britain on behalf of Canada (1916), 
focused on the animals and were silent on the need to maintain the 
habitats on which the animals depend. A I936 treaty with Mexico 
was the first to call for "refuge zones" for migratory birds. The 
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1974 treaty with Japan focused more closely on habitat by obligat
ing the parties to take measures to maintain and enhance the en
vironment of birds covered by the agreement. The 1976 treaty with 
the Soviet Union obligated each signatory nation to (I) identify 
areas of special importance in the conservation of migratory birds, 
and (2) undertake measures necessary to protect the ecosystems irr 
those special areas against pollution, detrimental alteration, and 
other environmental degradation. Similar, but not identical, inter
national policies were enacted in the 1970S and 1980s to perpetuate 
wildlife populations and protect the ecosystems and habitats sup
porting them. Such conservation provisions now apply from the 
Arctic (polar bears) to the Antarctic (a variety of wild living re
sources, including krill, whales, seals, penguins, fish, etc.). 

While many federal conservation statutes have been authorized 
by the U.S. Congress, the Endangered Species Act of 1973 was the 
first to encompass a truly comprehensive federal wildlife con
servation effort, with particular emphasis on habitat protection. It 
joins Game Management (1933) and the NEPA (1969) as signifi
cant milestones in the evolution of America's conservation history. 

Congressional policy expressed in the 1973 act: 
• Encompasses, under the public trust responsibility of gov

ernment, any member or population of the plant or animal 
kingdom; 

• Recognizes that threatened and endangered species of wild
life and plants "are of aesthetic, ecological, educational, his
torical, recreational and scientific value to the Nation and 
people"; 

• Requires all U.S. federal departments and agencies to seek 
to conserve threatened and endangered species and use their 
authorities to satisfy the purposes of the act; 

• Requires a means whereby the ecosystems on which plants 
and animals depend may be conserved; and 

• Requires that all methods and procedures necessary to re
store a threatened or endangered species be used to the extent 
required to increase their populations and remove the species 
from formal lists. 

While a good number of wildlife populations (deer, elk, prong
horn, Canada goose, trumpeter swan, egrets, herons, etc.) have 
been restored since the bleak days of the early 1900S using the 
principles and practices described by Leopold and others, many 
more await attention, as signaled by those entered on and being 
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added to the formal threatened and endangered species lists. In 
I984) for example) 46 new species were added to the u.s. list) 
bringing the total listed to 828. This includes 33I native and 497 
foreign species. More than 2)000 native U.S. species of plants and 
animals have been identified as candidates for eventual listing. Spe
cific recovery plans have been prepared for I64 species needing 
restoration. 

That habitat is available for wildlife populations to increase is 
reflected in substantial population gains in the wild turkey and 
other species. From approximately I30,000 wild turkeys nation
wide in I948, the population expanded to 530,000 in I968 and to 2 
million in the early I980s) an overall I,438 percent increase in a 
third of a century. These gains were registered even as the human 
population and activities expanded rapidly. Such well-designed and 
executed wildlife population restoration efforts are successful be
cause approximately 90 percent of the u.S. landscape is not de
veloped excessively, even though most is used for a variety of man)s 
purposes) and wildlife habitat needs mesh with prevailing uses of 
the landscape. Suitable habitat) combined with strong public sup
port) including citizens reporting poaching incidents and other vio
lations to conservation law enforcement authorities) have provided 
and can yield future wildlife population increases. 

Rather than proceeding with restoration and management of only 
one species at a time) a second strategy is to focus on units of the 
landscape (ecosystems) on which groups of threatened and endan
gered species depend. A similar approach for integrated resource 
management) as called for by Leopold) has been designed for all 
wildlife) not just threatened and endangered species. Federal laws, 
such as the Forest and Rangelands Resources Planning Act (I974)) 
National Forest Management Act (I976)) and Federal Land Policy 
and Management Act (I976)) require plans for integrated multiple
use) sustained-yield resource management on federal lands) making 
up about one-third of the U. S. acreage. Among the standards gov
erning future land management by the U. S. Forest Service are a 
number of provisions calling for wildlife benefiting considerations 
and actions. Similar guidelines and requirements for integrated re
source management have been or are being developed in individual 
states) such as Missouri) Minnesota) New York) North Carolina) 
Oregon) Pennsylvania) and others. 

The milestones in conservation) including the cornerstone Game 
Management, have created substantial demands for a wide array of 
scientific information to use in developing plans for integrated re-
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source management, such as for soil erosion and water pollution 
control, and farm, ranch, forest, range, and wildlife management. 
In 1933, Leopold found the concepts and principles sound for mov
ing forward, but the bank of scientific information and manage
ment experiences scarce. Fortunately, significant progress has been 
made in providing essential information. 

A substantial number of outstanding publications produced in 
the half-century after Game Management was published now 
provide insight for foresters and range, wildlife, and other resource 
managers, including farmers and ranchers, to account for wildlife 
in land-use planning, in preparing environmental impact state
ments, and in on-the-ground management. GuidelinesJor Increasing 
Wildlife on Farms and Ranches (E Robert Henderson, I984), as well 
as publications for maintaining and enhancing wildlife on forests 
and rangelands in the Blue Mountains of Oregon and Washington 
crack Ward Thomas, 1979), the Rocky Mountain Region 
(Robert L. Hoover and Dale L. Wills, 1984), and the Great Basin 
of Oregon (Chris Maser and Jack Ward Thomas, 1985) are 
milestones. Of equal status are other insightful reports for improv
ing lands for individual species or groups of species, such as Man
aging Northern Forests for Wildlife, especially ruffed grouse, 
woodcock, deer, and other wildlife (Gordon W. Gullion, I984). 
All of these management guidelines respond most effectively to 
Leopold's call for practical prescriptions to integrate wildlife habitat 
needs into forest, range, farm, and other land uses. In the past 
decade (1975-1986), a few states-such as Missouri and Kansas
and Canadian provinces have developed specialized services for 
managing wildlife in urban/suburban areas. 

The volume of sound information on which to base management 
of wildlife and other natural resources continues to grow. Research 
on wildlife, barely initiated in the early 1930s, now is recog
nized-as called for by Leopold-as the fountain for new informa
tion to improve reproduction, survival, and management of 
wildlife. While the legal bases for maintaining wildlife and their 
life communities are firmer now than in 1933, wildlife remains 
threatened by habitat degradation and environmental pollution. Im
pacts of acid precipitation and other hazardous chemical compounds 
remain to be identified more clearly. Understanding must come to 
parallel insights developed on the devastating impact of DDT on 
birds at the upper ends of food chains, such as the peregrine falcon, 
that led to banning DDT from general use. 

Federal and state laws pertaining to pollution of the atmosphere, 
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inland waters, and the high seas, together with regulation of haz
ardous and toxic wastes, provide at least some measure of considera
tion for wildlife. Threats to wildlife from such sources are 
apparent, but it remains to be seen how legal authorities can be 
translated into affirmative actions benefiting wildlife. 

Just as Leopold was limited by the existing knowledge base when 
preparing Game Management, so are resource planners and man
agers somewhat limited today in information required to advance 
resource management. Those knowledge limitations emphasize the 
need for a continuing stream of research to improve the scientific 
information needed to play an increasing role in public policy and 
administration. 

Two fairly recent developments in techniques have evolved to 
provide wildlife and other resource managers with better informa
tion in formats most useful for making management decisions. The 
automatic radio-tracking system, developed in the 1950S and 1960s 
at the University of Minnesota's Cedar Creek Natural History 
Area, and improved over time, provides critical information on an 
animal's movements and its behavioral and physiological reactions 
to ecological conditions. 

Electronic data processing capabilities permit rapid analyses of 
telemetry-generated data and other large volumes of numerical data 
to produce simulation models. Use of computer-generated simple 
models, for example those in New York (Aaron N. Moen, 1973), 
advanced understanding of energy metabolism in white-tailed deer. 
This fundamental work helped flesh-out Leopold's concepts on sea
sonal limiting factors and provides a quantitative framework for 
better understanding characteristics and changes of deer popula
tions, including deer/land/man relationships. 

One of the most progressive uses of simulation models has been 
to assist biologists and resource managers in designing and evaluat
ing hunting regulations and their potential impacts on wildlife pop
ulations. Prior to the era of computers, biologists and managers had 
to complete evaluation of the effects of specific hunting regulations 
after the season to identify whether those regulations achieved de
sired objectives. Simulation models now can provide the planner, 
biologist, resource manager, and administrator with an early view 
of likely results from proposed decisions and associated implement
ing actions. Realistic and verified simulation models hold much 
promise for improving management proposals and effectiveness, as 
well as citizen understanding of management goals and practices. 
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The development of these and other techniques provide many op
portunities to place planning, decision making, and resource man
agement on a firmer factual foundation. Such models, used in 
combination with adequate environmental assessments or impact 
statements can spare taxpayers the cost of unforeseen consequences 
and/or costly restoration. 

Leopold's foresight, philosophy, and sensitivity to uses of statis
tical information serve as a reminder to keep simulation models and 
their many uses and values in perspective. The biological mecha
nism of wildlife population increase ". . . is one of those 'scientific 
subjects' which can-not be concisely described except by means of 
tables and graphs, but the lay reader should not allow his un
familiarity with these seemingly dry forms of expression to becloud 
his realization of the music inherent in their columns and curves. 
These are, in fact, the code symbols wherewith we may reconstruct 
the score of a great symphony. Education may be considered a suc
cess, and conservation an assured fact, when both layman and scien
tist can shift their attention from the symbol to the music-can hear 
with John Muir 'every cell in a swirl of enjoyment, humming like a 
hive, singing the old new song of creation.'» 

Since 1933, the United States and other countries have come to 
the recognition, sought by Aldo Leopold, of wild animals and 
plants as essential components of landscape ecosystems. But despite 
this broad recognition, two examples illustrate pressing needs, 
among many, for realigning maladjustments of man/wildlifelland 
relationships through management to ensure wildlife's well-being. 

In Alaska, with its vast expanse of wild, spectacularly beautiful 
landscape, formerly thriving goose populations have been declinc
ing drastically. Left are millions of acres of attractive habitats 
underutilized or unoccupied by breeding pairs. In the Yukon
Kuskokwim Delta, likely the greatest wild goose breeding area in 
the world, four goose populations (black brant, cackling Canada 
goose, white-fronted goose and Emperor goose) have declined from 
about 1 million in the I950S to less than half that number in the 
I980s. The cackling Canada goose population declined 93 percent 
from nearly 400,000 in the mid-I960s to less than 30,000 in 1983. 
Obviously, more effective management is needed to reduce mor
tality of geese throughout their ranges, restore their formerly abun
dant populations, and permit nesting geese to make optimum use of 
available habitats. 

Use of geese for food by native people in Arctic and Subarctic 
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nesting grounds reminds resource managers that differing cultures 
and uses (food, recreational, etc.) of this migratory bird resource 
must be incorporated in management plans, if the plans are to be 
most effective. Spring taking of breeding geese and their eggs must 
be recognized fully, as stated in the James Bay and Western Cana
dian Arctic agreements, and called for in the North American Wa
terfowl Management Plan. New patterns of international 
cooperation and effective management are needed immediately to 
assure that skeins of geese will continue to proclaim the seasons on 
their migrations between far northern breeding grounds and south
ern wintering areas. 

In Chesapeake Bay, one of the two outstanding estuaries in the 
world, man's current activities in the watersheds feeding waters to 
the 4,400-square mile Bay are incompatible with maintaining the 
former high biological productivity. Excess nutrients, loss of sub
merged aquatic vegetation, and pressure of hazardous and toxic 
compounds now limit production of plants and animals. Commend
able cooperative efforts among elected state representatives, re
sources personnel, local groups of citizens and others are striving to 
forge new institutional arrangements and management approaches 
to restore productivity of the famous estuary. Included are actions to 
have water discharges to the Bay meet quality standards, and to 
redesign land developments and uses-particularly farming prac
tices-to encourage rehabilitation of the Bay. 

Accomplishments in restoring the Bay and the geese, as well as 
other renewable resources, would make environmental and eco
nomic good sense. Success in such cases would demonstrate that 
appropriate man/land/wildlife relationships can be achieved, as 
sought by Leopold in his writings. 

The stirrings to seek broad realignment of manlland/wildlife re
lationships initiated in the 1930s and now receiving focused atten
tion in Alaska, the Chesapeake Bay, and elsewhere, were blended 
into a new national agricultural program through the Food Security 
Act of 1985. For the first time, a strong conservation dimension 
was integrated into food and fiber commodity farm programs to 
correct abusive, disgraceful soil erosion, water quality, and wildlife 
habitat situations, and place agricultural land use on a more sus
tainable basis. Unlike other federal agricultural/conservation 
efforts of the past 50 years, which have poured billions of dollars 
into marginally effective approaches, the 1985 act uses a new ap
proach. Federal government agricultural program taxpayer-funded 
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subsidies will no longer be available to landowners and operators 
who allow erosion to continue beyond established standards and 
limits on their farms. 

Management procedures and practices are designed to reduce soil 
erosion by SO percent in a few years and assist farmers realign their 
operations to make them economically and environmentally sound 
by: 

• Removing up to 45 million acres of highly erodible lands 
from intensive cultivation through the "conservation re
serve"; 

• Preventing vegetated rangelands from being converted to 
cultivation through the "sodbuster"; 

• Maintaining wetlands through the "swampbuster"; 
• Withdrawing commodity (feed grain, wheat, rice, and up

land cotton) acreages from production through multiyear 
acreage set-asides; and 

• Providing conservation easements for SO or more years to 
cancel part of a farmer's debt where his land is security for a 
Farmers Home Administration loan. 

Lands involved in these reform programs occur as tracts in 
farms, ranches, and fields in every region of the United States. 
With restoration and/or maintenance of suitable vegetative cover, 
many landowner, wildlife, and public benefits should result. Such 
benefits were sought by Leopold in Game Management and through 
his land ethic. This ethic does not deny the use of resources, but 
rather advocates the perpetuation of their replenishment through 
sensitive management. 

Although response capabilities to carry out conservation pro
grams have grown in the SO years since Game Management was first 
released, the growing human population, public expectations, and 
legal responsibilities have expanded needs for more-intensive re
source management. At this present time of economic concern, it is 
urgent that citizens and their elected and appointed representatives 
place stewardship and management of the resource base, together 
with funding and general support for it, on an equal basis with 
national defense. Sustained uses of the resource base, as perceived 
by Leopold and others, are required to provide a reasonable stan
dard of living for people and for ensuring capabilities for national 
defense. 

This call for realigning national investments of taxpayers funds 
parallels those calls made by Leopold and others in the 1930S to 
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improve consideration and management of wildlife and other natu
ral resources. His calls and accumulated responses over a half-cen
tury include: 

• Training at higher institutions of learning to prepare indi
viduals to be biologists and wildlife managers capable of 
responding effectively to many types of informational and 
public service demands. Only a few courses on wildlife 
management were available prior to 1933. By 1984, there 
were wildlife curricula in 95 colleges and universities in 
North America, with enrollment of more than 7,500 stu
dents. 

• Forming a professional organization to advance competency 
of practioners and advance the art and science of wildlife 
management. From the formation of The Wildlife Society 
in 1937, the organization now numbers more than 8,000 
members. In the mid-1980s, there were at least IO,OOO and 
possibly up to 15,000 wildlife professionals with a mini
mum of a Bachelor's degree in wildlife science. 

• Improving research to enlarge the volume of scientific in
formation available to improve wildlife management. From 
the first Cooperative Wildlife Research Unit established in 
Iowa with private funds more than 50 years ago, the Unit 
system has enlarged to more than 20 located on university 
campuses throughout the United States. In addition, pri
vate, state, and other public research centers contribute in
formation for management purposes. This combined effort 
results in titles of 2,000-2,500 new wildlife publications 
being entered annually in the computerized U. S. Fish and 
Wildlife Reference Service system. 

• Strengthening organizations and administration of govern
ment agencies with responsibilities for wildlife populations 
and their habitats. From a beginning largely dealing with 
protection of remnant wildlife through limited conservation 
law enforcement prior to 1900, government agencies were 
given additional responsibilities for wild living resources. 
From single-purpose agencies there emerged agencies with 
multiple functions. Increasing public demands for wildlife 
and associated recreational and subsistence uses, prompted 
establishment of diversified and enlarged well-trained staffs 
to meet management challenges. Today, every state, ter
ritory, and Canadian province has a wildlife agency and 
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other resource agencies staffed with well-qualified profes
sionals. All are focusing to varying degrees on ways to inte
grate wildlife reproduction and survival needs into land and 
water uses to benefit wildlife populations, their habitats and 
the public. Citizen concern over environmental quality in 
the 1960s and 1970S brought substantial changes in wildlife 
and other government organizations and programs. All 
wildlife, game and nongame alike, is receiving increasing 
attention as demands on all resources increase. State and 
federal responses to meet the challenges of broadening re
sponsibilities have varied, with the process of change con
tinuing to be more responsive to intensive, coordinated, and 
integrated resource management. 

These responses, as well as others, provide some pieces to de
velop the picture within the overall framework provided by Aldo 
Leopold in 1933 for integrated wildlife/land/man management. 
Additional pieces remain to be added, and some of those present 
need to be modified, as efforts continue to strengthen and refine 
conservation and management efforts. Continuing positive efforts 
would respond to Leopold's view that "Conservation is nothing 
more or less than a purposeful effort to perpetuate and extend . . . 
[wildlife populations and recreational opportunities among] our 
standards of living." 

Game Management in 1933 identified the fundamental approach, 
facts, skills, and opportunities for restoring and managing wildlife 
populations and the natural ecosystems and habitats supporting 
them. It provided the framework to generate biological/ecological 
facts needed to provide resource managers and landowners with 
information required to carry out wildlife/land/man management 
more effectively. That framework is as pertinent now as some 50 
years ago. It provides the outline to factor problems, seek critical 
information, and reach logical insights, conclusions, and decisions 
to manage wildlife populations and the habitats and ecosystems that 
support them. This insightful framework encouraged thoughtful 
individuals to enlarge field observations to quantitative field stud
Ies. 

Game Management is a unique book. Not only was it the first
the cornerstone-text on the subject, it still is the only one that 
provides insight on the history of ideas, philosophies, and pro
cedures used to frame the science and art of wildlife ecology and 
management. Understanding those historical roots in the search to 
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improve wildlife/land/man relationships is a must for any student, 
biologist, resource manager, or other interested individual. 

Aldo Leopold's insights and expressions of ethical and aesthetic 
values found in wild things are in no other similar text. As he 
wrote, "By learning how some small part of the biota ticks, we can 
guess how the whole mechanism ticks. The ability to perceive these 
deeper meanings, and to appraise them critically, is the woodcraft of 
the future." He believed firmly that people must learn more about 
the entire biotic landscape. His conviction for the importance of 
reading the landscape was exemplified in his personal involve
ments, including his classroom. There he asked for one's field ob
servations and their meanings. He wanted to stimulate an 
individual's interest in "reading sign," a rare skill he considered too 
often seemingly inverse to book learning, and to test a student's 
comprehension of how the land functions and the biota ticks. These 
brief "mental whetstone" sessions honed the insights and percep
tions of the participants. That same philosophy is continued in 
Game Management, a rare volume indeed. 

This unique book continues to serve as a base to stimulate ideas in 
the crusade for more sensitive, integrated resource management, as 
called for by Leopold and now a declared international and national 
mission. In combination with more recent information, it can be 
used to help develop plans to meet projected increasing U.S. public 
demands for all forms of wildlife-oriented uses to the year 2030. 

These citizen desires emphasize that wildlife now is recognized as 
an important national treasure, as Aldo Leopold believed, requir
ing and deserving improved intensive management. 

VIENNA, VIRGINIA 

March 1986 
LAURENCE R. JAHN 



PREFACE 

We of the industrial age boast of our control over nature. 
Plant or animal, star or atom, wind or river-there is no force in 
earth or sky which we will not shortly harness to build "the good 
life" for ourselves. 

But what is the good life? Is all this glut of power to be used 
for only bread-and-butter ends? Man cannot live by bread, or 
Fords, alone. Are we too poor in purse or spirit to apply some of 
it to keep the land pleasant to see, and good to live in? 

Every countryside proclaims the fact that we have, today, less 
control in the field of conservation than in any other contact with 
surrounding nature. We patrol the air and the ether, but we do 
not keep filth out of our creeks and rivers. We stand guard over 
works of art, but species representing the work of reons are stolen 
from under our noses. We stamp out the diseases of crops and 
livestock, but we do not know what ails the grouse, or the ducks, 
or the antelope. In a certain sense we are learning more rapidly 
about the fires that burn in the spiral nebulre than those that burn 
in our forests. We aspire to build a mechanical cow before we know 
how to build a fishway, or control a flood, or handle a woodlot so 
it will produce a covey of grouse. 

Control comes from the co-ordination of science and use. 
This book attempts to explore the possibilities of such co

ordination in a single, limited field-the conservation of game by 
management. Its detail applies to game alone, but the principles 
are of general import to all fields of conservation. 

The central thesis of game management is this: game can be 
restored by the creative use of the same tools which have hereto
fore destroyed it-axe, plow, cow, fire, and gun. A favorable align
ment of these forces sometimes came about in pioneer days by 
accident. The result was a temporary wealth of game far greater 
than the red man ever saw. Management is their purposeful and 
continuing alignment. 

The conservation movement has sought to restore wild life by 
the control of guns alone, with little visible success. Management 
seeks the same end, but by more versatile means. We seem to have 
two choices: try it, or hunt rabbits. 

XXXI 
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Game management has long been an empirical art in Europe, 
but the attempt to adapt that art to biological principles and to 
American conditions and traditions, is new. Facts about game 
have been accumulating for a long time, but there has been only 
one previous attempt to synthesize from those facts a coherent 
system of principles. Adams, in his Importance oj Wild Life in 
Forestry, presents exhaustive statistics on the economic value 
of wild life, and interprets them in terms of biological principles, 
but he does not deal with the technique of altering range for 
greater productivity, which is the principal subject of this volume . 

. Few biological arts depend as much on ingenuity and resource
fulness as this one. It is still in the stage where each practitioner 
must create his own skill rather than absorb that of others. This 
will always be true of the element of woodcraft, which can never 
be included in any book. 

Few of the techniques described in this volume have been 
tested sufficiently in practice to be safely followed verbatim. They 
represent examples of how to think, observe, deduce, and experi
ment, rather than specifications for what to do. Incomplete or 
tentative information is freely included, but with due care to dif
ferentiate those many degrees of certainty which lie between opin
ion and established fact. It is hoped that this emphasis on the 
paucity of existing knowledge of game will stimulate efforts to 
increase it. 

To encourage the reader to interpret for himself the evidence 
bearing on management questions, a rather full bibliography, and 
frequent references to it, have been included. The starred items 
are recommended as general reading. 

The subject matter of this volume has been hung upon a 
framework of" factors," rather than of species or land units, be
cause the object is to portray the mechanism which produces all 
species on aI/lands, rather than to prescribe the procedures for 
producing particular species or managing particular lands. The 
former function belongs to the species monograph, of which we 
already have an outstanding example in Stoddard's Bobwhite 
f}(,uail. The latter is the function of the local manual or handbook, 
such as the Management of Upland Game Birds in Iowa. 

The particular set of "factors" and "influences" here set 
down as determining abundance is of course only one of many 
possible ways of depicting the biological forces which the art seeks 
to control. Many years of thought, however, have proved these 
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categories consistent and convenient. They were first conceived 
by the author as a personal hobby while in the employ of the 
United States Forest Service in Arizona and New Mexico. A manu
script on Game Management in the Southwest was prepared in 1925, 
but never published. 

The needed opportunity to test the same set of ideas in a new 
region, and clothe them with more detail, occurred when the 
author was employed from 1928 to 1931 by the Sporting Arms 
and Ammunition Manufacturers' Institute to make a game sur
vey. The Report on a Game Survey oj the . North Central States is 
built upon the definitions and principles outlined herein, also the 
later Game Survey oj Iowa. 

In 1929 the same ideas were presented in a series of lectures 
at the University of Wisconsin. 

Part of Chapter I appeared in Outdoor America for June, 
1931; part of Chapter III in The Canadian Field-Naturalist for 
October, 1931; part of Chapter V in The Journal oj Forestry for 
October, 1931; part of Chapter XVI in American Game for March
April, 193 I • 

This volume aspires to a three-fold function: 
First, to serve as a text for those practicing game management 

or studying it as a profession. 
Second, to interpret for the thinking sportsman or nature-lover 

the significance of some of the things he sees while afield with 
gun ~r glass, or does in his capacity as a voting conservationist. 

Third, to explain to the naturalist, biologist, agricultural ex
pert, and forester how his own science relates to game manage
ment, and how his practices condition its application to the land. 

In short, this is an attempt to describe the art of cropping 
land for game and to point the way toward its integration with 
other ends in land-use. 
MADISON, WISCONSIN 
June. 1932 

ALDO LEOPOLD. 
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CaAPTER I 

A HISTORY OF IDEAS IN GAME MANAGEMENT 

Game management is the art of making land produce sustained 
annual crops of wild game for recreational use. 

Its nature is best understood by comparing it with the other 
land-cropping arts, and by viewing its present ideas and prac
tices against a background of their own history. This chapter 
compares game management with other forms of agriculture, and 
sketches its evolution in space and time. 

Comparisons. Like the other agricultural arts, game manage
ment produces a crop by controlling the environmental factors 
which hold down the natural increase, or productivity, of the 
seed stock. 

The various arts differ greatly, however, in the degree of con
trol which they attempt to exert, and in the nature of the seed 
stocks which they grow. 

Game management and forestry employ natural species. The 
bobwhite quail produced by management, and the mature white 
pine produced by silviculture, are indistinguishable in both form 
and behavior from their aboriginal progenitors. Compare these 
now with the products of horticulture, agronomy, and animal 
husbandry. Who would recognize, without being told, the iden
tity in origin of the Yellow Dent corn and the lowly teosinthe; 
of a Hereford steer and a wild ox; of a Grimes Golden and the 
wild apple of Eden? 

Game management and forestry grow natural species in an 
environment not greatly altered for the purpose in hand, relying 
on partial control of a few factors to enhance the yield above what 
unguided nature would produce. Their controls are barely visible; 
an observer, unless he were an expert, could see no difference be
tween managed and unmanaged terrain. Hence their success de
pends more on the exercise of skill in the selection of the right 
factors and the right controls, than on heavy investments of labor 
or materials. 

3 
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The other forms of agriculture, on the other hand, more or 
less completely rebuild the environment by cultivation, so that 
the crop competes with nothing but itself, and must usually be 
replanted each year. Most domesticated plants and animals are 
incapable of survival in the wild state, much less of perpetuating 
themselves as wild populations. 

Game farming is an intensified form of game management 
which propagates wild species in confinement, usually for later 
release as wild seed stock, or as a supplement to the wild crop. 

In game, as in forestry and agriculture, there is no sharp line 
between the practice which merely exploits a natural supply, and 
the practice which harvests a crop produced by management. 
Any practice may be considered as entitled to be called game 
management if it controls one or more factors with a view to 
maintaining or enhancing the yield. 

The definition of game management which opens this chapter 
specifies wild game for recreational use. The purpose of attaching 
these specifications is to introduce, at the outset, a qualitative as 
well as a quantitative criterion of what constitutes successful prac
tice. The production of tame game for use as meat is animal hus
bandry. Its harvesting is hardly recreation. A later chapter on 
esthetics asserts that the recreational value of game is inverse 
to the artificiality of its origin, and hence in a broad way to the 
degree of control exercised in its production. 

There are all degrees of control. What degree represents the 
best compromise between quantity and quality is a perplexing 
problem in esthetics and social engineering. It seems reasonable 
to accept some moderate degree of control, rather than to lose 
species, or to suffer the restriction of sport to those financially 
able to follow the wholly wild game of the shrinking frontier into 
other lands. A discussion of these questions will follow in Chap
ter XVI. 

History shows that game management nearly always has its 
beginnings in the control of the hunting factor. Other controls are 
added later. The sequence seems to be about as follows: 

I. Restriction of hunting. 
2. Predator control. 
3. Reservation of game lands (as parks, forests, refuges, etc.). 
4. Artificial replenishment (restocking and game farming). 
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5. Environmental controls (control of food, cover, special fac

tors, and disease). 

North America has reached the stage where controls of the 
fifth class are becoming necessary. The· present game conserva
tion movement is groping toward the realization of this fact. 

Euo/ution in Europe and Asia. The practice of some degree 
of game management dates back to the beginnings of human his
tory. Taverner (1930) has pointed out that laws for the regulation 
of hunting have their origin in the tribal taboos which grew up in 
the early stages of social evolution. The tribes observing taboos 
which were biologically effective in preserving the game supply 
were more likely to survive and prosper, he believes, than the 
tribes which did not. In short, hunting customs, like plant and 
animal species, were evolved by a process of selection, in which 
survival was deterIllined by successful competition. Game laws 
grew out of these hunting customs. 

The first written restriction on the taking of game is probably 
that contained in the Mosaic Law. In the Book of the Covenant, 
in which are detailed" the statutes and the judgments which ye 
shall observe ... in the land which the Lord .•• hath given thee 
to possess," Moses decrees: 

"If a bird's nest chance to be before thee in the way, in any tree or 
on the ground, with young ones or eggs, and the dam sitting upon the 
young, or upon the eggs, thou shalt not take the dam with the young: 
thou shalt in any wise let the dam go, but the young thou mayest take 
unto thyself; that it may be well with thee, and that thou mayest pro
long thy days." (Deuteronomy 22 : 6.) 

The plainly implied intent is conservation of the" dam" or 
hen as breeding stock. The phraseology is as circumstantial and 
repetitive as the act of any modern legislature, save only for the 
discreet omission of what shall be done with eggs. However, even 
modern "Committees on Fish and Game" have been known to 
be ambiguous. 

The Mosaic game law was evidently an advance beyond that 
of his Egyptian taskmasters, whose spirited depiction of hunting 
scenes shows them to have been keen sportsmen (Pratt, 1923), but 
whose records reveal no worries over the conservation of sport. 



6 GAME MANAGEMENT 

The Greeks and Romans had game laws, but the objective 
was not the conservation of sport. Solon forbade the Athenians 
to hunt, because they" gave themselves up to the chase, to the 
neglect of the mechanical arts." Not all of the Greek leaders, how
ever, were so strait-laced. Xenophon, in an oft-quoted passage, 
asserts: 

"Men who love sport will reap therefrom no small advantage ... it 
is an excellent training for war ..•• Such men, if required to make a 
trying march ... will not break down; ... they will be able to sleep on 
a hard bed and keep good watch over the post entrusted to them. In 
advance against the enemy they will ... obey their orders, for it is thus 
wild animals are taken .... They will have learned steadfastness; ... 
they will be able to save themselves ..• in marshy, precipitous, or other
wise dangerous ground, for from experience they will be quite at home 
in it. Men like these ... have rallied and fought against the victorious 
enemy .•. and have beaten them by their courage and endurance." 

Thus, as between Solon and Xenophon, we have the first 
emergence of that still mooted question: Is sport an asset to 
society? 

The Roman emperor Justinian recognized the right of an 
owner of land to forbid another from killing game on his property, 
but the issue was one of trespass, not conservation. We find no 
game management in the GrrecO-Roman culture. 

Curiously enough the first clear record of a well-rounded 
system of game management for conservation purposes is found 
not in Europe, but in the Mongol Empire. Marco Polo, in the 
narrative of his travels across Asia, thus describes the game laws 
of Kublai, "The Great Khan" (A.D. I25~I294): 

"There is an order which prohibits every person throughout all the 
countries subject to the Great Khan, from daring to kill hares, roebucks, 
fallow deer, stags, or other animals of that kind, or any large birds, be
tween the months of March and October. This is that they may increase 
and multiply; and as the breach of this order is attended with punish
ment, game of every description increases prodigiously." 

The phrase, "this is that they may increase and multiply/' 
leaves no doubt as to the intent of Kublai's edicts. 
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Kublai's technique had already evolved beyond mere control 

of hunting. Near the city of Changanoor in Cathay, Marco Polo 
found on the Khan's preserves great food patches and a complete 
system of winter feeding and cover control. He relates that: 

"At this place ... there is also a fine plain, where is found in great 
numbers, cranes, pheasants, partridges, and other birds. He [the Khan] 
derives the highest degree of amusement from sporting with gerfalcons 
and hawks, the game being here in vast abundance. 

"Near to this city is a valley frequented by great numbers of par
tridges and quails, for whose food the Great Khan causes millet, and 
other grains suitable to such birds, to be sown along the sides of it every 
season, and gives strict command that no person shall dare to reap the 
seed; in order that the birds may not be in want of nourishment. Many 
keepers, likewise, are stationed there for the preservation of the game, 
that it may not be taken or destroyed, as well as for the purpose of 
throwing the millet to the birds during the winter. So accustomed are 
they to this feeding, that upon the grain being scattered and the man's 
whistling, they immediately assemble from every quarter. The Great 
Khan also directs that a number of small buildings be prepared for their 
shelter during the night; and, in consequence of these attentions, he al
ways finds abundant sport when he visits this country; and even in the 
winter, at which season, on account of the severity of the cold, he does 
not reside there, he has camel-loads of the birds sent to him, wherever 
his court may happen to be at the time." 

This is the earliest known instance of food and cover control 
combined with restrictions on hunting. Its completeness implies 
a long previous course of evolution. Although now six centuries 
old, it sets a pace in management technique which our most 
modern state would be hard pressed to follow. Kublai's ideas of 
democracy in sport are of course another matter. They would 
need some revision. 

Game management in feudal Europe, a century after the days 
of Kublai Khan's food patches, had not yet learned to control 
either food or cover. It had, however, developed the regulation 
of hunting (in the interests of the ruling class) to a high degree
so high that the rebellion of the" one gallus" yeomanry, as per
sonified by Robin Hood, ultimately constituted one of the forces 
which overthrew the feudal system. These hunting controls be
gan as customs rather than laws. A minute and circumstantial 
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account of such customs is given by Edward, second Duke of 
York, Master of Game to his cousin, Henry IV, in his lilel symple 
hook, Master of Game, written between 1406 and 1413. (Inci
dentally this same Edward appears as villain in Shakespeare's 
Richard II. He met his death as a leader of the English vanguard 
at Agincourt in 1415.) 

Edward clearly shows that custom, not law, more or less 
definitely delimited open and closed seasons ,for big game. Thus 
the hart or red-deer season opened at St. John's tide Uune 24) 
and ended on Holyrood Day (September 14). This was the period 
when the hart was "in grease," i. e., was fattest and best fit for 
meat. The season evidently ended with the rut, when the meat 
became strong. The idea of conservation was apparently absent 
or subordinate. 

Written laws establishing closed seasons for conservation pur
poses go back, in England, at least to Henry VIII, who decreed 
protection for waterfowl and their eggs from May 31 to August 
31• James I added pheasants and partridges. Non-game birds 
were apparently not protected until 1831. 

Hunting custom in Edward's time decreed something equiva
lent to the modern buck law. A "warrantable hart" was defined 
as a "hart of ten" (points). Lesser stags (staggards), yearlings 
(bullocks), fawns (calves), and does (hinds») were either not 
killed at all, or only during the great drives in which the King 
participated. All of these lesser sex and age classes collectively 
constituted "rascal," or unwarrantable deer. 

A distinction was drawn between "dry" and "wet" hinds
the former being warrantable, but only during the winter (Sep
tember 14 until Lent), rather than during the hart season of 
summer and fall. 

Hunting custom definitely limited permissible methods and 
equipments. Edward points out that "beyond the sea" (France) 
deer were taken 

.. with hounds, with grey hounds, and with nets and with cords, and 
with other harness, with pits and with shot (bows) and with other gins 
(traps) .... But in England they are not slain except with hounds or with 
shot." 

I t is not clear whether the English taboo on "other gins" 
was a game conservation measure or a class distinction. Which-
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ever it was, there rings in Edward's "But in England" that same 
clear note of the sportsman's disdain for improper methods which 
still adorns many a hunting tale. 

By the time of Henry VII the limitation of equipments had 
gained defini te legal form. Herons could not be taken except by 
hawk or long bow. Limitation of hours began with Elizabeth's 
prohibition of night hunting of pheasants. The gradual restriction 
of equipments and abusive practices progressed in England to 
the prohibition of pole-traps in 1904, and of bird lime in 19'25. 

Did management in feudal England control any factor other 
than hunting? Edward leaves us in doubt. He says that wolves, 
foxes, wildcats, etc., were hunted as vermin, but there is no clear 
statement whether vermin-control was for game management 
purposes, or merely for sport, or for the protection of livestock. 
Otters, it is clear, were hunted for the protection of fish. Edward 
points out that: 

"No fish can escape them .... They do great harm, especially in 
ponds and in stanks, for a couple of otters .•. shall well destroy the 
fish of a great pond or great stank, and therefore men hunt them." 

Public bounties as a means of controlling predators came into 
use much later. Game and Gun (February, 1931) points out that 
Henry VIII placed a bounty on crows, choughs, and rooks. He 
assessed the bill against the local landowners. Elizabeth, however, 
empowered church wardens to levy a tax on land, and with the 
funds thus procured to pay public bounties not only on these 
birds, but also on pie, stare, martyn hawk, fursekyte, moldkyte, 
buzzard, shag, cormorant, ringtail, irin, rave, kingfisher, bullfinch, 
fitchew, polecat, weasel, stoat, wildcat, or other" ravening birds 
and vermin." Evidently fishermen and orchardists had caught 
the contagious idea that vermin were responsible for their short 
crops. Thus do proscription lists tend to grow during the pre
biological stages of management. Later, with the advent of bio
logical research, they invariably tend to shrink. 

To revert to Edward and the fifteenth century: Were there 
any controls of cover and food in those days? Apparently not. 
Numerous hunting parks or forests, though, had long since been 
established. The idea of setting aside areas for the benefit of 
privileged hunters goes back into the remote past, and apparently 
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grew by slow degrees into the idea of setting aside areas for the 
benefit of the game, and finally into the idea of protecting all 
landowners against trespass, so that each would have an incentive 
to manage his own game. Trespass penalties of almost savage 
severity mark the beginning of the process. Penalties only heavy 
enough to sustain the landowner's incentive mark its later stages. 
Public reservations for conservation purposes appear at a very 
late stage. 

English hunting reservations for the privileged, as described 
by Malcolm and Maxwell (1910) and Johnson (1819) were first 
formally recognized in a "charter of the forest" granted by Canute 
the Dane in 1062. William the Conqueror and his successors" did 
daily increase those oppressions by making more new forests in 
the lands of their subjects, to their great impoverishment" until 
"the greatest part of the kingdom was then converted into for
ests." 

These hunting reservations were of two kinds. 
A "forest" was the exclusive prerogative of royalty, and was 

governed by special forest laws. A forest consisted of: 

"A circuit of woody grounds and pastures, known in its bounds as 
privileged for the peaceable being and abiding of wild beasts and fowls 
of forest, chase, and warren, to be under the king's protection for his 
priacely delight, bounded with irremovable marks and meres ... re
plenished with beasts of venery and chase, and great coverts of vert for 
succour of said beasts; for preservation thereof there are particular laws, 
privileges, and officers belonging there unto." 

A "chase" was a similar tract but might be held by a subject, 
and was protected only by the common law. 

As early as 1229 the number of royal "forests" began to be 
curtailed, while by 1617 most of them had dissolved. 

Henry VII (1485-15°9) was the first English king to recognize 
that the common landowner might wisely be granted protection 
from trespass. He forbade the taking of pheasants and partridges 
on other people's land without the permission of the owner. 
James I (16°3-1625) extended this to all shooting on all land. 
Here was the first "owner's permission" trespass law. 

The Roman emperor, Justinian, had recognized the same legal 
principle centuries before, but with him it was a matter of land-
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owner's rights, not a matter of incentive for game production. 
These English enactments, however, clearly imply that the wel~ 
fare of game was one of their objectives. 

When our modern state legislators in solemn conclave debate 
whether such "owner's permission" trespass laws are necessary, 
do they realize that they are coping with no new question, but 
rather one which came up in Roman times, and was settled in 
England three centuries ago? 

J ames I apparently first applied the reservation idea for the 
benefit of the game, as distinguished from that of the hunter. 
An act passed in his reign decreed that" hail shot in hand guns" 
(to wit: a shotgun) might not be discharged within 600 paces 
of a heronry. Here was, in effect, a publicly established breeding 
refuge. 

Henry VIII had long before, in 1536, closed an area near his 
Westminster Palace, in what is now metropolitan London, to 
shooting of pheasants, herons, and partridges. Whether this was 
just a little shooting preserve for his own use, or whether it was 
a real refuge, is not disclosed. The same doubt pertains to many 
a minor "refuge" today. 

The first breeding refuge for non-game birds was decreed by 
Parliament in 1869. 

Artificial rearing of game for restocking coverts may have 
begun as early as 1523, when the account book for Henry VIII's 
privy purse shows that on December 22 he paid a small sum to 
the" french preste the fesaunt breeder for to buy him a goune." 
It is clear enough that this "french preste" was the keeper of 
the royal pheasantries, but Maxwell poirtts out that these may 
have been maintained for aviary or culinary, rather than re
stocking, purposes. Maxwell says, "It is less than a century since 
the practice of rearing pheasants became at all well known in 
this country." 

Artificial propagation of mallard ducks, Maxwell points out, 
dates back to 1631. A letter of that date, accompanying a de
livery of 200 eggs, leaves little doubt that propagation was re
sorted to for purposes of sport (hawking) and on a considerable 
scale. 

We may note in passing that the first mention of artificial 
propagation coincides in date with the first revival of the Mosaic 
prohibition of robbing wild nests. Henry VIII set up severe penal-
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ties for the possession of wild eggs (Johnson, p. 314). "Bootleg" 
eggs are still the bane of the English gamekeeper. 

Deliberate controls of cover and food in Europe can be as
signed no definite date of beginning. Negative controls, i. e., pro
hibiting destructive practice, began long before positive controls, 
i. e., the building up of damaged land. Thus William and Mary 
in about 1694 prohibited the burning of nesting cover in spring 
(Johnson, p. 294), but I can find no clear instance of systematic 
cover improvement previous to the beginning of heather control 
on the Scotch grouse moors, which The Grouse in Health and Dis
ease (191 I) and Maxwell both say occurred between 18so and 
1873. (The former authority will hereafter be cited as The Grouse 
Report.) Prohibition followed long after by restoration appears 
to be a fixed sequence of human thought and action on conserva-
tion affairs. . 

Cover control to facilitate shooting is clearly earlier, at least 
on the continent, than cover control to enlarge the game crop. 
Malmesbury mentions well-developed "remises" on Hungarian 
estates in 1799 and 1800, also grain-baiting of wild boars to de
coy them within range of blinds. While convenience in shooting 
was the main idea in these remises, the idea of controlling vege
tation to enhance the game crop was evidently not wholly absent. 
Malmesbury mentions "a small remise sown with broom and 
high grass," in which he and his party killed 96 partridges and 
16 hares. Possibly all these remises were to some degree "sown" 
or "hand made." He describes one as "an English mile long, and 
about half as wide-covered with high grass, clumped with copse 
wood, fern, and broom-so that the game lay well." There is 
possibly an objective inference in the word "clumped." Inci
dentally he mentions that 1200 head of pheasants, partridges, 
and hares had been killed in this remise the year before, whereas 
on the day he hunted it "only" 408 head were killed. The former 
figure, if his dimensions were right, means an annual yield of 
four head of small game per acre. 

European game management today seeks to control all of 
the factors determining wild populations. Many American sports
men have the mistaken impression that European game manage
ment relies largely on artificial propagation. Artificial rearing, 
to be sure, is widely used for pheasants, but in eastern Europe, 
and probably also elsewhere, wild management or "environ-
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mental controls" are used exclusively for all species, including 
pheasants, with entire success. Maxwell says that even in Eng
land a few landowners produce their pheasants entirely by wild 
management. Artificial propagation is never used for British 
grouse, and to only a small extent for gray partridge. 

Although management in Europe came first and biology 
afterward, there is plenty of evidence that biological guidance 
is now increasingly sought as a means of making management 
more effective, and fairer to non-game species of wild life. The 
Grouse Report represents the first comprehensive attempt to 
apply science to the control of the disease factor. While the dis
ease cycle still periodically decimates the British grouse, recovery 
has been speeded up to such an extent that only a third of the 
years fall below 50 per cent of normal in yield. 

Evolution in America. The history of American manage
ment is until recently almost wholly a history of hunting con
trols. The sequence and direction of their development, from the 
Revolution up to 191 I, is set forth in Palmer's admirable Chro
nology and Index (1912). Palmer points out that at the time of 
the Revolution, 12 of the 13 colonies had enacted closed seasons 
on certain species, while several had also prohibited certain de
structive equipments and methods, and the export and sale of 
deerskins. The first closure for a term of years was placed on 
Massachusetts deer in 1718. The beginning of a warden system 
appeared in Massachusetts and New Hampshire about 1850. 
The first protection for non-game birds appeared in Connecticut 
and New Jersey in 1850' 

The enactment of state game laws followed close on the heels 
of the retreating frontier, reaching the Pacific in California in 
1852. By 1880 all of the states had game laws. The first bag limit 
(25 prairie chickens per day) appeared in Iowa in 1878; the first 
rest day in Maryland in 1872. Market hunting was first tabooed 
by Arkansas in 1875. 

A hunting license was first required by New York in 1864; 
a non-resident license by New Jersey in 1864. 

Federal supervision of interstate game began with the Lacey 
Act, which in 1900 prohibited interstate commerce in illegal 
game. It was followed by our present migratory bird bills, which 
were introduced in 1904 and 1908, but not passed until 1913. 
These bills, having been questioned on grounds of constitution-
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ality, were finally anchored to the Constitution by the Canadian 
treaty of 1916. 

This partial review of the sequence of American ideas deals, 
it will be observed, wholly with restrictions on when, what, and 
how one might hunt, and with the organization and financing 
of enforcemen t agencies. 

We have next to trace the sequence of development in America 
of the complementary idea of production or cropping of game, 
either by artificial propagation or by environmental controls. 

It has no fixed date or point of origin. 
The first American plantings of exotics, as traced by Phillips 

(1928) took place about 1790, when one Richard Bache, a son
in-law of Benjamin Franklin, planted Hungarian partridges on 
his New Jersey estate. These early plantings were doubtless 
motivated not so much by a shortage of native game as by a 
residual affection for the wild life of "the old country," or else 
by that queer desire to possess something new which all flesh is 
heir to. 

The first state game farm would be a defensible point of origin 
for the production or cropping idea. This, according to Palmer, 
was established in Illinois in 1905. 

The first refuge would be another logical point. The word 
" refuge" as a device used in game management did not come 
into use until about 1910, but the group of ideas now associated 
with that word was in practice much earlier. The whole modern 
mechanism of a refuge for ducks, including a strand of wire for 
a boundary, feed placed inside, and a sunset rule on the surround
ing ground, was in effect on Weber's Pond, in the Horicon Marsh, 
Wisconsin, in 1891. Jack Miner (1923, p. 58) started his now 
famous waterfowl refuge at Kingsville, Ontario, in 1907, and 
Allen Green his refuge at Oakville, Iowa, in the same year. Penn
sylvania established her first state refuge for upland game in 
19°5· 

The first national park closed to hunting (Yellowstone, 1894) 
or the first national game reservation (Wichita, 1905) or bird 
reservation (in Canada, Last Mountain Lake, 1887; in the United 
States, Pelican Island, 1903) might also be selected as marking 
the American origin of environmental controls for wild life. Ref
uges, parks, and reservations, however, may more truly be con
sidered as half-way points between the restrictive idea and the 
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idea of environmental controls. Another half-way idea is that of 
limiting the kill to the annual increase. The first public attempt 
to apply this principle, doubtless borrowed either from foresters 
or stockmen, was Wyoming's issue of" limi ted licenses" for moose 
about 1915. 

The first public control of food supply by artificial food patches 
occurred on the Pennsylvania refuges in 1917. By 1920 state food 
patches were being installed on a considerable scale. 

The first public control of a game disease epidemic was the 
stamping out of hoof-and-mouth disease by the Bureau of Animal 
Industry after its outbreak in the deer herd of the Stanislaus 
National Forest of California in 1924. 

The first public predator control for game purposes is so thor
oughly fused with livestock predator control that no dates can 
be set. Bounties on predators go back indefinitely. Appropriations 
for government trapping date from 1915. 

The first large-scale private practice of game management, 
in the sense of a rounded-out system of control of all actionable 
factors, based on a preceding scientific life-history investigation, 
was instituted by Herbert L. Stoddard on the South-Georgia 
Quail Preserves during the period 1924-1928. _ 

The large-scale practice of public game management on pub
licly owned shooting grounds began on the National Forests at an 
indeterminate date (since 1910), and in Pennsylvania about 1919. 

In short, during the last two or three decades, restrictive 
legislation has been gradually reinforced by the growth of the 
idea of production through environmental controls. The pro
duction idea is as yet still in its infancy. 

This evolution of technique from custom toward law, and 
from restriction toward production, does not of itself suffice for 
an understanding of the game movement in America today. Of 
even greater importance is the evolution of the objectives toward 
which the technique is applied, and the evolution of scientific 
tools for its improvement. 

The Conservation Idea. European game management for cen
turies had one simple and precise objective: the improvement of 
hunting for and by the private landholder. 

In America the dominant idea until about 1905 was to per
petuate, rather than to improve or create, hunting. The thought 
was that restriction of hunting could" string out" the remnants 
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of the virgin supply, and make them last a longer time. Hunting 
was thought of and written about as something which must even
tually disappear, not as something which might be produced at 
will. 

Our game laws under the restrictive idea were essentially a 
device for dividing up a dwindling treasure which nature, rather 
than man, had produced. Naturally enough, the policy of divi
sion strongly reflected the democratic ideas underlying our politi
cal system. Here was something new under the sun: a game sys
tem based on an equally distributed citizenship, rather than, as 
in Europe, on an unequally distributed landownership. 

But the passing years made it more and more apparent that 
this novel system, however admirable in theory, had in practice 
failed to halt the accelerating decline in game supply. Public-spir
ited sportsmen groped earnestly for new formulas. The direction 
of their search was to develop more perfectly the restrictive idea. 
Better law enforcement and prohibition of market hunting were 
decided to be the way out. 

The ga;me literature of the closing century is saturated with 
these two ideas. They became personal dogma and public law . 
.. Game protection" became a .. Cause." The game hog and the 
market hunter were duly pilloried in press and banquet hall, and 
to some extent in field and wood, but the game supply continued 
to wane. 

Came then Theodore Roosevelt, with the idea of "conserva
tion through wise use." Wild life, forests, ranges, and waterpower 
were conceived by him to be renewable organic resources, which 
might last forever if they were harvested scientifically, and not 
faster than they reproduced. 

"Conservation" had until then been a lowly word, sleeping 
obscurely in the back of the dictionary. The public had never 
heard it. It carried no particular connotation of woods or waters. 
Overnight it became the label of a national issue. 

The Roosevelt doctrine of conservation determined the sub
sequent history of American game management in three basic 
respects: 

I. I t recognized all these "ou tdoor" resources as one in tegral 
whole. 

2. I t recognized their "conservation through wise use" as a 
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public responsibility, and their private ownership as a 
public trust. 

3. It recognized science as a tool for discharging that respon. 
sibility. 

It left cloudy, however, the question of what kinds of game 
could best be renewed under public initiative, and what kinds by 
public encouragement and regulation of private initiative. In big 
game, Roosevelt correctly forecast a combination of private pre
serves and public shooting grounds. He wrote in 1909: 

"Game preservation may be of two kinds. In one the individual 
landed proprietor, or a group of such individuals, erect and maintain a 
private game preserve, the game being their property just as much as 
domestic animals. Such preserves often fill a useful purpose, and if man
aged intelligently and with a sense of public spirit and due regard for 
the interests and feelings of others, may do much good, even in the most 
democratic community. But wherever the population is sufficiently ad
vanced in intelligence and character, a far preferable and more demo
cratic way of preserving the game is by a system of public preserves, of 
protected nurseries and breeding grounds, while the laws define the 
conditions under which all alike may shoot the game and the restrictions 
under which all alike must enjoy the privilege. It is in this way that 
the wild creatures of the forest and the mountain can best and most per
manently be preserved." 

The small-game question was left in uncertain status. Subse
quent evolution, however, is gradually answering the whole ques
tion. The trend is toward recognizing land-value and mobility as 
the criteria of public vs. private game management. Migratory 
birds (mobile, and often occupying cheap lands) became a national 
charge in 1916. The present moment is seeing the emergence of 
the idea that forest game (mobile, and on cheap land) can be 
largely a public charg~, whereas farm game (non-mobile, and 
usually occupying expensive land) can only be managed by pri
vate initiative under public regulation (American Game Policy 
of 1930)' 

Science as a Tool. Roosevelt's idea of science as a tool for 
conservation seems a truism to us now, but it was new in 1910. 
It may be well for the reader to be reminded of the human history 
in terwoven with its growth. 
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The early naturalists of the two centuries preceding the birth 
of "Conservation" regarded a species as one of the phenomena 
of nature which needed to be discovered, catalogued, and de
scribed. They realized, and marvelled, that 

.. For it the Earth lay preparing quintillions at years 
Without one single animal or plant. 
For it the revolving centuries truly and steadily rolled." 

"Gentlemen, look at this wonder," they said, as they held up 
a new discovery. Then they set about to catalogue it, comfortably 
assuming that only the same blind forces which had caused it to 
be there, could, in the fullness of time, cause it to perish from 
the earth. 

But it soon became evident that a species did not continue 
or discontinue its existence, like a planet or a geological stratum 
or a sunset, regardless of what the scientist thought or did about it. 

This "civilization" which at one moment held it up, saying, 
"Gentlemen, look at this wonder," might next throw it down and 
destroy it with all the nonchalance of a glacial epoch. 

The naturalist's first response to the realization of this anom
aly was to heave a sigh and hasten the completion of his cata
loguing, lest by chance some species disappear before receiving 
the baptism of a Latin name. In some instances, like that of the 
Arizona elk, this actually happened. 

With the Rooseveltian era, however, came the Crusader for 
conservation, a new kind of naturalist who refused to stomach 
this anomaly. He insisted that our conquest of nature carried with 
it a moral responsibility for the perpetuation of the threatened 
forms of wild life. This avowal was a forward step of inestimable 
importance. In fact, to anyone for whom wild things are some
thing more than a pleasant diversion, it constitutes one of the 
milestones in moral evolution. 

Game management is merely an attempt to deal with the cor
ollary question: How shall we conserve wild life without evicting 
ourselves? 

The Crusaders wrote many volumes, but these told us why 
rather than how wild life and civilization should be adjusted to 
each other. These men were mostly biologists, but strangely 
enough their technique was not biological. It was, rather, an in-
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tensification of the pre-existing idea of protective legislation, 
which experience has now shown does not alone suffice, even when 
enforced. I t retards, but does not reverse, the forces of destruction. 

Our sporting literature fell in line with the Crusaders, but pi
oneered no extensions of their ideas. It consisted for a long time 
of mildly pleasant hunting yarns, sometimes of literary merit, 
which hoped with varying degrees of fervency that there would 
be some game left for our sons, and recommended with varying 
degrees of skill more laws to retard the day of reckoning. One 
periodical, The Game Breeder, broke away at an early date and 
pioneered the idea of game production through private initiative, 
but it leaned toward artificialized game-farming technique, and 
toward open markets to reinforce the private production incen
tive. These two corollaries, particularly the latter, beclouded the 
intrinsic merit of the central idea. This periodical must, however, 
be credited with the origin of the private initiative idea in Amer
ica. Its program had the outstanding merit of realism and of 
constructive discontent with pious phrases. 

So far we have the scientist, but not his science, employed as 
an instrument of game conservation. I do not know who first 
used science creatively as a tool to produce wild game crops in 
America. Roosevelt had it in mind as a guide for game regulatory 
measures, and of course knew of its use for environmental con
trols in forestry. The idea was doubtless conceived by some one 
long before it was first successfully applied by the Biological 
Survey to quail management in Georgia. 

The early attempts to apply biology to the management ot 
game as a wild crop soon disclosed the fact that science had ac
cumulated more knowledge of how to distinguish one species from 
another than of the habits, requirements, and inter-relationships 
of living populations. Until recently science could tell us, so to 
speak, more about the length of a duck's bill than about its food, 
or the status of the waterfowl resource, or the factors determin
ing its productivity. It is now become more realistic. Scientists 
see that before the factors of productivity can be economically 
manipulated, they must first be discovered and understood; that 
it is the task of science not only to furnish biological facts, but 
also to build on them a new technique by which the altruistic idea 
of conservation can be made a practical reality. 

These, briefly, are the mental paths which led to the present 
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American idea of game management. The fact that hindsight 
shows them a bit crooked should not detract due credit from the 
pioneers who broke the way. There is no end to this path-our 
present notions will as surely be outdated as those which we here 
outdate. We seem due at this moment for a worthwhile advance. 
Both scientists and sportsmen now see that effective conserva
tion requires, in addition to public sentiment and laws, a delib
erate and purposeful manipulation of the environment-the same 
kind of manipulation as is employed in forestry. They are also 
beginning to see that in game, as in forestry, this manipulation 
can be accomplished only by the landowner, and that the private 
landowner must be given some kind of an incentive for under
taking it. 

There are still those who shy at this prospect of a man-made 
game crop as at something artificial and therefore repugnant. 
This attitude shows good taste but poor insight. Every head of 
wild life still alive in this country is already artificialized, in that 
its existence is conditioned by economic forces. Game manage
ment merely proposes that their impact shall not remain wholly 
fortuitous. The hope of the future lies not in curbing the influ
ence of human occupancy-it is already too late for that-but in 
creating a better understanding of the extent of that influence 
and a new ethic for its governance. Bailey (1922) says: 

"We are at pains to stress the importance of conduct; very well: 
conduct toward the earth is an essential part of it .•.. To make the 
earth productive and to keep it clean and to bear a reverent regard for 
its products is the special prerogative of good agriculture." 



CHAPTER II 

MECHANISM OF GAME MANAGEMENT 

Productivity. In the light of this history, let us now examine 
the substance of game management itself. The previous chapter 
has traced the sequence of human controls brought to bear on 
the various factors which determine productivity. Just what are 
these factors? What are the characteristics of each? Which ones 
do we manipulate, and how? What is the effect of manipulation? 

The concepts and definitions which spring naturally to the 
reader's mind will need only a little sharpening to suffice for pres
ent purposes. 

Productivity may be defined as the rate at which mature 
breeding stock produces other mature stock, or mature removable 
crop. 

In order to sharpen our mental picture of just what this means, 
we will have to employ figures. 

Every wild species has certain fixed habits which govern the 
reproductive process, and determine its maximum rate. Thus bob
white quail are monogamous, raise one brood each year after at
taining the age of one year, and average 14 eggs per clutch, ap
proximately half male and half female. Thus one pair of quail, if 
entirely unmolested in an "ideal" environment, would increase 
at this rate: 

AT END OF 
1St year 
1d year 
3d year 

YOUNG + ADULTS - TOTAL 
14 + 2 16 

(16 + 1)14 ~ 111 + 16 - 118 
(118 + 2)14 ... 896 + 118 - 1024 

This potential maximum rate of increase is, as nearly as we 
know. a fixed property of this species, and each other species like
wise has its own fixed maximum breeding or reproduction poten
tial. Thus antelope, which are polygamous, reproduce once each 

22 
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year from the age of two years, and average two fawns. Hence 
they could increase, during the same period of three years: 

AT END OF 

1st year 
2d year 
3d year 

YOUNG + YEARLINGS + ADULTS = TOTAL 

2 + 0 + 2 4 
2 + 2 + 2 6 

(4 + 2)2 = 4 + 2 + 4 10 

It is apparent, then, that the reproduction potential for quail 
is more than a hundred times greater than for antelope. 

This maximum rate of increase is of course never attained in 
nature. Part of it never takes place, part of it is absorbed by 
natural enemies, and (on hunting grounds) part of it is absorbed 
by hunters. 

Thus if, of the I6 quail present at the end of the first year, 
one-fourth were thereafter taken by hunters and one-fourth by 
other enemies, -the increase would be: 

AT END OF YOUNG + ADULTS 

1St year 
2d year (8 + 2)14 = 56 + 8 
3d year {32 + 2)14 = 224 + 32 

= TOTAL 

16 
62 

= 256 

HUNTERS 

4 
15 

- 64 

83 

REMOVED 
BY OTHER 
ENEMIES LEFT 

4 8 
15 = 32 
64 = 128 

83 

On the other hand, if three-eighths of the quail were, after the 
first year, taken by hunters and one-eighth by other enemies, the 
rate of increase would be the same but the productivity, in the 
sense of crop removed by hunters plus the increment to the breed
ing stock, would be half again as large. 

Productivity therefore differs from rate of increase, in that it 
includes increments to the removable crop as well as to the breed
ing stock. It is a better yardstick for measuring the condition of 
huntable game populations, which may not increase but which 
may nevertheless be highly productive in the form of hunting 
removals, or kill. 

Productivity is something taken away from "other enemies" 
of game-a transfer of mortality from natural enemies to human 
hunters. I t is actually, however, something more than that, be-
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cause all of the stock may not breed unless its environment is 
favorable, and the creation of a favorable environment is the 
first concern of management. Management takes game away 
from other enemies and gives it to hunters, but it also creates 
otherwise non-existent game by allowing it to more nearly realize 
its breeding potential. This will be discussed later under "welfare 
factors." 

Effect of Factors: Theory of Population. It is important to 
realize that no combination of factors ever occurs which enables 
game actually to increase at its theoretical maximum rate. Never
theless the theoretical maximum is a convenient fixed datum by 
which diverse actual conditions can be measured and compared. 

We may conceive, therefore, of population as a flexible curved 
steel spring which, by its inherent force of natural increase, is 
constantly striving (so to speak) to bend upward toward the 
theoretical maximum, but which the various factors are at the 
same time constantly striving to pull down. This conception is 
graphically represented in Fig. 2, in which mule deer are used 
as an example. In Curve A the initial stock is allowed an unim
peded increase, but in Curve B, after the sixth year, the increase 
is retarded by two classes of factors. One pulls down the curve 
by means of direct decimation, the other by retarded breeding. 
Their collective effect is to pull the ascending curve of unimpeded 
increase down to the usual actuality-a stable population. 

The heavy lines A and B indicate the population from year 
to year if the census were taken annually at the season of maxi
mum number of grown animals-say November I. If the census 
were made each month, a zigzag curve, shown as a lighter line, 
(a) and (h), would result. With no mortality, these zigzags would 
be ascending steps with square corners (a). With normal decima
tion the zigzags are shaped like saw-teeth (h). In each case the 
vertical leg of each zigzag represents the yearly increment of 
young; the horizontal or descending leg the fortunes of the popu
lation for the remainder of the year. 

For practical purposes it is of course unnecessary to take 
account of the zigzags in drawing population curves. What we 
want is trends, which the slope of the main curves adequately 
portrays. 

The theory of population may be paraphrased in plainer 
language by saying that the capacity of game to increase or to 
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produce removable surplus depends on the equilibrium between 
its breeding habits and the conditions under which it lives. The 
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less unfavorable the conditions, the nearer the game comes to 
attaining the maximum possible increase or crop. 

We classify the conditions in to "factors of producti vi ty" for 
purposes of analysis. Each factor is constant in character and 
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direction, but not of course in value. I t is the "values" which 
management seeks to control. 

Chapman (1928) has called the summation of all the factors 
operating on any given population the "environmental resist
ance." Productivity is the breeding potential minus the environ~ 
men tal resistance. 

The so-called "balance of nature" is simply a name for the 
assumed tendency of the population curves of various species in 
an undisturbed plant and animal community to keep each other 
horizontal. The growth of biological knowledg~ trends strongly 
to show that while population curves may oscillate about a hori
zontal median, a single curve seldom or never stays horizontal 
from year to year even in virgin terrain. Fluctuation in numbers 
is nearly universal. 

A state of undisturbed nature is, of course, no longer found 
in countries facing the necessity of game management; civiliza
tion has upset every factor of productivity for better or for worse. 
Game management proposes to substitute a new and objective 
equilibrium for any natural one which civilization may have de
stroyed. 

Classification of Factors. What we have called removals in 
these theoretical cases is, on actual game range, the sum of the 
toll taken by hunters, predators, starvation and drouth, diseases 
and parasites, and mechanical accidents. These we may call dec
imating factors because they kill directly. 

There is another class of factors, which, like the decimating 
factors, were absent from our "ideal range," but which are always 
present in actuality. This second group includes non-lethal de
ficiencies of food, water, and coverts, and of certain special re
quirements such as salt, which will be discussed later. This second 
group, which we will call welfare factors, reduce productivity not 
directly by decimation, but indirectly by decreasing the breeding 
rate and by weakening the" defense against the decimating factors. 

There is obviously an overlap and inter-action between the 
decimating and welfare groups. Starvation and drouth are merely 
the acute stages of poor food and water. A mild degree of disease 
or parasitism does not decimate but merely reduces welfare. 
Furthermore decimating factors may affect productivity in other 
ways than killing. Hunters and predators may injure game with
out killing by driving it away from food or water, or they may 
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by killing not only reduce the population, but also alter sex and 
age classes to the detriment of breeding. They may, on the other 
hand, benefit it in spite of decimation by scattering the game in 
such a way as to stock empty coverts or improve distribution, 
or by altering sex and age classes to the enhancement of breeding. 
Scattering may also benefit productivity by reducing contacts 
and thus checking diseases. Predators may reduce disease by re
moving weaklings. 

By and large, however, the distinction between decimating 
factors which kill, and welfare factors which retard increase or 
make killing easier, seems a useful one, provided we bear in mind 
the overlaps and inter-actions between the two classes, and among 
the various factors in each of them. 

There is a special group of welfare factors, part of which might 
be included under a broad definition of food, water, and coverts, 
but which are of sufficient importance in particular instances to 
warrant a separate category. They are here designated as .. spe
cial." 

This group includes gravel for gallinaceous birds and water
fowl, salt licks for herbivores and some birds, mineral springs for 
pigeons, dust baths for various birds, mud baths and hibernation 
places for bear, caves or dense shade for sheep and quail to re
duce water loss during the heat of the day in arid climates, open 
wind-swept parks or deep water for the relief of moose and deer 
in fly season, and sandy knolls for" booming grounds" of prairie 
chickens. There are probably many other special factors we do 
not know about, and the ones we do know about may be more 
important than is commonly supposed. 

There is reason to believe, for instance, that each species re
quires minute quantities of certain minerals, or certain protein 
vitamins. These are not" food" in the gross or quantitative sense. 
The quantities required may be so small that the amount trans
mitted from the parent to the egg seems in some cases to sustain 
the resulting progeny for a considerable period. Nevertheless they 
are so necessary that the exhaustion of the reserve supply in the 
tissues often results in malformation, impaired reproduction, or 
even death. The particular kinds of substances required by any 
given species does not seem to follow generic relationships; thus 
the requirements of hogs resemble those of chickens more than 
these of cattle. It is not unthinkable that the presence or absence 
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of these substances helps determine the geographic distribution 
of species. 

That a lack in the food, water, cover, or special factors ac
tually decreases resistance to the decimators is well known. Thus 
deficient cover exposes game to hunters and predators; deficient 
food makes it unable to escape their onslaughts. Such deficiencies 
probably decrease the breeding rate in game, but this is not 
definitely established by actual proof in specific cases. It has 
long been observed, for instance, that during periods of drouth, 
Gambel quail coveys fail to pair off and nest. Apparently in such 
instances the disposition to breed is inactive for lack of some 
stimulus associated with normal weather, food, and cover, but 
the abnormal condition does not visibly affect the health of the 
adult birds. No one has proved that drouth is actually the cause 
of failure to breed, or through what deficit in food, cover, vitamin, 
or mineral it operates to this end. 

Deficient food is also commonly believed to decrease the size 
or numbers of litters or clutches. In the Lake States, for instance, 
white cedar is an important winter food for deer when they are 
yarded up during deep snow. Yarding occurs during gestation. 
If a doe averages 1.5 fawns on a range well supplied with cedar 
swamps, she might average 1.4 fawns on a range from which the 
available cedar had all been cut for posts and poles. As will be 
shown later, such slight changes in the reproductive rate may 
have a profound effect on populations and productivity. No one 
has yet proved, however, that the doe: fawn ratio decreases with 
the available cedar. 

Seton (1929) quotes R. MacFarlane as asserting that snow
shoe rabbits have more and larger litters during the up-grade of 
the cycle. There is an unauthenticated report that the spruce" hen 
in Nova Scotia lays a larger clutch of eggs before than after the 
cycle peak. It is also quite probable, though proof is lacking, that 
under an unfavorable. set-up of welfare factors a part of the adult 
population may not breed at all. Just what welfare factors, if 
any, are associated with these highly significant changes in re
productive rate remains unknown. 

While we lack proof that welfare factors change the breeding 
rate in game, they are known to do so in domestic stock. The 
probability that they do so in game is high enough to warrant 
the assumption for practical purposes. 
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To sum up, the factors of productivity overlap and interplay, 
but in their essential characteristics may be classified as follows: 

DECIMATING FACTORS 
Hunting 
Predators 
Starvation 
Disease and parasi tes 
Accidents 

WELFARE FACTORS 
Food supply 
Water supply 
Coverts 
Special factors 

Influences. The reader may by now have noticed that this 
list of factors does not include certain environmental conditions 
known by all to affect game, such as drainage, cultivation, cutting 
and clearings, weather, fire, and grazing. These we propose to 
call influences rather than factors, because they usually operate 
on game indirectly by influencing a factor, rather than directly 
on the game itself. Moreover, they are sometimes favorable and 
sometimes unfavorable in their effects, whereas the factors are 
always unfavorable in being something less than ideal. Thus 
drainage does not kill game, but it alters food, water, and coverts, 
and thus welfare. Cultivation does not kill game, but it influences 
food, water, coverts, and special factors, favorably or unfavor
ably, according to the species, the circumstances, and the amount. 
The usual operation of influences is suggested by the table in the 
upper left corner of Fig. 2, the factors commonly influenced being 
indicated by cc X" marks. 

What we here desire to make clear is that any influence may 
usually be reduced to factors. The factors, then, are the common 
denominators of an infinite variety of influences, which condition 
productivity in all species of game at all times and places. 

The particular set-up of factors here proposed may require 
modification with advancing knowledge; particularly with the 
further exploration of animal physiology and psychology. It will 
presumably always be true, however, that the thousands of en
vironmental influences will be reducible to a small number of 
fundamental categories or factors which determine productivity, 
and that any kind of biological management will deal with their 
beneficial control. 

Breeding Habils. The prospective field of opportunity for 
applying management to any given unit of population may be 
described in terms of Fig. 2 as bounded on its upper side by the 
unimpeded increase curve of the species in question, and on its 
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lower side by zero or extinction. The poirit where management 
begins is where the pre-existing population curve enters the left 
side of this fi~d. The objective of management is ordinarily to 
bend the population curve upward, or, more properly, to remove 
enough of the downward drag of the factors to allow it to follow 
its inherent upward trend. 

Assume, for the moment, that the factors are under perfect 
control: how strong is this inherent upward trend, i. e., how far 
upward can the population curve be bent? No further, in any 
case, than the unimpeded increase rate, which, as already stated, 
is determined by the fixed breeding habits of the species in ques
tion. Let us therefore determine and compare the breeding habits 
of the principal American species. From these we can later de
termine and compare their unimpeded increase rates, or breeding 
potentials. 
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Tables la and Ib summarize the information available on the 
breeding habits of our game birds and mammals respectively .. 
Those who wish to check the derivation of the values may con
sult the explanatory footnote. 1 

Even the layman, however, should appreciate the paucity of 
our existing knowledge on some of the most fundamental breed
ing characters, and the comparative abundance of information 
on other characters of lesser importance. In species after species 
of birds the scientific literature offers the most minute descrip
tions of abnormally large or small clutches of eggs, without a 
word as to the minimum breeding age, or number of broods per 
year, or sometimes even the average clutch. This lopsided de
velopment is the subject of further comment in Chapter IV, as 
is al~o the detailed discussion of breeding characters of particular 
speCIes. 

Breeding Potential Chart. Having determined the breeding 
characters of the various species, we are now ready to classify 
and compare their unimpeded increase rates. 

This rate, which we may call for short the breeding potential, 
depends theoretically on four properties: 

I. The minimum breeding age. 
2. The maximum breeding age. 
3. The number of young per year, which is the product of the 

1 Explanation of Tablts Ia and Ib. Choiu of Specits: Established exotics are included, 
as well as a few rare or extinct species representing some extraordinary breeding age, num
ber of young per brood, or number of broods per year. 

Euidmce from captiuts is excluded except for incubation periods, size of mammal 
litters, and. longevity of mammals. The first two characters are probably not affected 
by confinement, and in the last, except for rare banding records, no evidence exists except 
from captives. 

Symbols. Figures in brackets are assumptions based on analogy with species in which 
the character is known. Figures followed by question marks are vouched for by author
ity, but the author questions whether they are representative. The expression (8-24)14.4 
means, minimum, maximum, average. Decimal fractions in the average imply that an 
accurate determination has been made. The omission of any average means that the 
literature offers only maximum and minimum. 

Variations in clutch or litter with favorable or unfavorable environment is unknown, 
and therefore ignored. 

Authority. The numbers preceding the name of the authority in the column on the 
right refer to column numbers. Thus "I, 2, 4, S, Stoddard" means that the figures in 
columns 1-2 and 4-S are taken from Stoddard. The titles and dates of the particular 
publications are omitted to save space, but can usually be inferred by looking up the 
author in the bibliography (see Bibliography). 

Computations. The column "young per year" is the average young per clutch or 
litter times the number of broods or litters per year. The figure ~ under litters per year 
means the species breeds only in alternate years. 
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number per clutch or litter times the number of clutches 
or litters per year. 

4. The longevity beyond maximum breeding age (number of 
senescen t or over-age adults). 

This assumes a population perfectly balanced as to sex and 
age classes. If not so balanced, the breeding rate is further af
fected by: 

5. The sex and age composition of the population. 
6. The mating habits as related to that composition. 

Any computation recognizing all these variables would be 
very complex. For practical purposes we may, however, obtain 
a useful comparison of breeding potentials by ignoring 2, 4, 5, 
and 6. For any short period 2 and 4 are inoperative anyhow. 
Moreover, in most actual wild populations, few individual ani
mals survive long enough to pass beyond the age of breeding, 
and still fewer to die of old age. As to 5 and 6, our theoretical 
population is supposed to be perfectly balanced. 

Let us, then, first of all classify the species according to the 
principal characters determining their breeding potentials, as 
shown in the preceding tables, namely: 

I. Minimum breeding age. 
2. Number of young per year. 

This classification appears in Table 2. The important pred
ators have been added for comparison. As indicated by the 
arrow, a position in the table near the upper right corner means 
rapid breeding; a position near the lower left corner means slow 
breeding. Doubts as to the position of certain species are ex
plained in the footnote to the table. 

Table 2 switches the light on some strange biological bed
fellows, and on the mathematical reasons why they lie together. 
The lion and the lamb, for example, lie very close, both breeding 
(in so far as known) at three years, but the lion (cougar) leading 
by "half a cub." The goose and the wolf, the dove and the hawk, 
the squirrel and the fox, the rabbit and the cat, are neck-and
neck for breeding rate, and also prey-and-predator in their strug
gle for existence. The general trend, however, is for the prey to 
outstrip its predator in breeding potential. This is an ecological 
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principle, and is supposed to stabilize the animal community. If 
It were otherwise, the predator might the more often find himself 
in the predicament of John Burrough's potato-bug, which ex
terminated the potato and thereby exterminated itself. 

The isolated position of certain species is worthy of mention. 
Thus the wild pigeons are unique in laying only one egg a year, 
and the woodcock in laying three. Odd numbers of eggs in the 
lower brackets seem to be rare. Here is possibly a problem for 
mathematical geneticists. The swan and turkey are unique in 
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their deferred maturity; the bears in deferred maturity plus the 
peculiarity of breeding only in alternate years, which property 
makes the twin cubs average only one per year. 

Breeding Potential CUrries; Breeding Index. We have now 
determined the breeding characters of the species, and classified 
the species according to their two most important characters. 
Let us now take these two characters and compute and compare 
the resulting potentials. . 

The population tables resulting from these computations are 
for reference only, and are relegated to the appendix, Item C. 
From them the student may read at a glance what number (up 
to 5000) will result from any ordinary combination of characters 
in any short period of years. 

Fig. 3 presents a graphic comparison of the unimpeded in
crease rates for certain typical species selected to show the effects 
of various combinations of breeding age and young per year. 
The position of other species in the general scale is shown by 
interpolating them at the top of the chart. 

Each curve in Fig. 3 represents the plotted values which re
sult from computing the increase determined by its minimum 
breeding age and young per year. These breeding characters are 
repeated, for convenience, in the two tiers of circles. Thus the 
first curve, which represents bobwhite, is marked 1 : 14, meaning 
ubreeds at 1 year: averages 14 young." Any other species having 
the same index numbers would of course produce the same curve. 
The shape of the curve means that an initial pair could increase 
to 5000 in 4 years. On the other hand a pair of black bears, with 
the breeding index 4 : I, would require over 30 years, or over eight 
times as long, to reach 5000. 

The story told by Fig. 3 is a long one, not to mention the 
unanswered questions which it evokes. It tells us that starting 
with a single pair, our fastest breeders are capable of reaching 
5000 in one-third the time that it takes for our slowest breeders 
to make even a perceptible start. It shows that all species have 
essentially the same type of curve, but differ only in the length. 
of time it takes for the curve to approach the U straight up" 
trend. We have here a hint as to why small or thin populations 
are so much harder to build up than large or dense populations; 
also why the species capable of cyclic or irruptive behavior all 
lie toward the left or fast side of the chart. 
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A thoughtful examination of Fig. 3 also shows the extreme 
significance of minimum breeding age, and frequency of repro
duction, as compared with size of the clutch or litter. These char
acters will be discussed in Chapter IV. 

Our fastest breeders are the gallinaceous birds and cottontail 
rabbits, followed by river ducks, squirrels, wild turkey, snipe, 
dove, snowshoe, geese, swan, antelope, crane, pigeons, moose 
and deer, sheep, goat, caribou, grizzly, elk and buffalo, and black 
bear in the order named. 

The smaller predators evidently breed nearly as rapidly as 
the gallinaceous birds, but the slowest predator (cougar) is not 
as slow as some of its antlered prey, or as the bears. 

The slow breeding rate for bears arises from the assumption 
that cubs are born only in alternate years. Wright (1922) believes 
this represents the facts. 

So much for the biological mechanism of population increase. 
It is one of those "scientific" subjects which cannot be concisely 
described except by means of tables and graphs, but the lay 
reader should not allow his unfamiliarity with these seemingly 
dry torms of expression to becloud his realization of the music 
inheren t in their columns and curves. These are, in fact, the code 
symbols wherewith we may reconstruct the score of a great sym
phony. Education may be considered a success, and conservation 
an assured fact, when both layman and scientist can shift their 
attention from the symbol to the music-can hear with John 
Muir" every cell in a swirl of .enjoyment, humming like a hive, 
singing the old new song of creation." 

Limiting Factors. Having pictured the unimpeded increase 
rate inherent in the various species, we are now ready to consider 
further the factors which "pull it down" to actuality. 

The classification of factors into decimating and welfare 
groups dealt with the way in which each factor pulls down the 
breeding potential. We have now to deal with the question, even 
more important from a practical standpoint, of the extent to which 
this is done. 

The way, as we have already seen, is constant as to direction: 
all factors pull downward. The extent is exceedingly variable. 
It is determined by that whole vut and unstable gamut of cir
cumstance which we call environment, and its interplay with the 
properties and also the numbers of a given species at a given time 
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and place. This jig-saw puzzle is the province of the science of 
ecology. If the reader has never read a good text on ecology (such 
as Elton, 1927), he may here pause to do so, because game manage
ment, like every other "form of land-eropping, is applied ecology. 
We can here cover briefly only certain ecological concepts, with
out which the succeeding chapters would lack meaning. 

The most important of these is the concept of limiting fac
tors. Of the nine factors operating on a given species at a given 
place and time, one often far outweighs all the others in the ex
tent to which it pulls down the unimpeded increase rate. Where 
this is so, it may be called "limiting." Thus the Game Survey 
(1931) indicates that the limiting factor for quail on the corn
belt prairies is deficient winter cover, while in the dairy regions 
further north Errington (1931 a and b) has shown it is deficient 
winter food. It would do little good to feed quail in Iowa on an 
area in which the remaining winter coverts were already satu
rated, or to plant coverts in Wisconsin on an area bare of corn 
or weeds in winter. In neither case would the control of predators 
bring large returns, nor has the prohibition of hunting done so. 
The limiting factor is the one which has to be moved first, and 
usually the one to which the application of a given amount of 
effort will pay the highest returns, under conditions as they stand. 

It should never be assumed, however, that the factor which 
is limiting at one time will remain so through any large degree 
of future change. For example: if food were augmented so as to 
fill up the Wisconsin coverts with quail, the lack of coverts would, 
from that moment, probably become limiting, and still more food 
would be as much beside the point as it is now in Iowa. 

A -limiting factor, then, is likely to remain limiting only 
through a rather narrow range of change. Some other factor 
will usually become the limiting one as soon as the original one 
is controlled to any great degree. 

Game management consists largely of "spotting" the limit
ing factor, and controlling it. It also equally consists, however, 
in knowing when to stop, and what other factor next to turn to. 
It is as if the game manager's effort to "lift" the population 
curve were aided by "posts" of varying height, on which he may 
rest his burden provided he knows which post is most available 
for use at any given level, and provided he does not skip any 
posts in their ascending order of height, until he gains the de-
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sired elevation. (This analogy has its defects, but it may help 
dramatize the guiding principle.) 

Limiting factors shift not only with the purposeful accom
plishment of controls, but with accidental changes in weather or 
other environmental conditions. If the corn borer, for instance, 
should bring about the fall-cutting of Iowa corn, winter food 
would at once decrease to such an extent that the·food factor 
would become the limiting one instead of .cover, and the quail 
population would at once drop to the point where food and cover 
again balance. 

Again, if a mild Wisconsin winter should accidentally follow 
a summer producing an extra heavy aftermath of ragweed on 
the stubbles) food might temporarily cease to limit quail, and 
the specie-.8 would in the succeeding summer have a chance to 
increase up to the capacity of the coverts. This actually happened 
in 1932 following the mild winters of 1930-31 and 1931-32. 

Another example: Stoddard determined that during the aver
age year south Georgia quail are limited by food, by quality and 
distribution of cover, or by mammalian predators, the limiting 
factor depending largely on local variations in these conditions. 
However, coincident with the drouth years since 1928, there has 
been a rapid increase in fire ants (Solenopsis geminala rufa). 
This ant attacks the eggs at pipping time. The hen devours them 
as they come, but if the attack be too heavy, her defense is in
effective. They swarm into the pipped hole and soon reduce the 
chick to a tiny skeleton of dry bones, still entombed within the 
shell. 

During the pre-drouth period these ants had destroyed only 
4 per cent of the quail nests. In 1928 they: destroyed 12~ per 
cent. In 1931 they destroyed 1234 per cent in spite of control 
measures. It is 'not improbable that in badly infested localities, 
and during the present drouth, these fire ants, previously a minor 
component of the predator factor) have jumped into limiting 
status, due (presumably) to weather abnormally favorable for 
their increase. 

Let the reader ponder the human as well as the biological 
import of these sudden shifts in factor values. They mean that 
the average values which characterize any given species in any 
given region are liable to unpredictable variations. The less the 
.. spread" of factor values, the greater the probability of tem-
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porary shifts in the limiting factor. The less the spread, the greater 
the need for management accompanied by constant observational 
research, as distinguished from "rule of thumb" management 
based on some pre-determined formula. This is why a natural 
bent for research constitutes one of the personal qualifications 
for successful practice. Let the wielder of formulas stick to regions 
where the spread is so great as to minimize the probability of 
shifts. 

To sum up: the whole field of environmental control consists, 
in short, of keeping the two most powerful factors in some de
gree of balance by controlling the one which pulls down the 
stronger. We control the stronger factor because it is the easiest 
way to raise the population curve one "step." There are shifts 
in factor values which the game manager must detect in time to 
shift his controls. 

Effect oj Controls. One more ecological concept will complete 
the reader's mental equipment for understanding the general 
mechanism of game management. He needs to know how ex
tremely sensitive the population curve is. He must realize that 
environmental controls can be accomplished without completely 
rebuilding the face of the land. Often a very slight effort, skillfully 
applied at the right place, produces astonishingly large results. 

It is difficult to give examples because in this country so 
litde has been done, while in Europe. more has possibly been 
done than was necessary. 

The overwhelming increase in Pennsylvania deer, for instance, 
was probably largely due to the partial control of the hunting 
factor through refuges, at a time when lumbering had left a large 
area of second growth offering excellent food and coverts. 

In English grous~ an increase up to 3o-fold has been brought 
about through burning spots in the heather, partially removing 
old breeders, controlling predators, feeding grit, and draining wet 
places (GrouS"e Report). If the truth were known, it might show 
that the greater part of this increase came about through the 
first twa controls alone, or possibly mainly through the first one, 
which brought about a diversification of the heather. Maxwell 
ascribes to the removal of old breeders alone (through driving) 
an increase of 300 to 800 per cent. 

A theoretical example of the sensitivity of the population 
curve is shown in Fig. 4. 
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Curve d is the unimpeded increase for deer, beginning with 
24 pairs. 

Curve B results it half the bucks are removed yearly, begin
ning with the fifth year. Curve C results if, from the outset, half 
the does and bucks are removed yearly. Curves Band C contrast 
the perfect range closed until the deer get started, and then heavily 
shot under a buck law, with the same range shot from the outset 
to the same degree, without a buck law. This difference in manage
ment of herds Band C does not seem great, yet the B curve soars 
up toward almost unimpeded increase, while the C curve indi
cates bare survival. 

Curve D results if, beginning with the fifth year, one-fourth 
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of the bucks, one-eighth of the does and yearlings, and one-half 
of the fawns are removed yearly. This represents a range opened 
to bucks after the deer get started, but subject, in addition, to 
some law violation and moderate loss from predators. It is seen 
that the herd nevertheless increases. But if, in addition, half the 
does are barren after the fifth year, the herd declines as shown 
in Curve E. D and E contrast the degree of "punishment" a 
herd will stand as between (I) a favorable set of welfare factors 
bearing on the breeding rate, with moderate decimation, and 
(2) an unfavorable set of welfare factors depressing the breeding 
rate, and with the same decimation. 

Fig. 4, while admittedly theoretical, is, except for Curve A, 
within the actual range of variation of the factors in actual deer 
country. It tells its own story of the potency of .. management." 

Game Farming. So far we have dealt with wild unconfined 
game populations, the mechanisms by which they are replenished, 
and the possible objective control of such mechanisms for pur
poses of sport and conservation. The breeding characteristics of 
species have remained fixed, because in wild game they cannot 
be greatly altered. 

There is another kind of game management, however, in 
which not only the environment, but also sometimes the breed
ing rate, is subjected to control. Pheasants, quail, certain other 
gallinaceous birds, and also certain river ducks, when they are 
subjected to confinement and the eggs are collected as laid, may 
produce a number of fertile eggs far greater than the natural 
clutch. If these eggs are then incubated, artificially or by foster
mothers, a breeding potential curve may be attained which, in 
terms of Fig. 3, can only be described as "straight up." 

A group of quail hens, for instance, has been known to lay 
90 fertile eggs (or in one case, 128) per hen per year instead of 
14, and pheasants 104 instead of 12. A usual figure for pheasants 
is 60 (McAtee, 1929a, and Simpson, 1927). 

Game farming carries with this obvious advantage certain 
disadvantages which are well.known. Complete confinement is 
expensive; the disease risk is increased by crowding; the result
ing stock may lack, if later released, the sharp instincts conducive 
to wild survival. On vacant range, however, it is the obvious 
way to start an initial breeding stock, and on overshot range it 
is a feasible way of supplementing deficient breeding stock. We 
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are not here concerned, however, with its costs, risks, or advis
ability, but rather with its fundamental difference from wild 
management, the latter regarding only environment as a vari
able, while the former regards both environment and breeding 
potential as variable and subject to control. 

Summary. Game species differ enormously in their inherent 
breeding potentials. 

In nature, no species realizes its potential, being held down 
by two kinds of factors. One kind decimates the population by 
direct killing. The other retards its increase by lowering repro
duction and decreasing the resistance to decimation. 

The factors interplay on each other, and are affected by nu
merous physical variables in the environment, such as weather 
and economic activities. These are called influences. 

Productivity; or population increment, is determined by the 
equilibrium, more or less unstable, between the upward force of 
breeding potential and the downward forces of the factors. The 
downward forces, collectively, constitute the environmental re
sistance. 

The breeding potentials of species differ greatly. For each 
species the potential is determined mainly by the minimum 
breeding age and the number of young per year. 

Productivity is very sensitive to changes in the environmental 
resistance. The outstanding component in this resistance is called 
the limiting factor. Productivity changes whenever the limiting 
factor changes, and some other factor becomes limiting whenever 
any large change is made. Game management is the purposeful 
manipulation of factors. 

The spread of factor values may be large or small. Shifts in 
the limiting factor are more probable where the spread is small. 

In artificial propagation, the factors are manipulated, as in 
wild management, but in addition, in some birds, the breeding 
potential is artificially increased. 

This summarizes the primary biological mechanism on which 
game managemept seeks to exert a beneficial control. 

To the lay reader its workings may seem obscure. If so, let 
him at this point turn forward to Chapter V on "Game Range," 
which describes in more detail the environmental forces to which 
the animal population must respond. Chapter Vis not inserted 
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at this point because the definitions in Chapters III and IV enter 
into its treatment. 

To the scientific reader, on the other hand, this description 
of the biological mechanism may seem obvious. Let him pause, 
though, before he skips over it as redundant. We are depicting 
here the fundamental behavior of all aggregations of living things. 
Game management is only one of a thousand human activities, 
including sociology itself, directed toward the interpretation and 
government of that behavior. Civilization is, in its essence, the 
will to interpret and govern it. 



CHAPTER III 

PROPERTIES OF GAME POPULATIONS: FLUCTUATION 
AND DENSITY 

The mechanism of managemen t discussed in the preceding 
chapter applies to all species of game. Each species is governed 
by the same set of factors; each has a fixed wild breeding poten
tial which the factors prevent it from attaining; each may be 
subjected to management by the same general mechanism of 
factor-control. 

In the selection of controls, however, the game manager must 
take into account certain properties of game populations which 
are peculiar to certain species or groups, and others which vary 
so widely as between species or groups that they cannot properly 
be treated as a part of the common mechanism. This chapter 
deals with the little understood properties of fluctuation and 
density of populations. The next chapter will deal with the mo
bility and composition of populations, spread rates, tolerance to 
differing environment, to other species, to transplantation, and to 
domestication, and lastly the intricate phenomena of sex habits, 
sex ratio, sex balance, and flock organization. 

Properties and Their Human Counterparts. Some of the im
portant characteristics of various game species are already so well 
recognized that they need no particular comment. They have for 
years been the subject of investigation by naturalists and sports
men, and are quite thoroughly recorded in the literature. These 
include the more obvious aspects of breeding habits and artificial 
rearing of game, movements in the sense of migration, gregarious 
phenomena (coveys, packs, etc.), food habits in the sense of aver
age stomach contents, predatory enemies in the sense of their 
average food habits, and susceptibility to disease and parasites. 
The sporting qualities of various game species may also be men
tioned as one of the recognized characteristics already adequately 
described by other authors. Some of these properties will be cov
ered in Part II on "Technique." 

46 
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This, however, by no means exhausts the list of characteristics 
important to game management. There are many others, and still 
additional ones no doubt await discovery. Many characteristics 
of game species are so manifestly a fixed attribute that they may, 
without unduly stretching the term, be called .. properties," in 
the same sense that the specific gravity, or the coefficient of ex
pansion, is a property of various chemical substances, or of in
dustrial materials. 

As in the case of Homo sapiens, some of the properties of game 
species are not discernible in the individual bird or mammal, but 
become apparent only through the study of the behavior of large 
aggregations ofindividuals, or game populations. 

One of the most important properties of game populations, 
and one so far little explored, is the limit of density, or maximum 
number of individuals per unit area. This seems to apply to vari
ous groups of species in totally different ways. Since game man
agement boiled down to its essentials is the control of game popu
lation density, it becomes apparent that an understanding of den
sity limits is essential to successful practice. 

Another property of great importance is the mobility of the 
individual, or the freedom with which the game population of a 
given area moves about within that area, or mixes with that of 
adjacent areas. This property may be measured through an in
dicator, which by analogy with the submarine or the airplane, 
may be called" cruising radius." The exploration of this property, 
through the technique of banding individual animals for later re
capture, is just getting under way. 

Another fundamental property is the tolerance of each species 
toward changes in the composition of its environment. This prop
erty in game is almost totally unexplored, but it is beginning to 
be evident that some species have a wide range of environmental 
tolerance, and others a very narrow one. 

A fourth property, possibly compounded of the preceding 
three, is the minimum unit of range which any species can suc
cessfully occupy. Closely linked with this is the minimum num
ber of individuals which may successfully exist as a detached 
population. 

A fifth property, already well recognized, but by no means 
determined for the various species, is the tolerance of one species 
for another on the same range. While this property is usually 
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thought of as a specific character, it seems probable that it varies 
with the population densities of the two co-habiting species, as 
well as with their respective habits. 

A sixth property is susceptibility to transplantation, much 
written upon by laymen, but little understood even by scientists, 
let alone by those who risk their funds, or game, or lands in its 
exploitation. Many expensive failures in the importation of exotic 
species of game have emphasized the importance of this property. 
Other transplantations which were too successful are already well 
known. 

Susceptibility to domestication, or breeding in captivity, is 
a seventh property which has long been the subject of experiment, 
and which has shown wide divergence among species and groups. 
It is now beginning to be appreciated that this property probably 
has its roots in some of the others already listed. 

Lastly) each species and group has certain properties arising 
out of its sex habits and the composition of its populations by sex 
and age. That some species are polygamous and others monoga
mous has long been understood. In addition, however, it is now 
beginning to be recognized that some species or groups exhibit 
disturbances of the sex ratio by reason of disease or other factors 
as yet unknown, and that these disturbances are intimately con
nected with density limits and mobility. Disturbances of the sex 
ratio and age composition by hunting have long been recognized, 
but the limits . beyond which such disturbances retard or enhance 
pro~uctivity are but dimly understood, and that only for a few 
specIes. 

Cutting across many of these properties is the habit in many 
species of forming gregarious units. The existing literature tdls 
which species form coveys, herds, and packs) and which do not, 
but it seldom suggests what these units consist of. The layman's 
assumption that each unit is a family is usually incorrect. A brief 
summary of what little is known about this question is a neces
sary basis for an understanding of management technique. 

Does the lay reader, perchance, regard these co properties" as 
dry science, of small consequence to one who simply loves the 
living bird or beast? Let him pause before so deciding. "Love," 
if we mean by that word something more than mere reaction to 
hormones and instincts, implies an effort to understand. Can we 
understand wild things without understanding their properties? 
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The blind personification of animals, commonly known as nature
faking, arises from failure to face this question. 

A little analogue with humans may add reality to the concept 
of properties. Man thinks of himself as not subject to any den
sity limit. Industrialism, imperialism, and that whole array of 
population behaviors associ a ted with the "bigger and better" 
ideology are direct ramifications of the Mosaic injunction for the 
species to go the limit of its potential, i. e., to go and replenish 
the earth. But slums, wars, birth-controls, and depressions may 
be construed as ecological symptoms that our assumption about 
human density limits is unwarranted; that we may yet learn a 
lesson in sociology from the lowly bobwhite, which, as about to 
be pointed out in this dry chapter, "refuses" to live in slums, 
and concentrates his racial effort on quality, not ciphers. Where 
his racial exuberance gets the upper hand and causes him to de
part occasionally from the rule, he suffers economic cycles and 
social unrest, and his civilization relapses to near-zero for a new 
st~rt. 

Bobwhite whistles merrily in spite of a low cruising radius. 
Gasoline has not lengthened his tether. But in his environmental 
and racial tolerances he is as fiI)icky as any blue-stocking. His 
tolerance of transplantation is quite large, but his transplanters 
in their haste planted the wrong race. The outcome, hereinafter 
described, I will leave the Nordics to ponder. 

Bobwhite's natural monogamy breaks down in the slums of 
the game farm. Whether his other properties still conform to 
"pattern" remains for science to determine. 

I said that some properties are not discernible in the individuals 
but only in the mass. Need we go further than the various mani
festations of mob psychology to prove that this is true? 

Let us now return to our knitting: the more sober exploration 
of properties in wild species. 

Criteria oj Density. The yardstick wherewith we shall meas
ure density is the number of individuals per unit area, but the 
reader should realize at the outset that this will carry us far afield. 
We shall encounter in some species a phenomenon called "Satu
ration Point" which seems to be a limit to the number of social 
units of fixed size, or coveys, per unit area. We shall see rhythmic 
density fluctuations in time, called cycles. There are other yard
sticks which we shall not discuss, but only because we know 
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nothing about them. Thus Elton (1932), after studying density 
in ants, advances the thought that the density of species should 
be compared not only in terms of number of individuals per unit 
area, but, if they differ in size, in terms of body-weight of popu
lations per unit area. Does this acre support more pounds of ants 
than men? 

This chapter deals only with the magnitudes and meanings 
of density measurements. The method of making them is covered 
in Chapter VI on game census. 

Types of Population Curves. The limits of population density 
manifest themselves in at least three types of fluctuation as be
tween years (see Fig. 5). 

The first type is characterized by the absence of severe fluc. 
tuations. Such small fluctuations as occur from year to year may 
clearly be attributed to irregularities in visible factors, such 
as weather or predators. This mode of behavior of game popu
lations seems in some birds to be associated with, or may even 
result from, the existence of a more or less fixed saturation point 
in number of head per acre. It may be called the flat type of 
population curve. It is found, for example, in southern quail. 

The second type exhibits periodical oscillations of more or 
less fixed length and amplitude. Such oscillations are called cycles, 
and the species which exhibit them may be called cyclic species. 
I t is found in northern grouse. 

The third type of population curve exhibits severe but irreg
ular fluctuations of no fixed length or amplitude. If these occur 
often, the curve may be called the fluctuating type; if seldom, 
it may be called irruptive. Lake States quail are irruptive. 

For purposes of definition, fluctuations of over 50 per cent 
from average or normal density may be regarded as either cyclic, 
fluctuating, or irruptive, whereas population curves exhibiting 
flm:tuations under 50 per cent may be regarded as flat. These 
definitions are arbitrary, and are inserted simply to clarify the 
ensuing discussion of density limits. 

Saturation Point. When the maximum wild density of grown 
individuals attained by a species, even in the most favorable local 
environments, tends to be uniform over a wide area, that maxi
mum may be called the saturation point of that species. 

This is a different thing from the maximum density which a 
particular but less perfect range is capable of supporting. While 
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this latter limit is literally saturation for that particular range, 
it is obviously a variable limit as between several ranges, and to 
avoid confusion, may better be called carrying capacity. A true 
saturation point occurs when a large number of widely separate 
optimum ranges exhibit the same carrying capacity. 

It should be observed that while saturation point appears 
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be a property of a species, carrying capacity is a property of a 
unit of range. 

Every range has, of course, a limit of carrying capacity. Not 
all species, however, exhibit a saturation point. The existence of 
a saturation point is not yet definitely proved in any species, 
although I am personally satisfied that it exists in bobwhite. 
Stoddard, in the course of the Georgia Quail Investigation, first 
noticed that quail populations show an extraordinary reluctance 
to .. pile up," even on seemingly ideal range, except for temporary 
periods of a month or so on small areas. In the Game Survey of 
the north central states (1931, p. 41), the various rough samples 
of quail populations throughout the region seem to be subject to 
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an upper limit of one bird per acre, and the same limit was found 
in the separate game survey of Mississippi (unpublished) and 
Iowa (see Fig. 14). 

Another significant indication was found during the Game 
Survey (p. 40) in Missouri, and later also in Iowa. The highest 
quail populations recollected by old-timers on their home farms 
in the early days of settlement fail to show any jormer popula
tions in excess of a bird per acre. This indication, if substantiated 
by fuller data, means that the period of great abundance in quail, 
which is known to have occurred during the early days of settle
ment in the cornbelt region, consisted of a higher proportion oj 
populated acres, rather than a higher maximum population per 
acre than now obtains. 

Intensive management does not appear to break the quail 
saturation point, although of course it can increase the proportion 
of acreage attaining it. There are a few instances, however, in 
which management seems to have broken the saturation point. 
Thus M. E. Bogle obtained a population of seven quail per acre 
by intensive management on Round Island, Mississippi, but this 
density persisted for only one year. This island was three miles 
from shore and hence was practically a pen. It burned off during 
1926, after which the project was abandoned. It is possibly signif
icant that Stoddard found these Round Island birds infected 
with coccidia to an abnormal degree during this one year of ex
treme abundance. Even had the fire not occurred, the abnormal 
density might not have continued more than a short time. 

There is, of course, a well-known tradition among sportsmen 
that quail populations are not susceptible of indefinite increase 
even under complete protection. Hundreds of writers have men
tioned this, but few have interpreted it in a satisfactory way. 
The tradition probably reflects unsuccessful experience in at
tempting to break the saturation point. 

While defini te figures are lacking, there are, on the other hand, 
certain descriptions of bobwhite quail abundance in Oklahoma, 
Nebraska, and Texas which suggest the existence of natural un
managed populations in excess of a bird per acre, at least at cer
tain times in certain places. The possible significance of these 
exceptions will be considered later. 

For the present it may be said with reasonable assurance that 
within the main range of the bobwhite, a density limit of ap-
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proximately one bird per acre exists and probably always has 
existed. 

Maxwell (19II) gives statistics on populations and kills of 
Hungarian partridge in England. His figures show a maximum 
kill of one bird per 2.3 acres during the best years, with a left
over stock of one bird per 1.5 acres. These figures taken together 
indicate a maximum density of approximately one bird per acre 
before the shooting began. 

Maxwell says of red grouse in Britain: 

"It seems there is some limit set to what a moor will produce, a 
limit not regulated by food-supply alone, and varying to a marked 
degree in different districts. Be the reason what it may, the fact re
mains that while on some exceptionally favored moors a bird to an acre 
may be killed in good years, others under the best management and 
most favorable conditions seem unable to yield a better average than 
one bird to every four or five acres." 

A maximum kill of a grouse per acre, according to the con
version factor suggested in the Grouse Report, means a maximum 
fall population of roughly 1.S grouse per acre, and a breeding 
population of a grouse per 2 acres. 

In a mobile semi-migratory bird like grouse, temporary con
centrations are especially likely, so that 1.5 grouse per acre may 
not have been resident on the particular moor, even though one 
per acre was killed. 

Only one of the numerous specific kill records for red grouse 
given by Maxwell and the Grouse Report suggests a population 
over a bird per acre, but several approach it. 

Maxwell gives the average kill of wild-raised pheasants on a 
s,Sco-acre estate near London as 1,400, and the maximum as 
2,000. This indicates a wild population of possibly one per two 
acres. 

Figure 13 shows a pheasant census of 210 farms and a Hun
garian partridge census of 54 farms within the established range 
of these species in Iowa. The maximum density of both species 
approaches, but in only one case exceeds, a bird per acre. This 
one case covers a winter concentration of pheasants known to be 
temporary. 

My own combined evidence on the saturation point in bob-
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white is this: 688 rough samples of bobwhite density gathered in 
the north central region during four different years show only 
one or two in excess of a bird per acre, and circumstances indi
cate these were temporary concentrations. Nineteen rough sam
ples in Mississippi show only one in excess, and that was an 
island under intensive management, for only one year. 

The evidence on the other game bird species mentioned is not 
regarded as anything more than indicative that they have limits 
and that the magnitudes are similar. 

The evidence on density limits of mixed stands is presented 
in the next chapter in conjunction with that on inter-species 
tolerance. 

To sum up my own present opinion on the saturation point: 
the laws of chance cause a large variation in the carrying capac
ity of local ranges. The laws of chance must once in a while pro
duce a range approaching optimum, even where there is no man
agement. Such accidental optima ought to show correspondingly 
high densities. 

If external or environmental forces alone determined maxi
mum density, the maxima occurring in a large number of samples 
in one state (or other large block) might be expected to run much 
higher or lower than in another. The fact that they do not run 
much higher or lower in bobwhite on its main range is evidence 
that some internal force or property, which is not subject to large 
variation as between regions, is also operative, and sets the upper 
limit beyond which wild populations do not increase. 

Carrying Capacity. In hoofed mammals there is so far no 
visible evidence of any density limit except the carrying capacity 
of the food. This, of course, varies greatly between localities, and 
could hardly produce any such uniform upper limit as seems to 
exist in bobwhite. In New York John Burnham has for years car
ried 100 deer in an enclosure of 750 acres, or 7.5 acres per deer. 
Once when the herd was run up to 175 the vegetation showed 
prompt signs of trouble. Evidently 7.S acres per deer is some
where near the absolute carrying capacity of the food-bearing 
vegetation in that locality. 

On the other hand the food-bearing vegetation of the Kaibab 
showed severe distress long before the (estimated) maximum of 
a deer per 40 acres was reached. The difference doubtless inheres 
in the semi-arid character of the Kaibab range. 
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The heaviest known deer densities in the wild, however, do not 
seem closely to approach the densities in confinement, even in 
similar country. Itasca Park, Minnesota (390 square miles) car
ried a deer per 32 acres in 1920; Grand Island, Michigan (22 square 
miles), a deer per 30 acres in 1923. The nearest approach to the 
Burnham density is Noah Major's estimate that Morgan County, 
Indiana, carried a deer per 16 acres in 1820 (Sandburg, 1926). 

According to Clepper (1931) Pennsylvania is now carrying a 
deer per 12.5 acres of deer-supporting forest. This density is 
greater than Major's for Indiana, but since the Pennyslvania 
range is admitted by all to be overgrazed, its present deer popu
lation density is not considered a true carrying capacity. Clepper 
estimates that a density of a deer per 25 acres could be sustained, 
and that a deer per 40 acres would be conservative stocking. He 
compares the present Pennsylvania density to the following Eu
ropean densities: 

Roe deer in France 
Red deer in Bohemia 
Deer, general limit considered safe 

PER HEAD 

25 
100 

40-50 

acres 
II .. 

In the carnivorous predators there is frequent suggestion of a 
density limit, doubtless varying with locality, and possibly to be 
interpreted in terms of the territorial concept of Howard (1920), 
except that it holds yearlong. Jay Bruce, for instance, says that 
in California each cougar covers about three townships (see 
Boone, 1928). The old saying "one hill cannot carry two tigers" 
prob.ably reflects an understanding of a density limit in large 
carmvores. 

Whether there is in other mammals any saturation point, as 
distinguished from carrying capacity of the particular range, is 
totally obscure. One hundred twenty-two cottontails were trapped 
from a 35-acr~ island by the Pennsylvania Game Commission 
in 193o-a population of 3.5 per acre. A residual population of 50 
was estimated as left, indicating that 5 rabbits per acre had prob
ably been originally present. Hence, if there is any saturation 
point in this species, it is evidently much higher than in galli
naceous birds. 

In the fenced rabbit warrens of England, where artificial win
ter feeding is practiced, a spring breeding stock of 6 to 8 rabbits 
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per acre is recommended by Haddon (1931). This would mean a 
fall population many times as great, but the conditions approach 
those of domestication. 

Let us now sum up the bearing of density limits on the expec
tations of management. In birds, until more is known about the 
subject, the game manager would probably be wise to assume 
that he cannot build up bobwhite quail or Hungarian partridge 
on large areas beyond a bird per acre (measured'in the fall), and 
even this can be attained only on the most favorable range. In 
grouse the most that can be said is that there is no record of any
thing better. In pheasants higher populations were attained on 
rich land in Europe, even before the days of artificial rearing, and 
with such rearing are frequent there. In wild pheasants in this 
country, however, there is as yet no affirmative evidence of any
thing better, but there is a probability of it on certain extra rich 
ra.nges, such as parts of the South Dakota corn belt. 

Nesting Densities. The apparent intolerance of continued 
concentrationwhich is here called the saturation point probably 
becomes operative under some particular set of circumstances, 
or at some particular season. One might guess from Howard's 
concept of" territory" that it became operative du,ring the breed
ing season. If so, the maximum density of nests ought to show it. 

Table 3 shows some instances of high nesting density in bob. 
white and pheasant. The highest (6 quail nests on one acre, simul
taneously occupied, and counted by Stoddard) may be ascribeJ 
to the fact that fire had concentrated the birds on unburned cover. 
The others may be regarJed as normal maxima. They seem to 
approach or sometimes exceed a nest per acre. 

Sprake (1930) describes two Hungarian partridge nests on 
one haycock, while the Grouse Report (p. 8) describes two grouse 
nests actually touching, and another nest incubated simultane
ously by two hens. 

While making the Game Survey of Iowa old-timers repeatedly 
described to me the great concentrations of prairie chicken nests 
which followed the prairie fires of pioneer days. Several said one 
could not walk across the unburned patches of grass without 
crushing chicken eggs" at every step." 

These instances indicate that all upland game birds concen
trate their nests under stress of necessity, and that none for which 
records exist display any intolerance of crowding great enough 
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to explain the saturation point when their probable progeny is 
added to the adult population. 

In short, the breeding season is evidently not the time when 
intolerance of concentration is most active. 

Waterfowl seem to concentrate their nests even more freely 

Spac1es 
State 

Bobwhite 
Georgia 

Pheasant 
Pennq1van1a 

SOuth Dakota 

Iowa 

Ion 

Iowa 

TABLE 3 
HIGH NESTING DENSITIES 

No. of 
Acres Kests Autb.or1117 

1 &It Stoddard 

11 e Pa.Game News 

15 10 Game Warden 

10 15 ;r .r. Holst,.Tr. 

20 22 .John Ball 

8 '1* Game Com.Release 

IfInown to have beeD. &iamJ.tan8~ occupied. 

P.emarka 

Concentration of 
nests after tire 

Exposed ~ mowing 
grass 

Exposed ~ mowiD& 
alfalfa. .Tune 1930 

kposod ~ burning 
wiDter wheat, 1927 • 

kposed b.v mowiDg 
alfalfa 

EXposed ~ mowiDg 
clover 

than gallinaceous birds. No nest counts that can be definitely 
related to a specified acreage are known to me, but a rough sam
ple of nesting density may be interpolated from any census of 
ducks produced on a given breeding ground, provided it be taken 
early enough to avoid possible influx or efflux after the August 
moult or flightless period. Thus Day (1932, p. 10) says the Tous
saint Marsh on Lake Erie, with an area of 1,500 acres, has pro
duced each year for the past ten years from 10,000 to 15,000 
ducks (black duck, mallard, pintail, bluewing). This means 
roughly at least two nests per acre, not deducting for blank 
acreage, which must be considerable in a marsh of that size. 
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On the 30,000 acres comprising the whole series of Lake Erie 
marshes Day says 200,000 ducks are produced, which means 
roughly a nest per acre, not deducting for a still larger propor
tion of blank acreage. 

The Game Survey (p. 204) estimated a duck per acre pro
duced on eight lakes comprising 9,600 acres in southwest Minne
sota. These lakes were large and consisted mostly of open water 
blank for nesting purposes. 

Density Limits and Fluctuation. Before discussing the prob
able significance of the known facts concerning density limits of 
species, it must be reiterated that science has hardly entered the 
threshold of this field of research, and that any and all generali
zations possible at this time must have as their object the stimu
lation of thought rather than the promulgation of established 
truths. With this purpose in mind, it may be asked: What char
acteristics of the various species and their various environments 
seem to be associated with the three principal modes of popula
tion behavior? 

First of all, how are cycles and saturation points distributed 
among the groups of species? 

It is quite clear that cycles prevail in all species of American 
grouse, including ruffed grouse, pinnated grouse, sharp tail grouse, 
spruce hen, blue grouse, ptarmigan, and possibly sage hen. In 
Europe red grouse and black game are cyclic. Cycles also prevail 
in the northern hares and rabbits in America, but not the south
ern ones. The western hares and rabbits experience violent fluc
tuations, but whether periodic cycles or irregular irruptions is 
not yet known. 

On the other hand bobwhite quail and probably Hungarian 
partridges usually exhibit the saturation point. 

Ringneck pheasants have the flat curve characteristic of 
saturation point species, but data on population density are too 
meagre to support any positive assertion for or against the exist
ence of a saturation point. 

The southwestern quails (gambel quail, valley quail, and 
scaled partridge) are known to exhibit violent fluctuations, but 
no work has been done to show whether these fluctuations show 
periodic cycles. It seems probable, however, that they are much 
less clearly cyclic than fluctuations in grouse. In a broaq way we 
may say that cycles seem to be associated with grouse and rab-



PRO PER TIE S 0 F GAM E POP U LA T ION S 59 

bits, saturation points with bobwhite quail, Hungarians, and 
possibly pheasants; and fluctuations with other quails. 

We are not justified, however, in stating that these modes 
of population behavior constitute properties of these generic 
classifications, because of the anomalous behavior of certain 
species on the borders of their ranges. 

Bobwhites, for instance, on the northern border of their range 
in central Wisconsin, were found by the Game Survey (p. 43) 
to have exhibited radical fluctuations or irruptions. Another bob
white irruption occurred in the wake of the Hinckley Fire in 
Minnesota in 1896 (unpublished), in northern Nebraska in 1880 
(unpublished), and near Saginaw, Michigan, in 1863 (Mershon, 
1923). Forbush (1912, p. 37) mentions two early fluctuations in 
New England, one of which (on Cape Cod) implies con-siderable 
density. These instances from New England and the Lake States 
clearly show a range boundary shifting with fluctuating density, 
but with one possible exception (Mershon, Michigan), no evi
dence of densities above the saturation point. For such instances 
we must turn to the Southwest. Wm. J. Tucker, state game 
commissioner of Texas, estimates more than two bobwhites per 
acre over several sections on the Norias Ranch, Kenedy County, 
in 1930. In 1923 a similar density, but including scaled quail, 
occurred over large parts of four nearby counties. Stoddard 
(193 I, p. 500 ) quotes Starr as finding "more bo bwhi tes than I 
ever saw before or since" in this same region in 1884. In Okla
homa, an old market shooter told Captain Charles Askins of 
taking 110 dozen birds off one quarter section, in 1904, in the 
Indian Nation. Askins found quail very abundant on this same 
locality in 1889. 

It would appear from these instances that on the northern 
and western borders of their range bobwhite quail fluctuate, and 
on the western border their density sometimes exceeds the satu
ration point. Some of these irruptions coincide with the grouse 
cycle (Game Survey, p. 78). The locations and dates appear in 
Fig. 6. 

Conversely, the ruffed grouse which in its typical northern 
range is the most violently cyclic of any game bird, was found 
farther south to exhibit no visible cycle or fluctuation, past or 
present, in those small islands of grouse range which occur in 
Ohio, Indiana, Illinois, and southern Iowa (Game Survey, p. 151). 
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Observers in these localities who do not read widely do not know 
what is meant by a grouse cycle. In short, the ruffed grouse on 
the southern edge of its range seems to exhibit a flat rather than 
a cyclic population curve. An intermediate mode of behavior, 

FIG. 6 

FLUCTUATION OF BOBWHITE IN RELATION TO RANGE BOUNDARIES 

Ot.i/ine mGp. ,.u,k." 0/ RIJNd MeN aU". 

consisting of a milder cycle than obtains in the north, was noted 
during the Game Survey in southern Wisconsin and southern 
Michigan. Prairie chickens likewise were found to show various 
transi tions from a plain cycle in northern Wisconsin to a mild 
cycle in southern Wisconsin, and a flat or fluctuating curve in 
Indiana, Illinois, and Missouri. 

From these observations the inference might be drawn that 
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cycles are a property oflatitude and longitude, and that all species 
tend to become cyclic in their northern or western ranges and 
flat in their southern or eastern ranges. That such an inference is 
incorrect is, however, clearly shown by the cyclic or fluctuating 
behavior of ruffed grouse in the southern Appalachians and in 
the Ozarks. C. G. Smith, in an unpublished report (1928) states 
that ruffed grouse were "innumerable" in the Pizgah National 
Forest, North Carolina, in 1920, numerous in 1921, and very 
scarce in 1923. Recent unverified reports of abundance in this 
region indicate a recurrence of the former behavior. Likewise in 
the Ozarks the Game Survey showed this species, which is now 
almost absent, to have been locally abundant in 1885, 1906, 1915, 
1918, and 1926. These instances refute any fixed geographic dis
tribution of cycles and saturation points, the bobwhite quail being 
clearly subject to the latter in the very regions (southeastern 
states) where the ruffed grouse is clearly subject to the former. 

Geography oj Cycles; Relation to Environment. It may next 
be asked whether the modes of behavior of game populations are 
induced by civilization) or whether they are inherent in the 
animal and the country. The probability that the saturation 
point always existed for bobwhite has already been explained. 
The conclusive answer to the permanence of cycles is found in 
Alaska and the Canadian interior, where violent fluctuations in 
grouse and rabbits are known to occur in an environment which, 
except for a few trappers, is as yet substantially unaffected by 
man. 

The history of cycles likewise indicates that they predate 
radical modifications of the range by civilization. In Wisconsin 
the Game Survey traced evidences of temporary scarcity in ruffed 
grouse and prairie chicken back to 1881. King (unpublished) finds 
evidence of cycles in Minnesota back to the 1870s. Doctor Wm. 
A. Btuette has pointed out to me that the province of New 
Brunswick in 1814 closed the season on ruffed grouse, presumably 
because of scarcity. New York had a closed season as early as 
1791. These early closures were, in all probability, periods of 
cyclic mortality. In the absence of more knowledge, we may 
therefore assume that cycles are inherent, rather than induced 
by civilization. 

Another supposition, entertained in Europe, is that cycles are 
induced by the "artificial" conditions accompanying manage-
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ment. Leopold and Ball (193Ib) have compiled records indicat
ing severe fluctuations in red grouse in Britain as early as 18°3, 
over half a century before any management began. It is also 
alleged that "keepering" has shortened the British cyclic period. 
Leopold and Ball find that back to 1 8 58 the period has varied 
from 4 to 8 years, averaging 6.5 and showing no evidence of 
shortening. The kill curve on four grouse moors, which forms the 
basis for these conclusions, appears in Section D of Fig. 7. While 
the curve does not support the popular belief that management 
has shortened the cycle, it suggests a quicker recovery from de
pressions with the gradual inauguration of management since 
187°· 

Having concluded that the modes of population behavior are 
probably not an exclusive property of certain species, nor induced 
by civilization, it must follow that they are induced by some other 
property of the environment, and it remains to be seen what en
vironmental characteristics are associated with each. 

It is quite clear that cycles and other violent fluctuations are 
associated with adverse range (that is, cold, high, or arid range). 
This is the same as saying that cycles are associated with the 
periphery of the range of a species, because the distribution of 
the species stops where the environment becomes more adverse 
than its environmental tolerance can withstand. This would ac
count for the anomalous behavior of bobwhite on the periphery 
of its range in the Lake States and the Southwest, and if we may 
regard some species ranges as all adverse, it would account for 
the behavior of the Southwestern species of quails, and the be
havior of Canadian and Alaskan grouse and rabbits. The irrup
tions of Russian sand grouse, Scandinavian lemmings, and other 
foreign species tend to corroborate this peripheral-adversity 
hypothesis. 

The Game Survey (p. 166) showed that pinnated grouse, on 
the range which they acquired through the invasion of the Lake 
States by agriculture, fluctuate more violently at the present time 
than they do on their original range in the prairie states, or than 
they did when they formerly existed there in large numbers. 

This acquired range of the prairie chicken, being on poorer 
soil and farther north, may be considered as more adverse than 
the original home on the prairie, and hence corroborative of the 
.. adversity" theory. 
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Cottontails likewise fluctuate on their acquired range in the 
Lake States (Game Survey, p. 95). 

Adversity cannot, however, be the sole criterion, as shown by 
the behavior of ruffed grouse in the Ozarks and Carolina. These 
ranges are hardly adverse, but they are large and continuous. This 
suggests the further corollary that cycles are associated with large 
continuous blocks of range, as distinguished from small or discon
tinuous ones. 

Certain other geographic peculiarities are worth mentioning, 
even though their interpretation at this time remains conjectural. 

During the Game Survey of Wisconsin, a search was made 
for evidence of retardation of ruffed grouse mortality on the Door 
County peninsula as compared with the adjacent mainland. None 
was found. If cycles were due to an infection not previously ex
isting in each locality, but spreading anew with each period of 
mortality, such retardation would presumably have been dis
cernible. 

The same supposition would lead one to expect that the dates 
of appearance of mortality when plotted on a map would show 
a zonal pattern spreading from centres of infection or foci. A 
map of the last cycle in Wisconsin, thus prepared by the Game 
Survey (p. 145), shows no zonal pattern, but on the contrary a 
completely irregular incidence, such as moths would make in 
invading a carpet. Recovery, however, sometimes exhibits ge
ographic distribution. Thus in 1931 the recovery of all grouse 
in northwestern Wisconsin is much more complete than in north
eastern Wisconsin. 

While no evidences of a zonal spread-pattern were found in 
Wisconsin grouse, Elton (Matamek Conference on Biological 
Cycles, 1932) finds evidences of a zonal spread in Canadian hares. 
He finds that mortality in the MacKenzie valley started at the 
Arctic Ocean and spread southward, not reaching lower Canada 
until two years later. 

The Game Survey also showed this geographic peculiarity: 
ruffed grouse are absent from a large proportion of the islands 
in Lakes Michigan, Superior, and Huron, even though these 
islands seem to offer suitable habitat. The smaller the island 
and the farther from the mainland, the less likely it is to con
tain grouse. 

The geographic evidence so far available for North America, 
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in so far as it can be interpreted at all, seems to fit four postulates, 
as follows: 

(I) Gallinaceous game and rabbits are normally flat in the 
centre or optimum of their indigenous ranges, but tend to be
come cyclic or fluctuating as they approach the geographic limit 
of their distribution. 

(2) When their distribution is artificially extended to acquired 
range, their population curves become more cydic. 

(3) Cycles are more severe on large continuous blocks of range 
than on small, dispersed, or discontinuous blocks. 

(4) There is no evidence of zonal distribution of incidence, 
except possibly on very large areas. 

An additional source of evidence is available in the history 
of cycles. The available data on history so far compiled will ac
cordingly be summarized. The few scattered bits of history al
ready cited are included in these compilations. 

History oj Cycles in America and Britain.1 Fig. 7 gives a 
history of game cycles in North America and the British Isles. 
In interpreting the chart, the reader must keep in mind that 
most of the curves are summations of a large aggregate of local 
and variable conditions. Only curves B-1 and B-2 represent the 
behavior of game population in a single locality. 

Curve A is the summation of some 540 reports gathered 
during the Game Survey on the status of various species of grouse 
and rabbits in various states and provinces during particular 
years. Some of the reports are from the literature, but most were 
obtained verbally or through correspondence from some 200 

sportsmen, game wardens and naturalists. About two-thirds of 
these observations pertain to the northern United States and 
southern Canada, the remainder to the far North, the Rocky 
Mountain states, and the southern Appalachians. The vertical 
ordinate has no numerical validity, the curve simply connecting 
the most frequent of five grades of abundance reported as ob
taining during each year. The hatched zone shows the cc spread" 
of the 90 per cent of the reports nearest the median for each year. 

The B curves are reproduced from the publications of Criddle 
(1930) and Seton (1923). Criddle estimated the number of grouse 
on his farm at Aweme, Manitoba. Seton compiled the records of 

1 This material was published br Leopold and Ball in The Canadian Fieid-Natura/isl 
September, J9JJ, under the title 0 "British and American Grouse Cycles." 
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the Hudson Bay Company showing their purchases of rabbit 
skins. 

Curve C was obtained during the Game Survey of Wisconsin. 
I t is a summation of data similar to but separate from Curve A. 
The hatched zone represents the spread of 90 per cent of the re
ports. 

Curve D is the kill of red grouse from four Scotch moors as 
published in the Grouse Report, and by Malcolm and Maxwell 
(1910). The curve represents the departure from average (100 
per cent) of the four moors collectively. The rising trend of the 
curve represents the increasing success of management. 

Curve E-I is an inverted frequency curve of the reports ot 
disease in British red grouse as mapped by years in the Grouse 
Report. The curve is plotted as the departure from average of 
the total number of reports of disease for each year. 

E-2 is a compilation of textual references to high and low 
red grouse crops, kills, bags, and disease years in the Grouse 
Report, in Malcom and Maxwell, and in a paper by Macintyre 
(1930). The vertical ordinate represents an arbitrary judgment, 
in three abundance classes, on the consensus of textual references 
available for each year. E-3 consists of fragments of textual 
references to high and low years in black game by the same 
authors. 

The North American grouse curves (but possibly not Hud
son Bay rabbits) substantially synchronize in their fluctuations 
back to the high of 1902, at which point the data become too 
meagre for further comparisons. The periods and intervals are: 

NORTH AMERICAN GROUSE CYCLE 

Interval 10 or II years 10 or II years 

High .......... 1902 .......... 1912or 13 .......... 1923 
Low........ . ........ 1906 .........•..••. 1918 .......... 1927 

Interval 12 years 9 years 

Evidently 2Y; cyclic periods elapsed between 1902 and 1927, 
which gives an average period of a fraction over ten years. 

Seton likewise deduced a ten-year period from his Canadian 
curves for rabbits and fur-bearers. Since he covers an earlier 
and nearly separate history, it would appear that the American 
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cycle is not changing in length. It is not here intended to imply 
that it has or has not a uniform period. An average is needed 
in any event for predictions in game management and adminis
tration. 

The British curves likewise seem to show more parallelism 
than would occur by chance alone. The disease curve E-I should 
precede the kill curve B in both trough and peak, because disease 
is usually noted a year or two before the population and the kill 
begin to fall off. This anticipated lag is often apparent on the 
chart. An analysis of the British grouse curves indicates that 
seven periods have elapsed between 1863 and 1908, ranging in 
length from four to eight years, and averaging 6,5 years, which 
is a close approximation to the" seven year cycle" of tradition. 

Since America and Britain seem to have cyclic periods of 
different length, the occasional synchronism between them on 
the chart must be ascribed to chance alone. 

We may draw from these historical studies the following 
additional postulates: 

(5) The length of the cycle period in North America averages 
about ten years, and is apparently somewhere near synchronous 
in the various parts of the continent. 

(6) The length of the cycle period in the British Isles aver
ages about 6.5 years, and is somewhere near synchronous in its 
various parts, but (as is evident from its length) not synchronous 
with the North American period. 

Fur-bearers and Small Rodents. To this list of tentative con
clusions the Matamek Conference on Biological Cycles, and El
ton (1931) have added three more in part entirely new: 

(7) The fur-bearers of Canada in general share the grouse 
and rabbit cycle, except that the muskrat cycle is inverse to it. 

(8) The lemmings and arctic white foxes of the American 
arctic show a four-year cycle. 

(9) Salmon and cod on the Atlantic coast of Canada seem to 
share the grouse and rabbit cycle. 

Possible Causes oj Cycles. None of the foregoing speculations 
deal wi th causes. 

The cause or causes of the wild life cycle are unknown, but 
the nine postulates drawn from its behavior in time and space at 
once narrow the possible field of speculation. The seeming syn
chronism of cyclic phenomena, if not refuted bv data from new 
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regions, makes it necessary to postulate some cause operating 
simultaneously over the whole continent. Fluctuations in solar 
radiation, in electro-magnetic conditions, or in some other cosmic 
force might meet this specification. 

Such a force, howevery cannot directly kill grouse, or rabbits, 
or fish. It must either activate some lethal factor, such as disease, 
or change some welfare factor, such as food, or else change the 
breeding potential by some physiological influence as yet un
known. Such a force might conceivably do several of these things. 

Because of the sudden nature of the decimation in grouse and 
rabbits, and the fact that numerous sick and dead individuals are 
found during the" crash," the most likely hypothesis in the case 
of these animals is that the assumed cosmic force operates through 
the agency of disease. It might opera.te by (I) decreasing disease 
resist~nce in the host; (2) increasing the virulence of disease 
orgamsms. 

Green's hypothesis (Matamek Conference on Biological Cycles, 
p. 1 I) explains how virulence in a bacterial disease, such as tula
remia, might fluctuate rhythmically without the intervention of 
any cosmic force. The recent trend of the pathological evidence 
favors bacterial or virus disease, rather than parasites, as the 
primary lethal agent in grouse and rabbits, and varying virulence, 
rather than varying "resistance," as the determinant of mor
tality. To complete this chain of theory, it is only necessary to 
assume that Green's virulence-rhythms are in some way syn
chronized by the cosmic force. Just how this might happen is still 
"beyond our depth." 

Since the formulation of Green's hypothesis, his own findings 
tend somewhat to weaken some aspects of it. It should be weighed 
in conjunction with these later and as yet unpublished findings. 

We may label the above presentation as the "radiation-viru
lence" theory. It leaves. the fish cycle unaccounted for; also the 
anomalous behavior of muskrats and the short cycle of arctic 
foxes. 

The other possibilities, however, should not be left out of 
account. Irradiation of foods, kinds of food as affected by weather, 
or reproductive rate as affected by food, or by radiation directly, 
may be secondary causes, or they may be primary, with disease 
playing a secondary role. In any event parasites certainly play 
an important secondary role (see various publications of Gross 
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and Allen), or even a primary rale in some regions (Grouse Re
port) as well as predator migrations arising out of the disappear
ance of buffer foods (Burnham, 1918). 

Function oj Cycles. Cyclic phenomena are most strongly as
sociated with northern animals either possessing specialized diges
tive capacity for living on low-grade foods (buds and bark), or 
preying on others that do. 

Ability to live on low-grade foods means immunity from 
winter starvation. 

Saturation phenomena, on the other hand, are most strongly 
associated with less specialized birds depending on seeds for 
winter survival, and hence not immune to winter starvation. 

The simplest inference is that the function of cycles is to hold 
within bounds those species which might otherwise, by reason of 
their immunity from starvation, increase to the point where they 
would deveget~te their own range. 

The overlaps between the two alternative modes of density 
control are harder to interpret. Quail and cottontails may be 
cyclic on their range peripheries because they are there heavily 
exposed to the cyclic diseases of grouse and hares. Why the small 
islands of grouse show a flat curve in the south remains, however, 
an enigma. Possibly their isolation, or the absence of carriers, 
has something to do with it. 

Cycles and Management. (See Leopold and Ball, 193Ia.) 
Many game conservationists have been skeptical about the feasi
bility of applying management to American grouse, especially 
American prairie chickens. The violent fluctuations comprising 
the cycle have been regarded as making the potential crop uncer
tain, and efforts to produce a crop correspondingly unattractive. 

This attitude seems unjustified. Grouse management in Britain 
is universally regarded as a success. That property in grouse which 
causes them to fall ready victims to disease epidemics is appar
ently offset by a corresponding facility in recovering from their 
effects. 

The first thing which a prospective manager of grouse wants 
to know is what proportion of the years must be expected to show 
crop failur.es. The bag on the four moors covered by Curve B, 
Fig. 7, fell lower than 50 per cent of normal or average during 
only 14 years out of the 51-year period covered. Crop failures in 
Britain, accordingly, seem to occur during only one year out of 
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four on the average. This is under management. No comparable 
figures are available for the unmanaged grouse populations of 
America. 

The British curve gives some indication that management, 
which began aoout 1870, has shortened the periods of depression, 
i. e.) has speeded recovery from the cycle. What management has 
done in Britain could presumably be repeated heTe. 

A less direct indicator of the feasibility of management is the 
maximum fluctuation from normal. This in Britain often exceeds 
go per cent of the average, as measured by the kill. Probably the 
fluctuation in actual population density is as great or greater. 
There are as yet no comparable American figures on degree of 
mortality, but the British figures agree substantially with the con
jectures advanced in the Game Survey for ruffed grouse and rab
bits. For Wisconsin prairie chickens it was conjectured that the 
fluctuation did not often exceed 70 per cent. 

There is no convincing evidence of just what increase in red 
grouse has been accomplished by management in Britain. Max~ 
well doubts whether there has been any increase in the highlands 
of Scotland, but in England he asserts there has been a 300 to 
800 per cent increase, and he ascribes it to a single aspect of 
management, namely "driving." One may be entitled to doubt 
whether this increase has been accomplished by driving alone. It 
seems logical to ascribe it to the environmental controls which 
began at the same time as driving, as well as the alterations in 
sex and age classes accomplished by driving itself. These will be 
discussed later. 

The general consensus of the evidence is that there is an un
utilized and attractive opportunity for applying management to 
American grouse, especially prairie chickens, these being a close 
analogy to the red grouse of Britain, in which management has so 
far been an undoubted success. 

Summary. Game populations display certain limits of den
sity and certain fluctuations in time which are of great import to 
management, but as yet not understood. 

Bobwhite shows an upper limit of density of about one bird 
per acre called the saturation point, which holds good over most 
of its geographic range. It seems to be a fixed maximum for the 
highly diverse carrying capacities of local range units. It is asso
ciated with a flat population curve. 
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American grouse, hares, and rabbits show a cyclic population 
curve of IO-year period, but no visible saturation point. 

On the peripheries of their geographic range, however, quail 
show the fluctuating curve of grouse while in their former centre 
grouse show the flat curve of quail. It may be inferred that cycles 
and saturation points are alternative modes of regulating density, 
the former prevailing in adverse peripheral environments and the 
latter in favorable or central environments. Continuity in habi
table range also seems to favor cycles. 

A similar cycle of lesser length (6.5 years) prevails in British 
red grouse. Management has not changed its length or amplitude, 
but it has shortened the intervals of scarcity by offering favor
able conditions for recovery of normal numbers. 

Cycles, and possibly also saturation points, are caused by 
disease. The variant is probably the virulence of the disease or
ganism. The fact that the cyclic period is substantially synchro
nous over this continent indicates that the virulence may be af
fected by some cosmic force as yet unknown. 

Cycles are most pronounced in species which are immune to 
starvation because of their food habits, or which prey on such 
species. Their function is to preven t such species from devege
tating their range. 

This account of what little is known, or guessed at, about 
fluctuation and density limits in game, contains a high percent
age of surmise or speculation, because the accumulated labor of 
naturalists contains a low percentage of attention to this funda
mental subject. Scientists have been studying it in the hand
made glass-bottle environments of the laboratory. This is proper 
-they will some day extend their controlled experiments to the 
hills and fields. But the game manager faces it here and now. If 
he is possessed of that curiosity which insists on finding causes 
for the" acts of God," this chapter may help his search. 

It is unlikely that any game manager will find the explanation 
of cycles, but his field observations are the main reliance of the 
scientists who will. 

That man is unimaginative indeed who can regard these 
mighty pulsations in the wild life of whole continents without 
seeing that the myriads of living things which constitute the bio
logical community are a Iiv;ng organism with an entity of its 



GAME MANAGEMENT 

own, as interdependent and co-operative in its parts as his own 
body. 

Trying to understand its workings is a worthy calling; saying 
that one does understand it is another matter, a mere "voice, 
audible for a moment in the derisive silence of eternity." 



CHAPTER IV 

PROPERTIES OF GAME POPULATIONS: MOVEMENTS, 
TOLERANCES, AND SEX AND FLOCK HABITS 

MOVEMENTS 

Radius oj Mobility. If a crop of game remains on the farm 
where it was raised, the incentive to produce it is operative for 
individual farmers. If, on the other hand, the game wanders over 
several farms, the owners must organize as neighborhood groups 
in order to make management fully effective. In other words, the 
mobility of the species determines the minimum unit of manage
ment. 

How far a game refuge will feed breeding stock to a surround
ing hunting ground determines the size and frequency of refuges 
needed. The answer again depends on the mobility of the species. 

These are simply two examples which show why the property 
of mobility, or length of cruising radius, is of fundamental im
portance in selecting a scheme of management. 

Mobility varies greatly as between species. The yearly mo
bility may be almost zero in quail, but almost half the circum
ference of the earth in certain migratory birds like the golden 
plover or the arctic tern. 

The recently developed technique of bird banding has shown 
a considerable variation in mobility as between individuals, and 
between the sex and age classes of a species, but it remains true 
that each species has a characteristic range of variation which 
differs from that of others, and which may accordingly be con
sidered to be a property of that species. 

The various groups of species display some internal similarity 
in this property. Thus all the ducks are mobile, while none of the 
hares and rabbits appear to be so. Some groups, however, display 
internal variations. Thus ruffed grouse are non-mobile, while red 
grouse are mobile, and pinnated grouse are semi-migratory. White
tail deer are non-mobile, while mule deer perform considerable 
migrations. 

Almost all of the banding work to date has been done on mi
n 
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gratory birds. Non-migratory birds and mammals are as yet al
most untouched. Accordingly it is impossible in the case of many 
species to give detailed figures, or even to compare one species 
with another. 

In any comparison of mobility as between species, the unit 
of time must be taken into account. The daily radius, the radius 
as between seasons, the annual radius, and the lifetime radius may 
each be an entirely different thing. 

Within a given species the environment must also be taken 
into account. Elton (1930) thinks that a sense of disharmony with 
environment tends to stimulate movement. Overpopulation, 
weather, activity in the decimating factors, or deficiency in the 
welfare factors probably stimulate it. These are all temporary dis
turbances of the environment. Possibly certain adverse environ
ments are so constantly disturbed that mobility is permanently 
stimulated. In quail, for instance, there is reason to suspect that 
annual mobility increases toward the edges of the geographic 
range. 

1 t has already been noted that quail, and possibly other species, 
tend to become cyclic toward the edges of the geographic range. 
Fluctuation in population and free movement of populations seem 
to go together in the gallinaceous birds (but not in waterfowl or 
mammals). 

Likewise the opposite properties of saturation points and low 
mobility tend to be associated. 

There is possibly some connection between the property of 
population limits and that of mobility, although its nature is 
yet to be explored. 

The only adequate study as yet made of the mobility of any 
non-migratory game bird or mammal is the Georgia Quail Inves
tigation. Stoddard (1931, p. 175) banded 1410 bobwhites in spring 
during two successive years on two plantations. Within three 
years he had recaptured 200 of them, either by retrapping or by 
finding them in the bags of shooters. Table 4 gives the frequency 
of the various distances between the point of banding and the 
point of recapture. 

The frequency of the time intervals between banding and re
capture was: after first breeding season but before the second, 77 
per cent; after the second but before the third, 17 per cent; after 
the third but before the fourth, 6 per cent. 
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The substantial parallelism in results between the two different 
locations studied makes it safe to conclude that on the Georgia 
preserves nearly half the quail spend their life-span within a 
quarter-mile of their birthplace, while few ever wander more 
than a mile. Individuals, rather than coveys, are the unit of move
ment. One covey moved as much as a mile intact, but the great 
bulk of the movement occurred by the shifting of individuals as 

TABLE 4 

YEARLY MOBILITY OF BOBWHITE QUAIL 

Georgia Quail Investigation 

No. BeDded Bo. ot Banded Birds Distane .. t.-nll nl,.c ot },Dn~' 
Plao. Shot. or Betrapped 0-11' i/4-l/2 1/2-1 
Tille 

1,051 U6 ,- 55J 
16_ 

1Iarch-Apl'U 
1920 " 1926 
Forsbsla Plant.at1on 

1579 66 5~ 1n ~ 
ltarch-AprU 
1926" 1926 
Melrose " Pebble 
H11l Plantat.ions 

1,410 200 ~ 
2_ 

14. 
(Total) 

.~ Itlles 
OYer 1 

~ 

~ 

-
between coveys. There was no significant difference in mobility 
of the sexes. 

Errington's more limited bandinK of quail in Wisconsin cor
roborates Stoddard's findings, but he found little movement of 
either individuals or coveys in midwinter, except under stress of 
starvation. 

This roughly expresses the season, yearly and lifetime mobil
ity of bobwhite on two opposite ends of its range. There is no 
reason to believe it is much different elsewhere, except during the 
peripheral irruptions described in Chapter III. 

As to daily mobility, banding is not conclusive, since indi
viduals are rarely or never captured twice the same day. It may 
be safely said that daily mobility is always less than seasonal, 
and always less in the nesting season than at other seasons. Stod-
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TABLE 5 
COMPARATIVE MOBILITY OF GAME SPECIES 

(Banding records considered representative are in plain figures. Opinions are 
enclosed in parenthesis. Exceptional banding records on single individuals are 

enclosed in a circle.) 

Dai!z radius, miles Yearlz radius, miles! 
Species Observer Average Maximum Average Maximum 

, 
Bobwhite Stoddard, Georgia 1/ 1 1/2 7 

Errington, Wis. (1/4) 3/4-1 3/4) 

Valley Quail Price, California 1/4 1/4 1/4 1/2 
( Condor, Jan. 1931) 

Ringneck Wight, Michigan 1/8-1/2 2-3 1/2-1 

2~® Pheasant -Ely, Pa. 
-Leffingwell, New York 
Thomas MacClure, England (2-5) 

Hungarian Thomas MacClure, England (1/3-1/2) 
Partridge Yeatter, Michigan (1/8) (1/2) (3/4) (3) , 

Ruffed Grouse King, Minnesota (1/8) (1/2) (2) 
Gross, New England (1/4) (1) , 

Prairie Chicken Cooke, Iowa (1888, p. 105) , (2001) , 
Sharptail Grouse Schmidt, Wis. (unpubl.) , (1/2) (2) 1 3 

Red Grouse "Grouse in Health &: (20-30) 
in Disease" 

(England & Malcolm & Maxwell 1~? 
Scotland) , 

(l)x Elk , Rush, Sun River Herd (1/2) (15) (35) 
, Rush, Yellowstone Herd (1/2) (l)x (45) (120) , 

@ Mule Deer ,H. C. Bryant, Calif. , Jour. Mam. Aug. 1924 
, McGuire, Routt Co., Colo. 

(1/8x ) (1/4x ) 
(25) 

I Skinner, Yellowstone (4) (8) , 
(1/8x ) (1/2x ) Antelope I Skinner, Yellowstone (16) (39) , 
(1/8x ) (1/4x ) Buffalo , Skinner, Yellowstone (8) (22) , 
(1/16x ) : (l/4x) Mount ain Sheep I Skinner, Yellowstone (11) (36) 

x Greater during migration. 
- Artificially raised birds released at 8 weeks. 

dard says the covey range during the fall or winter is often under 
400 yards. The ranges overlap. The daily mobility in fall and 
winter must be under this. Every quail hunter who has followed 
tracks in snow, or reworked the same ground on successive days, 
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knows that the daily radius in fall is often as low as 100 yards. 
The foregoing paragraphs portray the known mobility of bob

whites. In all probability the quail is the least mobile species of 
American game. Table 5 attempts to portray, in addition to the 
few figures based on banding, the estimated mobility of the im
portant non-migratory game species. All the figures in parentheses. 
represent opinion. All that can be said for Table 5 is that it is 
better than nothing at all. 

Predators are not included in the table. Most predators, even 
the non-migratory species, are more. mobile than their prey. The 
extreme of mobile predators is probably the cougar, which has 
been actually tracked over hunting routes 100 miles in length 
and ranges 50 miles in diameter (E. S. Barker, unpublished). 

The estimated mobility of some game mammals is given in 
Fig. 10. 

Flight Limits. Somewhat allied to the property of mobility, 
but of lesser importance to game management, is the distance 
which various species of birds can or do traverse at a single flight. 
This is important only where it is intended to confine stocks of 
game on islands, or where the spread or interchange of individuals 
across rivers or other barriers is of consequence. Table 6 assem
bles the fragments of information available. 

The accuracy of the figures on distances" successfully flown" 
varies from good to poor. As an example of the best accuracy, 
take the figure indicating that bobwhites in Clayton County, 
Iowa, flew one-half mile. Doctor J. F. Walter of McGregor, while 
fishing on the Mississippi River near St. Paul's Slough, has re
peatedly seen a certain covey fly across the river at a certain 
point. For this section of the river, there happens to be a very 
accurate large-scale map, prepared by the Army Engineers for 
navigation improvements. The distance flown was scaled from 
this map, and is highly accurate. Apparently this same covey once 
tried this same flight in a fog, and was drowned, the bodies being 
picked out of the river by Doctor Walter. 

The least accurate figures are based merely on recollection and 
estimate, but usually in surveyed farm territory where the ob
server knew the land lines or farm units. 

The column on "flights not attempted "is based on islands of 
known distances from shore, and containing populations believed 
to be isolated. 
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The column on flights .. unsuccessfully attempted" is based 
on observed drownings, or inference from drowned birds. 

There is a doubt, however, whether drownings are always 
proof that the bird was physically incapable of negotiating the 
required distance. Thus Johnson (1819, p. 37) records the drown
ing of a covey of Hungarian partridges in the sea after a flight of 
only 300 yards from a cliff, whereas in other instances this species 
has been known to fly a mile. Johnson thinks the birds were 
"either intimidated or otherwise affected by that element" (the 
sea) rather than exhausted. I also know of cases where pheasants 
doubled back after a long flight over water. Such birds might be 
picked up drowned, or even be seen to drown, after negotiating 
a distance actually greater than that necessary to complete the 
flight originally intended. 

Rate of Spread. Another property doubtless allied to the or
dinary property of cruising radius, yet by no means wholly de
pendent on it, is the rate of spread into unoccupied range. Obvi
ously this depends on how favorable the range is, and on the 
population pressure within the occupied zone, as well as on the 
freedom with which the species moves. 

Pinnated grouse and whitetail deer in the Lake States spread 
north with settlement. The pinnated entered Wisconsin about 
1840 and reached Lake Superior around 1920 or earlier, a spread 
of 300 miles in 60 years, or 5 miles per year (Game Survey, p. 164). 

Spread in a native species, however, seldom has clean-cut 
points of beginning and ending, and invariably depends on the 
rate of change in the environment which is the cause of the spread. 
Hence it does not constitute a true measurement of the capacity 
for spread. Exotics planted at a single spot, in a large block of 
range already fit to receive them, afford a truer measure, pro
vided the spread of the original plant be not masked by subse
quent plantings at new spots. 

Thus Hungarians spread from a plant in Ohio, probably at 
Defiance, to the north line of Lenawee County, Michigan (60 
miles), between 1915 and 1928, a rate of nearly S miles per year. 
Yeatter (unpublished) in an independent calculation of this same 
species in the Michigan end of their movement between 192('1 
and 1927 arrived at a rate of 3.5 miles per year. 

Hungarians spread 40 miles from Waukesha almost to Madi
son, Wisconsin, 1910-29, a rate of 2 miles per year. The plants at 



TABLE 6 
FLIGHT LIMITS 

I I Il1ft.aD£:1I1 ,-3&1 
Spec1e. , Date I Success~ lot At- lIDaac_tIall;v 

I I 1101lIl Itempted I Attalpted 

Bobwbite Round Island, l 1925 
, I , -------T- 3 I 

llias. I I I 
I I I 

Alton, Ill. I Fall - - - - - - - ~ - - - ~- - - *1/2 + 
I 
I 

Geora1a I W1Dter - - -1/s 
I 
I 

Jefferson Co., I Fall - - - *1 
Ind. I 

1 
Clqton Co., I Sept. - - XJj2 I 

I 10_ I 
I 1 I 

P1nDated I ChaJDbers Isle, • April, 7 • Gl'CN8e I 1- -- I 
I Wisc. I 1927 I I 

( Prairie I , 
I I 

Chicken) ! 1Iisconsin ! 1930 12 to 15 I 
1- - I 

• 1 I I 
Ringneck l Corvallis, Oct. • S I 1- --
Pheasant 1 Ore. 1925 I I 

I 1 
I I I 
I Sapeloe Isl., 1---#2 I 
I Ga. I I 
I I I 
: Old.boji Lake, 

Spring I ___ *1 I 
I 

• Iowa • I I 1 
: Island in lov. - - - 1/2 - - ~ - - - ~ - - - 1-1/2 
I Clearwater 1930 I I 

Lake, 14100. I I 
I I 
I I 

Lake Pepin, Oct. -------~---4----S Wisc. 1951 I I 
• • 

lhInBarian Mlchigan - - - 1/2 
Partridge 

R1Dineck EDgland 4 I 
I Pbeaeant 
I 

Hungarian England Fall 1- -- 1 (withl 
Partridge the wiDd) 1 

Red Grouse I Britain I--Stoll 
I 

BlackGUle I Brita1n 
, 1- -- 2 

*Pl1eht etarted froa a bieh place. 
XDistance scaled fr_ an accurate map. 
IAlso saw 4-6 aile f11rhtB 1n S stases. 
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the source were repeated almost yearly, thus inducing an arti
ficial population pressure at that spot. 

Lawton (1931) records the spread of Hungarians from Cal
gary, Alberta, where they were planted in 1908 and 1909, to east
ern Saskatchewan by 1922. After 1922 the spread was masked 
by new plantings and cannot be used as a measure, although it 
now has proceeded east into Manitoba. Bradshaw (1922) states 
that the first bird reached Valor, Saskatchewan, by 1922, a dis
tance of 400 miles from the original planting at Calgary in 1908. 
This is at the rate of 400 miles in 14 years, or 28 miles per year, 
-probably a record rate for a game bird. 

South Dakota pheasants, while they spread rapidly, do not 
offer any reliable spread figures, since the first private plantings 
in Sphink County in 1908 were followed up by wide~pread plants 
in 1911 which masked the expansion of the original stock. 

Even the most rapid instances of spread in a terrestrial game 
bird falls short of the maximum rates in more mobile passerine 
birds like the starling. This species, planted at New York City 
in 1890, reached Madison, Wisconsin, and bred there by 1928 
(Cooke, 1928). The distance is 800 miles,_ the rate 21 miles per 
year. However, the last 700 miles of spread took place after 1914, 
a rate of 50 miles per year, or nearly twice that of the Hungarian 
partridge in the wheatlands of Canada. 

While spread in the instances here cited is direct evidence of 
productivity, the game manager should remember that not every 
appearance of a new game bird is true spread. Drifting birds may 
appear as a result of dispersed plantings, or after eviction by fire, 
in which event they constitute evidence not of productivity, but 
of the opposite condition. Time will tell. 

TOLERANCES 

Environmental Tolerance. In the next chapter the number of 
environmental types included within the unit range of various 
species will be discussed. The species seem to differ in their toler
ance of variation in the number, proportion and interspersion of 
these types. 

For instance, under certain conditions in the Ozarks, and in 
the pine forests of the South, quail persist in small numbers on 
range consisting entirely of woodland, whereas normally a proper 
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quail range includes at least five types, namely woodland, brush, 
weeds, grass, and cultivation. On the other hand, quail are known 
to persist in Kansas in the complete absence of woodland or brush. 
Quail, therefore, may be said to tolerate nearly 100 per cent varia
tion in woodland and brush. 

Antelope normally exist on 100 per cent prairie, but on the 
Gila and Coconino National Forests in New Mexico and Arizona 
they tolerate up to 50 or 75 per cent timber, consisting of open 
stands of yellow pine, or open juniper and pinyon. 

Pinnated grouse normally mhabit range consisting entirely of 
cultivation and grassland, but in northern Wisconsin they toler
ate a high percentage of timber and brush. Sharptail grouse, on 
the other hand, do not seem to tolerate the complete absence of 
timber or brush, at least not in the lake states. Grange (unpub
lished) points out that in the vicinity of agricultural settlements 
in northern Wisconsin there is a clear demarcation between the 
breeding zones of pinnated and sharp tail grouse, the former sur
rounding the central and more cultivated areas near town, and 
the latter breeding in the peripheral zone of decreasing cultivation, 
including the outlying range composed entirely of brush, grass, 
and timber without cultivation; 

Comparisons of range composition as between regions are of 
course a different matter from variations tolerated by a species 
within a single region. It seems likely that the tolerance of any 
species is greatest near the centre (presumably optimum) of its 
geographic distribution. Thus pinnated grouse in the region of 
Champaign, Illinois, persists in small numbers in spite of the 
complete demolition of original prairie, and the almost complete 
absence of grass or weed coverts, whereas in southwestern Wis
consin,. under comparable devegetation, the species is fast dis
appearmg. 

All species now using grain and cultivated land of course 
originally tolerated the almost total absence of this type. Bogar
dus (1874) gives a convincing description of how the pinnated 
grouse in Illinois at first refused corn as either food or cover, but 
later learned to like it. They now, of course, largely depend on it 
as winter food in many localities, and on the Champaign prairies 
they depend on it as win ter cover also. 

Anderson (1907, p. 233) points out that the prairie chicken in 
Iowa, now nesting almost entirely in sloughs and marshes, orig-
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inally chose the upland prairie hillsides. Lewis and Clarke found 
elk, deer, grizzly bear, and mountain sheep on the flat plains of 
Nebraska, a country very different from the mountain forests 
with which we now associate these species. A more recent instance 
is the upward altitudinal shift of the coyote in the West. The big 
game species first mentioned were, of course, forced upward by 
the pressure of human occupation, whereas the coyote probably 
followed the new food supply offered by range livestock. But it 
took him several decades to "learn" it was there, just as it took 
the prairie chicken a similar period to "learn" the utility of 
cornfields. 

Many species, in short, display a tolerance of wide variation 
in the composition of their range. Sometimes this tolerance is 
acquired slowly by a process of adaptation; sometimes it seems 
to pre-exist as a kind of inherent elasticity or biological oppor
tunism. For a given species tolerance is undoubtedly greatest 
where the intrinsic nature of the range is most favorable. 

Tolerance Between Species. A question often discussed is 
whether pheasants displace bobwhite quail. Almost invariably 
such discussions proceed. on the assumption that there either is or 
IS not an innate antagonism between these two species. It seems 
much more likely that if such antagonism exists, it depends on 
the density of each species at the spot in question, quite as much 
as on any absolute specific relationship between them. In eastern 
Dane County, Wisconsin, there is an area nearly a township in 
size on which quail, ringneck pheasant, pinnated grouse, and 
Hungarian partridge exist together in an apparently stable and 
thrifty condition. The density of each, however, is thin. It seems 
likely that an increase in density of any of them would decrease 
the tolerance which apparently now exists. Such a decrease in 
tolerance would probably take place through competition for food 
alone. 

Combativeness and the communication of disease are two 
other mechanisms affecting inter-species tolerance. It is becom
ing quite clear, for instance, that all gallinaceous game birds are 
more or less intolerant of domestic poultry, by reason of diseases 
communicated from the poultry to the game. 

In England it is recognized that a dense population of Hun
garian partridges will not tolerate more than a low density of 
pheasants on the same area (Maxwell, 1911, and Page, 1925)' 
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In his pheasant book (1913) Maxwell cites one 5ooo-acre 
estate in England successfully carrying a breeding stock of 1000 

partridges and 200 pheasants. Where heavier stocks of partridges 
are to be carried, he advises cleaning out the pheasants each fall, 
and renewing them artificially each summer. This implies that 
winter is the season of conflict. Food does not appear to be the 
sole reason for incompatibility, however, since Maxwell says that 
no amount of extra feeding can make it safe to overstock a par
tridge range with pheasants. He thinks that more head of kill
able game is secured in the long run where the two species range 
together. Whether he ascribes this to an only partial overlap in 
their food requirements, or to the lesser fluctuation of the pheas
ant crop, is not clear. 

During the last low in th~ grouse cycle, there was much dis
cussion of pheasants displacing pinnated grouse in South Dakota; 
likewise Taverner (1927) reported that Hungarians were displac
ing sharptail in the Canadian wheat belt. It is too early to judge 
the actuality of these apparent displacements. If the grouse fail 
to come back to normal during the next two or three "highs," 
there will then be grounds for believing that exotics are tending 
to displace them. During the present high (1932) they have come 
back, at least in some places. 

Unexpected kinds of intolerance between species sometimes 
occur. Thus Stoddard reports turkeys eating quail eggs in Georgia. 
Errington reports a domestic hen killing a wild quail chick. I 
have second-hand reports of pheasants killing nestling cotton
tails, an adult quail, and an incubating prairie chicken; how often 
this happens is unknown. Management is concerned with trends 
and probabilities, not with possibilities or exceptions. 

Density oj Mixed Stands. When two or more allied species 
occur on the same range, what density limits hold for their com
bined numbers? 

This interesting question is our best approach to the question 
of tolerance between species. I t has, as already noted, been much 
written upon in Britain, but not in quantitative terms or census 
figures. The accurate quantitative work so far done in this coun
try, such as Stoddard's and Wight's, has either applied to range 
inhabited by only one species, or to densities so low as to throw 
no light on the problem of mixtures. 

In considering this matter, let the reader exclude from his 
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mind those instances where two species are interspersed, but not 
mixed in the sense of occupying the same vegetative types. Thus 
pinnated and ruffed grouse are interspersed on many a tract in 
the Lake States, but they occupy the opens and thickets respec 
tively, with only a small overlap at the peripheries of these two 
types. Such interspersions are not mixtures. 

In glacial swamp country there are likewise frequent inter
spersions of pheasants with quail, pheasants with ruffed grouse, 
and ruffed grouse with quail. These represent intermediate de
grees of true mixture. 

A true mixture, often in heavy density, is found between 
pheasants and Hungarians in northwest Iowa, and between pheas
an.ts and quail in central Iowa. The Iowa Game Survey (1932) 
made a census of all game birds on some 500 farms during the 
winter of 1931-2, from which the following farms are selected as 
the densest mixtures of species: 

The prairie chickens may be partially disregarded because 
they are migrants present in winter only, and the ruffed grouse 
as partially interspersed rather than mixed with quail. The other 
combinations, though, are true mixtures, and having been selected 
from hundreds of samples for high density, they are also pre
sumably optima or near-optima for one or the other of the species 
in question. 

The accuracy of the census figures is variable, but probably 
within 25 per cent in all cases. Winter concentrations of pheasants 
are excluded except in one figure (0.6 acres per bird for Linn 
County). On many of these farms from 50 to 100 pheasants had 
been killed before the census was made, but these removals may 
have been offset by subsequent influx and reshuffling. 

The mixed densities in the last column seem to approach but 
seldom exceed a bird per acre, in the same manner as the densi
ties for quail alone approach the same limit in this and other 
states. The table constitutes at least an indication that mixed 
stands are to a large degree subject to the same combined satura
tion point as would hold for pure stands of the constituent species. 

From these data this rule-of-thumb may be tentatively laid 
down: Do not count on improving the total stand of upland game 
birds by adding new species requiring the same kind of range as 
the species already there. Building up what you already have will 
usually accomplish the same result at less risk and less cost. 
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TABLE 7 
MIXED STANDS OF HIGH DENSITY 

l\Iaximum total game birds on Iowa farms, Iowa Game Survey, winter 1931-2 

Mixed Densi ty 
Acres in Acres per 

County Farm bird 

Clqton 490 6 2.4 

Dallas 120 25 1.9 

Cla:1 160 81 12 101 1.6 

Kossuth 160 100 12 11.2 1.4 

lli11s 1000 60 160 1.S 

Jackson 218 15 165 1.S 

Jasper 200 50 *1 151 1.3 

Polk 300 150 100 250 1.2 

lloone 160 I. SO 100 150 1.2 

Iqons I 160 I 110 28 136 1.2 

llavis I 170 I 12 140 152 1.1 I I 
O'llrieD I 200 J 150 45 195 1.0 

Sioux • 160 I· 60 10 *75 165 1.0 
I 

200 
I 

100 100 1.0 washillgton I I 200 

Palo Alto I 200 I 175 eo 255 0.8 

Story I 200 I 50 200 250 0.8 

Linn I 
I 

160 I 227 50 277 0.6 

.. Probably migrant winter visi tents. 

Minimum Units oj Range and Population. Ordinarily a species 
cannot successfully inhabit a unit of range smaller than that re
quired for the exercise of its daily cruising radius. Thus a 2-acre 
woodlot surrounded by cultivation will not hold ruffed grouse, 
whereas a 2o-acre one may do so. I t follows from this that the 
minimum unit range is high in the mobile species, and low in the 
non-mobile species. This principle of course bears strongly on 
the minimum unit on which game management can be success
fully practiced. 

In addition to the minimum geographic unit of range, there 
appears in some species to be a minimum population unit, or 
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minimum density of population, below which the species fails to 
thrive. To account for this failure, the older writers on game con
servation hypothecated a "point of resistance" or minimum pop
ulation, below which the species, for reasons unknown, fails to 
respond to "protection." 

The frequent failure of antelope to .. come back," even under 
completely closed seasons, is a case in point. Such failures have 
been attributed to the species having fallen below its "point of 
resistance." The actual nature of the phenomenon may be ac
counted for under a theory advanced by A. G. Wallahan, a fron
tiersman and pioneer wild-life photographer of Routt County, 
Colorado. Wallahan observed that antelope herds of less than 12 

or 15 individuals usually do not fight off wolves or coyotes as a 
herd, but when attacked by these animals will stampede and 
scatter so that weak individuals are readily cut out and run down, 
by relay or otherwise. Herds of more than 15, on the other hand, 
usually stand their ground as a unit, bunching into a defensive 
formation which enables the bucks to fight off the attacking 
wolves. 

While this is simply a theory based on observation, it has the 
ring of probability, and may have many counterparts awaiting 
discovery and verification through research. 

In a cyclic species like grouse it is easy to see how an epidemic, 
or a flight of goshawks, or a crusted snow, might make a clean 
sweep of a small unit of range such as an island, the isolation of 
which would prevent prompt restocking by influx from surround
ing range. Possibly, therefore, the frequent absence of ruffed 
grouse from suitable islands, already described in Chapter III, 
is a phenomenon of minimum range units. 

The simplest explanation of the minimum unit of population, 
and one which probably fits most actual cases, is the "clean 
sweep" which any local misfortune may make of any small de
tached colony of animals. Local and temporary exterminations 
occur on every game range. Where there is no surrounding popu
lation to restock by influx, the extermination is permanent. Low 
mobility of course decreases the probability of restocking; high 
mobility increases it. Thus mountain lions and wolves have been 
"exterminated" almost annually from many western regions, but 
as long as there are any left in neighboring regions, the blanks 
promptly restock. Iowa has experienced the restocking of many 
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blank counties by prairie chickens during certain years of heavy 
winter influx of migrants from the North. Migrant chickens are, 
per se, of high mobility. On the other hand when a blizzard makes 
a clean sweep of non-mobile quail in one of the northern states, 
it has often required over a decade for natural restocking to take 
place. The same kind of loss in southern and more continuous 
quail range is often replaced in a couple of years. 

Transplantation. No other property of game species has been 
explored with as much persistence, and with as little guidance 
from either science or experience, as that of susceptibility to 
transplantation. This term is here used to include both the in
troduction of exotics, and the planting of natives outside their 
natural range. 

Transplantation of game is as old as civilization. Pheasants, 
for example, were introduced into Britain, possibly by the Ro
mans, although they are not mentioned in English literature un
til 1059 (Leffingwell, 1928). They may not have been native to 
Europe at all, some believing they were brought there from Asia 
by the early Greeks. 

An excellent summary of American experience in transplanta
tion of game birds has been compiled by Doctor John C. Phillips 
(1928). One of his most valuable contributions is his classification 
of types of response by planted birds to their new environment. 
The following types of behavior in plants of game birds are taken 
from Phillips, except Types D and F, which have been added. 

First of all, there are three types of failures: 

(d) The planted stock immediately disperses and disappears 
without breeding. This may be called "dispersal fail
ure." 

(B) The planted stock breeds for one or two years (often vig
orously the first year) and then persists as non-breeding 
adults which gradually disappear. Sometimes there is no 
breeding, but simply the diminishing persistence of adults. 
This is a very prevalent type of failure, independently 
noted by Phillips and the Game Survey, and may be called 
"straggling failure." Sometimes after vigorous breeding 
the first year, the entire stock suddenly disperses. 

(C) The stock persists as a small breeding colony but does not 
spread. Usually it eventually disappears entirely. This may 
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be called "colony survival." From the viewpoint of pro
ducing a stock of shootable game, it is a type of failure. 
It inter-grades with straggling failure. 

Secondly, there is a type of behavior representing partial 
success. 

(D) The stock persists and sometimes spreads, but only with 
the aid of artificial propagation or the addition of new 
plants, or both. Because of the difficulty of distinguishing 
this type from the next, and in order to be perfectly just 
to pending projects, this type may be called "artificial 
establishment." It is added to Phillips' classification because 
it may become important as a type of game management 
for pheasants in certain regions. 

Thirdly, there are two types of success: 

(E) The stock breeds and spreads (sometimes very vigorously 
at first) but experiences a subsequent partial decline to a 
lower level. This may be called "recessive establishment." 
There is complete inter-gradation with Types C and F. 

(F) The stock promptly and vigorously breeds and spreads, 
and shows complete establishment as a wild population. 
Plants which at first appear to be of this type may later 
exhibit recessive behavior and prove to be of Type E. 

An incredible amount of misunderstanding, and a tragic waste 
of energy and funds, have resulted from the almost universal 
failure of sportsmen and game administrators to distinguish be
tween establishment (in the sense of wild populations able to 
maintain themselves over a period of years) and the Band C 
types of failure or the D type of partial success. 

It must here be said with all possible emphasis that success 
cannot be distinguished from failure on any given range until 
planting and artificial propagation have both ceased for at least 
three years. If, after three years, the stock still shows capacity 
to breed and spread, it may be called an establishment. If not, 
it must be regarded as a potential failure, and the further ex
penditure of funds or effort proceed with the same caution that 
ought to characterize putting good money after bad. 

Most of this waste and confusion arises from the assumption 
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that the property of transplantation is determined solely by the 
obvious or external characters of the environment. If the climate, 
food, and cover on the planted range superficially resemble that 
found in the bird's indigenous range, it is assumed that success 
is inevitable, provided only large enough plantings are made in 
the right way for a sufficient period of time. It is perfectly true 
that large and persistent plantings sometimes succeed where small 
or sporadic ones fail, but it is also highly probable that the suc
cessful transplantation of a species is often determined by fac
tors as yet invisible and unknown to science, and therefore in
visible and unknown to sportsmen. 

Table 8 attempts a classification of the types of behavior 
shown by plants of various species in various parts of North 
America. Most of the historical information is taken from Phillips, 
from McAtee, and from the Game Survey, but the classification 
of behavior is the author's. Plantings less than three years old in 
1930 are omitted. 

The history of each plant is often meagre, and the intergra
dation between types of behavior complete. Many readers will 
take exception to the classification. However open to challenge it 
be as to detail, it shows conclusively that only two exotics have 
so far exhibited any large areas of successful establishment in 
this country, namely the ringneck pheasant and the Hungarian 
partridge. It is also clear that the only native species exhibiting 
any appreciable degree of success outside their natural range are 
the quails. 

Every species that shows any success at all, shows almost all 
degrees of success in various regions, and what is still more to 
the. point, it also shows almost all degrees of failure in other 
regIons. 

Table 8 shows no single instance of the successful transplan
tation of a cyclic species outside its natural range in America. 
In Europe, however, the cyclic red grouse of the British Isles has 
been successfully transplanted to two or three small ranges in 
Sweden and Belgium. 

Fig. 81 pictures the geographic distribution of success and 
1 Explanation of Fig. 8. Accuracy. West of the Missouri River the map is very 

rough, due to the great difficulty in getting comparable information from the v~rious 
states, and the complexities introduced by altitudinal zones. 

SOurCIl of Data: R. E. Yeatter of the University of Michigan (who will publish more 
detailed maps later), John C. Phillips (1928), McAtee (1929), and the Game Surveys. 

Sym"ols. Two large circles mean two successive attempts at statewide plantings. A 
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failure with pheasants and Hungarians up to 1930. It is a rough 
and generalized version of a detailed map being compiled by R. 
E. Yeatter for later publication. The map suggests these tenta
tive conclusions: 

(I) The Hungarian is much more exacting in its range re
quirements than the pheasant. 

(2) Both species consistently fail in the south half of the 
United States (with possible exceptions in the mountain 
regions), and in forested regions. 

(3) The spotty distribution of success, especially of Hun
garians, in spite of almost universal plantings, suggests 
that success is determined by some environmental factor 
other th~n the more obvious aspects of climate, food, cover, 
or enemies. 

All of the foregoing discussion deals with birds. In game mam
mals, attempts at transplantation have taken place on a much 
smaller scale, partly by reason of the fact that many of our im
portant game mammals have a transcontinental range, and partly 
because the human psychology which lies behind the impulse to 
plant strange species is somehow strongest in the case of birds. 
As a consequence little is known, or need here be discussed, con
cerning the transplantation of game mammals. Most of the ro
dents seem to transplant readily. There has been, for instance, a 
wholesale planting of western races of rabbits in the eastern states. 
The jackrabbit range has been extended eastward by plantings. 
European hares are spreading in southern Ontario, where they 
constitute a pest. American gray squirrels are a pest in England, 
where they have developed a cycle. Most ordinary American 
horned game except mountain sheep and antelope seem to stand 
transplanting easily. 

The only predator known to have been transplanted in Amer
ica is the red fox, which was moved to Texas by fox hunters in 

small solid dot followed by "loc ? .. means that the literature records failed plantings but 
does not specify their location. 

The stippled areas include diverse categories which could not be differentiated due to 
the small scale of the map or due to lack of first-hand information. In the north central 
states stippling accurately shows thinly populated (or, in Wisconsin, incompletely planted) 
range. In the western states stippling includes mainly spotty distribution due to altitude 
and irrigation. In the eastern states stippling includes thin and spotty range and also (as 
in Maryland pheasants) range of indeterminate status as to establishment. 
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1891, and has become established there in several counties (Texas 
Conservation Yearbook, 192~30). 

Domestication. The susceptibility of game species to domes
tication or rearing in captivity is a pr~perty .which parallels th~t 
of transplantation. Naturally the speCIes whIch ~an be reared m 
captivity are the most available for transplantatIon. 

As in transplantation, there ate various degrees. of success. 
Table 9 classifies the maximum degree of success whIch. appears 
to be characteristic of various species and groups. ,!,he mforma
tion in the table is taken from Job (1923), and Hopkins~n (192?). 
Experts can of course occasio~ally do better, and new dIscoverIes 
may alter the results at any tIme. 

The hatching or rearing- of wild eggs is not credited as success
ful breeding in the table. The table indicates that, by and large, 
marine, migratory, and cyclic species cannot be reared in cap
tivity, or if so, only with great difficulty. Most of the shore birds 
do not seem to survive in captivity at all. Many of the species 
successfully reared in captivity are those susceptible of trans
plantation. 
- There is of course nothing final about this classification. The 
technique of game farming is constantly improving and each 
year sees some heretofore insurmountable difficulty partially or 
wholly overcome. It is important to keep in mind, however, that 
efforts at domestication are often conducted regardless of the ex
pense or trouble which they entail. That a species has been reared 
in captivity does not of itself constitute evidence that it can be 
reared on a scale and at a cost practicable for game management 
purposes. So far game farming, from the viewpoint of manage
ment, is practicable only for ringneck pheasant, most quails, wild 
turkey, mallard, and Canada goose. 

All antlered game except moose can be bred in confinement 
(see Lantz, 1916). Other big game mammals are more difficult. 

Cottontails can possibly be bred in semi-confinement (Hiller, 
1932), but I krlOw of no case in which close confinement has been 
successful. Dice (1929) records three litters bred and born in 
('ages, but all of them were of the southwestern subspecies. Fight
ing between the male and female caused failure of all attempts 
to breed the eastern cottontail. 

Susceptibility to artificial rearing is of importance to game 
management mainly as a source of seed for restocking ranges on 
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which the species in question is exterminated, or for planting new 
or restocking shot-out range. It happens, however, to be a prop
erty easily dramatized to and visualized by the lay mind, and 
hence has received such a large share of public attention as to 
become, to the rank and file, almost synonymous with conser
vation. 

TABLE 9 

CLASSIFICATION OF AMERICAN GAME BIRDS AS TO DOMESTICATION 

MAXIMUM DEGREE OF SUCCESS TO DATE 

Not so far captive 

In captivity, but no eggs 

In captivity, but infertile eggs 

Fertile eggs, but young die when partiy 
grown 

Successfully bred in captivity. (Hatch
ing or rearing of wild eggs not credited 
as success.) 

EXAMPLES 

Shorebirds 
Rails, except Coot 

Woodcock 
Coot 
Brants 

Cranes (except Little Brown) 
Sea Ducks (except species below) 

All Grouse, with rare exceptions 
in Ruffed Grouse and Prairie 
Chicken 

Hungarian Partridge 
Pheasants 
All Quails 
Turkeys 
River Ducks, also Redhead, Can-

vasback, Scaup, Golden-eye 
Swans 
Mourning Dove 
Passenger Pigeon 
Bandtail Pigeon 
All Geese (except Brants) 
Whitewing Dove 
Little Brown Crane (once) 

A review of game farming technique will be given in Chap
ter XV. 

SEX HABITS 

Sex Properties. Each species of game has eight fundamental 
sex properties affecting management: 

I. The age of sex maturity, or minimum breeding age. 
2. The number of females served by one male. 
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3. Period of gestation. 
4. The number of young per brood or litter. 
5. The number of broods or litters per year. 
6. The initial sex ratio in the young at birth. 
7. Maximum breeding age. 
8. Longevity beyond maximum breeding age. 

Each of these properties is known to vary more or less with 
environment, but these variations within the species are usually 
distinctly smaller than those between species. In a "perfect" en
vironment these properties would give rise to a population of 
fixed composition as to sex and age for each species. 

In all actual environments, however, there are radical depar
tures from this theoretical norm. The measurement and compari
son of these departures is one of the principal means for the diag
nosis of field conditions, and their beneficial manipulation one of 
the principal activities of management. 

Numbers 1,4-5,7, and 8 have already been discussed in Chap
ter.II for t~e purpose of deriving the breeding potentials of the 
varlOUS specIes. 

There remain to be discussed to what extent these characters 
constitute properties of various groups, and what important dis
turbances of the normal condition are likely to be encountered or 
used in game management. 

Lack of Information. The paucity of our information on these 
properties is indicated by the fact that of the 36 species of birds 
in Table I, the literature indicates conclusively in the case of 
only 9 at what age they first breed, in the case of only 9 whether 
more than one brood is raised per year, and in the case of only 
8 what type of mating is characteristic. 

The mammals are in somewhat better case. 
It is, of course, difficult to establish these characters under

lying reproduction, especially in species not subject to domesti
cation, or not easily trapped for banding, or in species in which 
sex and age are not distinguishable in the field. Nevertheless they 
are of such fundamental import to both science and conservation 
that it seems fair to suggest that our professional naturalist~ 
should give them more attention. The minute study of the bones 
and the pelage of dead specimens can, to be sure, teach us much 
of the evolutionary processes by which the species came into 
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being, but hardly more than the study of the means by which it 
still holds its place in the sun. The latter may, moreover, point 
out ways in which that place can be retained, whereas the former 
cannot. 

The following captions give as good an account of breeding 
characters as the existing paucity of information permits. 

Breeding Age. Poultrymen say that in domesticated birds 
minimum breeding age sometimes differs as between sexes. 
Whether the stock was hatched late or early also doubtless affects 
the probability of one-year breeding. 

Thus wild geese in confinement quite certainly do not breed 
until two years old. There is no record of eggs from yearling 
females, although yearling males may possibly mate (Halpin, 
unpublished). In tame varieties, ganders sometimes have the 
capacity to breed at one year, though females have neither the 
capacity nor the inclination (Halpin). 

In domestic turkey, yearlings of both sexes are preferred as 
breeders. Hens over three years are rejected (Jull and Lee, 1928). 

Wild turkeys, however, do not breed as yearlings. Wild gob
blers in confinement first breed at two years (Quarles, 1918), al
though yearling hens have been known to breed and rear young 
(Enty, 1897). 

In the case of turkeys, domestication has evidently advanced 
minimum breeding age, both as to capacity and inclination. 

One may possibly infer from these authorities that in water
fowl the male matures first, and in upland game the female. It 
is also reasonable to suppose that in wild polygamous birds the 
young male may not be allowed to breed as early as he is physi
cally able to do so. 

With this background, we are now ready to consider the 
minimum breeding ages characteristic of wild game species, al
ready outlined briefly in Tables la and lb. 

I t is probable that all American upland game birds except 
wild turkeys breed as yearlings. The probabilities are that wild 
turkeys actually breed at two years. 

In waterfowl, it is certain that wild geese do not breed until 
two, and swans until three or more years old. I suspect that 
cranes may not breed until two or more years old. In ducks and 
shore birds, it is by no means certain that all of the species breed 
as yearlings. Mallards undoubtedly do. Works on artificial prop a-
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gation of ducks seem to assume that they all do, but they like
wise mention how hard it is to get fertile eggs in many species. 
In Wilson snipe and woodcock we lack the analogy of captives. 
Non-breeders are plentiful in many species of shorebirds. It is 
not at all impossible that many waterfowl defer breeding until 
the second year. 

This lack of fundamental information about ducks and shore
birds is a regrettable hiatus in our ornithology. 

It seems quite certain that all the smaller game mammals 
breed at one year. Some have suspected the cottontail of breed
ing sooner, but a May rabbit, even if mature at six months, could 
hardly have young before November. Young are not seen at that 
season, and could hardly survive. Domestic "rabbits" are bred 
at five or six months of age, but these are actually hares, and are 
not a sound analogy. 

None of the big-game mammals bear young at less than two 
years. Some big-game species, such as elk, sheep, buffalo, and 
bears reach maturity only after three or four years. This char
acter of deferred breeding is of great importance, as will be evi
dent by a study of the breeding potential curves in Fig. 3. A 
species with the breeding index 1-2 (breeding at one year, two 
young per year) reproduces only a little slower than one with the 
formula 2-6 (breeding at two years, but with three times as many 
young per year). Broadly speaking, the litters or broods must be 
more than doubled to compensate for 2-year instead of I-year 
maturity. 

Maximum breeding age is almost totally unknown. Coleman 
(Stoddard, p. 455) observed a high egg record in a captive bob
white hen up to at least the sixth year. 

Barren individuals, if there are such, use up range and food 
without contributing to productivity. Declining reproductive 
vigor may affect productivity, even without barrenness. The 
British, for instance, are persuaded that their success in grouse 
management is largely due to the automatic reduction of old 
birds effected in driving, and the deliberate killing off of old cocks 
by the game keepers (Leopold and Ball, I93Ia). When the driven 
grouse come over the guns, the old birds come as singles or pairs 
and are usually killed, while the young come over in packs or 
flocks, and thus suffer a lesser per cent of mortality. 

That driving effects a differential mortality among young and 
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old may be considered an established fact. Whether old birds are 
markedly inferior as breeders should be pondered with more 
caution. It seems probable, but is not proved. The Grouse Report, 
a scientific publication, accepts the theory and explains its work. 
ings as follows: 

(I) Old cocks appropriate a larger breeding territory than 
young ones, and thus reduce the number of breeding pairs which 
can be accommodated on a given acreage. 

(2) Old parents produce smaller clutches with a lesser per
centage of fertility than young ones. 

The first point sounds highly probable. The second seems en
tirely possible. Neither, however, is as yet supported by quanti
tative evidence. Both offer an entrancing field for research. 

McLean (1930a, p. 19) suspects that superannuated California 
quail form separate coveys which inhabit high ridges apart from 
the range of younger birds, and which do not pair or nest, even 
in good years. He cites numerous examples, including a flock of 
80 of which he took specimens. 

"UpOll dissection ... I came to the conclusion that they were very 
old, and sexually spent. Their bones were brittle, legs rough and scaly, 
and the sexual organs diminutive in both males and females. Other 
bird3 do not seem to mix with them, even in winter." 

Young Per Year; Second Broods vs. Renestings. The average 
size of clutches or litters, as shown in Table I, is quite well estab
lished for all game species, but the number of clutches or litters 
per year much less so, especially in birds. 

The only game bird known to raise regularly two or more 
broods yearly is the mourning dove. Barrows (1912) suspects the 
passenger pigeon did, and the bandtail pigeon may also. 

The ringneck pheasant and the California quail sometimes 
raise two broods. Wight (1930, p. 224) says of the pheasant in 
Michigan, "Early nesting females usually again build nests and 
rear a brood," but he is referring to renestings following destruc
tion of the earlier nest, not a second brood following the rearing 
of an earlier one. Beebe (1922) says that the ringneck in its na. 
tive Asiatic range" sometimes breeds twice," but no equivalent 
assertion is made for the other component of our American hybrid, 
P. colchicus. 
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McLean (I93oa) cites a one-legged California quail hen seen 
to raise two broods for two years out of three. It is extr.emely 
doubtful, however, whether two broods are sufficiently common 
in any gallinaceous bird to affect the breeding potential. Stod
dard is quite certain that second broods do not occur at all in 
bobwhite. 

Both sportsmen and naturalists might be less credulous of 
stories about second broods if they stopped to add up the time 
liabilities involved. These may be roughly computed for almost 
any gallinaceous bird to be: 

DAYS 

20 
2 

23 
40 

8S 

ITEM 

Laying a clutch 
Interval 
Incubation 
Dependency of young 

CALCULATION 

14 eggs at 1 U days per egg 

Usually at least 6 weeks 

A hen starting her first clutch on May I could therefore not 
rear that brood and be ready to start a second before the elapse 
of 85 days, which means July '25. A new nest started July '25 
would hatch September io' and would not be independent until 
October '20. 

That the California quail is the only American game bird in 
which second broods occur with sufficient frequency to affect 
productivity gains further probability from the extraordinary 
length of the summer season on its range. The same reasoning 
applies to the other Southwestern quails, but is so far not sup
ported by affirmative observations. 

The improbability that second broods are frequent in pheasant 
is further attested by Wight's observation that the cock starts 
to moult, and becomes solitary, before the first brood is old 
enough to leave the hen. 

Second broods should be sharply distinguished from re
nestings. 

Many game birds, of course, renest one or more times if the pre
ceding nest is destroyed. Some, like the quails, persist in their 
attempts until the weather becomes unsuitable in September. 
Such attempts following earlier failures are called re-nestings. 

Apparently if the nest destruction takes place before hatch
ing, the nesting instinct continues operative; if after hatching it 
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becomes inoperative for the remainder of the year. The exact 
line of demarcation is not positively known. It may vary with 
circumstance and species. Some species may not renest at all. 

It is a curious fact that the popular supposition, so prevalent 
in America, that quails or other gallinaceous birds raise two suc
cessive broods, should never have taken root in Europe. It arises, 
of course, from seeing small young in fall-which are actually the 
product of renesting following earlier nest mortality, and the 
shifting of young between coveys. 

One popular supposition is that the cock bird takes over the 
care of the first brood while the hen lays another clutch. Leffing
well (1928) mentions that this may possibly occur in pheasants. 
He once observed a cock leading a brood. Wight's observations 
on the moult, however, render this unlikely. 

An interesting variation of this is Sprake's theory (1930) that 
the English partridge may sometimes lay two clutches, the first 
of which is incubated by the cock, and the second by the hen. 
Neither of these suppositions has ever been verified. 

In the game rodents (rabbits, hares, and squirrels) the num
ber of litters per year is virtually unknown. The breeding poten
tial curves in Fig. 3, although based on correct size of litters, are, 
for lack of data on litters per year, nothing but a conservative 
guess. 

In bears we have the unique probability, suggested by Wright 
and Seton, that females bring forth only in alternate years. This 
of course makes the young per year only half the average litter. 
Luttringer (1931) suggests that elk cows breed only every four 
years, but in the absence of confirmation by other authorities 
Table Ib assumes yearly breeding. 

In antlered game it seems fairly clear that a young doe is 
less likely to twin at her first bearing than at subsequent ones. 
The long gestation of course precludes more than one birth per 
year. The lesser productivity of young females in antlered game 
is a reversal of the British supposition that in gallinaceous birds, 
young females lay larger clutches of higher fertility than old ones. 

In domestic mammals, the average "fecundity of an individual 
female gradually rises, as in deer, to an age of optimum fecun
dity, and then gradually declines. In domestic fowls it rises 
sharply to an early optimum, often in the second year, and then 
gradually declines. 
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Mating Habits. The conventional categories of mating habits 
include monogamy, polygamy, polyandry, and promiscuity. 
Seton (1929), however, rightly feels the need of closer definition. 
He says: 

"There are four degrees of monogamy among animals: 
"1st. That in which a male and a female rema.in together for per

haps a week; after which the female no longer desires a mate, and the 
male seeks a second. That is. one mate at a time, but perhaps five or 
six in the season. 

er 2nd. That of certain weasels, wherein the pair continue together 
during the mating season of a week or more. then separate completely. 

"3rd. That of hawks, in which the pair continue together with little 
i~terruption, until the young are able to care for themselves (say for 
four or five months), the father faithfully helping in caring for the 
young. 

"4th. That of eagles, which pair and live together continuously, 
till one is removed by death." 

Seton's categories may well be adopted as four standard sub
types of monogamy. Polygamy, polyandry (if it exists in game), 
and promiscuity may also need further subdivision, but the in
formation for doing so is not at hand. 

The distribution of mating types among the various groups 
of game species is a subject on parts of which we can make posi
tive assertions, but as to other parts we must tread with caution 
until we know more about life history of game species. 

Bobwhite in the wild. for instance, certainly practice mono
gamy of Seton's Type 3, i. e., the pair breeds and continues as a 
pair until the young are grown, but not longer. Either the hen or 
the cock may incubate and rear the young. Alternation is rare. 
The circumstances determining which sex undertakes incubation 
eluded even so keen an observer as Stoddard. 

Despite this well-established monogamous character in the 
wild bobwhite, Coleman (Stoddard, p. 458) freely induced po
lygamy in captive bobwhite by confining 12 hens with 4 cocks in 
"community" breeding pens. This indicates that mating char
acters may not be especially deep-seated. 

Probably the other quails are similar to bobwhite. 
All pheasants are certainly polygamous, but Beebe (1922) 

thinks that cokhicus is less so than torquatus, the harems running 
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2-3 hens and 4-8 hens respectively. The black-necked colchicus, 
Beebe thinks, is sometimes monogamous. Since pheasant cocks 
are only rarely known to incubate, it may be assumed that this 
occasional monogamy, if it exists at all, is of Seton's Type 2. It 
seems more likely, though, that the apparent monogamy reported 
by Beebe is better explained by Wight's (1930) territorial type 
of polygamy. Wight has concluded that our hybrid pheasant in 
Michigan seldom shows harems of more than two or three hens, 
and that "harem" is really not truly descriptive, in that each 
female appropriates a territory, in which· she nests. She does not 
join a community of females to be herded around as a "captive" 
group by their master. The group of nesting territories consti
tutes the "crowing ground" of the cock. He defends it against 
other cocks, but Wight thinks his interest is in the hen, rather 
than in the territory. This kind of mating may be tentatively 
designated as \Vight's "crowing ground" or "hen-territory" type 
of polygamy. It may be found to prevail elsewhere. 

The Hungarian or gray partridge, like bobwhite, clearly falls 
into Seton's Type 3 of monogamy. Sprake 'Observed one case in 
which he thinks a single wild male apparently had two hens, 
each with a nest. Bracher (1931), however, cites some experiments 
at the Pilot Rock Farm in Oregon which indicate very strongly 
not only that Type 3 monogamy prevails, but that Type 4 does 
not prevail, nor does any degree of polygamy. 

The various grouse present a perplexing problem. In spite of 
a large volume of descriptive literature on mating antics, we 
really know very little about the type of mating. We know that 
the red grouse of Britain is not only monogamous, but practices 
the same high type of monogamy as bobwhite (Type 3). The 
Grouse Report (p. 13) says: "They (the young) are anxiously 
guarded by the parents, the hen being more attached to them 
than the cock, who, when they are disturbed, is the first to fly 
from danger, though it may be only for a short distance. The 
hen, on the other hand, will risk any danger rather than leave 
her brood." 

Contrast with this the probably promiscuous mating of the 
rufted grouse and the pinnated, in which the male takes no part 
in the care of the young, nor is the existence of pairs an estab
lished fact. To be sure, each of the three species is of a separate 
genus, but all belong to the same family. Apparently a type of 
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mating established for one species cannot be assumed to extend 
beyond the genus. 

It would take pages to review what we do not know about 
mating types in American grouse. My interpretation of the some
what conflicting evidence is that the ruffed grouse practices po
lygamy of Wight's "crowing ground" type, with these differences: 
the cock's "crowing" is mechanical (drumming) instead of vocal; 
the cock's location is fixed at a central series of drumming logs. 
The hens occupy nesting territories around the drumming logs, 
as in pheasants. 

The mating of pinnated and sharptail is similar, except that 
several cocks (up to 30) collectively use a common dancing or 
booming ground, which is visited by the hens having territories 
nearby~ instead of the cock visiting the hens, as in pheasant. 
The probable result is promiscuity, and these species are so 
classified in Table I. Schmidt (unpublislied) finds that the same 
knoll is used as a dancing ground from year to year, and in otre 
case was not deserted even when plowed up. The nests are periph
eral to and usually within a half-mile of the dancing ground. 

As to mating types in our other grouse, no one seems to know. 
Turkeys, according to Quarles (1918), practice polygamy of 

the true harem type, 4-5 hens being appropriated and herded 
about by the male until nesting time, when the hens nest nearby. 
In captivity, if there is only one gobbler present, he rejoins the 
hen as soon as the brood hatches, but if there is more than one 
gobbler, they ail flock together until the broods are two-thirds 
grown. 

Geese are certainly monogamous. The Canada goose follows 
Seton's Type 4 (lifelong) monogamy (Miner, 1923). The mating 
of wild ducks is still an enigma. Job (1923) says" ducks in wild 
state are normally monogamous .•. but tend to become polyga
mous in captivity." Grinnell (1918) says of the mallard, "tIus 
duck is monogamous in its native estate, although some authori
ties contend that polygamy occurs where there is a dearth of 
males." It seems likely that monogamy is normal for all the 
ducks when the sexes are balanced. Where unbalanced, the ex
cess is likely to be of males (Lincoln, 1932). Promiscuity, or even 
polyandry, might be looked for under such conditions. The seem
ingly promiscuous mating of domesticated varieties supports the 
former assumption. 
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The game rodents are apparently all promiscuous except the 
fox squirrel, which Seton thinks may be monogamous. 

Antlered game is probably all polygamous, with the possible 
exception of the moose and mountain goat. Seton says that the 
Scandinavian moose is considered monogamous, but concludes 
that our moose is evidently not. The whitetail, he thinks, is less 
polygamous than the other deer. 

The bears follow Seton's Type I of monogamy. 
An exact mental picture of the type of mating is often of 

great practical value to the game manager, especially in the 
manipulation of the sex ratio through hunting, and in the control 
of nesting cover. The finest of nesting cover would hold no chickens 
if too far from a dancing or booming ground. The finest of ranges 
may be only half productive if the sex ratio fails to fit the type 
of mating inherent in the species. 

Sex Ratios. GenetiCists believe that in any large sample of 
animal population the two sexes are originally conceived in equal 
numbers. 

At birth, however, the original parity of the sexes has been 
more or less changed by pre-natal mortality. The direction and 
degree of these changes show more or less constant differences 
as between species or groups of species. 

This characteristic sex-ratio at birth is unknown for any 
game species. To determine it requires laborious expert dissection 
of many newly born individuals, and this has not yet been done. 

Certain domesticated animals, however, probably reflect the 
characteristics of their wild relatives. Table 10 gives figures taken 
from accepted authorities. These have been rounded off to whole 
numbers and converted to the per cent basis later used in the 
discussion of this subject. 

SPECIES 
Man 
Horse 
Dog 
Cattle 
Sheep 
Pig 
Rabbit 
Fowl 
Pigeon 
Mallard 

TABLE 10 

SEX RATIOS AT BIRTH 
MALE: FEMALE RATIO 

51 : 49 to 52: 48 
49: 51 
54 :46 
52 :48 
49: 51 
53: 47 
51: 49 
48: 52 
51: 49 
51: 49 

AUTHORITY 
Crew, 1925, p. 255 

II 

II 

II 

II 

II 

Cole and Kirkpatrick, 1915, p. 465 
J aap (unpubl.) 
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The sex ratio at birth is known to vary with the species, with 
race breed or strain, with the season of the year, and in different 
matings. It is radically disturbed in hybrids. It has been alleged 
to vary with many other conditions. Of the variations accepted 
as conclusive by geneticists, there are two of special import to 
game management. 

Crew (1925, p. 258) says: "In the experience of many poultry 
breeders, the first lot of eggs laid by a pullet yields a preponder
ance of male chickens, whereas as the season advances and the 
pullet ages, the proportion of males steadily decreases." Friedman 
(1931) makes a similar assertion. More recent work, however, 
leaves this in doubt. 

Again Crew (p. 261): "In the case of the (domestic) rabbit it 
has been shown that the sex ratio is related to the chronological 
order of the service of the buck; in the first service group there 
is a preponderance of males, and then an increasing preponder
ance of females." 

This boils down to a probability that gallinaceous birds at 
birth will average a slight preponderance of females, but early 
eggs may show a male and late eggs an accentuated female trend. 
In ducks, there is some indication of an average trend to males. 

The sex ratio at any time after birth is likely to be different 
from that at birth, by reason of differential mortality from dis
ease, predators, or other factors. Such post-natal differences in 
mortality as between sexes may accumulate and reach large pro
portions. The degree of accumulation varies with the ratio of 
old to young in the population. 

The differing mating habits of various species discussed in 
the preceding captions necessarily imply a different optimum of 
sex and age composition for each. A polygamous species like 
pheasant or deer can tolerate, or may even be benefited by, an 
excess of females, but it must not be too great. On the other hand, 
a monogamous species like bobwhite probably needs to retain the 
original close balance of the sexes; productivity might be seriously 
affected by a large disturbance of the ratio in either direction. 

Management, theoretically, should frequently compare the 
existing ratio with the optimum, and regulate the system of 
shooting so as to bend the existing ratio toward the optimum. 

This process should begin with a knowledge of what the op
timum is, and how much disturbance it will tolerate. Such knowl-
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edge seldom exists, except as based on captives, and such evidence 
is not dependable. Thus Coleman, as already stated, induced 
polygamy in captive quail by an artificial shortage of cocks, but 
it is extremely doubtful whether a shortage of cocks in the wild 
could maintain productivity by polygamy. McAtee (1929a) ad
vises 5-7 hens per cock for captive pheasants, but this ratio in a 
wild population would almost certainly be too low on cocks. 

The only guidance as yet available for the American game 
manager consists of a very few rough measurements of sex ratios 
which seem to be associated with satisfactory or unsatisfactory 
productivity in wild populations. 

Bobwhite Sex Ratios. The most authoritative of these meas
urements is Stoddard's on Georgia quail. In 20,000 bagged quail 
he found a winter average over a 5-year period of 53 cocks: 47 
hens. The yearly averages varied from 52: 48 in the medium or 
fair year 1925-6 to 55:45 in the poor year 1928-9. He also found 
that the same locality sampled at successive dates through the 
winter showed a small progressive decline in proportion of hens. 
He found that trapping consistently showed more cocks than the 
bags did in the same locality. The average difference was 2. per 
cent more cocks in trapping than in shooting. The shooting 
usually preceded the trapping. Stoddard seems to lean toward 
ascribing this difference between the two to the same progressive 
differential mortality in hens already noted. The same differen
tial would explain the higher proportion of cocks in poor years, 
because in such years a higher percentage of the crop consists of 
old birds among which the differential has been working for a 
longer time. 

Table II summarizes Stoddard's bag tally, and several others 
secured by him from other sportsmen in the southern states. 

The Game Survey compiled a sex tally of 4184 bobwhites 
bagged by 25 sportsmen during 19'29, 1930, and 1931, in as many 
localities in four states. The tally, summarized by states, appears 
as Table 12. 

The average ratio falls within a half of 1 per cent of being 
identical with Stoddard's average of 53: 47. 

The season of 19'29 was favorable; 1930 was adverse except in 
Minnesota (Leopold and Ball, 1931); 1931 was normal or above. 
The table indicates that the percentage of males was heavier dur
ing the adverse year 1930 than in the good year 1929, but the 
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TABLE II 

BAG TALLY OF SEX RATIO IN BOBWHITE 

SOUTHERN STATES , , 
Data b7 LocallW I Period 

, 
,No. of Birds 

1 
H. L. Stoddard Georgia 11924-29 

I , 20,000 

E. R. Coleman 
I , 

10,100 Carolinas, 11894-1921, 
Fla., Pa., I I 
Ala. I , 

A. W. Elting S.Carolina 11925-29 I 845 
I 

c. E. Buckle Tennessee ! 1905-26 I ? 

Ratio 
Male ; Female 

I 
55 I 41 

I 
54 I 46 I 

I , 
51 I 45 

I 
I 55 , 47 

same as in the good year 1931. The three-year average for these 
four states is U per cent lower on cocks than Stoddard's five
year average for south Georgia. This fits in with Stoddard's 
theory of a progressive differential against hens, since midwestern 
quail are shot in November, whereas most Georgia quail are shot 
in January and February. 

TABLE 12 

BAG TALLY OF SEX RATIO IN BOBWHITE 

NORTH CENTRAL STATES 

I 1~29 I ~30 I 19,31 I To~ 

Illinois : 420 4051 51 49 hSl 1871 46 54 1173 201 146 54 'I 754 793 \49 51 
I , I I I, , 

IIld1_ 1190 1821 51 49 1258 193: 57 43 ,1168 108 I 51 39 I 618 483 168 44 
I ,I I I 

Ml1Ul88ota I 17 20 I It It I 45 ssl X X 160 s91 X X 1122 94 1167 4S 
I ' I I I , , 

Missouri , \ : 231 2041 5S 47 IS18 280 I, 55 47 ',704 61.8 1,6S 4T 
I I , I I 
1 I I I I I , 

Totals j 629 607151 49 IS95 S19153 47 1719 628! 53 47121981966 !52.6 47.5 

Seth Gordon (unpublished) superintended the shipment of 
6,000 trapped Mexican bobwhites, in pairs, from Mexico in 1916. 
There were 800 cocks left over after the car of 3000 pairs had 
been made up. This indicates a total of 3800 cocks to 3000 hens, 
or a ratio of 56: 44. 
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Gorsuch (1932) found a cock: hen ratio of 49: 51 in 160 
gambel quail trapped in three localities in Arizona during the 
winter of 1931-32. The number of birds is of course too small to 
be conclusive. 

In general, it may be tentatively concluded that a 2 or 3 per 
cent excess of males is normalfor large numbers oj bobwhites bagged 
in diverse localities. Any greater excess should be regarded as a 
symptom of something wrong. 

One man's bag made in a single locality during a single year 
may, however, depart widely from the norm. In the data on 
which Table 12 is based, the ratio for individual sportsmen bag
ging 50 or more birds ran as high as 67: 33 and as low as 35: 65. 
Smaller bags may of course show almost any ratio as a result of 
chance alone. 

A heavier than normal percentage of males may possibly be 
expected on the edge of the quail range. The Minnesota average 
of 57: 43, and the Mexican figure of 56: 44 both tend to con
firm this supposition. Conversely it may be significant that the 
only state showing an excess of hens is Illinois (49: 51), which 
Fig. 6 assumes to be within the optimum range, or qualitative 
centre of geographic distribution, for the species. 

Pheasant Sex Ratios. State Game Wardens Oscar Johnson 
of South Dakota (Game Survey, p. 1 18) and W. E. Albert of Iowa 
"shined" large numbers of wild pheasants for transfer to un
stocked districts. This work was done during winter, after the 
open season had operated differently on the sexes. State Game 
Warden Burnie Maurek conducted similar operations in southern 
North Dakota, where no open season has as yet been allowed. 
No official records of sex were kept in Iowa, but fragments were 
obtained from the trappers employed by the state. The sex ratios 
obtained in the birds taken appear in Table 13. 

All these birds were "shined" by auto headlights at night. 
The birds were taken "as they came" except in 1926-7 in South 
Dakota, when some hens were "passed up," hence for this year 
the probable actual ratio is higher on hens than the observed 
ratio. It is probable that hens are captured more readily than 
cocks by this method. The game wardens doing the work report 
that the cocks often flush but the hens do not. Furthermore when 
the cock escapes beyond the zone of light he keeps going, but 
the hen does not. In general, these "shining" ratios, therefore, 
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TABLE 13 

SEX RATIO OF "SHINED" PHEASANTS 

• .o .. ~ I Cockdlen Batio ~ i Previous Cock I 
Year I State Birds I B1rda aa '1'", I Law 

I I I I 

1926-7 I South Dakota 10.000 I 12&88 I 2/7 beaa allowedl 
I I I I 

1929-80 I South Dakota 12,000 I 26175 I 1/s beu allowedl , I I I 
1950-111 Borth Dakota 1O,S82 I 40&80 I DO opeo. ..... I 

I 
1,275 I I I 

19so-&l I Ion I SOc10 I DO r4!1strictlaa.s a 

may show fewer cocks than actually exist on the ground. This 
error is probably constant, so that within a given state "shining" 
ratios kept over a period of years may be used to portray trends 
in composition of populations. 

The variations between years and between states seem to fit 
the shooting differentials in the last column on the right. 

Wight's (1930) observations on pheasants in Michigan would 
Indicate a sex ratio somewhere around I cock: 1-2 hens. This is 
inferred from his statement that the "harems" rarely exceed 2 

hens. If there were more hens, the harems would presumably be 
somewhat larger. 

It may be noted in passing that even in states which do not 
restrict the killing of hen pheasants, shooting exerts a differen
tial pressure against the cocks, by reason of the shooting ethic 
which causes the sportsmen to prefer cocks. Thus in Iowa during 
the open season of 1931,182 reporting parties bagged 4124 pheas
ants, the sex ratio of which was 10 cocks to 6'4 hens, in spite of 
hens being legal game and considered easier to get. 

Waterfowl Sex Ratio. We have in this subject an almost dra
matic example of how the growth of thought in game matters is 
liable to take place along lines comparatively irrelevant to con
servation. The volume of printed fact and opinion on waterfowl 
emerging during the last decade could be measured by the ton. 
Yet it was not until Lincoln compiled The Sex Ratios oj Banded 
Duds in 1932, that the possibility of a disturbed sex ratio, as a 
factor in the current waterfowl shortage, was even mentioned. 

Lincoln finds that ten of our main species, of which nearly 
50,000 individuals were banded during the last decade at 50 sta-
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tions widely scattered over the continent, all show a preponder
ance of males. In all but three species (mallard, black duck, and 
woodduck) the preponderance runs 60: 40 or higher. The details 
appear in Table 14, which is reprinted from American Game: 

TABLE 14 

SEX RATIOS OF BANDED DUCKS 
I I 
I I Percentage 

Species I Males I Females Ratio 
I I 

Mallard I 12,386 I 9,572 56:44 
Black Duck I 477 I 344 58:42 
Baldpate I 413 I 251 62:38 
Green-winged Teall 357 I 95 79:21 
Blue-winged Teal I 765 I 411 65:35 
Pintail I 6,308 I 3,759 63:37 
Wood Duck I 391 I 367 52:48 
Canvasback I 226 I 127 64:36 
Lesser Scaup I 2,633 I 1,444 65:35 
Ring-necked Duck I 455 I 123 79:21 

I I 
Totals - - - - 24,411 I 

I 
16,493 60:40 

Some banding stations during particular years show a pre
ponderance of females, but these exceptions may be ascribed to 
differential sex migration (Leopold, 1920), and to chance. 

Lincoln thinks that the traps used for capturing ducks for 
banding, if selective at all, favor the capture of females. 

All of Lincoln's evidence points toward the existence of a 
seriously deranged sex ratio. How long it has existed, or what 
causes it, remains unknown. It is barely possible, of course, that 
it always has existed, and represents a normal condition, but this 
seems improbable, especially in a group of species less strongly 
monogamous than most other birds. The reader should note that 
here again we have an excess of males associated with a known 
decline in population, and a known trend toward adversity in 
recent climatic and range conditions. 

Grouse Sex Ratios. A heavy excess of males is definitely 
known to have been associated with the decline of the heath hen 
and possibly represents the final cause of the decline. The single 
bird now surviving is a male. The last female definitely recorded 
in the reports occurred in 1926 (Gross, 1928c, 1929)' 
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An apparent excess of males has been recorded as often accom
panying the cycle-troughs in ruffed grouse, and Schmidt (unpub
lished) finds an apparent excess of males in Wisconsin pinnated 
grouse but not in sharp tails. 

The association between decline and male-excess again seems 
to hold. 

Deer Sex Ratios. Several tallies of deer seen on the range 
have been made, but they all have one defect in common: the 
yearlings are tallied as does (or else as fawns), hence the result
ing figures do not quite give a sex ratio. The greater ease with 
which does and yearlings are seen probably further distorts the 
figures. 

The sportsmen of Silver City, New Mexico, in co-operation 
with the Forest Service and the State Game Department, have 
collected from hunters on the Gila National Forest since 1923 a 
tally of deer seen (mule and whitetail) during their hunts. Of 
115,'2'23 deer seen during the period 1923-'27, 64 per cent were 
"does" (doubtless including most yearlings), 15 per cent were 
"fawns" (doubtless including some yearlings), and 21 per cent 
were bucks. The percentages are consistent from year to year. 
After estimating various allowances and corrections, it is my 
opinion that the composition of this herd in 1923 just after the 
fawns dropped was as follows: 

20% bearing does (with 1.5 fawns each) } 
45% dry does 72% females 1 year and over 
7% yearling does 

7% yearli.ng bucks } 28% males 1 year and over 
21% breedmg bucks 

100% 

A one-buck law has always obtained on this range. 
This composition and sex ratio was until about 1927 associ

ated with satisfactory productivity, but subsequent history has 
indicated that it was leading toward an overgrazed condition ac
companied by an as yet unanalyzed disturbance of productivity, 
possibly similar to that in Pennsylvania. Whatever the nature of 
this disturbance may be, it seems probable that it consists essen
tially of an abnormal percentage of females barren either through 
over-age, or short feed, or (less likely) buck-shortage, or all three. 
These eat up the range without producing kill able stock. 
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An absolute tally of sexes was obtained when 22,362 mule 
deer were killed on the Stanislaus Forest in California, in 1924-5, 
during the process of stamping out the hoof-and-mouth disease. 
These deer, lumping all ages, ran 48 per cent male and 52 per 
cent female. A buck law had been in force for years, and produc
tivity had been satisfactory. Unfortunately age-classes were not 
tallied. 

Under the direction of Glenn Smith of the U. S. Forest Serv
ice, the fire guards in the National Forests of Montana tallied 
12,531 mule deer in 1923-5. The tally showed, after throwing out 
6709 deer of undetermined sex and age, 25 per cent bucks, 18 
per cent does with fawns, 57 per cent" does." The last figure 
doubtless contains most of the yearlings of both sexes. One might 
assume these yearlings to be 14 per cent, as estimated for the Gila. 
This would leave 43 per cent dry does and 18 per cent wet does, 
or 61 per cent total does. The productivity associated with this 
widespread tally of a whole state had been various. A one-buck 
la w was in effect. 

In general, the excesses of females indicated in all these deer 
tallies are much larger than would be expected to occur in un
disturbed mammal populations. Their abnormality is doubtless 
in part due to the selective removal of males through buck laws. 

An abnormal ratio is of course not necessarily an unproduc
tive one. Newsome advises I buck: 4 does as consistent with full 
productivity in wild whitetail. Oscar Johnson advises I: 5 for 
pheasants. These are doubtless just intelligent guesses, but they 
indicate how the ratio desirable in management of polygamous 
animals is always abnormally low in males. In English rabbit 
warrens the sex ratio is artificially altered to about one buck 
for each six or seven does (Haddon, 1931). Just how low males 
can be reduced without reducing productivity is a question not 
yet really answered for any American species. 

In appraising the significance of sex tallies, the game manager 
should be warned against small samples, in which the laws of 
chance may cause an apparent distortion which does not exist 
on the ground. Obviously the probability of such false distortion 
decreases as the size of the sample increases. As a general rule of 
thumb, samples of less than 100 animals may be considered as 
of doubtful sufficiency. 

Non-breeding. It is commonly assumed, in calculating rates 
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of increase or percentage of nesting and juvenile mortality, that 
all stock mates and breeds provided it be not too old, too young, 
or too poor in physical condition, or provided it be not prevented 
from breeding by some distortion of the sex ratio in relation to its 
mating habits. I t seems doubtful whether this assumption is ten
able. In fact, "deliberate" non-breeding may often be one of the 
large "leaks" which prevent the realization of the apparent 
breeding potential of the species. 

This question is still conjectural, however, because we know 
so little about breeding age, breeding condition" sex ratio, or 
mating habits, that we cannot say what degree of non-breeding 
they suffice to account for. All that can be said is that the ap
parent proportion of non-breeders in many species seems greater 
than would be accounted for by our available criteria of these con
ditions. In waterfowl and shorebirds, for instance, ornithologists 
have long since learned that the mere presence of a species during 
the breeding season by no means constitutes evidence that it is 
breeding. The nest or young must be adduced as evidence. Are 
these non-breeders all cripples? Are they non-breeding yearlings, 
;. e., does the two-year minimum breeding age prevail among more 
species than we know about? In bobwhite, the ubiquitous un
mated cock so frequently mentioned by Stoddard seems more 
numerous than the 53: 47 ratio found by him, or the 52: 48 ratio 
found by the Game Survey, would lead one to anticipate. The 
45 per cent of dry does estimated to exist in the Gila Forest is 
hard to ascribe wholly to superannuation, while the 21 per cent 
of bucks would seem to exclude buck-shortage as a probable cause. 

McLean (1930) and other writers definitely assert that "dur
ing dry years California and valley quail do not nest in large 
numbers and locally perhaps not at all." This assertion is in
tended to apply not only to the coveys of apparently superannu
ated birds already mentioned, but to the population as a whole. 

E. A. Goldman tells me that during drouth years in Mexico 
he observed that local ducks did not breed until the rains came. 

Non-breeding or deferred breeding in gambel quail during 
drouth years in Arizona has already been mentioned in Chapter II. 

In short, there is evidence that extreme temporary adversity 
in weather or environment defers or prevents breeding to a de
gree sufficiently extreme to enable ordinary observation to de
tect it. Is it not a reasonable inference that lesser degrees of ad-
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versity cause lesser degrees of non-breeding, which are invisible 
to ordinary observational methods, but which, being more fre
quent, greatly affect productivity and population trends? 

Conversely, has any life-history investigation encountered 
positive evidence that reproduction is universal among adults? 
I think not. To be sure, if non-breeding is important, European 
investigators, working through a longer period of time, might 
have been expected to discover it. It is not, to my knowledge, 
mentioned. Nevertheless, taking the available evidence as a whole, 
I am led to suspect that non-breeding is an important but so far 
unmeasured "leak" in certain times, places, and species. 

It seems probable that where this condition exists it is caused 
by a deficiency in some obscure physiological stimuli associated 
with food, weather, density, or sex ratio. The discovery and con
trol of such stimuli are of obvious importance to management. 
Some suggestive approaches to this question may be deduced 
from the closing chapters of Allee, 1932. 

Hybrids. Two American game species are extensively hybri
dized-the pheasant and the bobwhite. Our pheasant is a mix
ture of long standing between various Asiatic species, principally 
the two subspecies Phasianus colchicus colchicus (Blackneck) and 
Phasianus colchicus torquatus (Ringneck). 

Our bobwhite has been more or less hybridized by introduc
tions of the Mexican subspecies (Colinus virginianus texanus) 
especially in New England, Pennsylvania, and Illinois, and the 
South. 

Geneticists find that when birds are hybridized, there is an 
excess of males in the progeny at birth. The wider the cross the 
greater the excess (Crew, 1927; Thomas and Huxley, 1927). 

Hybridized mammals, on the other hand, produce an excess 
of females. In the case of mammals this excess was predicted by 
geneticists (Haldane, 1922), on theoretical grounds before its ex
istence was verified in mules (Craft, unpublished). 

These disturbances of the normal sex ratio in hybrids have 
been found to recede with successive generations. Whenever new 
releases of Mexican quail, and releases of new races of pheasant 
are made, a greater than normal excess of males may, on theoreti
cal grounds, be expected to follow for a number of generations. 
It is barely possible that it is great enough to injure productivity. 

Inbreeding. Game management throughout the world seems 
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to proceed on the assumption that game, especially gallinaceous 
birds, deteriorate if allowed to inbreed. A considerable part of 
the annual investment in management goes for trading eggs, in
troducing "new blood," and other measures aimed to prevent 
inbreeding. Shooting is regarded by laymen as a benefit to pro
ductivity because it disperses family groups and thus prevents 
inbreeding. 

Like most traditional beliefs, these assumptions probably had 
their origin in observed behavior-presumably the observed pro
ductivity of game populations following releases of outside stock, 
or following shooting, as compared with the productivity of un
mixed or unshot populations. It may be the old fallacy of assum
ing that when two phenomena are associated, they must be cause 
and effect. The assumption in this case is so widely entertained 
that a critical examination of its credibility is highly necessary. 

No one knows the answer, because no actual controlled in
breeding experiments have ever been conducted on a wild animal. 
The work of geneticists on domesticated animals indicates no de
terioration through inbreeding except where similar defects exist 
in both parents. Domestic varieties are often hybridized and sel
dom subjected to the rigorous selection incident to wild survival, 
therefore the frequency of variation (or defect) is greater than in 
wild species, therefore the probability of similar parental defects 
is greater than in wild species, therefore the probability of de
terioration through inbreeding is greater than in wild species. 

All this is merely another way of saying that wild animals 
are of relatively pure strain. The purer the strain, the less the 
chance of deterioration through inbreeding. Genetic principles, 
in short, tend to run counter to the popular supposition that in
breeding of wild game is injurious. 

Game research, furthermore, tends strongly to show that in
breeding is rare, even in unshot populations. Stoddard (p. 169) 
and Price (1931) have shown that the" family group" is largely 
a myth in at least two species of quail. The Game Survey (p. 49) 
shows a "fall shuffle" in bobwhite which would tend to break 
up any such groups. Bracher (1931) cites suggestive evidence that 
pairs of Hungarian partridges (the only other American game 
birds except geese known with certainty to be monogamous) do 
not reunite in subsequent years. The probability of frequent in
breeding or unbroken family groups in the polygamous birds and 
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mammals, and especially in the polygamous migratory birds, 
seems very remote, even where no shooting takes place. One must 
conclude that the probability of inbreeding in ordinary game 
populations is low, whether or not they are artificially mixed by 
shooting. 

Isolated populations, or new establishments of exotics start
ing from a small initial stock, offer a greater probability of in
breeding, but the latter are sometimes notoriously productive, as 
witnessed by the rabbit in Australia, the partridge in Alberta, 
and the pheasant in South Dakota. 

What observed phenomena, then, could have been misinter
preted to give rise to inbreeding theory? 

The most probable is the well-known genetic phe?om.en~n of 
hybrid vigor. Imported stock, even of the same speCies, is hkely 
to represent a geographic strain slightly different from the native 
strain. Crossing of differing strains, races, subspecies (or some
times even species, as in the case of the mule) is well known to 
induce abnormal size and vigor in the first generation, followed by 
a corresponding tendency toward debility or defect in succeeding 
generations. 

Another possibility, suggested by the Game Survey (pp. 127-
129) is the so-called Nutritional Hypothesis. This would apply 
only to species planted as exotics outside their natural range. En
hanced productivity, according to this hypothesis, might follow 
the introduction of "new blood," not because of any genetic in
fluence, as popularly supposed, but because the "new blood" 
would bring with it transmissible reserves of certain minerals or 
vitamins lacking in the new range. It may be significant that the 
pheasant is probably an exotic in Europe, while the partridge is 
possibly an exotic in Britain. These countries and these species 
are, as nearly as now known, the origin of the inbreeding theory. 

The frequent continuance of productivity in the bobwhite in 
spite of moderate shooting, and his failure to increase (on satu
rated range) in the absence of shooting, so often cited in support 
of the inbreeding theory, is by now clearly known to be a phe
nomenon of saturation point (see Chapter III). No genetic as
sumptions are necessary to explain the facts so far observed. 

Maxwell (1913, p. 200) cites one estate owner who applies 
wild management exclusively to his pheasants, and who delib
erately refrains from importing new blood "believing that you 
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thus obtain a race which is most fit for the conditions prevailing 
in the locality." 

Until scientific experiments have thrown more light on it, the 
game manager would do well to be cautious about investing in 
measures based solely on the inbreeding theory. Let him not 
forget that innumerable caravan of generations which "inbred," 
without benefit of gunpowder, through the still lapse of ages 
before the white man came. 

FLOCK ORGANIZATION 

European sportsmen have a separate name for the aggrega
tions of individuals formed by each species of game. Thus one 
sees a skein of geese, a whisp of snipe, a spring of teal, a company 
of widgeon, and a sord of mallards. But the skein becomes a gaggle 
when on the water, while the sord becomes a paddling. What these 
become when on a stubble the deponent (Duncan and Thorne, 
1912, p. IS) sayeth not. 

This elaboration of sporting nomenclature is picturesque, and 
the correct usage of it is doubtless a source of pride to the seasoned 
veteran, and of embarrassed confusion to the neophyte. It has 
this basis in truth: the reasons for the formation of a gregarious 
unit and the relations and permanence of its membership are 
probably seldom alike for any two species. But alas! they may also 
differ at various seasons for the same species. So we will adhere 
to the sim pIer American usage: 

Flock: any aggregation of birds. 
Couey or bevy: a small flock of birds which "lie." 
Pack: a large compact winter aggregation, sometimes all 

of one sex. 
Band: a loose aggregation, sometimes all of one sex. 

Herd: any large aggregation of hoofed mammals, or a de
tached population unit of hoofed mammals. 

Except for horned game which offers visible distinctions of 
sex and age, we are largely dependent on banding for reliable 
knowledae of gregarious organization. Since banding has barely 
siarted, ~e know very little. I will review briefly only such recent 
findings as are likely to be not yet known to the well posted 
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sportsman or the student of game, or the interpretation of which 
is of special moment to management. 

Is the Flock a Family' There is a persistent assumption that 
the family or brood of the year constitutes the membership of the 
small flock or the covey. 

Affirmative evidence that the family constitutes a unit which 
persists for the year is strongest in the geese (Miner, 1923, pp. 
II4, II 5, 121; McIlhenney, 1932, p. 300). Large flocks of geese are 
probably aggregations of families. 

Evidence that the family breaks up almost as soon as it can 
fly is accumulating for at least some of the ducks. Thus a brood 
of black ducklings banded in Michigan July 30 showed simul
taneous returns from both Michigan and Iowa on opening day, 
and on October 19 a return from Illinois (Michigan Report, I92C;-
30, p. 282). The fact that the fall migration of mallards sometimes 
shows one sex many days in advance of the other (Leopold, 1919) 
is in itself proof of early disruption of the family unit. The quick 
disruption of large flocks of arriving mallards into very small 
widely scattered aggregations-often singles and pairs-of 
"using" ducks, is familiar to every duck-hunter. The probabili
ites are that all duck flocks are temporary units of convenience. 

Proof of a gradual but complete dissolution of the family unit 
is presented by Stoddard (pp. 169-172) for bobwhite: 

"Banding proves that in late summer and in fall quail coveys may 
be composed of one to three pairs of adults and their surviving young, 
with the addition frequently of one to several unmated cocks, or of 
pairs that failed to bring off broods. Young ... that get lost from their 
own covey readily take up with another ...• Birds scattered by shoot
ing or by natural enemies are apt to encounter and join other aggrega
tions •.. the greater the abundance, the more mixed is the relation
ship .... 

"The combining of broods ... takes place at any time in summer or 
fall .... Though there is some joining together of surviving members 
of coveys all winter, this is most pronounced from midwinter to pairing
off time. 

ce ••• every member of a covey ... may wander away during the 
nesting season; ... the covey occupying the range during the following 
winter is made up of birds of neighboring coveys and their offspring .... 
At best, only a very few birds of any covey occupy the same range from 
year to year." 
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Errington's more limited banding studies in Wisconsin con
firm Stoddard's findings, except that his coveys, being more iso
lated, showed essential stability in location and membership dur
ing the winter season. In fall and spring, however, and also at the 
onset of starvation, they showed the same tendency to mix or 
move. 

Hungarian partridge coveys are probably similar in organiza
tion to northern quail. The winter coveys are more stable in 
membership than southern quail. 

The pheasant in Michigan, according to Wight (1931, p. 224) 
retains the brood unit up to the time of fall dispersal. The cock 
may accompany the brood up to the August moult. By the time 
of the hunting season the broods seem to have broken up into 
small loose groups of mixed sex and age. 

Sex Bands and Packs. In Iowa, simultaneous with the hunt
ing season in early November, there is a marked tendency for 
these pheasant groups to segregate into loose bands all of one sex, 
and these sex bands may persist through the winter. 

Prairie chickens and sharptail coveys are probably broods or 
combinations of broods up to November. In November the 
prairie chicken, in particular, tends to form the large winter ag
gregations called packs. This is also the season when the chicken 
may migrate. Cooke (1888, p. 105) found the migrant chickens 
to be all females. The residual winter packs were all males. 
Whether this is still true, and whether winter packs commonly 
still found where chickens are not known to migrate constitute 
sex segregations, is not known. In Wisconsin packs as large as 
1500 birds are reported (Game Survey, p. 178). It is definitely 
known, however, that as soon as booming commences in late 
winter, the males of both species are in separate flocks, each flock 
resorting to its own booming ground. Some booming grounds are 
simultaneously used by dancing sharptails and booming chickens. 
Schmidt (unpublished) suspects that in chickens colonization of 
new range is a~complished by the establishment of a new booming 
ground by a flock of males, which booms year in and year out 
until females arrive. 

In ruffed grouse the brood unit seems to persist until the 
"crazy season" in October, after which small loose groups pre
vail until winter. In winter there is a tendency for ruffed grouse 
to form larger packs. 
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Turkey flocks are probably family units, at least in early fall. 
The gobblers form packs from nesting time until the young are 
two-thirds grown (Quarles, 1918). There is a never-to-be-forgotten 
picture in my mind: a pack of 30 gobblers which I met in the 
pine woods while cruising timber in Arizona. It was a sparkling 
morning in the full glory of the mountain summer. They filed by 
at IS feet. I thought of Whitman: "Pride becomes him well." 

Communal Bands. Gambel quail display the same tendency 
for winter coveys to combine already noted by Stoddard for bob
white, but the combinations are larger and temporary, and split 
up into normal coveys before nesting begins. Gorsuch (1932 , 

MSS.) says of southern Arizona: 

"Sometime ill December the first of the plants termed winter an
nuals appear. This signals the consolidation of coveys into ... com
munal bands. Coveys ... unite to form bands of from 30 to several 
hundred birds. While so united the cocks and hens, if not already mated, 
choose their mates, and when not eating spend their time in courting 
antics. These bands last from two weeks to a month, and as they dis
perse the cocks go either ... to the hen's covey range, or the hen goes 
with the cock to his. If the mating has advanced far enough the pair 
may go to a new range to nest ... thus establishing another covey 
range." 

Price (1931), in his careful study of flocking in the California 
quail, reports nothing to correspond with the large temporary 
bands of gambel, but his findings on flock organization otherwise 
agree with those implied by Gorsuch: the covey range is stable 
as in bobwhite, but the covey membership is much more so. 
There is no complete disruption of the covey during nesting,
only a slight loosening of range boundaries and an interchange of 
individuals. 

Gregarious phenomena in big game are described by Seton 
and others, and will not be reviewed. This sketch of the game 
birds is far from adequate, but the main point is probably clear: 
there are many kinds and degrees of flocking, and field observa
tions can be interpreted only to the extent that the flocking habits 
are known. 

To know the flocking habit is easier than to explain its" sur
vival value" or other cause for being. Allee (1932) suggests some 
intriguing physiological aspects of animal aggregation: Groups of 
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fishes learn more quickly than singles. (Is the covey a school ?) 
Grouped tadpoles regenerate lopped tails more quickly than 
singles. Fruit-flies grow larger and live longer in medium than in 
high or low density. Flour-beetles reproduce faster at first in a 
medium density than in a higher or lower one. Water slightly 
polluted by others of their kind has beneficial effects on certain 
worms, and in certain other lower organisms crowding affects 
the sex ratio. The game manager will do well to ponder these 
first fruits of a stiU virgin field of inquiry. 

Summary. Each species has a characteristic mobility or 
cruising radius. The annual radius varies from a few hundred 
yards to nearly half the circumference of the earth. The utility 
of refuges and the minimum range unit habitable for a species 
both increase with mobility. 

A given species is most mobile toward the edges of its range. 
Low mobility is often associated with saturation point; high 

mobility with cycles. 
Each game bird has a characteristic flight limit. 
The spread rate of expanding populations was 5 miles per 

year in Lake States prairie chickens, 28 miles per year in Cana
dian Hungarians, 50 miles per year in starlings. 

Tolerance of variation in the composition of habitable ranges 
is greatest near geographic optima. Some species under economic 
pressure have invaded new range. 

Inter-species tolerance probably decreases with increasing 
density, and may be largely a matter of food competition. 

Transplanted birds show six types of response to their new 
environment, varying from failure to success. Success is often de
termined by invisible factors. The pheasants, quails, and par
tridges transplant much more easily than grouse. 

Game birds vary greatly in susceptibility to domestication. 
The .biological distribution of this property tends to parallel the 
preVIous one. 

Sex habits are imperfectly known, and may not fit the sex 
ratio. The sex ratio of game species at birth is unknown. The ratio 
at birth is modified by later mortality. A preponderance of males 
is found in many game birds, especially in adverse environments. 
A preponderance of females is found in mammals selectively 
hunted for males. Adverse environment may defer or reduce 
breeding. 
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Natural mobility tends to prevent inbreeding in game. In
breeding is not known to be injurious to wild species. The tradi
tion that shooting benefits game by preventing inbreeding is not 
yet supported by evidence. 

Flocks vary in stability. Broods remain intact only in geese. 
Sex packs are common in grouse and pheasants. 

The game manager who observes, appraises, and manipulates 
these half-known properties of mobility, tolerance, and sex habits 
of wild creatures, is playing a game of chess with nature. He but 
dimly sees the board, the men, or the rules. He can be sure of 
only two things: for intricacy and interest, any other game pales 
into insignificance; he must win if wild life is to be restored. If 
any braver challenge inheres in any human vocation, it takes 
something more than a sportsman to see it. 

~-



CHAPTER V 

GAME RANGEl 

What Is Game Rangel When the game manager asks himself 
whether a given piece of land is suitable for a given species of 
game, he must realize that he is asking no simple question, but 
rather he is facing one of the great enigmas of animate nature. An 
answer good enough for practical purposes is usually easy to get 
by the simple process of noting whether the species is there and 
ready, or whether it occurs on "similar" range nearby. But let 
him not be cocksure about what is "similar," for this involves 
the deeper questions of why a species occurs in one place and not 
in another, which is probably the same as why it persists at all. 
No living man can answer that question fully in even one single 
instance. 

It should be realized, first of all, that the present boundaries 
of the ranges of our present species constitute a great maze of 
diversities. If all species boundaries were plotted on a great map 
of the world, it would look like a wide pavement on a wet morning, 
after thousands of earthworms had been crawling over it all night, 
inscribing their irregular tracks. 

Secondly, although the boundaries of these present ranges 
seem so stable to us that we record them in books and maps as 
fixed facts of nature, they have as a matter of fact undergone 
continuous change through the ages, each change constituting 
the response of the species to some change in its environment 
or in itself. Grinnell, in his essay .. Presence and Absence of 
Animals" (1928) portrays with classical lucidity this march and 
countermarch of wild-animal armies across the long battlefield 
of time. A species, he says, does not shift or wander; it is herded 
about by the compelling orders of circumstance. It survives only 
where and when it finds an "ecologic niche," or "set of conditions 
which provide adequate means of subsistence for the particular 
species, and which that species can tolerate." 

1 Parts of this chapter appeared as an article in TAl JO"",III of For,stry, VoL XXIX 
No.6, October, 1931. 
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Friedman (1931) describes the interplay of factors determin
ing "range" in terms of an elaborate analogy: 

"'We may ... compare ... the distribution of birds to a symphony 
played by a great orchestra .... Each instrument ... is ... one fac-
tor ... in the environment .... At anyone moment the individual 
sounds ... of the many instruments ... fuse and blend to form one 
auditory effect. This is comparable to the range of one species (at any 
one time). No two instants are exactly alike in their sound summations, 
just as the distributions of no two species are ever wholly similar. In 
the production of certain sounds all the instruments may be combined; 
in others, only certain ones; in others, two of the component sounds 
may be mutually interfering and obliterate each other. In other words 
•.. each present distributional fact represents a polyphony of causes." 

The game manager seeks to alter one of the sounds for one 
geological instant for the benefit of man. He seeks to make one 
biologic niche a little more tenable than that resulting from the 
"fortuitous concourse" of man and nature. 

How sliall he go about it? He cannot really understand" the 
polyphony of causes" which determine the range (and abundance) 
of a species, but he can manipulate the more obvious features of 
the environment with at least partial intelligence by comparing 
them WIth what determines his own range and abundance. 

He can postulate, for instance, that for a piece of land to be 
habitable by game it must offer places suitable for feeding, hid
ing, resting, sleeping, playing, and raising young. 

The essential difference between a deer and a man is that 
man builds farms, factories, and cities to provide himself with 
the elements of an habitable range, whereas a deer must accept 
the random assortment laid down by nature and modified by 
human action, or move elsewhere. 

In both cases that endless competition which we call society 
consists essentially in a struggle for the best assortment of places 
to feed, hide, rest, sleep, play, and breed. 

If the assortment of environmental types in anyone locality 
falls short of being adequate to maintain thrift and welfare, the 
species shrinks in numbers to what the locality will support. 
When such shrinkage approaches zero, the locality is lost alto
gether, and the species withdraws. When such withdrawals be
come too prevalent, the species becomes extinct. 

Environmental Types. Each species requires its own assort-
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ment of specialized places. In our present state of almost total 
ignorance we can list and classify these places only in the most 
general terms. We call them, collectively, food and cover. We 
often think of food and cover needs as a constant property of the 
species, with no variations in time. Yet a little observation shows 
at once that the needs of each species vary greatly according to 
season and circumstance. The menu of most animals would look 
like an almanac-a new set of foods for each month of the year. 
Likewise their enemies and their coverts. 

In the north temperate zone nearly all species have two criti
cal seasons; one, the season of winter storms, and two, the breed
ing season. Many game ranges are adequate for more species or 
greater densities than now inhabit them, but for particular de
ficiencies during these critical seasons. The practical problem of 
game-range management, therefore, may be approached and ex
amined from this standpoint of critical seasons, and it can 
usually be assumed that all other seasons .and conditions are 
satisfactorily provided for. 

In bobwhite quail, for example, in the northern half of the 
United States, feeding places are usually adequate except during 
winter snow or sleet storms. Under these conditions a cornshock, 
or a patch of seed-bearing ragweed protruding above the snow, 
is a requirement for survival, i. e., is the critical element in the 
food factor for northern bobwhites. 

Places to hide are likewise usually adequate except during 
winter, when the white snow buries the understory of grass and 
leaves and renders every bird visible to predators. Under such 
conditions the mechanical protection offered by a thorny bush 
like osage, or a dense tangle of grapevines, represents the quail's 
only chance to dodge his enemies. 

As nearly as we know, almost any ground will do for resting 
purposes, except during winter snows, when there must be a 
hiding place near at hand in which the birds may seek refuge 
from sudden attack. 

For a sleeping place quail require at all seasons a rather open 
and preferably elevated spot, from which, if attacked at night, 
they may successfully take wing without striking mechanical 
obstacles. 

If the quail requires a special place for play, we have no 
knowledge of it. 
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For nesting, quail require moderately thin grass or brush on 

a well-drained spot, with bare ground nearby on which the young 
may dry out after rain. Stoddard thinks this accounts for the 
frequency with which nests are found near paths and on road
sides. 

Quail are commonly believed to require grit. If they do, then 
ledges of rock or gravel, or windfalls bearing gravelly soil, are 
necessary during snows. 

Let us now contrast these environmental requirements with 
those of deer. In the Lake States a deer range requires first of 
all a cedar swamp which combines food and shelter for "yard
ing" during deep snow. 

For hiding, a deer prefers an evergreen thicket on the point 
of a hogback or saddle, where one or two jumps will carry him 
out of sight, no matter from which direction an enemy approaches. 

For resting, the requirements are similar, except that during 
the fly season an open and preferably elevated place is needed 
in order to obtain the assistance of the wind in fighting insects. 

For sleeping, the requirements of the species are not radically 
different than for hiding. 

For play, open places are needed. 
For fawning, the doe prefers to be near water in order that 

she may satisfy the thirst consequent to nursing without undue 
expenditure of energy in travel. 

Deer have a special requirement for salt, which should be 
available without undue travel. 

These two illustrations will suffice to show that each species 
has its own particular .set of environmental requirements, that 
there is usually a critical season during which each of these is 
most deficient, and that the probability of surviving this critical 
season depends on the availability of certain particular kinds of 
vegetation, topography, or soil, which are usually associated with 
certain vegetative types. In other words, a game range, to sup
port a given species, must have a certain composition in which 
the essential environmental types are represented. 

What Is a Type 1 The use of the terms" food" and" cover," 
while convenient categories for general discussion, carry with 
them a constant danger of loose thinking, which may lead the 
game manager-into false or unsuccessful efforts to improve range. 
Just as "house" or "restaurant" are inclusive terms for hun-
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dreds of quite distinct human desires or needs ot facilities, not 
more than one of which may determine the whereabouts or welfare 
of a given person at a given time, so the terms" cover," "food," 
and "type," fall far short of describing particular realities. A 
quail sits under a hedge of a snowy morning, not because it is 
"cover," but because a Cooper's hawk visited the covey yester
day, and this quail, fearing he may call again today, has need 
of the protecting thorns. For another enemy he might seek an
other kind of cover. Like as not he has selected the particular 
part of the hedge with the hawk in "mind." A prairie chicken 
may perch on the same hedge for an entirely different reason
to get the early sun; a rabbit for yet another-to dodge a fox. 
So with food. A covey of quail is in the oak woods, not because 
they need oak woods as such, but because a squirrel has been 
dropping acorn crumbs from a particular oak. A grouse brood 
seeks an aspen ridge out of no interest in either aspen or ridges, 
but because it is the place to seek an ant hill for" eggs," or to 
seek a dust bath, as the case may be. This is enough to show 
the point: the service rendered by any envirorunental type not 
only varies by species and season, but is likely to be contained 
within a very smallfraction of the type. We must understand some
thing of what these services are before we know what a type is, 
and the same "type" may mean wholly different things for dif
ferent species. 

Interspersion of Types; Relation to Mobility. A city includes 
all of the environmental "types" which human animals require 
for thrift and welfare. If, however, all the kitchens were situated 
within one quarter of a given city, all the bedrooms in another 
quarter, all the restaurants and dining-rooms in a third, and all 
the parks and golf courses in the last quarter, the human popula
tion which it would be capable of supporting would be consider
ably reduced. The extent of the reduction would vary inversely 
to the mobility of the inhabitants. In fact, it is only the recent 
artificial extension of the human cruising radius by means of 
mechanical transportation that would allow such a city to be in
habited at all. 

Likewise with game. The game must usually be able to reach 
each of the essential types each day. The maximum population 
of any given piece of land depends, therefore, not only on its 
environmental types or composition, but also on the interspersion 
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of these types in relation to the cruising radius of the species. 
Composition and interspersion are thus the two principal deter
minants of potential abundance on game range. 

The environmental requirements of quail, for instance, are 
associated with four principal environmental types, namely wood
land, brushland, grassland, and cultivation. If a square mile of 
quail range consisted of 2S per cent each of these types, it would 
probably offer somewhere near optimum composition. 

If, however, each 2S per cent lay in a single solid block of 
160 acres, it is quite probable that the square mile would support 
only one covey of quail, and this covey would be located at the 
;uncture of the four types. This would be the only place where a 
bird of short cruising radius could reach each essential type each 
day. In other words, the juncture of the four types would offer 
that combination of composition and interspersion which con
stitutes a range for game of low mobility. 

If, however, a square mile of land of the same composition 
had its types so interspersed as to offer many places where quail 
could reach each of the four types each day, it would support 
many coveys of quail instead of one. This effect of interspersion 
is illustrated in Fig. 9. 

Management of game range is largely a matter of determin
ing the environmental requirements and cruising radius of the 
possible species of game, and then manipulating the composition 
and interspersion of types on the land, so as to increase the den
sity of its game population. 

In Europe, some game ranges are further manipulated to 
make the shooting more convenient. Maxwell, for instance, shows 
by elaborate diagrams how to arrange the cover on a pheasant 
range so as to get a good .. rise" (flushing ground) for the birds 
after the drivers have concentrated them in one covert, and how 
to arrange the rise and the covert so that they will fly high and 
fast over the line of waiting guns. It may be doubted whether 
we are ready for such technique in America; certainly not until 
we have restored a game supply. 

Tolerance oj Variation in Composition and Interspersion. The 
number of environmental types required by a given species varies 
greatly according to the refinement and accuracy with which the 
types are defined. Thus quail might be said to require from 4 to 
40 types for a unit range, depending on the degree to which each 
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FIG. 9 

INTER.SPER.SION OF TYPES - RELATION TO MOBILITY a. DENSITY OF QUAIL 
(SAME TYPES AND SAME TOTAL AREA OF EACH) 

A: Poor Inlerspersion (I Covey) S:Good Inlerspersion (6Covey~) 

CULTIVATION 

is split up and delimited. Since we are here trying to illustrate 
principles rather than deal with the detailed biology of game 
species, the simpler classification will suffice quite as well as 
the more complex. We may conclude that quail ordinarily re
quire woodland, brushland, grassland, and cultivation for an 
optimum unit range. In special cases, however, one, two, or even 
three of these may be dispensed with, provided the remainder 
be of the right kind and in sufficient quantity. Thus in t~e Ozarks 
some quail inhabit a range composed entirely of woodland, but 
only when the woodland is open enough to offer the brush, grass, 
and weeds characteristic' of the other three types. Furthermore, 
such "woods quail" exist only in relatively thin populations. 
In short, the exception may be said to prove the rule that quail 
have four essential environmental types. 

On the other hand, in Kansas, fairly dense quail populations 
occur on some ranges entirely devoid of either timber or brush. 
The grass and weeds are so vigorous, however, as practically to 
constitute brush, while the kaffir corn and wheat fields offer ex
ceptionally abundant food. No real exception to the quail's ordi
nary requirements seems to be involved. 

Some species attain normal populations in ranges composed 
of one or, at the most, two types. Thus antelope characteristically 
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inhabit range composed entirely of grassland. They will accept, 
however, ranges composed of up to 50 per cent woodland, pro
vided this be open. There is evidently a shelter, and possibly a 
browsing, requirement during winter storms, which is associated 
with either woodland or rough topography. 

While we are only at the threshold of an understanding of 
the ecology of game species, it may be said that each species 
requires from one to four environmental types on each unit of 
habitable range, and that most species require three or four. 

Game as an Edge-effect; Law of Interspersion. The preceding 
caption asserts, in effect, that game is a phenomenon of edges. 
It occurs where the types of food and cover which it needs come 
together, i. e., where their edges meet. Every grouse hunter knows 
this when he selecM the edge of a woods, with its grape tangles, 
haw-bushes, and little grassy bays, as the likely place to look 
for birds. The quail hunter follows the common edge between the 
brushy draw and the weedy corn, the snipe hunter the edge be
tween the marsh and the pasture, the deer hunter the edge be
tween the oaks of the south slope and the pine thicket of the 
north slope, the rabbit hunter the grassy edge of the thicket. 
Even the duck hunter sets his stool on the edge between the 
tules and the celery beds. Wight finds that pheasants nest in the 
outer edge of the hayfield where it adjoins the fencerow; the 
Grouse Report finds that grouse nest on the edge where the young 
heather adjoins the old; Stoddard and Maxwell say that bob
white and Hungarian partridge often choose the edges of open 
roads or trails for nesting. Even wild turkeys show a curious 
tendency to nest at the edge of trails. We do not understand the 
reason for all of these edge-effects, but in those cases where we 
can guess the reason, it usually harks back either to the desira
bility of si1TJultaneous access to more than one environmental type, 
or the greater richness of border vegetation, or both. 

It will also be observed that edge-effects are most numerous 
in game of low mobility and high type requirements. I know of 
few convincing instances where edges attract mobile, one-type 
game like geese, or buffalo, or antelope, or plover, or sea-ducks. 

The linear mileage of type edges available in any block of 
range is, as a matter of geometry, proportional to the degree of 
interspersion. Case "A" in Fig. 9, for example, has two miles 
of edge within the exterior boundary of the map, while Case 
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.. B" has ten miles. An acre of fencerow or hedge, consisting, so 
to speak, entirely of edges, usually has more game (and song
birds also) than many acres of unbroken woods, or wheat, or 
corn. Abundance of non-mobile wild life requiring two or more 
types, appears, in short, to depend on the degree of interspersion 
of those types, because this determines the length of the edges 
of those types, and this in turn their vegetative richness and 
simultaneous availability. 

The same thing may be stated mathematically as a law of 
interspersion: 1 he potential density of game oj low mobility requir
ing two or more types is, within ordinary limits, proportional to the 
.rum oj the type peripheries. 

I am not sure that the scientific ecologists know this law as 
wel1 as woodsmen do. Texts on ecology all recognize that certain 
species are associated with certain types, but I have found few 
which recognize the need for diverse types in juxtaposition, and 
none which state clearly that the frequency of such juxtaposition 
depends on interspersion, or that interspersion determines popu
lation density. 

A clear and condensed exposition of the ecologist's view of 
this question is given by Dice (I93Ia). 

Classification oj Game Species. With the foregoing back
ground, it is now possible to suggest a classification of American 
game species with respect to their range requirements. Fig. 10 
recognizes four classes: farm, forest and range, wilderness, and 
migratory game. These classes have been previously published 
and defined in the American Game Policy (1930)' 

Farm game consists of species which, because of their short 
cruising radius and high requirement for cultivated land, are 
especially adapted to be grown on farms. A glance at the chart 
shows that their cruising radius is usually much less and their 
optimum percentage of cultivation much· more than that of the 
other three classes. The cottontail probably has the shortest 
cruising radius of any American game species, with bobwhite a 
close second. The Hungarian partridge undoubtedly tolerates the 
highest percentage of cultivation. All five farm game species are 
non-migratory and all but fox squirrels are non-cyclic. The fox 
squirrel is classified as farm game because optimum populations 
are obtained in woodland adjacent to cornfields. 

Forest and range game consists of species inhabiting wild 
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FIG. 10 

CLASSIFICATION OF AMERICAN GAME SPECIES 
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land but compatible with forestry or livestock operations. Many 
of them accept (and some of them thrive best under) a low per
centage of cultivation. None of them thrive on continuous blocks 
of cultivated land, but on the other hand they do not require 
the opposite, or wilderness, condition. Deer, ruffed grouse, and 
wild turkey thrive best on forest land with a partial interspersion 
of cultivation. Pinnated and sharptail grouse thrive best on 
prairie or brush land with a partial interspersion of cultivation. 
Sage grouse, antelope, and western deer tolerate moderate graz
ing or forestry, even though wilderness conditions probably 
suited them best. The southwestern quails, here classified as forest 
and range game, might be classified as farm game, but for the 
high proportion of brush lands needed for optimum ranges. Black 
bear are obviously tolerant of civilization and belong in this class, 
except in a few cases where they conflict with special kinds of 
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livestock or farming. Gray squirrels are included in this class 
because of their requirement for ungrazed woodland, which is 
usually not found in highly developed farming communities. 

In short, none of the forest and range species are adapted to 
farms, but none require the exclusion of farming, grazing, or 
forestry. 

Wilderness game consists of species harmful to or harmed by 
economic land uses, and therefore suitable for preservation only 
in special public game reservations, or in public wilderness areas. 
Elk and buffalo are in this class because they damage farms and 
compete with livestock; grizzly bear, moose, caribou, and moun
tain sheep because they usually fail to thrive in contact with set
tlement; mountain goats because they require a topography so 
rough as to be automatically wilderness. 

Migratory game consists of species of such long cruising radius 
that they always leave the land on which they were raised. This 
class includes all the waterfowl and shore birds, and also the 
migratory doves and pigeons. Some migratory species, as for in
stance river ducks, geese, and doves, thrive best on a high per
centage of cultivation on their fall, winter, and spring range. In 
the case of geese and ducks, however~ this is not true of the 
summer or breeding range. 

One may infer from these definitions that a certain degree ot 
settlement actually improved the range for farm, forest, and 
migratory game, instead of deteriorating it, as is usually sup
posed. This inductive conclusion is emphatically supported by 
the historical evidence presented in the Game Survey, especially 
in the cases of bobwhite quail, pinnated grouse, and cottontail. 
These species attained an abundance in the early days of crude 
farming probably far surpassing that obtaining under pre-settle
ment or virgin conditions. The lack of productivity now char
acteristic of most of their ranges is not due to settlement and cul
tivation as such, but rather to overkilling, overgrazing, and clean 
farming. It is suspected that river ducks and geese likewise ex
perienced a large increase with early settlements, but historical 
evidence is so far lacking. 

Deer, sharptail grouse, and pinnated grouse likewise experi
enced a peripheral shift as settlement opened the way for them 
by converting Class III range into Class II, and closed the way 
behind them by converting Class II range into Class 1. The north-
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ward shift of these species in the north central states is traced in 
the Game Survey. 

Range Balance. The practical question of improving game 
ranges deals almost invariably with the same principle of balance 
already discussed in Chapter II in terms of factors. When we say 
that set dement opened a way northward for pinnated grouse by 
changing Class III range into Class II, we mean that it created 
artificial prairies and put a litde grain in them, thus putting the 
food and cover factors in balance for this species. When we say 
that settlement evicted pinnated grouse from their native habitat 
by changing Class II range into Class I, we mean that intensive 
agriculture further increased the grain and decreased the prairie 
grass, thus throwing the cover factor out of balance with the 
food for this species. 

Every range is more or less out of balance, in that some par
ticular aspect of food or cover is deficient, and thus prevents the 
range from supporting the population. which the other aspects 
would be capable oj supporting. Management consists in detecting 
that deficiency and building it up. This once done, some other 
aspect will be found to be out of balance, and in need of build
ing up. Thus, one move at a time, each skillfully chosen, does the 
manager attack the job of enhancing productivity. This will be 
further discussed in later chapters on food and cover. 

The measurement of game range to detect differences in bal
ance, and for other purposes, will be discussed in Chapter XV 
on "Miscellaneous Techniques." 

Summary. A range is habitable for a given species when it 
turnishes places suitable for it to feed, hide, rest, sleep, play, 
and breed, all within the reach of its cruising radius. 

Deficiencies in such places are usually seasonal. Management 
deals with offsetting them at the critical season. 

Types of food and cover are the general components of the 
range with which the particular needs of the species are asSO
ciated. 

Carrying capacity in species of high type requirements and 
low radius, varies direcdy with the interspersion of the types, 
which is proportional to the sum of the type peripheries. Such 
game is an "edge effect." 

Game species may be divided into four classes based in gen
eral on decreasing tolerance of or need for agricultural types, 
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and increasing mobility: I, farm game; II, forest and range game; 
III, wilderness game; and IV, migratory game. 

Game range management deals with keeping the range types 
in balance. 

This completes our analysis of the theory of game manage
ment. Most of the pieces of which it is built are well known to 
biologists, and many even to laymen. 

Let the reader understand, however, that the aggregate sig
nificance of these pieces is greater than their sum. They consti
tute the parts of a biological engine, which the techniques next 
to be described may drive if applied with sufficient skill. The fuel 
for that engine lies ready to hand-the inherent fruitfulness of 
the earth. The forces inherent in the juxtaposition of hydrogen 
and carbon, which we skillfully employ to do our heavy labor, 
are no more potent or us~ful than those which inhere in the jux
taposition of life and land. 

We have so far exploreathe nature and properties of these 
forces. We have now to examine what rudiments of skill have 
been developed for their beneficial use. 



PART II 

MANAGEMENT TECHNIQUE 





CHAPTER VI 

MEASUREMENT OF GAME POPULATIONS; GAME 
CENSUS 

Steps in Management. The preceding chapters have at
tempted to define the history and purpose of management, and 
to describe the biological mechanism which it seeks to conrtol, 
the properties of game species as related to that mechanism, and 
the classes into which game species and game ranges fall by 
reason of their different properties. These definitions and de
scriptions constitute the essential background of game manage
ment. 

We must now deal with the methods by which the biological 
mechanism is to be controlled. These constitute the technique 
of game management. 

The initiation of management on any piece of land usually 
involves four consecutive steps: 

I. Census. Measuring the stock on hand. 
2. Measuring the Productivity of the stock and comparing it 

with a standard. 
3. Diagnosis. Weighing the factors and selecting one or mor~ 

for control. Testing these on a small scale to verify whether 
the selection is correct, and the method of control effective. 

4. Control of selected factors on a larger scale. 

This chapter deals with the first step: the measurement of 
the stock. 

Measurement involves more than mere enumeration or cen
sus. The composition and condition of the stock is often quite 
as important as its numbers, and may have a bearing on the 
second, third, and fourth, as well as on the first step in manage
ment. 

Measurement of the volume and growth of forests, which is 
called forest mensuration and includes timber cruising, is the 
subject of dozens of volumes, both American and European. 

139 
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The measurement of game populations is of equal complexity, 
but there is as yet little literature, except in the single field of 
bird banding. Hence this chapter can hardly hope to do mose 
than describe and organize typical fragments of the technique or 
far developed. No comprehensive treatment is as yet possible. 

Kinds oj Measurements. The enumeration of the population 
of a given area at a given time is properly called a game census. 
The determination of trends or fluctuations requires the census 
of a given area at two or more times. The determination of rela
tive abundance involves the census of two areas at the same time. 
The determination of aggregate movements (migration) or in
dividual movements (mobility) involves the observation and 
sometimes the measurement of aggregates or individuals at con
secutive times. 

In addition, the prescription of proper management measures 
involves the analysis and measurement of game populations in 
many ways, such as determining the composition in respect to 
sex and age, determining productivity, determining mortality 
from decimating factors, predicting the effects of environmental 
changes, and determining ratios between sexes, ages, and species. 
These are reserved for future chapters. 

GAME CENSUS 

Kinds oj Technique. These measurements are made: (I) by 
direct enumeration of whole areas or samples of them, (2) by 
ratios based on trapping, banding, and later recapture of sample 
individuals, or (3) by indirect observation of the condition or 
density of populations through the use of indices. 

When we count the deer tracks entering a yarding ground 
after the first deep snow, we get a census by direct observation, 
and we also get a population density provided we know the area 
of range served by the yard in question. Likewise when we count 
the coveys of quail on a farm by working it thoroughly with good 
dogs, we obtain a census by direct observation. 

The technique of banding, it is hoped, requires no definition. 
Its use in game census will be explained later. 

When we compare the quail populations of two areas by 
counting the number of coveys which the same dog can find in 
the same length of time, we are using an index, namely coveys-
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per-dog-per-day, as an indirect measure of, or index to, abun
dance. We must match out the weather, the season, the time of 
day, and the other variables which affect the validity of the com
parison. Indices are useful short-cuts, but they are of no avail, 
and may lead to dangerous fallacies, unless the variables which 
affect their validity are matched out or at least recognized. 

Census Standards; Sources oj Error. For a game census to 
have maximum value it must adhere to certain standardized 
definitions, even though it cannot adhere to any standardized 
method. I t should be clearly set forth, for instance, whether young 
animals less than one year old are included in the figures. I t is a 
custom of long standing among stockmen in the West to exclude 
all livestock less than one year old from the enumeration or cen
sus of a range herd. When a cowman tells the bank he has a 
thousand cattle, he means a thousand cows, bulls, and yearlings, 
plus whatever calves of the year be on hand. Hence most western 
game men, especially in dealing with big game, exclude animals 
of less than yearling age. In birds, however, the young of the 
year are seldom distinguishable and often constitute the bulk of 
the stand. For this reason all census and density figures in this. 
book include all ages. 

It goes without saying that a census of resident game should 
always give the area to which it applies. 

A frequent error in game census is to compare the densities 
of population on two tracts of radically unequal area without cor
recting for the "blanks" or vacant places which almost always 
exist in the larger area to a greater degree than in the small one. 
Census figures reduced to an area basis are misleading unless the 
areas are of comparable size 9r unless we know how to correct 
for blanks. Thus on areas of 40 to 160 acres, one quail per acre 
is a normal and satisfactory population, whereas on areas from 
a section to a township in size, lying in the same locality and rep
resenting the same conditions, a quail per 4 to 6 acres might be 
found. The reason for the discrepancy is that every township 
contains large areas of bare fields, continuous woods, or other 
types not inhabited by quail, whereas in selecting a smaller area, 
these blanks are unconsciously and automatically excluded. Elton 
(1932, p. 71) applies this same reasoning to census work in ants, 
but his terminology is different. A density derived from a census 
including blanks he calls "lowest density." A census excluding 
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blanks he calls "economic density." A census on what is here 
called a temporary concentration he calls" highest density." 

Another frequent source of error in game census is to ignore 
seasonal differences in population due to progressive mortality. 
Thus a November 1 count before the hunting season might show 
twice as many quail as a March 1 count made on the last snow 
on the same ground during the succeeding spring. In the British 
Isles spring census of breeding stocks seems to be standard. In 
America, unless otherwise specified, fall counts at the beginning 
of the hunting season are standard. 

Unless the area on which the census is to be made is very 
small, the census must use samples instead of attempting a count 
of the area as a whole. These samples must either be selected so 
as to be representative of the whole, or they must be so numer
ous that their abnormalities will be averaged out. The accuracy 
of the census will depend on the number of samples, the skill with 
which each is selected, and the skill with which the enumeration 
of each is made. 

Choice oj Method. The method of enumerating the game, 
and the season of attempting it, must be adapted to the habits 
of the species. Some species, like quail and antelope, gather in 
coveys or herds of more or less fixed composition, and if these 
can be found on open ground, or can be flushed so as to be counted 
in flying, we have the simplest possible problem in census taking. 

Those mammals which execute seasonal movements or migra
tions, such as the mule deer of Routt County, Colorado, and the 
caribou of the Barren Grounds, likewise present a simple census 
problem. They or their tracks can be counted at strategic points 
on the migration route. 

On the other hand, migratory birds which do not assemble in 
fixed aggregations, or which move at night, and upland species 
like pheasants which seldom form coveys and which take refuge 
in swamps from which they cannot be flushed, or prairie chickens 
which assemble in shifting packs of unstable location, present the 
other extreme of difficulty. 

Those who desire to review the zoological literature on choice 
of methods should consult Dice, who gives a clear comparison of 
the fundamentals of various census techniques for birds (1930) 
and for small mammals (193Ib), and cites other authors who have 
described particular census methods both for animals and plants. 
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Direct Census. An example of direct enumeration of mam

mals which form detached herds of comparatively fixed composi
tion is Ligon's (1927) census of antelope in New Mexico, illus-

.... 
35 

FIG. I I 

LIGON'S CENSUS OF ANmoPi 
IN RE1f MEXICO, 1926 

Total, 2,950 antelope ln 39 
herds on 4,650 square ml1es 

, .. 5 -
(J125 

(CopIed from ·Wlld LIfe of He. Mexico,
r----J....--~ State Game Coauissioll, 1927.) 

trated in Fig. 11. Most of these herds are so small and isolated 
that the maximum number seen together at the inhabited spot 
constitutes a reliable census. The larger herds shown on Ligon's 
map, however, consist of overlapping groups, which can be 
counted only with the help of snow or by repeated observation. 
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The census shows 2950 antelope in the state, or 42 square miles 
per antelope. The actually inhabited range (area of stippled spots) 
is about 4650 square miles, a density of about 2 square miles per 
antelope. 

Sometimes direct enumeration is possible in mammals which 
do not form fixed herds, but which are forced into the open dur
ing severe snows. Simultaneous counts on the open areas used 
during such periods constitute a dependable census. The co
operative Yellowstone elk count conducted at intervals since 1912 
by the Forest Service, Biological Survey, and State of Wyoming, 
uses this method. Sheldon (1927) reports the counts from 1912 to 
1927 as varying from 9346 to 19,493. The 1927 census, 19,238 
elk, divided by the gross area of both the summer and winter 
range (roughly 3400 square miles) gives a population of about 
6 elk per square mile, or 1 per 100 acres. 

One of the simplest means of direct census is the covey count. 
For instance, McLean (1930) counted and mapped the coveys of 
California quail on a 22,000 acre tract of foothills in San Mateo 
County, California, during the winter of 1928-29. He found 75 
coveys totalling about 2000 birds, or 1 bird per II acres. 

Counts of coveys are practicable in quails because of the low 
mobility of the coveys. Herd counts are practicable in antelope, 
in spite of relatively high mobility, by reason of the wide separa
tion of the herds. Birds which are mobile but scarce, and which 
exist in widely separated detached units, yield to a combination 
of the methods used by McLean and Ligon on quail and antelope 
respectively. Thus the Game Survey of Iowa (1932) mapped and 
(in most cases) enumerated each remaining remnant of resident 
prairie chickens in that state. It was necessary, however, to ex
clude all winter observations because of the annual influx of mi
grant chickens, which far outnumber the resident birds. 

Direct enumeration, even of non-coveying birds, is often prac
ticable by the skillful use of a bird dog. Thus Wight (193Ia) made 
a dog-census of pheasants of the Northfield Refuge (600 acres) 
near Ann Arbor, Michigan, at various seasons for three successive 
years} and found fall populations of up to 300 birds, or 1 per 2 

acres, although efflux or hunting each year reduced the winter 
population to 50 birds, or 1 per 12 acres. 

In Europe red grouse, gray partridges, and pheasants are 
driven over the guns. Counts of the driven birds yield a direct 
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census subject to only one error: the" leakage" of unflushed in
dividuals. This leakage seems to be greatest in pheasants, and 
least in red grouse. The British literature indicates that in red 
grouse the leakage is negligible. An annual drive census, a direct 
count of spring breeding stock, and a kill record are often avail
able for the same area for long periods of years. 

For example: The average population of a typical 5ooo-acre 
English grouse moor under intensive management, as interpolated 
by Leopold and Ball (1931a), is 1200 birds, or 1 bird per 4 acres, 
in spring. It is 3700 birds, or I bird per 1.5 acres, at the begin
ning of the fall drives. In Scotland the average moor is twice as 
large but has about the same population, the density thus being 
I bird per 8 acres in spring, and I per 3 acres in fall. 

The maximum fall population occurred on Broomhead Moor, 
4000 acres. This small but excellent moor yielded, from 1908 to 
1910, a grouse per 0.8 acres, indicating an apparent fall popula
tion of a grouse per 0.5 acres, or 2 per acre. The small size of this 
moor suggests that there may have been some influx to mag
nify this kill above the actual productivity of the moor. 

In gray or Hungarian partridge, Page (1924) gives the nor
mal spring population on small English manors as I bird per 3 
to 10 acres. This is derived from direct spring counts made by 
the game keepers. Maxwell (19II) says that on the average manor 
of 6500 acres the spring census usually ranges from 2 to 5 acres 
per bird, averages 4 acres, and never runs denser than 1;1' acres 
or thinner than 10 acres. 

By and large, complete and direct population counts are ap
plicable mainly to large mammals, or coveying birds like quail 
or partridge for which dogs can be used to cover large areas in a 
short time, or to driven birds, like red grouse. Field trial grounds 
offer the most frequent opportunity for large-scale intenSIve cen
sus by dog work. 

Census by Samples. Very large areas, of the magnitude of a 
county or a state, can only be censused by selecting representa
tive samples. Making a census of the whole territory is usually 
prohibitive in cost. 

An attempt to use the sample plot method on a large scale 
is Leopold's (1930) map of quail density in Missouri shown in 
Fig. 12. The objective in this work was to compare quail densi
ties with cover and food distribution, rather than to enumerate 
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FIG. 12 
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the quail, hence no precautions were taken to get a true" cross 
section" of the state as a whole. If the plots had been distributed 
according to a geometric pattern, such as one plot in the middle 
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of each township or each fifth township, they would have been 
representative of the state as a whole, and a census could have 
been derived from them. As a matter of fact, it is certain that 
low-density plots are under-represented on the map, due to the 
difficulty of finding farmers or sportsmen who had counted coveys 
on thinly populated samples. 

Despite these defects, in order to show the principle by which 
the sample plot census method works, a sample census calcula
tion is shown under the map, an arbitrary correction column 
being added to bring the density classes into some kind of corre
spondence with reality. Such a correction would, of course, not 
be necessary if the plots had been chosen for census purposes. 
I t should be understood that the resulting figures, 10,000,000 

quail, do not purport to be anything but illustrative of a method. 
Oscar Johnson, state game warden of South Dakota, used 

the sample plot method for obtaining a rough spring census of 
pheasants. He counted the number seen during the morning and 
evening feeding hours on a series of representative forties. The 
counts were made in spring when cover was at a minimum. Each 
forty was counted for 2-3 successive days, preferably including 
both morning and evening, and the average count assumed to 
constitute the population. Sixteen forties (640 acres) in Spink 
and Beedle counties tallied an average of 2.6 acres per bird. 
Fifteen forties in Hanson, Davison, and Sanburn counties tallied 
an average of 6.0 acres per bird. The tallies were not made until 
the middle of May, by which time some hens were incubating. 
This doubtless distorted the sex ratio, which is accordingly 
omitted, and also unduly reduced the visible hens. If, however, 
we assume that the cock count is correct, and apply the true 
sex ratio obtained by winter trapping (see Table 13, Chapter IV) 
to the cocks tallied in Spink and Beedle counties, it results in a 
census figure of 1.8 acres per breeding pheasant. 

Let the reader grasp this point: Johnson's wardens mayor 
may not have seen all the pheasants resident on these sample 
forties, but what they saw is nevertheless an index to compara
tive abundance. 

In all census by sample, the usual difficulty is not in enumer
ating the game on the samples, but in determining to what ex
tent the samples are representative of the area as a whole. As 
already pointed out for Fig. 12, a purely geometric symmetry in 
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the location of the samples would be one way to get a true assort
ment, but this requires a huge number of samples in order to 
complete a census of a large area like a state. 

In the Game Survey of Iowa, made during the winter of 1931-
3'2, the services of the local wardens were available for taking a 
large number of samples. The condition of the roads made a 
geometric placement out of the question, many whole townships 
being impossible to enter with a car. As a substitute for geometric 
placement, the wardens were asked to select and census five 
farms in each county, if possible well scattered geographically, 
and in any event representing good, average, and poor densities 
for the principal local game bird. 

Figs. 13 and 14 show the densities determined for pheasants 
and quail respectively. 

The pheasant counts were made by "driving" one farm in 
each county with a crew of volunteers walking abreast through 
the corn or coverts. Estimates of selected farmers, checked against 
the drive, were accepted for the other four samples in each county. 

The quail counts were made by working one farm in each 
county with a bird dog, or after a tracking snow, and determin
ing the number of coveys. Coveys were converted to birds either 
by adding the actual number of birds seen in each or, failing that, 
by arbitrarily assuming 15 birds per covey. Four other farms 
were then censused by farmer-estimate. 

A similar census of Hungarians in the northwestern counties 
was made, but is not here shown. The densities were similar to 
those of pheasant. 

The maps are believed to portray quite accurately the game 
on the samples, but it is certain that the samples are not rep
resentative of the state or the county, in spite of the best efforts 
of the wardens to make them so. They portray a more favorable 
range of densities than actually exists. This distortion is much 
greater for quail than for pheasants, because of the greater con
tinuity of the pheasant range, and the lesser proportion of totally 
blank areas. 

There is another distortion arising from the fact that the 
northern samples were selected to show the assortment of densi
ties for pheasant, which selections usually failed to show that 
for quail. Conversely the southern samples even when correctly 
representing the assortment of densities for quail, do not show 
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that for pheasants. Quail are "penalized" in the pheasant coun
try, and vice versa. 

These conclusions may be drawn: In taking census samples 
on a game range embracing blanks, a type map is needed in order 
to exclude the blanks, and separate sets of samples are needed 
for each species of differing habitat. 

This assumes that a correct total population figure is desired. 
As a matter of fact no such figure was needed in this case. The 
main objective was to show the range of densities within the in
habited range for comparison with other states and with future 
remeasurements. For these purposes the maps suffice. 

The quail census was accompanied by a measurement of the 
rate of shrinkage in habitable range. The results are referred to 
in Chapter XV. 

Contrary to expectation, many of the Iowa wardens quickly 
developed skill and enthusiasm in executing the counts. Next 
year's census can capitalize this skill, and the yearly repetition 
of the job will furnish what no state has ever had: a localized 
quantitative measurement of the trend of its resident game 
resources. 

Brood Counts on Sample Strips or Areas. In birds such as 
ruffed grouse the brooding hen clucks and feigns to be wounded, 
or otherwise deliberately atrracts attention when closely ap
proached. A rough census of adult breeding population may be 
made in such birds (provided the sex ratio be known or the 
number of males has been determined by drumming log counts) 
by counting the number of feigning hens encountered on sample 
strips of kpown length and width, or on sample plots of known 
area. The number of feigning hens constitutes an index to the 
number of broods, even though the broods themselves be not 
seen. The method is applicable only for a week or two after 
hatching, and only where the bulk of the broods hatch almost 
simultaneously. King (unpublished) developed this method in 
northeast Minnesota, where in 1931 nearly all the ruffed grouse 
broods hatched during the week of June 10 (the week when the 
pink ladyslippers began blooming, when the large-toothed aspen 
leaves were half out, and black ash buds just bursting). 

The mobility of newly hatched broods appears to be very 
low, so there is little danger that strips run arbitrarily at right 
angles to the topography (such as on 40 lines) will fail to rep-
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resent a true sample, or will encounter the same brood twice. 
The mother grouse can apparently be depended on to advertise 
her presence, at least up to the time when the young begin to fly, 
but the distance at which she will do so may vary according to the 
weather and cover. The width of the" effective strip" will vary 
from day to day, and is the observed average distance at which 
the hens are flushed on that particular day. In rain the width 
may approach zero. Disturbance of the brood during rain may 
endanger its welfare, and should be avoided in any event. Cocks 
are, of course, not counted in the hen tally. They may be dis
tinguished by the greater distance flown and by their failure to 
feign wounded behavior. 

For example: All the four north-and-south forty lines in a sec
tion are cruised on foot during a single day, during which three 
feigning hens and six non-feigning cocks are flushed. The average 
flushing distance for the hens is determined, by tally, to have 
been half a chain (33 feet) on either side of the line of travel. A 
forty is 20 chains wide, hence the sample represented by the 
strips constitutes ';0 of the total area. If the sex ratio is known 
to be 50 : 50, the census is calculated as follows: 

3 = feigning hens (apparently with brood) flushed on a sample 
representing "'};\; of the section. 

60 = 20 X 3, total probable number of hens with brood. 
60 = number of cocks under a 50:50 sex ratio. 

120 = 60 + 60, number of grouse on section (640 acres). 
5 + = 640 + 120, acres per breeding grouse. 
10.7 = 640 + 60, acres per brood. 

The weakness of this method is that it assumes that all the 
hens actually mate and hatch a brood, and that the brood re
mains alive until the count is made. As to mating, the truth of 
this assumption is still untested, but as to reaching the point of 
hatching, King found nest mortality in 1931 to be nearly zero 
in this species-a decided exception to the usual rule. Juvenile 
mortality is, of course, high, especially under unfavorable weather 
conditions. The largest source of error is in estimating the effec
tive width of the strip. Under conditions of bad weather during 
or previous to the count, very low densities, doubtful sex ratio, 
or large spread of hatching dates, the method is not recommended. 
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Where these conditions do not interfere, however, this method 
may prove valuable in censusing species which yield to few of 
the ordinary methods of game census. The ruffed grouse is con
spicuously difficult to census by ordinary methods. 

Census from" Clean-ups." Effect of Influx. When something 
approaching a "clean-up" is made on any animal within a lim
ited area, the known number removed constitutes the basis for 
a census, provided an estimate can be made of the residual popu
lation, and of the influx during the process of removal. 

The probable population of other similar areas can then often 
be inferred by comparison. 

Sometimes the" clean-up" is virtually complete, thus obvi
ating the necessity for estimating residual population. For in
stance, the removal of 22,362 deer from the hoof-and-mouth dis
ease control area on the Stanislaus National Forest in California 
in 1921-23 was judged by local foresters to be nearly complete. 
The cleaned area covered about 1142 square miles. The influx is 
unknown, but it had three years to take place, and in all proba
bility was greater than the residual population. (The area filled 
up quite rapidly after the disease had been stamped out and the 
killing ceased.) The true census was, on this assumption, some
what less than 22,362 deer on 1142 square miles, or somewhat 
less than 20 deer per square mile. This is probably the most ac
curate deer census figure for a large area so far available in 
America. 

Sometimes tracks in the snow make possible an accurate esti
mate of the residual population. Thus in 1928 and 1929,30 foxes 
were removed from a 14,ooo-acre refuge in Dent County, Mis
souri. Subsequent tracks showed that about three-quarters had 
been removed, indicating a total population of 40 foxes includ
ing residue, but without allowance for influx. Influx was impos
sible to estimate accurately. If it was 10 per cent, the true census 
would have been 36 foxes or I per 400 acres. Since the clean-up 
extended over two winters, it might, however, have been 50 per 
cent, which would change the true census to 20, or 1 per 700 
acres. The longer the time, the heavier the population pressure 
outside, and the greater the mobility of the species, the harder 
it is to estimate influx. 

If a clean-up occurs on an island (either a physical island, 
or an ecological one surrounded by non-habitable range for the 
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species in question), then the error due to infiux is ruled out, 
and the only remaining source of error is the estimate of the 
residue. 

Even a very refractory species can be thus censused on 
"islands" if it can be trapped. Thus the Pennsylvania Game 
Commission in 1930 trapped 122 cottontails for restocking pur
poses on Barbadoes Island (49 acres) in the Delaware River op
posite Norristown. This island is isolated for rabbits, although 
pheasants fiy back and forth. There had been no hunting. The 
removal was 122 rabbits + 49 acres = 2.5 rabbits per acre. War
dens estimated 50 rabbits left, which makes the probable popu
lation (122 + 50) + 49 = 3.5 per acre. 

A partially complete census of the "clean-up" type some
times resulted from the" deer drives" of pioneer days. A drive 
in Medina County, Ohio, in 1808 (Game Survey, p. 194) netted 
300 deer killed from 25 square miles, or 12 per square mile. Prob
ably by no means all the deer were killed. Another census esti
mate, doubtless based on drive data, was made by Noah Major 
in 1820. He estimated there were 20,000 deer in Morgan County, 
Indiana, or 53 per square mile. 

These "clean-ups" by driving, being made in one day, are 
free from the infiux error which attends the slower processes of 
trapping or piecemeal shooting. 

The rabbit drives still held in the western states yield a cen
sus of the" clean-up" type. Thus a drive covering 8 square miles 
held at Roberts, Idaho, in the winter of 1924-25, yielded 5000 
jackrabbits, or about 1 per acre. The leakage is reported by L. 
L. Lay the of the U. S. Biological Survey as having been less than 
5 per cent. During the next year rabbits were at the peak of their 
cycle, and several smaller drives covering about a square mile 
each yielded 2-4 jackrabbits per acre. The year after there were 
no rabbits. 

Table 15 summarizes the result of these drives, and four others 
in Arizona reported by D. A. Gilchrist of the Biological SurYey. 

The Lincoln Index; Census by Banding Ratios. Lincoln (1930) 
suggests the use of banding returns as an index wherewith to 
census that most difficult group, the water-fowl, for the whole 
continent. This concept, which we may call the Lincoln Index, 
is one of the most important intellectual contributions so far 
made to the art of game management. 
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TABLE 15 
CENSUS FROM JACKRABBIT DRIVES 

I I I 
I I Acres per I 

Estimated: 
Probable 

Area Number I Jackrabbit I Acres per 
Date Locality Driven: Killed I Killed I Leakage I Jackrabbit 

1924-25 Roberts, Idaho 5,000 
I 

5,000 
I 

1.0 
I 

5% 
I 

0.9 
I I I I 

1925-26 600 I I I I 0.2-0.5 

April, 1925 : s . I 5,100 
I 

2,525 
I 2.0 

I 
10% 

I 
1.8 t. Johns, Ar~z.1 

I I I 
June, 1927 I Artesia, N.M. I 640 I 156 I 4.1 2% 4.0 

May, 1923 
I Tucson, Ariz. I 1,280 

I 
300 

I 
4.3 5% 4.0 

I I I I 
Nov., 1920 I Avondale, Ariz. I 2,560 I 1,200 I 2.1 2% 2.1 

Lincoln observed that of the total number of ducks banded 
at a given station, the percentage of bands returned after being 
killed by hunters, the first season after such banding, is surpris
ingly constant from year to year, and appears to average around 
12 per cent. 

The percentage of banded ducks killed is presumably the 
same as the percentage of non-banded, i. e., the continental popu
lation. 

If, therefore, the licensed hunters would turn in a complete 
record of their annual bag, an annual continental census could 
be computed as follows: 

kill = 12 per cent of the population 

I · k'll 100 popu atlOn = 1 X-
12 

The unknown crippling loss is the same in banded and un
banded birds, and hence cancels out. Some banded ducks are 
killed but not reported. These would introduce an error, and so 
would the unreported kill of unbanded ducks, but these two 
errors would tend to offset each other. 

Assuming a kill of 5,000,000 ducks, Lincoln calculates (as a 
sample) a fall population of 42,000,000 ducks. 

Lincoln's principle of applying the banded kill ratio to the 
unbanded population will work wherever large numbers of wild 
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stock can be banded throughout the area to be census ed, and 
where the total kill as well as the banded kill can be determined. 
I t is the same principle which Stoddard used to determine the 
survival of Mexican versus native quail. It yields a kill ratio, 
but usually not a species ratio even if the records are itemized 
by species, since the various species are seldom either trapped 
or killed with equal facility. Density can be computed from such 
a banding census wherever a clean-cut area is covered. 

The practical application of the Lincoln index to a continental 
duck census is for the moment hindered by the lack of: (I) the 
unreported bands killed; (2) the unreported unbanded kill. To 
get some light on the first unknown, I asked a number of game 
officials and game managers to estimate the percentage of bands 
killed but not reported in their respective jurisdictions. The esti
mates are: Carolinas, 80 per cent; Connecticut, 50 per cent; 
Memphis area (clubs) 5 per cent, (elsewhere), 10 per cent; 
Arkansas, 60 per cent. 

Indices to Abundance. Where it is impracticable to use direct 
total or partial enumeration, or "clean-ups" on sample areas, 
or banding ratios, it is often possible to accomplish the purpose 
in hand by the skillful use of" indices." An index to a game popu
lation is any condition which can be measured, and which may 
be expected to vary in proportion to the population which cannot 
be measured. The index is used to measure the population in
directly. Indices usually yield only relative abundance but some
times absolute abundance. 

Scotch gamekeepers, for instance, obtain an absolute census 
of grouse nests (i. e., breeding pairs, since the red grouse is mo
nogamous) by counting the groups of" clocker droppings" along 
the burns (rivulets). The "clocker" form of dropping is peculiar 
to incubating hens. Each hen is said to water at a fixed point 
whenever she leaves her nest to feed, and there deposits the 
"clocker." The number of groups of clockers along a stream there
fore constitutes an index to the adjacent population of incubat
ing hens. If there is some correspondingly fixed place of deposit, 
this ingenious method of census might be found applicable to 
some of the American grouse. Ruffed grouse, at least, do not 
deposit the clocker at any fixed place. 

Direct count of the nests on a known area yields, in monoga
mous species like red grouse, a spring census, and in polygamous 
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ones an index to abundance which is virtually a census. However, 
before accepting such a sample as representative of a large area, 
it should be ascertained whether there has not been any con
centration of nesting activities which would make the counted 
area unrepresen tati vee 

Thus one observer (Du Pont Conservation News, 4/3131) re
ports 15 turkey nests" within a radius of half a mile" in Winston 
County, Alabama. Taken literally, this means 500 acres, or I 
nest per 33 acres. A covey count on 100 square miles of (presum
ably) similar surrounding range yielded (after the broods had 
come off) 50 flocks averaging I I each, or I brood per 1300 acres. 
There is at least an indication here that the nesting was con
centrated on the area in which nests were counted. This is merely 
offered as an example of the possible error inherent in all census 
work where small areas are relied upon to sample population 
density. 

Dice (1930 and 19310) suggests the number of individuals seen 
per hour in various habitats as an index to relative abundance 
of two or more species. Nocturnal or flocking birds could not, of 
course, be so measured. He cites Linsdale as using birds per day, 
expressed as frequency curves, and Raunkiaer as using the fre
quency with which various species occurred in a fixed system of 
sample plots. All of these ideas yield indices to relative abun
dance, rather than a census. 

Taylor (1930) obtained the relative abundance of various ro
dents by tallying the number seen per hour in visible species like 
prairie dogs. In nocturnal rodents he used the percentage of traps 
catching a rodent, after being set for one night. He also used the 
carcasses found at poison bait spots exposed for one night, the 
burrows counted per acre, and the fecal pellets counted within 
a wire hoop set down at fixed intervals. Some of these ideas may 
be applicable to game census. The last one especially ought to be 
applicable to deer and rabbits~ which deposit durable pellets at 
random over the range. 

Taylor and Vorhies (unpublished) are now using a unique 
index which yields a direct census of visible diurnal rodents on 
fenced cattle ranges in Arizona. They compare the number seen 
with the number of cattle seen, and then compare the ratio with 
the known number of cattle. For example: within a fenced pas
ture they count the number of jackrabbits seen for each cow seen 
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within a strip of paced length, the width of which is the apparent 
"flushing distance" of the jackrabbits. The total number of jack
rabbits can be calculated by applying the tallied ratio. The pro
portion would be: 

Cattle on range: cattle tallied = jackrabbits on range: jackrabbits tallied 
(known) (known) (unknown) (known) 

Only Westerners inoculated with a tincture of that indefina
ble body of skill called "cowsense" appreciate where the cattle 
come in. Why not tally the rabbits direct? Because this is a 
brush range, on which a certain proportion of both jacks and 
cattle escape observation, within the counted strip, by standing 
motionless, or by beating a retreat in line with a screen of brush. 
The method assumes that the same percentage of both cattle 
and rabbits thus eludes the click of the tally-register. 

Leopold (Game Survey) tried "coveys per dog per day" as an 
index to the abundance of quail in various regions, but found it 
unsatisfactory because of the varying ability of dogs and the 
varying nature of coverts. With the same dog on the same ground, 
however, it would probably be a good index wherewith to com
pare one year with another. 

Flushing Rates. Many of the indices to abundance developed 
by zoologists are premised on intensive observations by a few 
men, rather than mass data obtained from many untrained ob
servers. The game manager has available in the hunter a source 
of mass data as yet largely unexploited. 

The Iowa Game Survey (1932) used the number of pheasants 
flushed per man-hour by selected parties of hunters as an index 
to density, and later compared the results with the sample-plot 
census already described. The two checked very well in indicat
ing the geographic distribution of density. The flushing rates for 
the counties open in 1931 are shown in Fig. 15. 

Flushing-rate is an accurate index to abundance only where 
the localities being compared are similar in cover or escape facili
ties, and where the hunting is done in the same way at the same 
time. Iowa pheasant hunting satisfies these criteria almost per
fectly. The hunting is all done in standing corn, there is little 
other cover, the hunting is all compressed into two days, and the 
method of "walking in line" is nearly universal. Varying skill in 
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choosing territory, varying use of dogs, varying hours of the 
day, varying weather, etc., are all either matched out by the 
extraordinary uniformity of the set-up or can be obviated by the 
mass of data that is obtainable. The only troublesome variable 
is the care with which various parties keep count, and even these 
errors probably tend to compensate. It was necessary, of course, 
to use the party rather than the individual as the unit, and to 
have one individual in each party responsible for keeping track 
of the birds flushed at the end of each" drive." 

Collections of Census Data. One of the largest collections of 
rough census and kill figures so far available is that made by 
Adams (1926). It deals largely with mammals, fur-bearers, and 
fish, whereas my publications emphasize birds. Good mammalian 
census figures are also offered by Seton (1929)' 

OTHER MEASUREMENTS 

Measuring Trends by Bag Records. The Lincoln banding in
dex derives from the bag record of a single year an actual enu
meration or census. Bag records through a term of years may like
wise be used, without any enumeration, as an index to the trend 
of a population, provided the hunting is done on the same ground 
by the same method by a single individual at regular intervals 
throughout the season (or by a large number of individuals so 
that variations in individual proficiency and seasonal game habits 
cancel out). 

Records of game seen, as well as of game killed, are usable for 
the same purpose under the same conditions. 

Thus Leopold (1930) records jacksnipe seen and killed in 
Dane County, Wisconsin, during weekly hunts from 1919 to 1929, 
by himself and A. W. Schorger (see Fig. 16). Three of the four 
graphs (d, C, and D) show a strong downward trend, including 
the two most dependable ones (C and D) in which the birds seen 
and killed per trip are reduced to a uniform time-interval (per 
full day of 8 hours). The conclusion was that a decrease of per
haps 50 per cent has taken place during the period measured. 

A similar record by Leopold (1925) is shown in Fig. 16. This 
compares ducks seen per year, and ducks seen and killed per 
day, in the middle Rio Grande Valley, New Mexico, during 
weekly hunts from 1918 to 1923. Graph B is considered more de-
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pendable than A or C because the ducks seen per trip are re
duced to a uniform time interval (per day) thus eliminating the 
disturbing influence of varying numbers and lengths of trips. 
Neither A, B, nor C shows any strong upward or downward trend. 
The conclusion was that the increase in ducks currently pur
ported to have taken place in the country at large during that 
period had not taken place in the Rio Grande Valley. 

Bag records from large numbers of indivjduals (such as shoot
ing club journals or licensees' returns of game killed) are useful 
indicators of trends in game abundance, provided no great change 
has taken place in number of hunters or hunting methods and 
equipments. When such variables have entered for a short term 
of years they are hard to allow for. If, however, a kill is sustained 
through a long period in spi te of such variables, the record be
comes very valuable as an indicator of productivity. Such records 
are covered in the next chapter. 

The measurement of fluctuation is, of course, the measurement 
of trend in game population through a long period of time. 
Section D of Fig. 7 shows how bag records on Scotch grouse moors 
were used by Leopold and Ball (193Ib) to measure fluctuation 
through a long period. Curve B-3, Section B, shows Seton's use 
of sales of rabbit skins (practically a bag record) for the same 
purpose. Short-cut methods for measuring past fluctuation are 
suggested under the discussion of cycles in Chapter III. 

Aleasurements by Trapping and Banding. By far the most 
important development to date in the art of measuring game is 
the technique of bird banding, suggested by Cole (1922) in 1901, 
and now widely used the world over. 

Game birds are usually harder to trap than songbirds, and 
the young are not born helpless, seldom return to the nest, and 
hence cannot be banded in the nest. For these reasons students 
of game birds have been somewhat slower to take advantage of 
this technique than other ornithologists, but the practice is grow
ing rapidly, and its possibilities have as yet scarcely been touched. 

The proper function of this volume is not to attempt a de
scription of banding technique in detail (this is adequately done 
in the Manual for Bird Banders, Lincoln and Baldwin, 1929), but 
rather to point out the utility of this technique in the quantita
tive solution of game management problems. 

It is already apparent that banding constitutes the best and 
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only method for measuring the mobility of game populations, 
and for determining the migration routes of migratory species. 
I t is also one of the best methods for determining the sex and 
age composition of game populations. It can doubtless be used 
for many other measurements, provided the species can be 
trapped, caught on the nest, or otherwise captured for the pur
pose of affixing the band, and provided the species is shot as 
game, or is otherwise susceptible of recapture, for determination 
of its subsequent movements. 

The classical example of the use of banding for determining 
the mobility and composition of an upland game stand is Stod
dard's Georgia §luaU lnuestigation (1931, p. 167). By trapping large 
quantities of quail he first of all determined the sex ratio during 
the early spring season to be about 55 males: 45 females. By 
comparing this ratio with a sex count of hunters' bags (53 : 47) 
on the same territory during the immediately preceding shoot
ing season, he found that either (I) the male is slightly less likely 
to be killed by enemies or shot by hunters than the female, or 
(2) there is a progressive differential mortality working against 
the female. By banding the quail as trapped, and noting the kill 
of banded birds during the next and also succeeding shooting 
seasons, he determined the annual mobility of the individual bird 
(see Table 4). By banding like numbers of Mexican quail planted 
on similar range and comparing their percentage of recapture 
during subsequent shooting seasons, he determined the superior 
survival of the native bird. 

The variety of management problems, the solution of which 
lies in banding, is exemplified by Austin's (1929) discovery, 
through banding, that terns do not breed until their second sea
son. He banded a large number of young terns on the Cape Cod 
Rookeries just before they were able to fly, and during the next 
year found that these particular birds did not reappear as breed
ing adults. An examination of bands recovered in the country 
at large, however, revealed the fact that during their first year 
they were scattered over the continent, but not on breeding 
rookeries. During the second year, however, they reappeared as 
breeding adults on the original rookery. The paucity of existing 
information on minimum breeding age of game species is clear 
from Table I, and its importance is shown by a comparison of 
the unimpeded increase curves in Fig. 3. The obvious conclusion 
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is that the new banding technique should be used to establish 
the breeding age of species now in doubt, such as woodcock and 
jacksnipe. 

One of the present needs of game management is the devel
opment of banding techniques for mammals. Experience with 
birds proves that it is only by this means that the life history 
facts requisite for intelligent management can be obtained. 

Substitutes for Banding. The basic purpose of banding is, of 
course, to make possible the identification of individual animals. 
Occasionally individuals can be identified without banding. Thus 
Leopold (Game Survey, p. 229) reports a domestic cat treed by 
coon hunters four miles from the farmhouse where the cat, on 
being identified by its markings and behavior, was known to 
live. Accordingly we know that the daily cruising radius of this 
predator may be as high as four miles. 

Important light has been shed on the breeding habits of 
pheasants and quail by observing the behavior of one-legged, 
lame, white-spotted, or otherwise identifiable individuals through 
a period of time. 

One of the questions usually considered as answerable only by 
banding is the degree to which individual birds shift from one 
covey to another. Under some circumstances, however, a fairly 
reliable answer can be obtained without banding. Thus Yeatter 
(unpublished) made repeated covey counts on all of the Hun
garian partridges within an area of several square miles in Lena
wee County, Michigan, during the winter of 1930-31. The count 
of each covey throughout the winter period either remained sta
tionary or showed a slight and gradual loss. None of the coveys 
showed a single gain. The covey locations remained constant, 
and the covey ranges seldom overlapped. This behavior consti
tutes at least strong circumstantial evidence that no trading of 
individuals from one covey to another was taking place during 
the winter season, and to this extent constitutes a substitute for 
banding. Errington (1930, 1931) applied the same method to 
quail. 

Such circumstantial conclusions should, of course, be checked 
up by actual banding, but since this costs much time and effort, 
the temporary substitute is distinctly useful to the game manager. 

Enough has been said to make it apparent that the three basic 
techniques (counts, indices, and marks or bands, and doubtless 
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others yet awaiting discovery) may be combined in many ways 
to enumerate game or measure its habits or condition. The par
ticular combination to use for any given local problem must be 
left to the ingenuity of the investigator. The next chapter will 
show how the same techniques may be used to measure the pro
ductivity of a population. Productivity measurements frequently 
yield information on census or the other subjects covered in this 
chapter. The whole subject of range, population, and produc
tivity is in fact one in,tegral whole, here arbitrarily divided merely 
for convenience in pr~sentation. 

Phenological Tables. Measurements of game phenomena 
(such as hatching dates, for example) are sometimes so difficult 
to secure that several years' observations must accumulate be
fore there are enough data to justify a conclusion. If in com
piling the data the several years be arbitrarily lumped by calen
dar dates, an error may be introduced because certain years were 
abnormally late or early in their weather, and hence in the sea
sonal progression of their phenomena. 

Game dates for such abnormal seasons may be adjusted to 
normal if the observer has taken the precaution to keep a cumu
lative record of the dates of typical seasonal phenomena. Such 
a record is called a phenological table. Dates of first leafing, 
flowering, fruiting, sex-calls, pairing, egg-laying, hatching, etc., 
are good items for such a table. Dates of bearing young in mam
mals are poor, because they are influenced by the weather pre
ceding gestation. Dates of arrival of migrants are poor, because 
they are influenced by the weather at the point of departure as 
well as at the point of arrival (Main, 1932), and by the length 
of daylight, which is entirely independent of local weather 
(Rowan, 193 I). 

To illustrate: If lilacs usually first bloom on April 15, but 
during a particular year do not bloom until May I, the indica
tion is that the season is two weeks late. The game dates may be 
" sli pped back" to normal in adding the data for the late year 
to the data for other normal years. This example assumes that 
the game phenomenon in question is wholly determined by local 
weather. As indicated above, such assumptions should be made 
with caution. 

Determining Age. All measurements of either game popula
tion or game productivity are enhanced in their significance and 
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value if the sex and age as well as the number of individuals be 
determined. 

How to determine sex or age by the ordinary aspects of plum
age or pelage is often obvious) and is usually fully covered in 
standard works on natural history and anatomy. 

How to determine age by other criteria is less often mentioned. 
Stoddard (pp. 70) 82) found that the outer two primaries in 

the juvenile bobwhite plumage are sharper-pointed and narrower 
than in the adult) and develop so late in the chicks during their 
first season that they are not replaced until the moult of the 
second fall) before the hunting season. Hence they offer a con
venien t mark by which to classify the bag in to birds of the year 
and birds one and one-half years and older) and to classify breed
ers into one-year-old birds and older. 

Whether Stoddard's criterion holds for our other quails is not 
known. 

The Grouse Report (p. 64) offers a somewhat similar criterion 
for red grouse. Birds of the year) during the hunting season 
(September) have the same narrow-pointed primaries as in quail, 
but in addition the third primary is short and often shows a 
"blood-quill" at its base. 

Whether this holds for American grouse is not known. 
The Grouse Report (p. 66) also suggests the softness of the 

skull and the strength of the jaw as criteria: 

"The weight of the bird is allowed to hang without support by 
holding the tIP of the lower bill only. The bone of an old bird's jaw 
easily stands this test, but the soft jaw of a young bird of three or four 
months cannot carry its weight, and the jaw either bends or breaks." 

Determining the age of chicks and juvenile birds is discussed 
in Chapter XV under "Nesting Studies." 

Lovejoy (Michigan Biennial Report, 1929-30, p. 257) and 
Cahalane (1930, 1931) investigated methods for telling age in 
deer: 

"No direct relationship was found between the number of antler 
points and age. Up to about four years the number of points quite cer
tainly tends to increase, but after four years the number of points re
mains fairly constant for an indefinite period, and in very old animals 
may actually decrease. 
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.. I t was found that age could be determined directly from the teeth 
up to the fifth year, after which the precise age of individual heads could 
not be determined directly." 

Cahalane compared dentition with diameter of antler beam, 
and diameter of antler burr, in a series of 260 skulls. He found 
the beam diameter, 2 inches above the burr, to increase quite 
consistently with age, and offers the following table for classi
fying large series of antlers into age classes: 

TABLE 16 

AGE CLASSES OF MICHIGAN WHITETAIL BUCKS BY ANTLER 

DIAMETER CLASSES 

(Reproduced by permission of Journal of Mammalogy) 

Diameter of Antler Beam, millimeters , , Age, years 

Up to 19 

20-22. 

23-27 •• 

28-34. 

35-37 •• 

38+ ••• 

· . . . . . . • .1. • . . It 
I 

• ., Divide equal13 betwe.en 
I Ii and 21 

• 0\ • .2! 
. . . ,. •• s! - 4i 

· . . . . . . . • ,' One-third are sl - 41 
Two-thirds are st 

I .,. • •• s!+ · . . . . . . . 
This table might not apply to other states, and would, of 

course, not apply to other species, although the principle of using 
antler-beam as an index to age probably would. 

In the management of deer, the general range of antler point 
classes in the kill of various states and species is always of inter
est, and may be of value. Fig. 17 gjves the frequency of heads of 
various sizes in four states. The Michigan curve is Cahalane's. 
The other curves are taken from data in official reports. 

Eight-point heads are evidently the most frequent in all the 
states, but the various states differ somewhat in the representa
tion of prime 10 and 12 point heads, and immature 2 and 4 
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FIG. 17 

FREQUENCY OF ANTLER CLASSES IN ANNUAL KILL 
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pointers. Pennsylvania and California seem to have killed a high 
percentage of young bucks. Unfortunately the prime Pennsyl
vania heads were all lumped at "8 and better," so there is no 
way to tell whether prime 10 and 12 pointers were unduly scarce. 
There is also some doubt whether the California heads were all 
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mule deer. The official reports do not distinguish between mule 
deer and blacktail, so the reports for the counties in which the 
former prevail had to be used as the basis for the California 
curve. 

Until better information is available, the Michigan curve 
may be assumed to represent the kill from a normal herd 'of 
whitetail deer. It is known that deer were holding their own or 
increasing during the period measured. The curve represents 
counts on 2000 heads. 

Summary. Census is the first step in management. A census 
can be made by enumerating the game on sample areas, by band
ing ratios, or by indices. 

Direct enumeration is practicable mainly with population 
units which are either isolated, or moving along a fixed route, or 
very sedentary. 

In comparing densities from censuses, the blanks in large 
areas invalidate direct comparison with small ones. 

Invisible animals can be directly enumerated in snow, or by 
scenting dogs, or when forced into the open, or when "cleaned
up" on a given unit. Influx is a source of error in "clean-up" 
samples. 

In censusing a large area, it is harder to select representative 
samples than to count the game thereon. Samples taken arbi
trarily along fixed land-lines or in a geometrical pattern have the 
best assurance of being true samples, but they must be numerous. 

Banding ratios yield a census when the population is the only 
unknown in a proportion. The three knowns are determined by 
banding. It is, in effect, a method of using samples in time in
stead of in space. Migratory game yields only to this method. 

Indices yield a census when the index condition, which is sub
ject to measurement, varies with the population which is not. 

Either indices or samples can be used to determine popula
tion trends in time. 

Counting the invisible hosts of migratory waterfowl over a 
whole continent by means of such an ingenious device as Lin
coln's banding ratio is a feat whiCh has excited either incredulity 
or admiration, depending on the mental capacity of onlooker. 
Even those able to grasp the method, however, have often not 
yet grasped the fact that "finding out how many there are left" 
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is the least of the purposes of game census. Measuring the re
sponse of game populations to changes-deliberate or accidental 
-in their environment is the big purpose. Continuous census is 
the yardstick of success or failure in conservation. 



CHAPTER VII 

MEASUREMENT AND DIAGNOSIS OF PRODUCTIVITY 

MEASUREMENT 

Definitions. Productivity has been defined as the rate at 
which breeding stock produces a removable crop or additional 
breeding stock. 

If the crop is not to be removed its measurement is accom
plished, as in forestry, by comparing the annual increment with 
the original stock. The unit of meaSl.J,rement is the ratio or per 
cent of increase per year. 

If the crop is to be removed by hunting, its measurement is 
accomplished, as in finance, by comparing the interest with the 
capital, or as in farming, by comparing the yield with the seed. 
The unit of productivity, where the increase is removed, is the 
ratio or per cent which can be removed yearly without diminish
ing the capital. This we may call the kill-ratio. 

Often, of course, only a part of the crop is removed as kill, 
the rest being left as capital accretion. This is the proper policy 
where a larger breeding stock is desired. 

On fully stocked ranges, however, where the population is to 
be kept stable, all of the annual increment can be removed by 
hunting except that part removed by other factors. This is the 
normal case, and unless otherwise specified, will be assumed as 
a premise in the following discussions. In such normal case, pro
ductivity is synonymous with the annual yield. The word" yield" 
being shorter, it is often used in preference. 

Sometimes the breeding stock cannot be enumerated. In such 
cases a rough measure of productivity is obtainable by comparing 
the kill with the area which produced it, instead of with the 
breeding stock which produced it. Such a ratio we may call an 
area-kill. 

If a covey of 10 quail, for instance, represents the breeding 
stock on 40 acres of range, and formed 5 pairs producing 14 eggs 
each resulting in 5 grown young each, the increase would be 25, 
or 250 per cent. If 15 were removed by hunting (and 10 later by 

171 
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other factors), the kill-ratio would be 15 +(10 + 25) or 43 per 
cent. By the next breeding season there would still be 10 birds 
left to increase and sustain a similar kill. 

If the number of breeding stock were not known and not as
certainable, but nevertheless if 15 birds were killed year after 
year from the 40 acres in question, the area-kill would be one 
bird per 2.6 acres, and this would furnish a rough measure of 
productivity. 

It may be remarked in passing that the phenomena of pro
ductivity in fish are now being expressed in terms of poundage, 
rather than number of individuals taken, per acre. Thus Adams 
(1926) points out that the yield of whitefish in the Great Lakes 
runs up to a pound per acre per year, but in artificially fed ponds 
carp have yielded as high as a ton per acre. Poundage is the unit 
because fish vary so much in size. 

Need of Standards; Chapman's Formula. A scientific basis 
for a yardstick of productivity is the formula devised by Chap
man (1928, p. 120) which, for populations at equilibrium, is 

C= !, where C is the concentration, or census of the popula

tion unit, B is the breeding potential and R is the environmental 
resistance or the sum of the factors. 

S. A. Graham suggests that game management could build up 
from this formula, or from the form C = B - R, an accurate 
yardstick for comparing all grades of productivity in all species. 
It is hoped that somebody will do this. That part of R over and 
above the kill is the true index, in that it adds up the" drag" of 
the factors other than hunting. 

However, in actual practice, the value of C is seldom known, 
so it seems more practicable at this stage to seek a yardstick in 
comparisons of performance as expressed in ordinary terms of 
area, kill, and where possible, census. 

Normal Productivity. Foresters use what they call a "nor
mal" forest as a standard for measuring the condition of other 
forests. This conception of normalcy is believed to be a useful 
standard for measuring productivity in game. When a forester 
predicts the possible crop which he can remove from a given 
area of timber land, he bases his prediction on a comparison with 
the yield of the best similar area he has measured. "Similar" means 
having the same species, age, and site quality. From the measure-
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ment of many such optimum tracts, he builds up tables called 
normal yield tables. 

So in game we may measure productivity by comparing the 
census and the kill-ratio with that of the most productive similar 
range. This means eventually setting up for each species in each 
region ranges which will meet this definition of normalcy, and 
measuring the population and kill on each. Each of these will 
then serve as standard with which other areas may be compared. 

Measuring the Kill. Few concrete examples of measuring the 
kill can be given, because in this country few attempts have as 
yet been made to measure it. 

On a private holding the method is relatively simple, consist
ing merely of a journal in which each hunter is required currently 
to enter his bag. Such journals are frequently kept by duck clubs, 
but in migratory birds the kill does not represent the productive 
capacity of the club grounds. 

On lands open to public shooting, the method must usually 
be applicable to large areas, such as national forests, counties, 
or entire states. For example: On the Gila National Forest in New 
Mexico the" check-out system" is in use. This works best where 
the possible points of entrance and exit are few, and where the 
open season is short. There are five points of entrance and exit 
to the Gila, and the open season is ten days. Officers are stationed 
at the points of entry and exit authorized to register all cars as 
they enter, and check the licenses of each individual hunter. The 
same officers later check out each departing car, after an inspec
tion of the bag of each hunter. In this manner the total kill of 
deer and turkey is quite accurately ascertained. By examining 
the heads and by verbal questioning at the exit point, valuable 
statistics are also obtained on antler classes and on sex and age 
classes seen by each hunter. 

Michigan took advantage of the same principle of "constricted 
exits" to measure antler classes in her deer kill. Cahalane (1931) 
examined and measured all deer carcasses transported across the 
straits of Mackinac, and thus obtained a reliable cross-section of 
the kill brought out by non-residents from the Upper Peninsula. 

On the state forests of Pennsylvania substantially the same 
system is applied to deer as on the Gila, but is executed by visit
ing the hunters' camps, rather than by checking at the points of 
en try and exit. 
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Some states measure the kill of big game by means of a tag 
system. A tag is issued with each license, and is required to be 
attached at all times to each head of game killed. Some kind of 
return report is required, by which the proportion of used tags 
is determined. 

Other states, such as Minnesota arid Wisconsin, measure the 
kill by a compulsory report of game killed by each licensee, no 
license for the ensuing year being issued if the report is not 
made. This penalty, however, is so far nowhere enforced. 

A sample plot system could be used as a means of measuring 
the kill on large areas, but no such system is as yet in actual use. 

In general, it should be pointed out that questionnaires, tags, 
and other" automatic" devices for inducing the individual hunter 
to report his kill are of little avail for productivity measurements 
unless related to a definite unit of population or range. It is 
usually not feasible so to relate them, unless the population unit 
is detached or unless the range unit comprises a whole state or 
some other legally recognized subdivision. Such devices are, how
ever, useful for determining the bag per hunter, or to analyze the 
bag for sex, cripples, or other matters within the scope of his 
observations. 

Illegal Kill and Crippling Loss. A true measure of the toll 
by hunting should take account of the illegal kill, and also lost 
game and disabled cripples. Unless these losses are added to the 
legal bag, the true yield is not determinable. The ratio of illegal 
to legal kill of course varies greatly as between localities and 
species, and its accurate measurement is exceedingly difficult. It 
is probably seldom less than 10 per cent of the legal kill. The 
Pennsylvania Game Commission estimated the illegal deer kill 
in that state as averaging 5 per cent during the years 1921-1925. 

The crippling loss has been measured quite often for water
fowl on the basis of area (Game Survey, p. 208), but seldom for 
any kind of game on the basis of per cent of the legal kill. The 
crippling loss in waterfowl is higher than in any other class of 
game, and doubtless sometimes approaches or even exceeds the 
kill in magnitude. Unregulated competition or "free hunting" 
increases it. Approximate measurements of the cripple: kill ratio 
are feasible and are now being attempted on Iowa ducks. 

In 1916 I sent a confidential questionnaire on cripples to a 
list of New Mexico deer hunters who had been carefully selected 
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to represent various degrees of skill. Their replies indicated 10 

deer believed to have been seriously crippled for 48 legal bucks 
brought to bag, or a 21 per cent crippling loss. This percentage is 
believed to be low, however, because not all of the replies seemed 
willing frankly to admit cripples, and modern long-range rifles 
undoubtedly cripple many deer without the hunter's knowledge. 
The crippling loss on deer in New Mexico is believed to be at 
least 30 per cent of the legal kill. 

The following table, compiled from my hunting journal, shows 
the percentage of small game believed to have been crippled 
during five years' hunting in the Rio Grande Valley of New 
Mexico. During this period an extra good retriever was used at 
all times. Hence the percentage is probably as low as is ever at
tained in that region. 

TABLE 17 
CRIPPLING LOSS 

I I I I I lIRul I !2!m1 I ~1 I TS!hl 
Inr i nUed Lost " jlt1lled Lost " i nUed Lost " i nlled Lost " 

1919 I 186 20 l.2J 57 5 lOJ I 20 5 15" I 245 28lU 
I I I 

1920 I 112 18 1. ss 10 1"" I 98 P:I 2. I 286 ss 20J 

1921 ' 88 8 • 9'1 1] lUI lOS 8 -' 29'1 27 • I I I 
1922 I 151 10 "" S7 4 ""I ioe 24 22J1 518 58 l.2J 

I 
1925 I 90 4 '" U5 21 l8J1 28 2 -, 229 P:I l.2J 

I I 
1919-25 I 605 eo lOS 582 51 15J I 1155 54 ~ 11541 175 lSJ 

I I I 

The Iowa Game Survey compiled questionnaires submitted 
by 129 parties of pheasant hunters in 1931 dealing with crippling 
loss and other questions. The crippling loss in Iowa pheasants is 
very high, due to the heavy weedy corn in which they are hunted, 
to the well-known running powers of this species, and to the 
hectic atmosphere which inheres in gang hunting when squeezed 
into an excessively short season. Of 11,230 pheasants reported 
flushed, 2964 were bagged and 968 crippled but not bagged, an 
apparent cripple: kill ratio of 3 : 10. It is almost certain, however, 
that many parties reported as cripples only the birds knocked 
down but not found, omitting the many hit birds which were not 
downed. The real cripple-kill ratio is probably at least 6: 10. 
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Kill Ratios. Statistics based on experience are the only avail
able means of arriving at the proportion of the game population 
which may be safely killed on any given area without reducing 
the breeding stock or the size of subsequent crops. The subse
quent crops are the best measure of whether the breeding stock 
has been unduly reduced. Consequently statistics must cover a 
defined area for a period of years, and should if possible be ac
companied by an annual census, if a kill-ratio is to be correctly 
determined. No single case is as yet known in which such a ratio 
has been derived in this country. There is in this fact a certain 
irony which should not escape notice. For decades our game 
literature was largely a record of kills. If there exists, in all these 
tons of bloody paper, a single accurate bag count applying to a 
specified population or area through a period of years, then I 
have failed to find it. Yet these same men, every day of their 
lives, measured the yield of their fields, their herds, and their 
commerce in terms of principal and interest. 

The kill of non-migratory game has sometimes been deter
mined on small areas, such as quail on a given farm for a period 
of years (see Game Survey, p. 2.9), but the possible percentage of 
influx from surrounding territory is so great that a single farm 
is not a reliable unit. Even for a species of low mobility like 
quail, the determination of an accurate ratio probably requires 
at least five square miles. For more mobile species the area should 
be proportionately greater. The end-case is migratory birds, for 
which no unit short of the continent as a whole could be accurate. 

In any and all cases, the statistics must cover a period long 
enough definitely to show sustained yield. 

Lincoln (1930) has shown that since 1920 about 12 per cent 
of the ducks banded on the continent each year have been killed 
during the first subsequent shooting season, and points out that 
this is doubtle~ the kill-ratio (not counting cripples) tor the duck 
population as a whole (if all the bands are turned in). The duck 
population as a whole, however, is quite evidently declining, so 
that the kill-ratio compatible with sustained yield is, under pres
ent conditions, evidently something less than 12 per cent if all 
the bands are turned in. If only half the bands are turned in the 
ratio is something less than 2.4 per cent. Adding an additional 
quarter of the kill as cripples would indicate a ratio of about 30 

per cent. The waterfowl with their high breeding potential should, 
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under management, sustain a kill of at least 50 per cent. It would 
appear, therefore, that management, if and when applied, should 
be capable of either doubling the kill, or increasing the stock, 
or both. 

Trustworthy-kill ratios convertible to American specifications 
are none too abundant in the European literature. The Grouse in 
Health and in Disease says of red grouse under management in 
Britain: 

"In a normal season the bag will usually be about double the num
bers of the winter stock, and in a vcry good year it may be possible to 
kill as many as five birds for every nesting pair" (p. 455). 

Evidently the kill-ratio based on winter or spring census is 
normally 2: I, or 200 per cent, and runs up to 5 : 2, or 250 per 
cent in extra favorable years. It is the American custom, how
ever, to census in early fall, so we must add to the spring stock 
not only the kill, but the unshot portion of the increase. Leopold 
and Ball (193Ia), by interpolation, calculate the total fall popu
lation of the" average moor" (5-10,000 acres) described in the 
report as 3700 grouse, from which the usual kill is 2500. The kill 
ratio is therefore 2500 + 3700, or about 2/3 or 66 per cent. This 
has been sustained on many moors since as early as 1870. 

Maxwell (191 I) does not give a kill ratio for managed par
tridges in England, but one may deduce from his acreage figures 
that one-half to two-thirds of the fall crop is ordinarily short, i. e., 
50 to 66 per cen t. 

Area: Kill Ratios. Reliable figures showing the kill related 
to area (as distinguished from fall population or census) are much 
more common. 

Table 18 presents average yields of deer, in terms of bucks 
per square mile, taken from large areas through a consider
able period of time. Kills from small areas during single years 
may be much greater. Thus Frontz (1930, p. 7) cites a single town
ship in Pennsylvania from which 1200 deer, or 33 per square mile, 
were killed in 1926. This included legal does, legal bucks, and il
legal kill, and is over 10 times as great as the kill from the Penn
sylvania State Forests as a whole. 

It is apparent that the ratios in Table 18 do not mean much 
as a yardstick for measuring the possible kill on some other area, 
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TABLE 18 

AREA: KILL RATIOS FOR DEER 

xBucks per sq. mi. 
of deer range 

Size Class Area Period per year 

Size of an Pennsylvania 1914-1921 0.17 
ordinary 
state 

1922-1929 0.61 

New York 1927 0.44 

Minnesota 1919-1926 #0.44 

National Forests of 1913-1927 0.08 
New Mexico 

National Forests of 1913-1927 0.05 
Arizona (omitting Kaibab) 

Size of a Gila National Forest, 1923-1927 0.17 
large New Mexico 
county 

Gila National Forest, 1923-1927 0.25 
best part 

Pennsylvania State Forests 1925 2.87 

Adirondack Counties 1927 0.56 

Catskill Counties 1927 0.31 

I*Stanislaus National Forest, 1921-1923 0.55 
I California 

I Santa Fe National Forest, 1913-1927 0.02 
New Mexico 

x All ratios are obtained by dividing the kill into the actual area of 
deer range (as nearly as it could .be estimated) producing the kill. 

# Plus 0.40 other deer. 
* Before foot-and-mouth disease. 

unless it is comparable in size and environmental conditions. 
Furthermore, the assumption of sustained yield is more or less 
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unsubstantiated; thus Pennsylvania during the first period was 
probably understocked and during the second overstocked. The 
Gila Forest was once proposed as a "normal range" for New 
Mexico, but it has since given evidence of either overstocking or 
unbalanced sex and age classes. There should be developed for 
each set of conditions, such as a state, statistics on a truly normal 
area, which may serve as a yardstick for measuring the produc
tivity of other areas of like size and kind within the same state. 
One of the important functions of the game-management demon
stration areas now being established in Iowa (see Game Survey 
and Handbook), Michigan (Wight, 1930), and in the southern 
states is to build up such norms. 

Release: Kill Ratios. For game annually replenished by fresh 
releases of breeding stock, it is important to compare the num
ber released with the number killed. Under a stable condition, 
this ratio affords an index to productivity, and to the extent to 
which that productivity is dependent on artificial aid. 

The exact meaning and value of such a ratio of course varies 
according to the period of years covered, the evidence of a stable 
condition, the time of year the releases are made (whether the 
released birds breed before being subjected to shooting, or vice 
versa), and the uniformity of distribution of the releases over 
the area shot. Table 19 does not pretend to iron out or define all 
these variables, but is intended to be merely illustrative of what 
a release: kill ratio looks like, what order of magnitudes are in
volved, and to what species it is applicable. 

Banding the released birds is, of course, a more accurate 
method of obtaining the relationship of wild to artificial produc
tivity than these ratios. 

Yield Tables. In forestry, tables are built up in each forest 
region, showing the normal yield of full stands of local species for 
various site qualities. Similar tables would be very useful in game 
management, but have not yet been developed. Game yield tables 
should show the normal population and the normal annual yield 
for various qualities of range or site, in tracts of various size
classes. The following is a hypothetical example for normal yield 
of quail in the cornbelt. The figures for the 2oo-acre size-class 
are based on the quail census data in the Game Surveys of the 
North Central States (p. 38) and of Iowa. The figures for the 
other size-classes are estimates. 
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TABLE 19 

RELEASE: KILL RATJOS 

Species Area Period liRe lease Kill Ratio 
i i i 

Pheasant i Pennsylvania 1915 i 2,096 i *796 2:1 
(kill cocks i 1919 i 6,003 i 15,658 1:3 
only) i 1920 i 4,062 i 23,000 1:6 

i 1929 i 9,000 i 212,082 1:24 
i Connecticut 1925 i 4,746 i x16 ,196 1:3 
i Public Shooting 1926 i 6,157 i 20,291 1:3 
i Grounds 1927 i 8,170 i 20,415 1:3 
i 1928 i 15,077 i 19,828 1:1 
i 1929 i 7,500 i 20,000 1:3 
i i i 
i Minnesota 1928 i 3,0001 i 161,881 1:541 
i i i 

Quail i Pennsylvania 1919 i 1,470 i 46,894 1:32 
i 1928-9 i 2,688 i 222,186 1:83 
i 

Wild Turkey i Pennsylvania 1919 109 5,181 1:47 
i 1929 150 3,834 1:26 
i i 

Cottontail i Pennsylvania 1919 i 129 i 2,719,879 X 

i 1928-9 i 80,519 i 3,524,652 1:44 

If In pheasants and turkeys the numbers represent birds released plus 25 
per cent of eggs given out for hatching and release. 

* Pennsylvania kill obtained by assigning to non-reporting licensees the 
same kill as from those reporting. Resulting figures probably too high. 

x Connecticut kill represents the sum of the kill by licensees actually 
reporting, with no allowance for those not making returns. 

The table is read in this wise: A 2oo-acre farm is low if it has 
a stand of 1 quail per 5 acres or a kill of I quail per 15 acres. 
A 2o,ooo-acre tract would class as medium, however, if it showed 
substantially these same figures. The 2oo-acre farm would be nor
mal if it showed a bird per acre and a kill of a bird per I. 5 acres, 
but no large tract could normally hope to show these figures. 

Effect of Management on Kill Ratio. An area which sustains 
a given kill without control of the other factors will obviously 
sustain a higher kill after the other factors have been brought 
under control by management. Does experience yield any clues 
as to how much higher? 
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TABLE 20 

HYPOTHETICAL POPULATION AND YIELD TABLE FOR QUAIL 

NORTH CENTRAL CORNBELT 

Degree ot 
Itocld.nc Acr;s Per Quail i 20,000 acres or quality 200 acres I 2 000 acres 
otrang~ Pop. Ratio 1t111 ,Pop. Ratio 1t111 , Pop. Ratio 1t111 

Low S 1/s 15 110 1/s SO 15 1/3 45 
I 

Medium 2 1/2 4 i 4 1/2 8 6 1/2 12 

Hol'lllal. 1 2/S 1.5 I 2 2/3 3 S 2/3 8 

~: For tracts showing extra good interspersion, use the coltllllll to the 
left ot that corresponding to its actual size-class. For extra poor, use 
the column to the right ot that corresponding to its actual slze-class. 

The clues are scarce, because reliable measurements seldom 
begin until after controls have begun. 

We know that red grouse under management are sustaining 
a 66 per cent kill, whereas a century ago without management 
the kill was certainly much less. 

We know that whitetail deer in the Pennsylvania State For
ests now sustain an area: kill of nearly three bucks per square 
mile, whereas a few decades ago the kill was zero. 

We can conjecture, conservatively, that the present 12-30 

per cent kill in waterfowl could be raised to 50 per cent by man
agement. 

DIAGNOSIS 

We come now to the important process of weighing factors, 
or making a diagnosis of the reasons for unsatisfactory produc
tivity. 

In Chapter II game population was described as a flexible 
curve, which the natural increase is constantly striving to bend 
upward toward the theoretical maximum or breeding potential, 
and which the various factors are constantly striving to pull 
downward. Diagnosis deals with methods for determining in spe
cific cases how hard each factor pulls downward, or which of the 
seven factors pulls the hardest, and why. 
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More than any other step in game management, diagnosis 
requires insight and skill. As in the diagnosis of a sick patient or 
a stalled motor, it is the test of the practitioner's ability to vis
ualize the inner workings of the mechanism. 

There are three essential steps in diagnosis of game produc-
tivity: 

I. Visualizing the mechanism as it is, and as it should be. 
2. Making an intelligent guess as to what is wrong. 
3. Testing whether the guess is correct without too heavy a 

risk of time, funds, or damage. 

If the test verifies the diagnosis, its findings may then be 
applied on a larger scale. 

Visualizing the Mechanism; Life-Equations. The mechanism 
of game management is coextensive with the science of ecology. 
Every game manager must be a practical ecologist, but not every 
ecologist possesses the powers of observation essential to game 
diagnosis. Of all the duties of the game manager, this is probably 
the least susceptible of reduction to rules of thumb. All that any 
written text can hope to do is to state a few principles, and set 
down illustrative instances. 

This will be attempted in the succeeding chapters, factor by 
factor. We are here dealing with the first step of building up, in 
a specific case, a mental picture of the collective operation of all 
the factors. 

This collective action of the factors on a given species in a 
given locality through a typical year may be called the "life 
equation." I strongly recommend that the game manager, even 
before he has begun the process of measuring the separate fac
tors, attempt to visualize this local life equation as a whole, and 
from end to end, rather than to defer thinking about any factor 
until he has made enough measurements to assign a local value 
to it, or to defer thinking about the equation until he has made 
enough measurements to assign local values to all Its factors. 

The life equation is necessarily stated in terms of a seasonal 
progression of important events in the animal year. It may take 
the form of an algebraic equation, or of an arithmetical gain-and
loss table. The latter is much simpler and just as scientific. 
Whatever the form, let the first attempt at an equation contain 
as many unknowns or guesses as need be; these imperfect fig-
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ures will gradually give place to better and better actual values 
as the work of local life history analysis progresses. 

Suppose, for instance, we are diagnosing quail on a township 
of land in the central cornbelt, in a state open to hunting. Let us 
start with 100 sample birds at the opening of the shooting season. 
Table 21 presents a life equation in the form of a gain-and-Ioss 
table. 

TABLE 21 

LIFE EQUATION FOR QUAIL 

Current 
Date Item & Computation Gain Lose PopUlation 

i I 1 
On Nov. 1 I Sample population • • I· . I- • • • I 100 

By Jan. 1 I Kil1:100xl/5 1 I 55 •• I 66 
I 

. . . '1' ., 
I 

I Crippling loss=55xl8% • i I 7 I 
I 

• I" • 1 
I Total hunting mort~it.y • .1. .1 40. 60 

I 1 I I 
By March 1 

I Winter loss=60x50% . . . . • . I' • • . I 18 •• I 42 

By May 1 I (42x47.5% fema1es=20 pairs) I I I 
.. 1 280 .1. ... I I Eggs=20xl4 . . . . . . . 1 522 

By Aug. 1 1 Nest morta1it.y=280x60%. '1" •.• 1168. I 154 

I Hen mortality=20Y~4% •• . . . I' . , .1 3. • I 151 I . I 
I Juvenile mortalit.y apparent~ I I I 
I 

151-100=51 in 8 surviving nests) 
51 •• 1100 @ 6 per nest ••• , • • • • • • • .1 

The first decimation will be the kill, plus the crippling loss. 
We have no local values as yet for either, but we can get some 
by requiring authorized shooters to enter their bags in a journal. 
These figures will become more and more reliable as records of 
succeeding years pile up. For the present, in order to clarify our 
evaluation of the other factors, we will use temporary values ob
tained by analogy. Let us say that the present stocking seems 
low. For a poorly stocked area of this size class Table 20 indi
cates a kill-ratio of I : 3. We will arbitrarily assume a kill loss 
of 100 X Y3 = 33 birds, leaving 66. For the crippling loss we 
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will use the average for quail in Table 17, even though it applies 
to a different species. This is 18 per cent of the kill of 33 birds, 
or 7 birds, a total probable hunting mortality of 33 + 7 = 40, 
leaving 60 surviving on January 1. 

This brings us to the period of winter loss through starvation 
and predators. Errington's studies (1930) in nearby Wisconsin 
showed a loss of 30 per cent in isolated covies during the normal 
winter of 1929-30. Our covies are less isolated (and therefore 
probably on less adverse range), but until we know something 
better we will use his figure as it stands. The assumed winter 
loss is therefore 30 per cent of 60, or 18, leaving 42 birds surviv
ing on March 1. 

vVe must here bear in mind that whatever the correct aver
age winter loss may be, it is going to fluctuate greatly with 
weather, food, and predator conditions from year to year. 

This brings us to the nesting season and the as yet unmeasured 
phenomenon of pairing. The local sex ratio is as yet undeter
mined, but Table 12, gathered in this same region, shows an 
average of 52.5 males to 47.5 females. Theoretically, therefore, 
our remaining 42 birds ought to make about 20 pairs. Actually 
we are not sure that all birds pair off, so our actual pairs may be 
somewhat less than 20. On the other hand, we know that some 
pairs, after losing their first nest, will try again, and that our 
nesting mortality data will apply to this gross number of nests, 
rather than to the net number of pairs. In other words, there are 
more nests than pairs. In the absence of better information, we 
may assume that these two errors balance each other, and that 
our 20 pairs will lay and hatch 20 nests of 14 eggs each, which, 
after adding the parents, makes 322 actual and potential birds. 
The figure 14, as representing the eggs per clutch, is Stoddard's 
Georgia average shown on Fig. 3. 

This brings us to the three most difficult unknowns: nest 
mortality, hen mortality, and juvenile mortality. There is no 
local information on what values to assign. Stoddard (p. 196) 
found the nest mortality in Georgia to be about 64 per cent, due 
mainly to predators, and to abandonment of nests induced by 
predators or accidents. This percentage is very probably subject 
to large local variation. At the outset, however, it is the best 
figure we have, and would indicate a loss of about 60 per cent X 
280 = 168 eggs, which reduces the population to 154. 
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About 20 per cent of Stoddard's total nest mortality of 60 
per cent was due to abandonment, which, except for weather, 
was probably principally due to the loss of the hen. We may 
therefore set down very roughly a hen mortality loss equal to 
% of the abandoned nests, or 14 per cent of our 20 paired hens, 
or 3 hens, leaving 151 birds alive at the time of hatching. 

Even Stoddard was unable to measure juvenile mortality. It 
is so difficult to observe that it may always have to be measured 
by getting the best possible values for the other losses, and then 
arbitrarily calculating what it ought to be if next fall's popula
tion is the same as this fall's. In our table it apparently ought to 
be about 151 juvenile birds. These must be lost from the sur
viving nests, which comprise only 8 of our original 20, or an 
average juvenile loss of 6 per surviving brood of 14 each. 

Table 21 obviously by no means constitutes a true picture of 
what actually happens on our sample area, but rather merely a 
background by which we may measure the significance of our 
local facts as we discover them from time to time, and by which 
we may predict what" leaks" are the most in need of measure
ment. Suppose, for instance, next fall's hunting statistics indi. 
cate the usual kill to be 50 per cent instead of 33,-the signifi. 
cance is that one or more of our assumed values for winter los~, 
nest mortality, or juvenile mortality are too high. Or suppose 
that an actual study of nest mortality next year shows only 30 
per cent loss instead of the assumed 60 per cent,-the significance 
is that one or more of our assumed values for the other losses 
are too low and need checking, or else that there is something 
wrong with our assumption that the two errors mentioned on 
the preceding page balance each other. 

Almost every project in game management or game research 
is constantly confronted by difficulty in deciding which of two 
or more jobs is the more important. No field worker possessed of 
any imagination at all can possibly perform more than a small 
fraction of the jobs in sight at anyone time. Constant reference 
to the life equation may yield an obvious answer to questions of 
job priority which might otherwise be puzzling and obscure. He 
may, for instance, have thought of a new way to get more ac
curate statistics on crippling loss, and at the same time of a 
new way to get more accurate statistics on nest mortality. No 
probable error in Table 21 could be great enough to obscure the 
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fact that the latter job is ten times more important than the 
former. 

The magnitude oflosses, as roughly pictured by a life equa
tion) also enables the worker to make important inferences as to 
their probable exact cause. Thus a juvenile mortality of two or 
three birds per average brood might readily be ascribed to acci
dent, whereas the indicated mortality of six per average brood 
almost certainly implies that some predator or even disease has 
been at work. 

The foregoing illustrative exercise in the use of the life equa
tion for the diagnosis of factors in a given case has assumed for 
simplicity that the fall population remains constant from year 
to year. In actual practice this is seldom the case. The skillful 
manager will make further inferences from the character of the 
year in which the fall population is greater or less than normal. 
If, for instance, it rises above normal after a mild winter or a 
dry summer, the inference is obvious. If it falls below normal 
after a flight of goshawks or a year of overshooting, the inference 
is equally obvious. There are almost endless possibilities in this 
process of inferring cause and effect from the aggregate behavior 
of the game population, interpreted in the light of a gradually ac
cumulating series of measurements. 

Matching Factors; Natural Experiments. The use of the life 
equation for visualizing the collective operation of the factors 
throws important light on when the heaviest losses occur, but 
only inferentially on what factor is responsible for each item of 
loss. The second step consists of guessing which factor is limit
ing, and the probable relative weights of the other factors. 

Such a guess should start with the question of whether all of 
the seemingly suitable units of range are occupied. If any seem
ingly suitable range unit is unoccupied, then the indication is 
that some factor subject to wide local variation is responsible, 
or else that the stock has been reduced to the point where it 
cannot fill up any but the choicest ranges) or else that our in
formation as to what constitutes a suitable range is wrong. 

If all the seemingly suitable range is occupied) but by too 
thin a population) then the indication is that the limiting factor 
is of wide and relatively uniform distribution. From this char
acter it may be possible to infer its identity. 

Such inferences may sometimes be checked by finding two 
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places where the suspected factor differs, but where the other 
factors are seemingly alike. A comparison of their populations 
will substantiate or refute the importance of the suspected fac
tor. In other words, we look for a pair of accidental or natural 
experimental plots, in which all but one variable has been acci
dentally matched out, and we measure their respective popula
tions to check our inference. The reliability of conclusions drawn 
from such natural experiments will vary directly with the skill 
of the observer, and often, I think, with the size of the areas 
compared. The smaller the pair of areas the harder it is to be 

FIG. 18 
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sure that there is only one important variable. On larger areas 
the extraneous variables will tend to average out, provided the 
variable which the investigator has in mind is quite uniform in 
its distribution. To avoid the necessity of describing too much 
detail, a generalized question on a rather large pair of areas will 
be used for illustration. 

Let us assume that the question to be checked is whether 
coverts or hunting are the limiting factor for quail in northwestern 
Illinois. We must look, then, for a pair of areas where the same 
intensity of hunting applies to good and poor coverts respectively, 
and for another pair where similar coverts are subjected to heavy 
and light hunting respectively. Large paired areas answering the 
first specification can be found in many places where the prairie 
type, which is almost devoid of coverts, borders upon the river
breaks of the Mississippi, in which brushy areas and ungrazed 
woodlots still persist, and are quite uniformly distributed. Food 
conditions are in general good in both places, which are diagram
matically portrayed in Sections D and C of Fig. 18. 
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FIG. 19 

CALCULATING UNKNOWN FACTORS BY SUBTRACTION 
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The second specification would be hard to find on the Illinois 
side, but easy if both sides of the Mississippi be considered. On 
the Iowa side of the Mississippi the same transition from good 
to poor coverts occurs (see Sections B and A). There has been no 
legal quail hunting in Iowa since 1916. If it be true that the pro. 
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hibition of quail hunting on the Iowa side has been actually en
forced, then we have in this transect of the Mississippi, represent
ing four combinations of hunting and coverts, a natural experi
ment in which all factors except hunting and coverts have been 
accidentally matched out. A measurement of quail abundance 
would in most places show Band C to be equally good, and A 
and D to be equally poor. A day's work with a good dog in Sec
tions B or C will, during a normal year, usually show seven or 
eight coveys, while the same kind of work in Sections A or D 
will seldom show more than two or three. In all four sections 
coveys will occur only in or near brush coverts. To the extent, 
therefore, that our premises and measurements are correct, the 
conclusion may be drawn that cover and not hunting is the lim
iting factor for quail in this geographic region. 

Graphic Evaluation of Unknowns. In some instances the 
values of certain factors are known, and the resultant of all of 
them is susceptible of measurement at some particular stage of 
the life equation. In such case the sum of the unknowns can be 
easily determined by simple subtraction, graphic or arithmetical. 

Fig. 19 portrays a sample graphic subtraction. In deer, and 
in most other game animals not reaching maturity before the 
second year, the annual increment to the breeding population 
is represented by the proportion of yearlings, and this proportion 
can, in the more open types of range, be approximately deter
mined by tallying large numbers of animals as seen on the range. 
On the Gila National Forest, New Mexico, such a range tally 
was made by forest officers co-operating with the Sportsmen's 
Association of Southwestern New Mexico. The results are shown 
in terms of a "unit herd," which is the herd producing one kill
able buck per year,-in this case 24 deer. The height of the bars 
above the horizontal line shows the composition of this "unit 
herd" of 24 deer by sex and age. Excluding fawns less than one 
year old, yearlings were found to comprise 5 of the total number 
of 24, or 20 per cent. 

I t is axiomatic that the number of fawns reaching the yearling 
stage is equal, in a stable herd, to the total annual decimation among 
deer older than yearlings, which is to say that the number of fawns 
reaching the yearling age is equal to the sum of all the decimat
ing factors among the older deer. 

I t is also axiomatic that the di.fference between the number of 
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fawns born and the number of yearlings survioing is the total annual 
decimation among fawns. The number born was approximately 
determined by range tallies just after the fawning season to be 
10.5 for each 24 deer. 

It follows from the first axiom that if we add up the values 
of all the known factors among the older deer, and subtract their 
sum from the number of yearlings, the difference equals the sum 
of the unknowns. The known legal kill is I buck; the estimated 
crippling loss 0.3 bucks; the estimated illegal kill 0.1 buck, 0.1 

yearling, 0.1 dry doe, and 0.1 bearing doe, or 0.4 deer; the total 
known decimation is thus 1.7 deer. Subtracting this from the 
annual increment of 5 yearlings, we get 3.3 deer per year (per unit 
herd of 24) as the sum of the values of the other decimating fact
ors (predators, disease, and accidents) which is the unknown we 
started out to find. Probably the bulk of this loss of grown deer 
may be ascribed to predators. 

It follows from the second axiom that the fawn decimation 
from all factors is 10·5 - 5 = 5.S· 

The essential conditions for applying this method of "anal
ysis by subtraction" is that the annual increment be known, and 
that the values of some of the subsequent factors of mortality be 
known. The difference will always be the value of the other fac
tors. The difference between the increment and the breeding rate 
will always be the juvenile mortality. The classification of the 
population into sex and age classes is not essential. Any unit of 
population may be used, provided it be self-contained and stable. 
Decimation may be expressed in per cent instead of absolute 
numbers. Arithmetic is as good as a chart, but is probably less 
easily visualized. 

The method could readily be applied to game birds if grown 
young could be distinguished from adults by plumage, weight, or 
other suitable criteria, and their proportion determined. 

Tests of Diagnosis; Effects of Dilution and InHux. It is sel
dom advisable, even after making the best-founded guess as to 
the factor set-up in a given problem, to proceed at once to con:. 
vert that guess into full-scale action. It is always advisable first 
to test the diagnosis by means of small-scale experiments. Cau
tion is necessary, not only because the guess may be wrong, but 
also because the isolation of a limiting factor and the proposal to 
control it usually does not establish the best method of controlling 
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it, or the degree of control necessary to accomplish the desired 
purpose. For both these purposes small-scale tests are necessary. 

The first question to come up in testing a diagnosis is the 
size of the test area. This must always be definitely related to the 
characteristics of the species involved, especially their mobility. 
Thus, a 16o..acre area to test the effects of controlling mobile 
hawks and owls would be absurd, while the same size might be 
ample to test the effects of controlling non-mobile skunks. The 
difference would be the greater mobility of the hawks and owls. 
The question of size boils down to a question of boundary dilu
tion. Hawks and owls would "leak in" around the boundary of 
a 16o..acre tract in a day or a week, whereas skunks might not 
leak in during the course of a year. 

Boundary dilution of the game itself may also mask the effect 
of a test, if the area is too small. The more mobile the game, the 
larger must be the test area. Restoring the coverts or food on a 
test area of 160 acres could with certainty be expected to bring 
about a measurable response in quail population, whereas the 
beneficial effects of a test of the same size on prairie chickens 
might be immediately diluted over a whole township, and hence 
be too small to measure. 

Influx may likewise make the results of a test appear greater 
than they actually are Improvement of cover and food, for in
stance, on a 160-acre test area might bring about a winter influx 
from surrounding territory, hence a winter census might appear 
to show a response greater than what was actually secured on 
the test area, or greater than what would be secured if the im
provements were later extended over a whole township. 

Susceptibility to Control. Effective diagnosis of factors must 
take into account economic as well as biological limitations. On 
most areas game is a by-product or secondary crop, hence man
agement measures which might be biologically correct would be 
useless if they cost too much, or if they interfered with the pri
mary crop. For instance, in north central New Mexico the fol
lowing diagnosis was made for scaled quail: it was observed that 
quail were most abundant along the boundary between irrigated 
fields offering food, and uncultivated brushy mesas offering cover. 
Grazing was the principal industry on these mesas, and ranch 
headquarters and stock water were almost all located on the 
same boundary favored by quail, i. e., between the fields and 
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the foothills. Hence the intensity of grazing reached its maximum 
at this boundary. 

The critical season for cover was plainly winter, and at this 
season it was observed that practically all quail coveys not ac
tively feeding were resting under a certain species of bush called 
chamisa (Atriplex sp.). This bush was also a favorite winter 
browse for cattle, and hence had been reduced from former 
abundance to one or two bushes per 40 acres. 

A diagnosis of this quail problem from the viewpoint of quail 
alone would have indicated the total exclusion of grazing from 
a strip of mesa paralleling the fields. The local economic system, 
however, made its execution impossible, hence the recommenda
tion was to fence individual chamisa bushes with very small gate
less fences from one to three rods square. This recommendation 
was never actually tested, but it is almost certain that the protec
tion from grazing of even one chamisa bush per 40 acres would 
have resulted in a vigorous response of the bush, and the forma
tion of a stiff dense evergreen umbrella-like covert. This might 
readily have brought about a perceptible increase in the quai] 
population density. 

Indices in Diagnosis; Buck Shortage. Sometimes a certain 
condition suspected of affecting productivity is not susceptible 
of measurement or even observation, but some other condition 
related to and varying with it is susceptible. In such event the 
latter may be measured as an index to the former. 

Thus in bobwhite, if a disturbed sex ratio were suspected but 
circumstances prevented measuring it, the frequency of whistling 
(unmated) cocks might serve as an index to excess males. 

Distribution is often an excellent and accurate index usable 
in the diagnosis of food, water, and cover questions. Thus one 
would not have to observe feeding habits or measure crop con
tents to learn that northern bobwhites live on corn and ragweed 
in winter. The winter distribution of coveys almost proves it. 
This is also a good example of how, through the use of an index, 
it may be found out whether a fact established by research for 
one region holds good for another region. 

In diagnosing deer herds, the game manager encounters among 
la ymen a belief that "buck shortage" is responsible for unsatis
factory productivity. Buck shortage cannot be measured directly 
without an elaborate and expensive range tally of sex and age 
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classes, and in brushy ranges this is impossible. Even if the game 
manager can find out, through a range tally, what the buck sup
ply is, he may not yet know with any great certainty what it 
ought to be. Is there any index which could be used to throw 
light on such a situation? 

It seems probable that three indices could be developed for 
detecting buck-shortage: (I) diameter of antler beam in the bucks 
killed, (2) points per head or per antler in the bucks killed, and 
(3) dispersion or spread of the fawning dates. 

In each case the index condition for the range suspected of 
huck shortage would have to be compared with the same condi
tion for a similar range known to be normal or believed to be 
normal. 

As already pointed out in Chapter VI, Cahalane has devel
oped antler beam as an index to age. It is likely that a subnormal 
proportion of bucks would be associated with some abnormal 
proportion of age classes. Hence comparison of antler beams in 
the kill from normal and suspected range might serve as an in
dicator of buck shortage. 

The comparison of antler-point classes in the kill, illustrated 
in Fig. 17, might serve the same purpose provided old bucks 
with decreasing points can, on the range in question, be safely 
assumed to be scarce enough not to distort mass data. 

Fritz, in The Pennsylvania Deer Problem (1929) evidently 
suspects (although he does not positively assert) that buck short
age prolongs the rut. This, if finally substantiated, would auto
matically disperse the fawning dates. Such dispersal would be 
readily observable, and any two ranges could be compared by 
expressing a large number of observations on fawning dates as 
frequency curves. 

Where does are legally shot, and where the open season fol
lows the rut (as it does in most eastern states), a direct anatomi
cal examination of large numbers of does is of course the most 
direct possible index to buck-sufficiency. This index was used by 
Fritz during the emergency doe season in Pennsylvania. Usually, 
however, does are legally protected, in which event this method 
is inapplicable. 

Summary. Productivity is the kill or increment per unit of 
population. When the population cannot be measured, the kill 
per unit area is used. 
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Measurements can be compared with breeding potential, or 
with those from standard or normal units. From the latter, stand
ard yield tables could be drawn. 

The crippling loss must be added to the kill to get the decima
tion by hunting. It is froin 10 to 100 per cent as large as the kill. 

The kill in waterfowl is possibly 30 per cent of the popula
tion, in red grouse 66 per cent, in English partridge 50 to 66 
per cent. 

The area-kill in deer runs from 2.87 bucks per square' mile 
downward to nearly zero. 

The number of birds artificially released, as related to the 
kill, yields a useful ratio. 

Diagnosis should begin with a life-equation showing progreso 
sive mortality, in so far as known. Unknown factor values can 
sometimes be inferred from natural experiments, or, where the 
increment of young is known, by graphic subtraction. 

Diagnoses should be tested on a small scale before full-scale 
controls are attempted. Influx on small-scale tests may prove 
confusing. Indices may be used for diagnosis in some cases. 

This chapter describes the periscopes wherewith we attempt 
to see and measure the net results of the tragedies which transpire 
daily behind the veil of greenery where game lives and has its 
being. To see the unseen has become a commonplace in modern 
science. Game managers, as well as physicists and chemists, can 
do it. 



CHAPTER VIII 

GAME REFUGES 

This, and several subsequent chapters, deal with the mann~r 
in which the factors operate and the actual execution of the con
trol measures indicated by the processes of measurement and 
diagnosis. 

Usually each control measure has for its objective the control 
of a single factor. For instance, laws are passed to control hunt
ing, trapping is undertaken to control predators, plantings are 
made to alter food or cover. Each of these distinct categories will 
be the subject of a separate chapter. There is, however, one im
portant device, namely the game refuge, which affects many or 
sometimes all of the factors in a given case. This chapter deals 
with the technique of game refuges, and the factors which can 
be controlled through their establishment. 

Definitions. Unfortunately current usage has so confused the 
meaning of the term "refuge," in its relation to other terms, that 
any discussion of the subject must begin with a series of defini
tions. 

A game refuge is an area closed to hunting in order that its 
excess population may flow out and restock surrounding areas. 
A refuge is at all times a sanctuary, and the two terms are 
synonymous. 

The surrounding area may be a shooting ground, and the 
primary objective of the refuge may be to maintain a breeding 
stock on that shooting ground. A refuge may, however, fulfill 
the same function in the case of a closed species on which there 
is no legal shooting. It is nevertheless properly called a refuge 
because it functions through the same fundamental mechanism 
of outflow. 

No area is properly called a refuge, however, which is not 
surrounded by range suitable for the species in question. A 
refuge, in short, is an integral part of a larger area, performing 
for that larger area a definite function by reason of its closure to 
hunting. Normally that function is to supply an outflow of breed
ing stock. It may, however, be to provide a resting place. Refuges 
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for migratory birds are often located outside the breeding range, 
in which event the sole function is to provide a rest ground, or a 
place for unmolested feeding, or both. In other cases the func
tion may be to prevent the extermination of the species until it 
has recuperated sufficiently to resume the process of flow. 

A refuge is not the only kind of an area closed to shooting. A 
game reservation, for instance, is an area closed to shooting, but 
isolated either by reason of unsuitable surrounding territory or 
by reason of enclosure, thus bearing no functional relationship 
to its immediate surroundings. Its function is to reserve or per
petuate some particular species. 

The term "preserve" is properly applied to any shooting 
ground, either public or private, but usually private. It mayor 
may not include one or more refuges as a part of its working 
mechanism. 

A "park" in the rural sense is a reservation dedicated not 
only to game but to other natural attractions. Its function is 
public recreation and education. A park often produces a flow 
which restocks surrounding hunting ground in the same manner 
as a refuge, but this function is incidental and does not consti
tute its primary purpose. 

Mechanism of Game Refuges. The foregoing definitions estab
lish the essential character of a refuge, namely a place which 
provides sanctuary, breeding ground, or some other essential 
service, and thus enhances the productivity or abundance of 
game on the surrounding range. The services may differ, but the 
result is always an outflow of breeding stock. 

Breeding stock does not flow out from any area unless there 
is population pressure within the area, or unless the range out
side is better. There can be no population pressure within a 
refuge without law enforcement and the control of predators, 
food, cover, or any factors which may beholding down produc
tivity. 

The number of head which will flow out depends on the in
tensity of the population pressure within, and the distance to 
which the excess population will flow out varies with the mobil
ity of the species. Any species, no matter how low its mobility, 
will of course flow into favorable vacant territory in the course 
of time. The flow from a refuge, however, depends mainly on 
the annual mobility rather than the long-time spread-rate. If 
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the surrounding territory suffers from lack of breeding stock, it 
usually suffers every year and must be replenished every year. 
The effective radius of a refuge, therefore, is the distance to which 
it will spread breeding stock annually. 

Certain definite corollaries now follow from the above defini
tions and from the preceding discussions on the properties of 
species. 

The size of a refuge suitable for a given species should, for 
instance, not be smaller than the unit range for that species, un
less it is intended as a rest ground only. 

The distance apart must not be greater than twice its annual 
mobility, i. e., the outflow from two adjacent refuges should meet 
annually at a point theoretically half way between them. 

The kind of land selected for the refuge must be capable of 
correcting the primary defect of the surrounding range. If this is 
overshooting, the refuge must be located where the game is lo
cated during the shooting season. In species which perform either 
an altitudinal or a latitudinal migration, this is usually distinct 
from the breeding grounds. If, on the other hand, the primary 
defect of the surrounding range is lack of breeding ground, the 
refuge should be breeding ground. 

Some early attempts to establish refuges in the national for
ests proved ineffective because the main need was protection 
from hunting, but the refuges were located on the breeding 
grounds. In polygamous species, like pheasant and deer, where 
males only are legally taken in hunting, it is often less necessary 
to provide breeding refuges than to provide an irreducible resi
duum of males. If closed seasons cannot be enforced sufficiently 
to protect the females, it is seldom likely that the addition of a 
new and localized closed season (in the form of a refuge) will do 
any better. 

Sometimes, as in southwestern deer, the bucks and does oc
cupy more or less distinct localities during the hunting season. 
Some of the early refuges on the national forests had to be moved, 
because they were found to include only doe range. 

Good cover is almost always an essential in refuges. In pheas
ants, for instance, the refuge should provide swamp cover from 
which the birds cannot be routed by hunters. 

Refuge Patterns. It follows from the foregoing discussion that 
a system of refuges for one particular species of game should be 
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laid out according to a geographic pattern, wherein the size ot 
each unit and the distance between units are adapted to the char
acteristics of that species. It also follows that the pattern best 
for one species will not be best for another, and may even be un
suited for the other. 

Thus if bobwhite quail have an annual radius of 2 miles, 
there should be one refuge in the centre of each 4-mile square, i. e., 
1 for each 16 square miles of range, or about 2 or 3 refuges per 
township, or about 40 refuges per county, or about 4000 per state. 
These figures are premised on the normal cornbelt pattern of 
square counties containing about 16 townships each and about 
100 counties per state. 

If whitetail deer have a unit range of half a township and an 
annual radius of 6 miles, then a system of deer refuges should 
show about I for each 12-mile square, which is equivalent to 4 
per county, or 40 per state. 

If ducks have a unit range (in the sense of the minimum area 
from which they cannot be flushed from the boundary) of 100 
acres, and a daily radius of 25 miles, then a system of rest grounds 
should include at least one loo-acre refuge per 4 counties, or 20 
per state. 

Twenty refuges per state for ducks or 40 for deer is a possi
bility; 4000 for quail is a pipe-dream. 

The actual patterns of the most advanced deer refuge sys
tems tend to approach these theoretical patterns. Figs. 20 and 
21 show the existing refuge systems in Pennsylvania and New 
Mexico. In both cases the pattern is essentially that required for 
deer and turkey, and properly so. In New Mexico the waterfowl 
refuges represent a separate and distinct system along the 
main rivers. In neither state is there as yet in existence any 
comprehensive refuge system for small upland game of low cruis
ing radius. 

Extending the Radius of Refuges. It is well-nigh impossible 
for a state either to acquire or administer the hundreds of refuges 
indicated as a necessary pattern for non-mobile species like bob
white quail. Such refuge units are too small and too numerous 
to be susceptible of public administration, and, as will appear 
later, the land is often too costly for public purchase on any 
such scale. 

It is, however, entirely practicable to extend artificially the 
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radius of effectiveness of quail refuges by annually trapping the 
excess population and planting it as breeding stock in the same 
manner as pen-raised or imported quail are now planted. Such 
wild-trapped native stock probably has a higher survival value 
than either pen-raised or imported stock, and the cost per pair 
ought to be much lower, although it cannot as yet be said that 
this has been proved. Such a refuge for the production and trap
ping of breeding stock has the same function as a game farm, 
but productivity is obtained by improving the natural environ
ment, rather than by confining the breeding stock under wire. 
The method is adapted not only to quail, but to almost any 
species which can be readily trapped. Trapping the excess fol
lowed by immediate replanting dispenses with any need for stor
ing the trapped birds in pens. They may be shipped directly to 
the point of release, and immediately turned down. Grange (1930) 
first proposed this method for the production of Hungarian par
tridges in Wisconsin. Oklahoma has since adopted it for quail, and 
Iowa for Hungarians. There. seems little doubt that the high 
cost of imported stock can thus be radically reduced. This method 
is preferable to the prevalent practice of importing Mexican 
b~hwhite. 

Species Suited to Refuges and Public Shooting Grounds. On 
private preserves or clubs there need be no difficulty about de
signing a refuge system suitable for any species of game, even 
the least mobile. The refuges may be made as small and as numer
ous as necessary without extra cost, because the refuge is under 
the same pre-existing administration as the surrounding shoot
ing grounds. 

In the case of waterfowl there is likewise no difficulty in de
signing a refuge system for any public or private shooting ground, 
provided only the ground be large enough to contain room for 
at least one refuge. 

Where it is proposed, however, to set up public refuges for 
the less mobile species, for the purpose of restocking surround
ing public shooting grounds by natural outflow (as distinguished 
from trapping), the game manager's verdict should be given 
with caution, and only after weighing the characteristics of the 
particular species in relation to the character and cost of the 
land. Many such proposals are well intentioned but impracti
cable, and lead ultimately to disillusion. 
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GAME REFUGE PATrERN IN NEW MEXICO 

(Reproduced by courtesy of State Game Commission) 
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Not,: The refuges along the two main rivers are for waterfowl. Being on .. navigable 
water," they are in public ownership_ 

The other very small refuges are experimenta.l refuges for quail, mostly in private 
ownership. The remainder are big-game refuges for deer, turkey or antdope, mostly on 
the National Forests. 

The large blank areas without refuges are gameless plains, mostly federal public do
main, and gameless Indian Reservations. 
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The game, to stand up under such a system, should first of 
all have a high radius, both annual and daily. Without high daily 
mobility, it will not readily seek sanctuary from a considerable 
distance, and without high annual mobility the outflow of breed
ing stock will not take place. 

Second, the game should be of a species tolerating high popu
lations per acre, otherwise the acreage of land necessary to pro
duce a given annual kill becomes excessive. 

Third, the species should preferably not be cyclic, especially 
if the land be expensive. Carrying costs during the lean years of 
the cycle may prove heavy. 

Fourth, the species should be able to endure a heavy kill. 
Polygamous species are especially advantageous, since in them 
a large part of the males may be removed as kill without dam
aging productivity at all. 

Fifth, the species should, if possible, be susceptible of arti
ficial propagation, so that should the breeding stock be over
killed it may be pieced out by artificial plantings. 

Sixth, and most important of all, the species should be a 
skulking one, not susceptible of total annihilation in good cover. 

In addition, the practicability of any system may be tested 
by a seventh criterion as to land. The land must be cheap in re
lation to its game-carrying capacity, and available in blocks of 
sufficient size. If lands acquired for some other public function, 
such as forests, are obtainable, so much the better. 

Migratory waterfowl rate very high, especially under points 
I, 2, 3, and for some species, S. Their ability to benefit from 
refuges is outstanding and well known. (See Miner, 1923.) Their 
adaptability to public shooting grounds is not so obvious, but 
with proper regulation of the total volume of shooting may be 
regarded as distinctly hopeful, even though not wholly proved 
(see Leopold, 1926, and Lloyd, 1923). 

Table 22 gives some rough figures comparing pheasants, cot
tontails, quail, and whitetail deer and turkey as to their adapta
bility for public shooting grounds kept stocked by an intersper
sion of public refuges. 

Table 22, in conjunction with what everyone already knows, 
shows why the pheasant scores very high on points I, 2, 3, 4, S, 
and 6. The pheasant's weakest point is 7, the species usually re
quiring good land. 



GAME REFUGES 

TABLE 22 

SUITABILITY OF UPLAND SPECIES FOR PUBLIC REFUGES 

SUITABILITY OF UPLAND SPECIES FOR PUBLIC SHOOTING 

GROUNDS 

iCruising Radius. Milesi Land ,Max. Distance, 
Species I Dq I Year I Value I A\Oe.rt, lIiles I Ilating 

Phea_t I 1/8-1/2 1 1/200$ 1$25-$5015-10 I 5 
I I I I , 

Cottoatail I 1/8-1/4 I ' J $25 I 4 I 4 

QuaU I 1/s-i/4 I 1/2-$ : '25 I 4 I 5 

IJd tstaU Deer I 2 I 6-15 I '5 I 15-20 I 1 
I I I I I 

Wild Tarkq I 1 I 4 I as I 10-15 I 2 

Speciell 

Cottoatail 
I 
I 
I 
I 

IJdtstall Deer I 
1 Wild TarkeT ! 

4;0 

1.0 

., 
"l 

1 57 ,'500 
S.O '10 S 

1 I 
0.5 110 , 20 

0.00511/51 I 66 

., 11/511 66? 

I $75 '1.00 

I tsoo ,6.00 

I"so I ,20.00 
1 I I tsso ., J '10 .• 00 

• ulIUIISd bag per Tear per hunter eutticieot to IIUStaiJl his 1Dter8lt aIld 
IUpport. 

I 1Iecl~ tor nccSIIS ratio ot S huDters per buck killed. 
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It also shows why the whitetail deer scores very high on I, 

3, 6, and 7, and moderately high on 4. The deer's weakest point 
is 2. Most other species of horned game share these character
istics of deer. Turkeys are also weakest on 2. 

The quail's weak points are I, 6, and 7. The cottontail out
scores quail on 2 and 6. His weak point is I, low mobility. 

The central columns of Table 22 require some explanation. 
Take pheasants for example: The possible stand is a bird per 
acre, and the possible kill is three-quarters or 0.7 birds per acre. 
If the average hunter is satisfied with 5 per season, it would re
quire 7 acres of refuge to produce them, assuming all the breed
ing to take place on the refuge. This is, of course, a severe as
sumption, but is made in all species merely for uniformity. If 
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the land for the refuge costs about $40 per acre (see Table 22a) 
a fixed investment of about $300 in refuge land (not counting 
public shooting ground) is necessary. This is a lenient assumption. 

In general, pheasant, deer and turkey are the species which 
most nearly meet the specifications in their entirety. A classi
fication of refuge functions for deer is given in the Game Suroey, 
pp. 241-245. It may be said without hesitation that of the vari
ous upland species, they are the best adapted to public shooting 
grounds. 

Several other upland species seem well adapted to profit from 
refuges, especially prairie chicken and sharptail grouse. Both 
score well except on points 3 and 5. The sharptail excels the 
chicken on 7. The ruffed grouse is high on 6 and 7, but low on 
1,3, and 5. 

Such actual experience with upland game as has so far ac
cumulated strongly substantiates these ratings. The principal 
success of Pennsylvania's state-owned refuges and shooting 
grounds has been with deer, and of her auxiliary refuges with 
pheasants (see Phillips, 1922; Coffin, 1928; Conklin, 1930). New 
Mexico has an effective system of public refuges (state) and 
shooting grounds (National Forests) for deer and turkey (see 
Ligon, 1927), and the same is true of deer and other big game 
in various degrees in the other western states. Michigan is grad
ually building up a system of state deer refuges and public shoot
ing grounds on an especially sound basis (see Biennial Report for 
1927-28). 

Refuges jor Cyclic Game. Refuges can furnish protection 
against hunting, predators, or starvation, but not against disease. 
They have seldom been employed for cyclic game. Would they 
work? 

There are two opposing ways to regard this question. One is 
that by speeding up recovery of normal density after decimation 
by disease, a refuge system would lengthen the peak period and 
thus improve shooting. 

The other is that by speeding up recovery, the density as
sumed to be requisite to a new outbreak of disease would come 
sooner, the cycle would be shortened, and shooting injured or at 
least not improved. 

The second seems the more probable from the theoretical 
standpoint. Practical experience, however, points toward the 
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first as the best supported by evidence. As already pointed out 
in Chapter III, the British grouse cycle does not seem to have 
been shortened by inducing speedy recovery of normal density. 
Moreover thin populations do not seem to be immune when the 
cycle hits. The high mobility of at least certain cyclic species 
(such as prairie chickens) would tend to give a rapid spread to 
the increased population, and thus tend to prevent overcrowd
ing of the refuge itself. 

In short, as nearly as we can guess in the present state of 
knowledge, refuges might lengthen the peak period by at least 
a year or two at its anterior end. 

Sample Pheasant Refuge. Fig. 2.2. presents a concrete illus
tration of how the principles set forth in this chapter can be ap
plied in a particular case. This refuge is designed to be a com
bination refuge, winter feeding station, winter covert, and (in 
so far as possible) nesting covert for pheasants in the prairies of 
northwest Iowa where nesting cover is probably the limiting 
factor, followed bv winter cover and winter food in order of im
portance. There ;hould be at least one in each township. The 
map is reproduced and the following explanation quoted from 
the Handbook" Management of Upland Game Birds in Iowa" 
(1932.)· 

"The refuge is best built around some gravel pit, slough, marshy 
lakeshore, ditch junction, or other parcel of idle or cheap land where 
some cover already exists and more can be developed. The gravel pit 
offers cheap land and a south-facing bank, while the willow thicket 
and cat-tail bogs offer cover. 

"The pit is first of all fenced to exclude grazing (h). The level part 
is planted to (a) sweet clover for snow cover and nesting, (b) kafEr, 
sorghum, corn, or other grain for food, and (c) soy beans or weedy fallow 
for more food. A, b, and c are rotated from year to year. Half of the 
grain is left standing for fall foud, and the other half shocked so that 
a new shock can be opened with each winter storm. Without this pre
caution the food is likely to be eaten up before the 'pinch period' 
arnves. 

"No refuge can nest as many birds as it can winter. In order to ex
tend the nesting capacity as far as possible, small clumps of brush for 
crowing grounds (e) are developed in corners of surrounding fields, each 
adjacent to fencerow strips (f) of uncut hay, small grain, grass, or weeds 
for nesting. This system of crowing grounds and nesting strips should 
be extended into the surrounding farms as far as possible. 
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PHEASANT REFUGE AND FEEDING STATION DEVELOPED AROUND 
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"A coniferous windbreak should be added along the west side of the 
refuge for winter cover and wind protection." 

Futur~ U~e oj Refuges. The d~vice of refuges is like any 
ot~er deVIce In game management-It presents no magic formula 
whIch c~n be counted upon to build up any species of game in 
any enVIronment. Its successful use depends on knowing when 
not to try. A tragic waste of enthusiasm and funds has often 
followed blind reliance on refuges. 

If the American Game Policy (1930) correctly gauges the 
future, it may safely be predicted that refuges will play an im
portant r6le in the future management of migratory game, forest 
and range, and wilderness game, but not in farm game. Refuges 
are necessary for the successful management of migratory game 
and of big game on both public and private lands, because in all 
these the amount and distribution of hunting is hard to control. 
On the other hand, they will hardly playa large r6le in the man
agement of farm game, where the amount and distribution of 
hunting may be limited at will by the farmer, and must be so 
limited in any event. Where hunting is under full control, there 
is little occasion for refuges. 

Summary. The basic function of a refuge is to produce an 
outflow of game to surrounding range. 

Outflow arises from population pressure within, and varies 
with the mobility of the species. Refuges should he as large as 
the unit range of the species and not over twice its radius apart. 
This implies a characteristic pattern for each species and terrain. 

In a quail pattern the refuges are too small and numerous to 
be practicable units for public administration. Successful deer 
patterns have been developed in several states. 

The effective radius of a refuge can be extended by trapping 
and replanting the excess stock. 

The criteria of suitability in species for refuges and public 
shooting grounds are: high mobility, high density limits, absence 
of cycles, capacity to stand a heavy kill and be artificially propa
gated, skulking habit, and low-priced land. Waterfowl, deer, tur
key, and pheasant rate the highest. 

Refuges hold little promise of utility for management of farm 
species other than pheasants. 



CHAPTER IX 

CONTROL OF HUNTING 

THEORY 

Purpose and Premises. As long as game shortage prevails, 
the purpose of hunting controls is obviously to limit the kill of 
each species on each parcel of land to its productive capacity. 
As its capacity is increased by the control of hunting and of the 
other factors, an increase in the kill may be permitted. 

After game shortage has been corrected by management, the 
purpose may extend beyond mere limitation. It may become 
necessary actually to enlarge the kill in order to bring the game 
into a desirable relationship to farm or forest crops, or to regu
late its kind and distribution so as to bring about a better or 
more uniformly distributed stock. In this country, however, these 
problems of holding down the game lie mostly in the future. 

The present problem divides itself into two different but 
equally difficult parts: 

I. To devise mechanisms for limiting the kill on areas under 
public management. 

2. To devise mechanisms which will encourage private own
ers to limit the kill on their own lands as the first step in 
private management. 

Suitable trespass laws for encouraging the private landowner 
to exclude unpermitted hunters are an essential first step toward 
the solution of the second problem. By suitable is meant laws 
which prohibit hunting without the owner's permission, and 
which do not require the owner to prove damage in order to 
prosecute trespassers. All of the succeeding discussions are pre
mised on the assumption that such laws exist. Without them, it 
is hopeless to expect many private landowners to limit the kill, 
or otherwise to practice game management. 

Kinds oj Control. There are three basic sources of control 
for the hunting factor. 

The first is to restrict the time, place, purpose, amount of 
208 
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kill, method of hunting, number of hunters, or species hunted by 
the. exercise of public compulsion in the form of group rules or 
pollce power. 

The second is to create an incentive for the hunter or the 
landowner to limit hunting in these same ways, by the volun
tary exercise of restraint based on self-interest. 

The two contrasting methods may be called for short the" re
strictive" and the "incentive" methods, respectively. 

Restrictive control requires only legislation and enforcement. 
Incentive control, on the other hand, while it may be encour

aged by legislative enactments, must have its origin in the en
thusiasm of the hunter, or the landowner's interest in profits 
from the sale of shooting, or in the game for himself, or in the 
opportunity for dispensing hospitality to his friends. 

Cutting across both of these fundamental sources, and ex
erting a large potential influence on both, is a third source of 
control arising in the individual ethics of the hunter. Many game 
laws consist essentially of the exercise of police power in support 
of average individual ethics. The most advanced individuals, 
however, often adhere to self-imposed restrictions which go far
ther than the law, and farther than group rules. 

Adaptation to Landownership; Psychology. The fundamental 
principle which must govern the regulation of hunting is that 
the average human can be induced to conserve voluntarily what 
stays on his own land so that it is available for his own use, but 
only the exceptional individual will voluntarily conserve what he 
shares with the community at large. It follows that voluntary 
restraint in hunting can be depended on mainly for non-mobile 
game (i. e., farm game as defined in Chapter V, and other classes 
to the extent that they occur on inhabited private land), while 
compulsory restraint, or restriction, must mainly be relied on 
for mobile game, and game on public or uninhabited lands. This 
includes all migratory game, all wilderness game, and much 
forest and range game. 

The fundamental defect of present hunting controls is that 
they have ignored this distinction. 

The possible field of voluntary or "incentive" control can be 
considerably enlarged by encouraging the organization of neigh
borhood groups, thus making each member of the group feel a 
selfish interest in game too mobile to stay on anyone member's 
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land. Thus a farmer with 100 acres sharing 100 prairie chickens 
with 5 individualistic neighbors is going to "get his share," while 
the same farmer as a member of an organized group which has 
agreed on certain restraints might regard the same birds as part
nership property, to be husbanded like his personal property. 
This principle, too, has been until very recently ignored. 

Incentive for restraint can also be strengthened by dissemi
nating reliable technical facts on what rewards will follow speci
fied restraints or efforts. 

The effectiveness of compulsory or restrictive control can 
likewise be enhanced by "education," and by skillful devices for 
bringing into play the forces of amour propre, and the forces of 
competition. Some progress has occurred here. Thus some refuges 
of small size and high visibility enforce themselves, because the 
hunters keep watch on each other. Most closed seasons are en
forced by mutual watchfulness. It may safely be said that no 
restriction can be enforced by police officers alone, no matter how 
much legislation or money be poured into the attempt. 

Legislative controls bear the flavor of compulsion by absen
tees, whereas all the others represent self-initiative or group
initiative of some sort. These psychological attributes have an 
important bearing on enforcement. 

In short, the attempt to control hunting has suffered from 
ignoring economic and psychological facts, and their varying re
lation to local conditions. It has especially suffered from the per
sistence of the concept that all hunting is the division of nature's 
bounty. We must replace this concept with a new one: that hunt
ing is the harvesting of a man-made crop, which would soon cease 
to exist if somebody somewhere had not, intentionally or unin
tentionally, come to nature's aid in its production. 

Indirect Controls; Diminishing Returns. Our present restric
tive game laws do not regulate the kill per year from each unit 
area. Obviously the basic objective of controlling hunting is to 
limit the kill to the productivity of the land. Since this varies 
greatly as between localities, and since restrictive controls regu
late the kill only according to time, purpose, method, and species, 
they do not directly accomplish the basic objective. The issuance 
of "limited licenses," in which the number of licenses is limited 
to a fixed maximum, is one exception, but since this device is ap
plicable only to big game in isolated herds hunted by absentees 
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who can be checked in and out of the area, it hardly invalidates 
the general conclusion. 

The contention of protectionists (such as Hornaday, 1931) 
that game can be and in some cases is being virtually extermi
nated by the sheer numbers of perfectly legal hunters is only too 
well taken. If we limit remedial action to the traditional restric
tive controls, then their contention that more restrictions are the 
only remedy is also well taken. If, however, we can increase the 
resistance to hunting by improving the environment, and limit 
the amount of hunting to the productivity of each unit of the 
land-in short, if we can develop game management and the in
centives to practice it-then there is a hopeful prospect for ac
complishing directly what restrictive controls have so far vainly 
sought to bring about by indirect methods. 

What the protectionist rightly asks is how management can 
be tried out without relaxing the restrictive controls now in effect. 
A later caption tries to answer this question. 

Hunting as now" controlled" in most states would have long 
since decimated many additional species, were it not for the" law 
of diminishing returns" to which the hunter's effort, like all other 
efforts to make land yield an increase, is subject. When game be
comes scarce there is an automatic tendency for hunters to hang 
up their guns, and thus reduce the kill. The more prized the species, 
the more tardy the operation of the law. The more extensive the 
equipment necessary for its pursuit, the more prompt the opera
tion of the law. The virtual disappearance of both quail hunting 
and bird dogs from some" shot-out" quail states is a case in point. 

Balancing Species and Systems. It is too often assumed by 
sportsmen that a system of hunting controls which results in some
thing to shoot is per se a satisfactory system. In the long run, no 
system is satisfactory which does not conserve the rich variety 
of our game fauna, as distinguished from merely its most resist
ant and "shOotable" species. This is one (and by itself sufficient) 
reason for not relaxing the idea of public control in seeking to 
develop private incentive for game production. Landowner initia
tive, left wholly to its own devices, would inevitably tend to sac
rifice the unprofitable to the profitable forms of wild life. It would 
tend unduly to sacrifice migratory to resident, non-game to game, 
and predatory to game species. For these reasons sound public 
policy must seek to encourage and develop private incentive 
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without relaxing restrictive safeguards. This is often no easy matter, 
especially where restrictions have so narrowed legal seasons that 
the bona fide producer of game has insufficient time to harvest 
his crop, or worse yet, is prohibited from harvesting it at all. 
Possible solvents for this difficulty are suggested in the later 
section on technique. 

HISTORY 

Attitudes Toward Hunting. A disinterested observer, viewing 
the history of game management in America from some vantage 
point offering both intellectual and chronological elevation, would, 
I think, be forced to regard our efforts so far as a failure, noble in 
motive but awkward in execution. With the advantage of both 
hindsight and foresight, his diagnosis of the present situation 
would call for: 

I. Maximum development of incentive for restraint. 
2.. Control of the other environmental factors, as well as more 

effective control of hunting. 

The present conservation public is far from appreciating the 
need of these corrections in game policy. Many sportsmen still 
habitually place the blame for game shortage on "vermin" or 
"politics" or even on "too many restrictive laws." Many non
shooting protectionists, with equal regularity, place the blame 
on "too many sportsmen." Such verdicts are hardly entitled to 
be called diagnoses. The wish is too obviously father to the 
thought. They represent merely the age-old insistence of the hu
man mind to fix on some visible scapegoat the responsibility for 
invisible phenomena which they cannot or do not wish to under
stand. 

Up to the time when modern biological techniques were 
brought to bear on the diagnosis of game questions, such atti
tudes were excusable. At the present time, however, there is 
probably no instance of game shortage, the reasons for which 
could not be found and weighed by scientific investigation, and 
hardly a state which does not contain within its own borders the 
man-power and funds requisite to a substantial diagnosis of 
mooted game questions. The trained man power, however, is 
busy with the biology of anything but game, the money goes 
for stop-gaps, conservation factions nullify each other, and game 
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policies continue to be "worked out by rule of thumb, by prac
tical politicians and business men." 

One school of thought among present-day sportsmen proposes 
to abolish restrictive controls almost in toto, and hopes, by au
thorizing the sale of game and encouraging artificial propagation, 
to develop sufficient private commercial incentive to offset the 
need for restriction. This doctrine ignores the biological fact that 
such incentives are largely inapplicable to mobile, migratory, 
and public land game. To sacrifice one class of game in the effort 
to produce another is hardly a satisfactory solution of the problem. 

Development of Controls to Date. The lopsidedness of hunting 
controls thus far developed in this country is indicated by Table 
23. It is evident from the table that restrictive controls have 
ramified into infinite detail, while incentives for the production 
of game, and for restraint in its harvesting, have experienced only 
the most rudimentary development. With the exception of one 
or two states which have passed "shooting preserve laws" au
thorizing more liberal hunting privileges on land artificially re
stocked, there is not a single move toward the most obvious of 
all ways toward building incentive: allowing land which is "sown" 
proportionate privileges in "reaping." These laws constitute our 
preliminary gropings for some practical method of rewarding 
effort or restraint, and of penalizing sloth or excess. 

Our present game laws have developed some ingenious de
vices for indirectly reducing the total volume of kill. Many states 
deliberately set the open season on deer so that snow and cold 
will keep all but the hardiest hunters at home. Several states, 
such as Michigan, set the prairie chicken season at a late fall 
date in order to take advantage of the well-known fact that these 
birds are very much harder to kill late than early in the autumn. 
The present impetus toward the establishment of refuges, often 
regardless of whether they fit the species or the conditions, may 
also be construed as an indirect attempt to limit the kill. 

Trend of Seasons and Bag Limits. That the present system 
is steadily trending toward the radical shortening or total closure 
of open seasons for hunting is clearly shown in Fig. 23, which 
summarizes the trend in the eight north central states since 1900. 

The "curves" for the separate species sim pI y connect the points 
of change in open seasons. The figures adjacent to each curve 
show the accompanying shrinkage in bag limits. It goes without 
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TABLE 23 
HUNTING CONTROLS SO FAR DEVELOPED 

I Vehicle of Expression & Enforcement 
I Public I Private 

Class I Kind of Control Method 
I Laws & Re I Group I Individual 
I State Fed. I Rule I Ethics 

I. RESTRI CTIVE CONTROLS 

Time of Hunting: 
Period •••• Open & closed seasons • • • X • • X • • • • • • • • X 

Confinement of self-

Days of week • • 
Hours of day • • 

Place of Hunting: 
Locality ••• 
Region •••• 
Cover 
Landownership 

~: 
Market hunting • 
Propagation for 

food. 

Kill: 
-;;:mount per day • • 

Amount per season. 
Kind (as to sex) 
Kind (as to age) 

Method of Hunting: 
Dogs ••• 
Conveyance 

hunting dogs in 
nesting seasons . • • 
Rest days, Sunday laws 
Sunrise' & sunset rules 

Refuges •••• 
Closed counties 
Open water laws 
Trespass laws • 

Non-sale laW's 

Tag laws ••• 

Daily bag limits 
Season limits •• 
Buck &: cock laws. 
Length & no. of prongs. 

x 
X 
X 

X 
X 
X 
X 

X 

X 

X 
X 
X 
X 

Anti-hounding laws. • • • • X 
Motor boat, airplane, 
sink box, battery, 

X X 
X 

X X 

X X 
X 

X 

• X 

X X X 
X 
X 
X 

auto ••••••••••• X •• X •••••••• X 
Armament • • • • • Gauge, no. of shots, 

decoys, nets, traps, 
etc ••••.• 

Number of Hunters: • Limited license • • 
Allotment of blinds 

Species to be Hunted: "Songbird" lists 
Proscription lists 
Closed species 

II • INCENTIVE CONTROLS 

Authorizing Special 
Season on Restocked 

X 

X 

X 
X 
X 

Lands. . • • • • • • Shooting preserve laws. • • X 

Authorizing Charges 
but Regulating Rates Licensing of preserves. . • X 

X X 

X 
X 

X X 
X X 

saying that this continual shortening of open seasons reflects not 
merely a decrease in game, but a corresponding shrinkage in the 
availability of hunting as a source of recreation for the average 
citizen. We must, of course, shrink open seasons and bag limits 
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to what the game can endure, but in doing so we should clearly 
realize that we are likewise shrinking its recreational value. The 
problem of game management is to build up the game so that 
the continuance of that shrinkage becomes unnecessary. The 
problem of hunting controls is to devise such relationships be
tween landowner and sportsmen that longer seasons will not neces
sarily mean excessive killing. 

FIG. 23 
SHRINKAGE OF OPEN SEASONS AND BAG LIMITS IN THE NORTH 

CENTRAL STATES 

""': III 1---""'; 
: i1/i~~ "5-- ,~ ... r-t-===-+I/I"----+--+--+--+--+--+~d--I : ::::.,,~ 'r K~_ '~ • ( I \ I' ~1-'.uSoouH . .......,....:... ~,~ ~ It:: "f b. 1)--II--+---+---t---+--I~--t--+--'lH 
:: / \.\",..1.--!- ... _._._._._._.-;_ . .1.._. ._._ .J 
~ ,,' . I) , 

(The curves show by years the average number of days open season allowed for each 
species. The figures adjacent to each curve indicate progressive changes in daily bag 
limit. A separate curve shows the average open season for all species. In figuring bag 
limits states totally closed and states with no bag limits have been disregarded.) 

The chart does not include the shortened waterfowl season of 
1931. The fact that seasons and bag limits on migratory birds 
have remained so much more liberal than seasons on resident 
game strongly substantiates the assertion made elsewhere in this 
chapter that people can be induced to conserve what stays on 
their own land, but only the exceptional individual will volun
tarily conserve what he shares with the community at large. 

TECHNIQUE 

The technique of restriction is too well known to require ex
haustive presentation. The technique of building and regulating 
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incentive is largely non-existent, so that most of it must be left 
to future writers on game management. The present volume can 
only suggest some devices for getting facts, describe some typical 
situations, and suggest some general principles for the guidance 
of game administrators and managers. 

Control of hunting on private lands in a single ownership is 
no problem. The game manager simply stipulates, within the 
limits of the law, what and where his guests or members can 
shoot. 

Control of hunting on public lands is not so simple. One start
ing point for hunting controls on public game ranges, or private 
co-operative projects, is to determine what the average hunter 
gets. This must always bear some relation to what game man
agement may hope to provide for him. 

Success Ratio. While present laws limit neither the total 
volume of kill, nor its distribution in accordance with the pro
ductivity of unit areas, there is nevertheless on large areas a 
quantitative relationship between the number of hunters and 
the volume of kill. The statistical determination of this relation
ship, which may be called the success ratio, is possible only where 
the kill has been measured, and this is so far seldom done except 
on big game. Table 24 gives some examples of success ratio for 
big game on large areas. 

The success ratio is often remarkably stable from year to 
year. Thus on the Gila Forest, where the 5-year average is 2.4 
hunters per buck, the lowest year showed 2.1 and the highest 
3.1. In Minnesota, where the 8-year average is 4.0 hunters per 
buck, the lowest year shows 3.4 and the highest 5.5. 

A success ratio is very valuable in operating the plan of lim
ited licenses. For instance, if it were desired to limit the kill on 
the Gila to about 500 bucks, the issue of licenses should be lim
ited to 500 X 2.4 = 1,200 licenses. 

Success ratios for small game are very hard to get, because 
under our present "system" neither the kill nor the number of 
hunters on any given area are usually known. Michigan, by a 
special questionnaire, determined that 265 ruffed-grouse hunters, 
in the field for 3 days each in 1930, put up II,OOO grouse and 
bagged 1248, or about 4.7 grouse per hunter per season, or a little 
over 1 grouse per hunter per day. In 1929 the bag was about 
4 grouse per hunter per season, or 1.3 grouse per hunter per day. 
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TABLE 24 

BIG-GAME SUCCESS RATIO 

Bo. " Kind 
/\rea Spoc1et> per ot Game 

Gila Forest' I Mule & W!U te-I 1923-7 2.4 I 1 buck 
(New MeXico) I tail Deer I I 

I 
Turkey 1 1923-7 

I 
I 

10 15.0 

I 
1 turkll7 

Kaibab Forest I lIule Deer I 1926 30 1.1 , 1 buck 
(Arizona) I I I 

:Cyoming I loose I 1926 , 1.1 I 1 bull 

Pennsylvania 
I 

i1:l1teteil I 1924 
I 

I 5.0 I 1 deer 
I 1926 15 6.0 1 buck 

I I 
New York I i1:l1tetall [1927 , SO U.2 , 1 buck 

:':inne,ota I Wh1 tetail 11919-261 21 4.0 I 1 buck 
I 

1 1919-26 I 
2.1 I 1 deer 

California 
I 

15-SO 
I 

1 buck I lIule & Black-I 1928 I 4.9 I teil Deer I 1929 I 15-SO 5.4 1 buck 
I 

I Average ot above 
for buck deer 5.0 I 1 buck 

During both these years grouse were about "halfway up" on the 
cycle of increase. The bag limit was 5 per day and 10 per season. 

The Iowa Game Survey determined, by questionnaire, the 
success ratio of 129 parties of pheasant hunters in Iowa during 
the 2-day open season of 1931. In 5968 man-hours of hunting 
11,230 pheasants, or 1.88 per man-hour, were put up, and 2964, 
or 0.5 per m?n-hour, bagged. Assuming a full 6-hour day, this 
means a bag of 3 per day. The legal limit is 3 per day or 6 for the 
season. Of course, the actual hours hunted were often less. The 
average hunter just about secured his limit. 

Shooting journals of individual sportsmen furnish an indi
vidual success ratio which mayor may not be representative, de
pending on the individual's marksmanship, equipment, and ethics, 
and the kind of ground hunted. Table 25 presents some samples 
which may illustrate the disparity between" the old times" and 
the present, and between regions and species. The Pringle snipe 
bag may excite curiosity. Details are available in Phillips (1930, 
p. 123). 
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Many shooting journals suffer in their statistical value be
cause the bags given are of the party, rather than the individual 
gun, and the actual hours in the field are not specified. The jour
nals quoted in the table are free from the former error, but some 
are open to the latter. 

TABLE '2.5 
INDIVIDUAL SUCCESS RATIOS 

1 1 1 Days 1 Kill 
Name Place I Period I SEecies 1 Hunted I Total 1 Per Da;r 1 Per Yr. 

Arnold Seagrave Rhode Island I 1895- 1 Ruffed Gr I *382 1 784 1 *2 I 24 
11930 1 '1 1 1 1 

I I I 1 I 

J. J. Pringle Louisiana 1874-75 Jacksnipe : 42 : 6,615 : 157 I 6,615 
1 

A. W. Schorger Wisconsin 1921-29 Jacksnipe : 42 1 214 I 5 I 24 
I I 1 

A1do Leopold Wisconsin 1924-29 Jacksnipe : *46 1 279 1 *6 I 46 
I I I 

Donal H. Haines Michigan 1918-29 Jacksnipe : 180 I 300 I 2 I 27 
(See Leopold, 1930) I I 1 

1 I 1 I 
E. J. Nelson Wisconsin 1921-28 Ducks 1 62 1 291 I 5 1 36 

(Game Survey, p. 211) 1 I I 1 
1 I I I 

Aldo Leopold New Mexico 1917-23 I Ducks 1 *97 1 570 1 *6 1 81 
I 1 1 I 

1917-23 1 Quail 1 *28 1 391 1 *14 I 56 

: 1917-23 : Doves 1 *33 1 742 1 *22 1 106 
I 1 I 1 

* Fractional days converted to whole days of about 8 hours each. 

Average Bag. There is another type of ratio which cannot 
properly be called a success ratio, but which is nevertheless valu
able for comparing hunting conditions between different states, 
and between different times in the same state. This is the ratio 
of general license-holders to total bag, from which can be derived 
the average annual bag per license. It differs from Table '2.5 in 
that not all of the license holders hunted the species in question, 
but merely purchased general licenses which entitled them to do 
so. Table '2.7 gives the average bag for Minnesota as a sample. 
Average bags cannot, of course, be derived in states which do 
not require licensees to report their kill. 

The figures since 19'2.4 were derived by making a proportional 
allowance for the bag of licensees not reporting. The percentage 
making a report is decreasing. The method of computation pre
vious to 19'2.4 is not known. Conflicting figures have often been 
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published by the state during recent years, hence the consistency 
of the table is not vouched for. 

The grouse bags clearly show the cycle. Note the high bag 
1920-24, and closure or low bags since. Also note how awkwardly 
the" alternate year" plan meets the actual conditions, the season 
being closed in 1921, when grouse were abundant, and open in 
I 926, when they were scarce. 

TABLE 26 

AVERAGE BAG, 1931, WISCONSIN, 120,897 REPORTS 

Game I No. Killed I Kill Per Hunter 
I 
I 

Waterfowl 350,500 I 1.9 
I 

Ruffed Grouse 38,900 I 0.3 
I 

Prairie Chicken 36,000 I 0.3 
I 

Cottontails 1,074,500 I 9.0 
I 

Snowshoes 366,500 I 3.0 
I 

Squirrels 453,000 I 3.8 
I 

Total head per hunter. • • •• 19.3 

The average bag of waterfowl indicates a decrease in kill, in 
spite of improvements in armament and transport. 

The only consistent increase is in pheasants, but the average 
hunter gets less than two cocks per year. 

Wisconsin inaugurated a similar report in 1931. Returns have 
been received from three-quarters of the total licenses. The fig
ures are not directly comparable with Minnesota, because no al
lowance is made for non-reports (see Table 26). 

Licensed Projects; Differential Prroileges. One promising de
vice for encouraging private initiative in game management with
out losing public control is the licensing and regulation of certain 
private ventures which exclude the general public, or which 
charge the public for hunting privileges. By penalizing undesir
able practices, and rewarding desirable practices on such licensed 
premises, a flexible and powerful force for private game conser
vation could be brought into play. 
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TABLE 27 
AVERAGE ANNUAL BAG, MINNESOTA 

Year 

1919 I I 76,428 11,805,000 I closed I 

1920 1 t I T2,M4 h,416,ooo I 20 closed I 1501,500 I ?O I 
114,445 11,041,000 I clo,sed I lw'1 7 9 closed I 

1922 1 1114,625 11,565,000 1 12 , , 1550,000 I 4.8 

1925 1 f 166,536 !1,555,000 I 15 closed I I closed I I 

1924 , f 159,660 11,546,000 I 10 7 15~2,2OO I 2.4 

19~ I 
I, I I closed I I 66 1152,196 11,522,000 1 10 closed I 

1926 1 eo 1126,90S 12,169.000 f 17 40,025 O.S 1 200 I 0 1 1 1927 I 40 ,125,620 11,119,000 I 9 closed I I I closed I 
1926 1 40 11 ~61,881 11.1 

1 
1141,097 11 ,650,000 I I closed 1 I 

1929 1 t 1110,536 11,500,000 I 14 1 closed 1 I I closed I I 
I 1268,~0 ]!?~O 185,625 2,400,000 15 c10Bed I 

The "shooting preserve laws" recently enacted in several 
states may be regarded as one of many potential applications of 
this principle. (See Mich. 1. W. L. A., 1930, and Wise. Cons. 
Dept., 1932.) These laws are an attempt to meet the all-too
common predicament of private groups which are ready to pro
duce game, but which are confronted by an open season too short 
to make it worth while. To such groups the state says in sub
stance: "Go ahead and produce some pheasants; our warden will 
count what you liberate, and we will then allow you a spec;ial 
season to shoot a specified proportion of what you turn out. But 
we will license you, and reserve the right to close you down if 
you abuse your privilege. You must tag your kill so it can be 
identified at all times." 

Such laws are so far limited to pheasants, because a release 
of pen-raised pheasants can be accurately counted. If the prin
ciple can ultimately be extended to wild-raised game, including 
native species, its usefulness and significance will be much en
hanced. Such extension of course implies the availability of ward
ens skilled in game census, and able to judge the adequacy of 
management measures on the ground; it also implies continuous 
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and accurate kill records, so that overshooting can be detected 
and penalized. 

Iowa Permit Plan. This is in effect a proposed extension of 
the shooting preserve principle to wild-raised game, but it differs 
from the usual shooting preserve laws in one other important 
respect: it deals exclusively with farmers or farm groups, rather 
than with leasees of shooting privileges on farms. 

The proposed statute reads: 

"The Commission is authorized to issue permits to landholders or 
groups of landholders to conduct experiments, in co-operation with the 
State Agricultural College, for the purpose of determining whether the 
game on lands owned by them can be conserved by the practice of game 
management. Such permits may authorize the taking of the estimated 
annual surplus of any species of game produced on the permitted area, 
including protected and closed species, under such conditions as the 
Commission may specify. Each permit will specify the species to be 
taken, the maximum number of each, the season during which they may 
be taken, and the bag limit per person per day. Ko permit shall be issued 
or renewed until the area has been inspected by the Commission for the 
observance of the game laws and the conditions of the permit. No game 
shall be removed from any experimental area, or held in possession 
therein, without affixing to each head a non-reusable tag, such tags to 
be issued by the Commission at ten cents each." 

The steps in the operation of the proposed permit system 
would be abou t as follows: 

I. A group of farmers owning, let us say, 1500 acres, organ
ize, post their lands, and install food and cover improvements 
of the kind described in the Iowa Handbook. 

2. Within, let us say, two years they have built up a strong 
stand of game. They apply to the Commission for a permit to 
harvest the surplus. 

3. A trained game manager inspects the area and makes a 
census. He finds, let us say, 1000 birds on the 1500 acres, and 
that food and cover are good. He recommends a permit to shoot 
400 birds. 

4. The Commission asks the Agricultural College for a check 
on the Inspector's findings. Their biologist O.K.s them. 

5. The Commission issues a permit to the farmer organiza
tion to harvest 400 birds during the next ensuing fall, wi th season, 
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bag limit, etc., specified. The permit is accompanied by 400 tags. 
6. The farmers' organization conducts the shooting under 

such terms as it sees fit. It may elect to confine the shooting to 
its members, or to invite friends, or to sell a part of the shooting 
privilege. 

7. Immediately after the shooting the inspector makes a new 
census to see if plenty of breeding stock is left, how many tags 
were used, and in general whether the shooting has been con
ducted with due respect for the conditions of the permit and the 
interests of the public. If so, he recommends renewal for the fol
lowing year. If not, he tells the farmers what is wrong, and that 
a renewal may be expected only when conditions have been 
corrected. 

He also advises the farmers on possible further improvements 
in food, cover, or control of hunting. If in doubt on any biological 
question, he calls on the biologist from the College for advice. 

The I owa Handbook says: "The purpose of this proposed enact
ment is to work out a practical way for the state to reward en
terprise in game management without relaxing its protection on 
unmanaged areas. It offers a promising way to authorize limited 
hunting of quail and Hungarian partridge, and also to extend 
pheasant hunting to those parts of the state where regular open 
season would risk undue depletion of the birds." 

It goes without saying that this "permit system" would be 
dangerous except in states which have equipped themselves with 

I. A technically minded Commission, reasonably free from 
political influence. 

2.. A trained staff of game administrators. 
3. A biologist trained in game management and attached to 

some impartial disinterested institution. 

The obvious intent is that the permit system shall grow un
til game cropping becomes widespread. 

The underlying advantage over the shooting preserve prin
ciple is in the lower costs and superior quality of the crop. No 
one has yet devised a way to turn down pen-raised game at less 
than a dollar or two per head, and such game, aside from its 
chicken-wire "flavor," is too expensive for the ordinary citizen 
to shoot. Wild-raised game under the permit system ought sel
dom to cost more than a half or a quarter as much. 
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The principle of licensing might well be used to accomplish 
state regulation not only of farmer-groups engaged in game man
agement, but also landed shooting clubs or other groups which 
exclude or charge the general public, or which control more than 
a specified area. In any list of such organizations, there are always 
some which are progressive and inclined to respect the public in
terest, and others which are the opposite. At the same time there 
is a growing list of practices which need to be regulated, but 
which do not lend themselves to rigid statutory enactments, or 
inflexible regulations. Baiting, installation of club refuges and 
rest periods, and shooting methods and equipments, are exam
ples. A licensing system, backed by authority to close down on 
failure to comply with reasonable license stipulations, would be 
one way to exercise public control in all such matters. 

Such a licensing system of course implies a technical com
petence and stability which does not yet exist in most state con
servation departments. 

Controls on Public Areas. The recent trend toward acquiring 
and managing public shooting grounds is laudable in its democ
racy, but limited in its possibilities of expansion by the lack of 
any workable device for preventing overshooting. As long as any 
bearer of a hunting license can shoot any public area as long as 
his time and his shells hold out, subject only to the open season 
and the bag limit, just so long will successful management on 
such areas be handicapped. Such unregulated public grounds will 
fail except on land too poor or inaccessible to be in demand, or 
on species so resistant as to stand the pounding, or so mobile as 
to tap the surrounding supply. Refuges scattered over the area 
are only a partial answer. The system contains the seeds of death. 

Several ways of correcting or mitigating this handicap ie 
ready at hand. 

One is a nominal charge per-man-per-day, to help defray the 
expense of acquisition and operation of the area. 

Another is a check-in and check-Out system limiting the use 
to be made of the area by anyone individual. 

Another is to close the area as soon as the safe kill for the 
year, or the safe allotment of hunters, has been reached. 

Another is a lottery to decide who may hunt, the officer in 
charge to say where and how much. 

Non-Game and Protected Species. The presence in the field of 
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large numbers of hunters, especially when coupled with scarcity 
of legitimate game, aggravates the killing of non-game species 
and rare protected specie..~, laws to the contrary notwithstanding. 

In the case of some non-game species, this is condoned as 
"vermin" control. The problem of "vermin" is discussed under 
the chapter on predator control. 

Many species are thus killed, however, which cannot pos
sibly be called predatory. Such killing is a direct and serious in
jury to those who derive enjoyment from seeing these species 
alive, and this includes many sportsmen. Such killing is bad man
agement because it is bad esthetics. Control of the killing of non
game and protected species constitutes a distinct and important 
part of the general problem of hunting controls. The problem is 
nowhere as yet satisfactorily solved. The present legislative pro
hibitions are a good starting point, but do not alone constitute 
a remedy. Neither does education alone constitute a remedy-it 
is too slow. It is possible that some of the developments under 
Incentive Controls will offer opportunity better to protect the 
public interest in non-game species. For instance, all private ven
tures in game management licensed by the state (and many of 
them wil1 eventually have to be licensed for one reason or an
other) could be forced to observe a reasonably enlightened atti
tude toward predators, other non-game species, and closed 
species of rare game, under pain of non-renewal of license. 

Hunting Accidents. While game productivity and sound es
thetics are ordinarily the sole objectives of management, there are 
an increasing number of situations where human safety, as threat
ened by hunting accidents, must partially determine the system 
of hunting controls. 

Table 28 indicates the prevalence of such accidents in Penn
sylvania as recorded by the Game Commission. This is a good 
sample state, because of the diversity of its game and game 
ranges. 

Those accidents not self-inflicted (66 per cent of the Penn
sylvania total for 1925-29) are in the average state undoubtedly 
aggravated by congestion of hunters, which in turn is aggravated 
by the short open seasons associated with lack of game due to 
lack of management, and lack of control of hunting. If the total 
volume of hunting were regulated as to time and place, by proper 
organization of both state and private game ranges, there would 
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be no need for very short seasons, and hence a lesser concentra
tion of hunters and fewer accidents. 

Primitive Weapons. In the development of sporting methods, 
there arise from time to time groups of individuals who volun
tarily limit their armaments to simple or primitive weapons, with 
the idea of making sport more difficult. 

TABLE 28 

NUMBER OF YEARLY HUNTING ACCIDENTS IN PENNSYLVANIA 

I Self~lnnictedl Inflicted Others' Total ~ No. of Hunters i Licenses Per 
Period Fatal Non-Fa tal Fatal 

19~ 25 

1925-29 28 

1920-24 

1915-19 

1915-14 

ratel 

lon-¥atel 

I I 
77 , 36 

75 25 

Per cent during 
SIDall G.... Big Game 
~ ~ 

83$ 

8~ 

Non-Fatal Fat.al Non-Fatal Licensed I Aecident 
I 

214 69 291 536.394 111530 

170 55 243 500,886 1:1690 

40 115 475,521 I 1:3090 

28 94 316,811 1.2600 

24 71 302,000 1:5000 , 

ADal,ys1s ot 1930 Accident. 

Per cent cau.sed b)' 

.!!!!!!!. ~ ~ 
ratal o 

Bon-Fatal il 

At the presen t time such a group is devoted to redeveloping 
the art of hunting big game with bow and arrow. In some states 
pressure is being exerted to open refuges to bow and arrow hunt
ing, or to provide special areas open to bow and arrow only, 
where bowmen will not be placed in competition with guns. 
Other groups using other primitive weapons may arise in the 
future and make similar demands. 

Such demands might possibly be accommodated in the mar
ginal areas, not quite favorable enough to stand up under ordi
nary hunting, but nevertheless sufficiently productive to stand 
up under hunting with less destructive weapons. Such areas are 
commonly located comparatively near to centres of population, 
and cannot be opened up to regular hunting without being over-
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run and shot out. Reserving them for primitive weapons may be 
a solution. 

Deterioration Through Hunting. In some instances hunting 
controls must seek to safeguard not only the numbers but the 
quality of the breeding stock. 

Hunting of small game is usually not selective of the best 
individuals, and hence involves no danger of racial deterioration, 
except indirectly through possible over-control of selective pred
ators. Sex selection is sometimes practiced consciously, as in 
cock laws on pheasants, and sometimes a slight degree of it is 
practiced unconsciously, as pointed out for Georgia bobwhites 
in Chapter IV. There is no reason to suppose that these sex selec
tions are racially dangerous. 

In hunting antlered big game, however, a deterioration in 
size and apparently in genetic quality has been observed to fol
low long periods of trophy hunting. A Boone and Crocket Club 
committee is compiling Records oj North American Big Game in 
which the measurements of notable trophies will be recorded. A 
tentative report states: 

"The present day wapiti heads, whether due to restriction of the 
winter range, diminished herds from which to select trophies, or in
tensive hunting of the largest bulls, are not to be compared with the 
trophies that fell to the hunters of the 80S." 

The Boone and Crockett "Records" will furnish American 
game managers a datum or bench mark from which they can 
measure the quality of stock as indicated by trophy siie. 

Criteria oj a Satisfactory System. Hunting controls, after a 
long period of lopsided development, now seem to be entering 
upon a period of rapid change. No one can predict the outcome, 
but it is possible to set down some of the criteria which new sys
tems should meet if they are to be an improvement over the 
present one. (The plural, "systems," is used deliberately, because 
it seems improbable that anyone system can fit the growing 
diversity of biological, economic, and social set-ups.) 

The American Game Policy (1930) asserts that, first of all, 
the private landowner must be given some incentive, more power
ful and more universal than altruism, for controlling hunting 
and game environment on his land. His control of hunting must 
begin where legislative restrictions leave off. Given such an in-



CONTROL OF HUNTING 227 

centive, the following criteria are offered for judging workable 
controls: 

I. The landowner's compensation for the hunting privilege 
should be in proportion to the size and quality of his game 
crop, so that he will have a personal incentive to improve 
the range and prevent overkilling, or other damage to the 
seed stock. 

2. The landowner should, within the limits of the law, con
trol who and how many persons are allowed to hunt on 
his land, so that responsibility for abuses can be fixed 
and the proposed total kill effectively limited. 

3. The operating unit should be large and centrally managed, 
so that neither the sportsman nor the individual landowner 
will be burdened by the necessary routine of asking and 
giving permission to hunt. If possible, the minimum operat
ing ~nit should be as large as the annual radius of the 
species. 

4. Each operating unit should be responsible to the state for 
the condition of protected, non-game, and migratory spe
cies, tor moderation in predator control, for law-observ. 
ance, and for such other public interests as are involved. 
The state must retain the power to close the unit, or other
wise force the owners to care for the wild life which is its 
property. 

As a necessary foundation for any sound system of hunting 
controls, each state should have: 

I. Trespass laws making it illegal to hunt on enclosed, in
habited, or improved lands without the consent of the owner. 

2. A system for examining license-applicants for fitness and 
responsibility, and for denying renewals of license to law-breakers. 

3. A conservation department with sufficient stability and 
technical competence to be entrusted with large regulatory 
powers, and with sufficient funds to execute annual inspections 
of licensed projects. It must also have research service for an
swering the technical questions which are bound to arise from 
time to time. 

Summary. Hunting is controlled by restrictions based on 
police power, incentives based on self-interest, and personal 
ethics. 
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Incentive controls are under-developed in this country, mainly 
by reason of non-recognition of the landholder as custodian of 
the state's game. 

Restrictive controls are over-developed, in the sense that 
regulated incentives can accomplish simply what laws have 
failed to accomplish by elaboration of detailed prohibitions, 
namely, regulation of the kill to fit the productivity of each unit 
of range. 

The technique of combining restrictive and incentive controls 
is growing rapidly. Success ratios and average bags are useful 
yardsticks for measuring hunting conditions. Shooting preserve 
laws and permit laws are being tried out as mechanisms for re
warding private enterprise in game management without relax
ing protection of unmanaged areas. 

Authority to regulate private enterprise implies technical 
competence in administrative agencies. 

Control of hunting on public shooting grounds is still un
satisfactory. 

Control of hunting is incomplete unless it recognizes and 
protects non-game wild life. Under some conditions it must also· 
seek to reduce hunting accidents. 

The American game policy lays down criteria for judging the 
soundness of systems for hunting controls. 

This chapter, in the terminology of the philosopher, "does 
not make a complete circle." Its hiatuses reflect the chaotic 
status of actual practice. 

We sportsmen are paying the piper for several decades of 
stagnation in the development of hunting controls. We have 
been fighting a rear-guard action for the very existence of sports 
afield. If we continue to regard the issue as a battle, we shall 
probably continue our retreat. But if we can see the issue as a 
mutual problem, confronting not only ourselves but also farmers, 
landowners, and protectionists, and soluble by their mutual co
operation, then a brighter outcome may be anticipated. 

This hoped-for mutuality of effort cannot become a reality 
unless game managers know and understand other viewpoints, 
as well as their own. The protectionist's viewpoint is vigorously 
and ably set forth by Hornaday (1913, 1914, 1931). The land
owner's experiences and attitudes are described by Lovejoy (1930)' 
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An individualistic sportsman's viewpoint is depicted in story form 
by Lytle (1928), and in the form of a policy by Knapp (1930)' 
Typical efforts to co-ordinate these conflicting views are those of 
Phillips (1931), the American Game Policy of 1930, and Leo
pold (193IC). 



CHAPTER X 

PREDATOR CONTROL 

Attitudes and Policy. Predator control has received more at
tention than any other factor except hunting. This accords with 
the developmental sequence of ideas already explained in Chap
ter I. 

Unfortunately, much of this attention, and many predator
control operations, have been based upon assumed or traditional 
predator-game relationships, or at best on generalizations sup
ported only by a small number of observations which were, in 
the light of present knowledge, often misinterpreted. 

Our knowledge of the inter-relationships of animals is still 
very imperfect, and current interpretations of evidence are doubt
less still far short of the truth. It may be said with assurance, 
however, that they grow nearer correct as time goes on. The game 
manager is under obligation to be guided by the best available 
knowledge in his predator-control policies, else the standing of 
his profession, and the welfare of the game, may both suffer. 

Predatory animals directly affect four kinds of people: (I) 
agriculturists, (2) game managers and sportsmen, (3) students of 
natural history, (4) the fur industry. There is a certain degree of 
natural and inevitable conflict of interest among these groups. 
Each tends to assume that its interest is paramount. Some stu
dents of natural history want no predator control at all, while 
many hunters and farmers want as much as they can get up to 
complete eradication. Both extremes are biologically unsound 
and in many cases economically impossible. The real question is 
one of determining and practicing such kind and degree of con
trol as comes nearest serving the interests of all four groups in 
the long run. 

This assertion is no mere paraphrase of the" happy medium." 
The actual conflict of interest is not nearly so great as the several 
factions suppose. The complexity of the game-predator relation
ship is greater than any of the four groups suppose. In spite of 
this complexity, however, the actual measurement of losses from 
predators is thoroughly feasible, as proved by such work as 

2]0 
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Stoddard's. As these measurements progress, the apparent con
flict of interest is being continually whittled down and reduced 
to specific local issues, or sometimes even to no issue at all. 
Common sense usually suggests a way to act on these local issues, 
whereas in their generalized form the same issues appear to be 
in irreconcilable conflict. 

This chapter will attempt to picture as clearly as possible a 
mechanism of depredation, and to isolate as many as possible of 
its known working parts for separate examination. In order to 
keep our minds focused on the thing being isolated, the endless 
succession of ifs and ands which might be raised concerning its 
workings in special cases will be deliberately omitted. We are 
not referees to a controversy; we are trying to gain an insight 
into a complex phenomenon. We are not trying to render a judg
ment, but rather to qualify our minds to comprehend the mean
ing of evidence. 

What Determines Loss from Predators? Subject to the physi
cal adaptations of each, the annual direct mortality from pred
ators in a given species of game on a given range depends on 
five variables: 

I. The density of the game population. 
2. The density of the predator population. 

(1 and 2 determine the game: predator abundance ratio.) 
3. The predilection of the predator, that is, his natural food 

preferences. 
4. The physical condition of the game and the escape facili

ties available to it. 
5. The abundance of "buffers" or alternative foods for the 

predator. 
(5 in comparison with 1 determines the relative abundance of 
various kinds of prey.) 

The whole predator-game relationship constitutes a biological 
equation in which the predator must balance his predilections 
(3) against the difficulty of satisfying them (1, 2,4, 5). It should 
not be overlooked that this difficulty decreases as the game 
density goes up under management. 

It is also usually true that escape facilities commonly deteri
orate with intensive agriculture. 

The last two variables in the equation (4, 5) fluctuate violently 
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with weather for reasons which will be explained later. In the 
case of migratory predators, the second variable likewise fluctu
ates greatly as between years. 

There are many indirect losses and gains from predators, 
some of which will be mentioned later. 

Standards for Measuring Loss. Losses from predators on any 
unit of range may be measured in three ways: 

I. The number of head of game killed by an individual pred
ator during a unit time. 

2. The total number of head of game killed by the predatory 
species during a unit time. 

3. The percentage of the game population killed by the preda
tory species during a unit time. 

Any statement of fact or policy on predator control must 
specify on which measurement it is founded, in order to be clear, 
and sometimes in order to be. true. 

Research work on predator food habits has so far adhered 
largely to the first standard, the unit time being indeterminate 
but varying from a few hours (stomach contents) to many days 
(pellet analysis). 

The third standard is the most pertinent to game manage
ment, but the hardest to apply. It will be used unless otherwise 
specified in the following discussions. 

Some predator losses pertain to nests rather than head of 
game. The third standard, in the form of percentage of observed 
nests destroyed by predators, is the only usable yardstick for 
nests. In renesting birds, however, the number of nests observed 
in a season is not the same as the number of nesting hens, even 
though all the nests be found. It is greater by the percentage of 
renestings, which is so far unknown for any species in any locality. 
This is discussed in Chapter xv. 

Abundance Tables. The ideal starting point for considering 
the five variables determining predator mortality in any given 
locality would be an "abundance table" comparing the densities, 
or populations per unit area, of all species found in that locality. 
Such a table Elton (1927) calls" the pyramid of numbers." A 
complete pyramid of numbers does not yet exist for any locality 
in the world, but the observant game manager can often quickly 



PREDATOR CONTROL 233 
patch together a rough idea of the density of those species with 
which he is most concerned, as of their critical season. Table 29 
gives an example, partly consisting of mere estimates, of the 
"pyramid" for gam bel and scaled quail range in southern Ari
zona. 

TA,BLE 29 

ABUNDANCE TABLE 

Santa Rita Range Reserve. Arizona 

Breedia& PopulaUCIIUI on 1 Square 1l1la 

!l!!!!!l Specl_ Baals 

1 CoJ'ote Rouch estimate 

2 Homed Owl • • 
2 Badta1l Hawk • • 

10 Blackta1l JacJaabbit. Strip COIIIlt 

J.6 { Bopoaed SJamk 
Spotted SkuDk 

Rouah 8stiaate 

20 RoadruaDers • • 
25 Cattle (over l,ear old) Forest Service Permits 

25 Scaled Quail Rouch estimate 

25 CottODta1la • " 
<IS Wa's Jackrabblt Strip COUDt 

75 Cubel Quail Rough estimate 

r~ 
_ .. '(Di_.l} Tqlor, w. P. nllethods ot 

25,628 6,400 "ood Rats (NeotOllll1) Determining Rodsnt Pres-
sure." Ecoloi1, Vol. II, 

17,948 II1ca, spal'IIIOph11es, and Ho. S, J'ul,y 1950, pp. 
other rodents 525-542. 

Game: Predator Ratios. Table 29 indicates that on this par
ticular range there are, at the beginning of the breeding season: 

25 quail for each raptor. 
100 quail for each coyote. 

7 quail for each skunk. 
S quail for each roadrunner. 
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In Missouri the Game Survey (p. 224) found that during the 
winter season the quail: fox ratio presented the following ex
tremes of variation as between counties: 

I,SOO quail for each fox in Ripley County. 
7squail for each fox in Franklin County. 

We have here a variability of over 2000 per cent in the game: 
predator ratio within a given state due to the differing density of 
the predator alone. (There is no great difference between the two 
counties in the density of quail.) If we arbitrarily assume that in 
Ripley County each fox caught a quail per day throughout the 
year, the annual mortality from foxes would be only 24 per cent. 
On the other hand, in Franklin County the same rate of depre
dation would exterminate the entire quail population in a little 
over two months. Obviously the assumption is arbitrary (there 
is no information on what quail depredations foxes commit in 
this state), but it is nevertheless clear that the game: predator 
ratio is often just as important in determining the percentage of 
predator mortality, and possibly more important, than the pre
dilections of the predator. If the quail depredations by foxes 
under a given density of quail are anywhere near constant, it 
could safely be said that in the first case fox losses might be dis
regarded, whereas in the second case quail management would 
be impossible without radical fox-control measures. 

In California, Boone (1928), quoting Jay Bruce, estimates 
that typical deer range contains one cougar per township. He 
floes not give a deer density, but assuming 10 per square mile 
(half the Stanislaus density) the ratio would be: 

360 deer for each lion. 

T. C. West (unpublished), Assistant Supervisor of the Sequoia 
National Forest in California, found three lions using an exclu
sive range of 60 square miles. Assuming the same density of 
deer as above, the ratio would be: 

200 deer for each lion. 
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Franklin Schmidt (unpublished) found from winter tracks in 

the defunct drainage districts of Wood County, Wisconsin, about: 

I prairie chicken for each weasel. 

Skunks, foxes, and coyotes were very much scarcer. 
None of these ratios are vouched for as accurate, but they 

could hardly be so inaccurate as to invalidate the general con
clusion that a given species of game, in relation to a given pred
ator, may be anywhere from one to a thousand times as numer
ous as its enemy. 

This disparity in relative abundance certainly affects the 
question of whether the depredations of that enemy can be toler
ated, and probably affects the predator's disposition or ability 
to commit them. On the latter question, more will be said later. 
On the former, it may here be said that any "blacklist" or "pro
scription list" advocating the kiIIing of certain predaceous species 
must always be subject to the proviso" if the species is numerous 
enough, in relation to the game, to enable it to do material harm." 

Effects oj Density. The previous caption has considered only 
the variations in relative abundance of prey and predator. We 
have now to consider the effects of variation in absolute abun
dance, or density, of prey and predator. 

It is obvious that the same game: predator ratio may obtain 
for high and low densities of each. Thus in Table 29 we have a 
quail: raptor ratio of 25 ; I under a density of 

I quail per 6,4 acres. 
I raptor per 106 acres. 

But we might encounter the same 25 ; I ratio of relative abun
dance under an absolute abundance or density of 

I quail per acre. 
I raptor per 25 acres. 

Under which condition would the percentage of annual mor
tality in quail be the greater? We of course do not know, but it 
would probably be greater under the greater density. The greater 
.. fruitfulness" of hunting a unit acreage would probably more 
than offset the greater competition between predators for hunt
ing ground. For reasons to be pointed out later under .. Resist
ance," this would probably be more true of the percentage of nest 
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and juvenile mortality than of mortality in adult quail. In fact, 
the percentage of mortality might rise with rising density of game 
even if the density of raptors did not rise, because in such cases 
there would be no additional competition. 

On the other hand, if the density of quail decreased, the per
centage of annual mortality, even under a stationary density of 
predators, would probably decrease because of the lesser fruitful
ness of hunting a unit acreage. 

Increasing density of game is, of course, the typical situation 
on a range where game management is being inaugurated. An 
accompanying increase of predators is normally to be expected, 
partly by reason of the increased food supply offered by the game 
as such, partly by change in predator habits, partly by reason 
of" buffer" species attracted by game food, and partly by reason 
of influx of migratory and mobile species of predators. The game 
manager should normally expect that the percentage of loss in 
game obtaining previous to management will, in the absence of 
control measures, increase as management progresses. On the 
other hand, control measures may reduce the loss. In any event 
a measurement of loss previous to management does not neces
sarily remain dependable later. 

Specific measurement of skunk depredation on quail nests 
under a condition of increasing quail density due to management 
and decreasing skunk density due to control work was made in 
Georgia by Stoddard (p. 189): 

NESTS PER CENT OF NESTS 
YEAR STUDIED DESTROYED BY SKUNKS 

1924 59 25.5~ 1925 104 16·5 0 
1926 85 10·5 0 
1927 354 7·0% 

In this instance, control measures evidently reduced the loss, 
in spite of a rising density of quail. 

McAtee (1932, p. 144) after an exhaustive analysis of the 
species of animal food found in 80,000 bird stomachs in relation 
to the probable abundance or availability of those species, con
cludes: 

"Within size limits, animals of practically every kind accessible to 
birds are preyed upon, and as we consider the records for group after 
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group a tendency for the number of captures to be in proportion to the 
abundance of the animal concerned is unmistakable. Availability is un-. 
doubtedly the chief factor involved in the choice of food, and predation 
therefore tends to be in proportion to population." 

.. Buffers." In the situation depicted by Table 29, we have 
as alternative foods for predators approximately: 

I rabbit for each quail. 
250 smaller rodents for each quail. 

These animals, averaging almost as large as a quail, are col
lectively more than 250 times as abundant as quail, and some 
species are easier for some predators to catch. It is obvious that 
in the aggregate they act as buffers to divert the attention of 
predators and satisfy their food requirements. This benefit is 
partially offset, however, by the fact that most of them compete 
with quail for food, while some of them (for instance, spermo
philes) are themselves possibly predators on quail, in that they 
eat eggs and possibly chicks. There is still another possible offset 
to the beneficial effect of buffers: they may, provided they are 
more abundant than elsewhere, act as "bait" which induces an 
influx of mobile predators. Furthermore, some buffers harbor the 
diseases of game, and many the diseases of predators. Lastly 
hibernating buffers are unavailable to most predators during 
the winter, and nocturnal buffers are not available to diurnal 
predators, or vice versa. 

This should suffice to make it clear that the exact effects of 
buffers on game are far too complex, too incompletely under
stood, and too variable from place to place to make possible 
any specific assertion for the guidance of game managers. By 
and large, however, it may safely be said that within the limits 
of the joint food supply, buffers are essential to survival of game. 
Their influence often extends beyond predators and food com
petition. They may even be responsible for fixing the vegetative 
type, and thus keeping the range habitable for game. Thus Far
row (1925) finds that in some English heaths, rabbits prevent 
the heather from being replaced by forest (which would render 
the heath non-habitable for red grouse). On the other hand, he 
found that too many rabbits cause the heather to be replaced 
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by grass or bracken (both relatively worthless for red grouse 
food or cover). 

Stoddard (p. 427) found that in Georgia the cotton rat has 
only a limi ted value as a buffer for quail. During the high year 
1926 he determined that the cotton rat population in heavy 
broom sedge ran up to 40 per acre, whereas the quail population 
of the surrounding range, including moderate densities of broom 
sedge, never exceeded 1 per acre. The cotton rat, he found, 
directly competes with quail for pine seed, legumes, and other 
valuable quail foods, and in addition destroyed 3.5 per cent of 
the quail nests and attracted predators. Stoddard in this case 
considered these deleterious effects on quail as far outweighing 
the U buffer" service. The density or cotton rats, he thinks, is con
trolled primarily by the density of the sedge-one of many in
stances ofinterplay between the predator, food, and cover factors. 

The classic example of "buffer" service is the snowshoe rab
bit in its relation to ruffed grouse. Seton in his Liues of Game Ani
mals (1929), gives an excellent life history, and in his Arctic 
Prairies (1923) much convincing testimony of the extent to which 
the northern predators depend on it for food, and their plight 
when the rabbits die off. Burnham (1918) suggested that the 
periodic scarcity of ruffed grouse in the north might be caused 
by depredations induced by the disappearance of this buffer food, 
and further south by the raptor migrations induced by rabbit 
scarcity. It now appears that grouse cycles occur even where 
migratory raptors do not (Game Suruey, p. 139), but the buffer 
effect of snowshoes on grouse remains an unquestionable fact. 
There is less food competition between snowshoes and grouse 
than between cotton rats and quail, and no depredation, hence 
the former are a better illustration of buffer service. All cyclic 
buffers, however, tend to build up a heavy predator population 
which the game must sustain when the buffer dies off. 

In weighing the influence of a given buffer on game depreda
tion, one of the first things to consider is whether the buffer spe
cies in question hibernates. Hibernation produces each winter 
the same effect which the northern rabbit plague produces de
cennially-it throws upon the game the burden of sustaining a 
predator population which has fed all summer on buffers. It is 
equally fair to put it the other way: a buffer emerging from hi
bernation assumes a burden which the game has sustained all 
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winter, and at a time when the breeding game may be especially 
vulnerable. 

Errington has observed that a buffer temporarily covered by 
snow likewise throws upon other buffers, or game, the burden of 
sustaining predators. Thus in 1928-29 an abundance of mice 
sustained the foxes until deep snow came, after which they turned 
to rabbits, the mice being out of reach to the same degree as if 
hibernating. 

By and large, the net benefits of buffer species seem to ac
crue when they are plentiful enough to make profitable hunting 
for predators, but not so plentiful as to eat up the food, act as 
bait to predator influx, or prey on game themselves. All buffers 
have a very high breeding potential, and many possess a catholic 
appetite for a wide variety of foods. Over-control of predators 
may bring about an excessive increase of buffers, which, unless 
checked by disease or artificial poisoning operations, may seri
ously injure the range and hence the game. Farrow ascribes the 
excessive abundance of rabbits on English heaths to over-zealous 
predator control by gamekeepers. 

Artificial poisoning is often an unsatisfactory remedy because 
of its cost and the danger to game, livestock, and beneficial wild 
life. (See both Linsdale, 1931, and Kellogg, 1931.) 

I t is not to be supposed, of course, that every increase ot 
buffers is due to predator control, or that the cessation of pred
ator control would necessarily insure a desirable level of density 
in the species which form their prey. Enough has been said in 
Chapter III to indicate the extreme complexity of density phe
nomena, and the danger of fallacy in rule-of-thumb diagnosis. 

Harassment. One adverse effect of predators, apparently not 
heretofore recognized as important, occurs when predators pre
vent game from feeding, or otherwise interrupt its normal routine, 
by confining it to "escape coverts" or other safe but often food
less places. Even though no actual mortality be suffered, such 
harassment may have serious indirect effects, especially during 
critical seasons. Thus during the short days of northern winter 
when food is scarce, and continuous search for food necessary to 
keep "body and soul" together, the confinement of a covey of 
quail by a hawk for hours at a time may effectively start that 
cumulative deficit of input over output which constitutes starva
tion. 
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As already mentioned, Errington found that after harassment 
by a Cooper's hawk, a quail covey may entirely change its previ
ous feeding place, and remain confined to dense" escape coverts," 
not only during the hawk's visit, but for a week afterward. If 
there be no food within such coverts, the covey must either starve 
and freeze, or venture forth and be progressively picked off. 

The Game Survey (pp. 73-74) found that during the hard win
ter of 1929-30, most of the quail coveys visited in Missouri were 
being harassed by hawks, including species probably incapable 
of catching any but weakened birds. The frequency of evidences 
of killing by hawks appeared to be inverse to the sufficiency of 
escape cover (usually osage) at the covey headquarters, and to 
the food therein (natural, or artificially supplied). The tracks 
showed the daily cruising radius of each harassed covey to be 
surprisingly short (often under 50 yards), and usually co-extensive 
with the escape coverts. All of the visible evidence pointed to the 
conclusion that harassment of foodless coveys led to their subse
quent starvation, or decimation by hawks of some kind, whereas 
harassment of fed coveys did no visible harm. It was not deter
mined what species of hawks were responsible for the frequent 
evidences of "murder" which were found, but this question is 
irrelevant to the present contention that there is an intimate 
relationship between harassment, cover, food, and winter sur
vival, and that one of the most effective forms of "predator
control" is plenty of escape cover and food. 

We do not know how the intensity or duration of fear in quail 
varies as between the slow and fast species of hawks, or with the 
vigorous or weak condition of the quail themselves. Errington 
has many instances which suggest a large difference between 
their fear of Cooper's hawks, marsh hawks, and red tails, the fear
some behavior seeming to decrease in intensity and especially 
duration in the order named. It may be that harassment by a 
redtail does not even prevent feeding. These details are in need 
of more light. 

Harassment is not confined to game birds and rap tors. I have 
seen coyotes calmly attending does with fawn, evidently watch. 
ing for one moment of relaxed vigilance on the part of the mother. 
It is obvious that the doe cannot feed herself or nurse her off
spring in a normal manner while thus attended. Knowles (1928) 
watched coyotes undertake a more spirited harassment of doe-
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antelopes with hidden fawns. A small degree of such harassment 
is probably beneficial in keeping the game "on its toes," but a 
large degree is certainly not conducive to productivity. It seems 
obvious that high game density and a low predator density is 
conducive to limited or beneficial harassment, the predator mov
ing on when unsuccessful in dealing with a vigilant and vigorous 
individual or group, whereas a low game density and a high pred
ator density is conducive to unlimited and probably harmful 
harassment. It would seem that the selective or sanitary effect 
would be greater in the former case. 

Inter-Predator Relationships. We must now consider the dep
redations of predators on each other. The subject is just begin
ning to unfold, so that only a suggestive sketch will be attempted. 

Pennsylvania, famous (or notorious, as you will) for her former 
hawk and owl bounties, has also paid bounties on weasels. The 
annual "yield" of weasels presented for boun ty appears to be 
going up, as follows: 

1915-'1.0, average 36,794 per year. 
19'1.0--'1. 5 J " 49,0'1.9" " 
19'1.5-30 , " 54,7°7" " 

Has this any connection with the generally admitted fact 
that the larger hawks and owls are going down? The horned owl 
is known to prey on weasels. 

Mutual depredations between crows and horned owls are 
known to exist. The owls catch crows on the roost, and the crows 
eat owl eggs. 

Small owls are eaten by large ones, particularly long-eared 
owls by horned owls. The frequency of screech owls in suburbs 
probably reflects the absence of their enemy, the horned owl. This 
is one more reason why a high density of horned owls on a game 
range is undesirable. 

On the other hand Errington has evidence of a horned owl 
killing an adult Cooper's hawk on at least one occasion, also less 
complete evidence of a horned owl cleaning up a brood of Cooper's 
hawk nestlings. 

Errington has noticed that in the region of Dane County, 
Wisconsin, Norway rats seem to become established in a wild 
state only where cornshocks are abundant and horned owls are 
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absent or scarce. He suspects that the owls control this pest, 
which in Britain is known to be one of the worst predators on 
game birds. 

A horned owl making away with a half-grown housecat which 
it had evidently killed was captured by Austin (1932, p. 33). 
Errington found a mink skull in the summer pellet of a horned 
owl. 

Eaton (1931) finds indications that since 1925 Accipiterine 
hawks in New Jersey increased 14 per cent, while the larger hawks 
decreased up to 54 per cent. It is possible that the really harm
f ul Accipiters are" filling the gaps" in relatively harmless hawks 
created by uninformed hawk-shooters in the name of "conser
vation." 

This caption does not either condemn or exonerate any species 
for the behavior here noted. These are isolated instances which 
suggest that inter-depredation is one of the important variables 
in the ecological equation, but which do not establish a value 
for it in any case. This caption is aimed at shallow-thinking ex
tremists who see in the whole predator issue nothing more than 
a question of" soft-heartedness." 

The ROles of Skill, Accident, Fitness and Education. In order 
effectively to appraise or predict game-predator relationships, 
the game manager must understand the roles of skill and acci
dent, respectively, in bringing about situations in which mor
tality can occur, the importance of fitness for a successful escape, 
and the effective "education" which fit game derives from a 
successful escape. 

There is little doubt that some depredations occur through 
fortuitous meetings of predator and game, the frequency of which 
depends on the laws of chance alone. 

On the other hand, depredations may be clearly the result of 
an exercise of hunting skill by the predator, and escape the re
sult of the skill or fitness of the game. It is probably common for 
first encounters to be fortuitous, and for subsequent encounters 
to result from deliberate hunting, the outcome depending on the 
skill acquired accidentally on both sides. 

Types of Depredations. There are three typical combinations 
of accident, skill and education. The first is where small recurrent 
losses are the result of accident alone. Thus Errington (1931a) 
missed a bobwhite or two from each of several coveys located 
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near nesting horned owls, and recovered their remains from the 
current owl pellets, or from the nest, or both. No other losses 
from owls had been found in these coveys, except a very few 
during the winter. It is improbable that a horned owl ordinarily 
finds it profitable to look for the nearly invisible roosting coveys 
on the ground, but in the intensive hunting around the owl nest 
accident will doubtless make available an occasional bird night
flushed by mammals, or some bird late in joining the roost. Such 
accidentally ava:ilable birds succumb, but their death is not fol
lowed by any change in the owl's ability to repeat the perform
ance, or the quairs ability to prevent it. Its repetition remains 
a matter of pure chance. The aggregate number of deaths in
creases with the density of either prey or predator, but the per
centage of annual mortality only with the density of the pred
ator. This type of depredation may be called "chance depre
dation." 

On the other hand, Stoddard believes that when a coon or 
skunk finds, by accident, a series of quail nests, he develops the 
ability to find more, and becomes an habitual egg-eater, provided 
he finds nests often enough to reward his effort. Such depreda
tion, under a condition of heavy or increasing density of prey, 
such as accompanies management, is cumulative. While the pred
ator develops increasing skill, the prey probably does not develop 
increasing resistance, except as his density may dwindle, or he 
may gradually cease nesting in the predator's habitat. This type 
of depredation may be called, for short, "habit depredation." 
Its characteristics are that both the aggregate number and the 
annual percentage of deaths increase with increasing prey den
sity, while both probably decrease with decreasing prey density. 

Decreasing predator density (such as accompanies predator 
control) decreases the annual percentage of deaths. An actual 
measurement of this decrease was made by Stoddard, and is 
summarized under" Effects of Density." 

The third type of depredation was first clearly described by 
Errington (I93IC). He found that a Cooper's hawk, in preying on 
a bobwhite covey in Wisconsin in winter, usually killed a bird 
per day for one, two, or at the most three days after arrival. By 
this time the covey ceased feeding in the open, often changing 
its menu entirely, and made such skillful use of escape coverts 
as to avert further losses. The Cooper's hawk persisted for a few 
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days in his unsuccessful attempts, and then moved on "to pas
tures new." The modified behavior of the quail persisted to an 
extent suggesting the supposition that they were henceforth 
nearly hawk-proof, provided, of course, food supplies held out. 

This type of depredation calls for mobile predators moving 
successively from one group of "green" prey to another. In the 
impolite but expressive vernacular of slang, it may be desig
nated as the "sucker list" type. Its characteristic is that the 
prey" bites only once," thereafter building up an effective" sales 
resistance," but the predator continues his "nefarious" liveli
hood by virtue of the new and unsophisticated coveys which are 
"born every minute." . 

The per cent of annual mortality from this type of depreda
tion would seem to rise with predator density only up to the 
point where all the coveys become" educated." This point would 
represent a fixed maximum beyond which few additional losses 
would occur. The aggregate deaths might increase with either 
prey or predator increase, but not the percentage. It is conceiv
able that the "education" presumably arising from this type is, 
in the long run, a net benefit to the game, provided the escape 
coverts and food are varied and ample (see Errington, 1930). 

This brings us to the fourth and fifth types of depredation, 
which arise from some weakness in the prey or its environment. 

The "education" of the "sucker list," for instance, is of no 
avail if there be not ample escape coverts, and abundant alter
native foods of high quality, available during the weather prev
alent at the time of attack. Without an environment which 
remains favorable even at the critical season, the result is not 
education but annihilation. There is no sanitary or educational 
recompense for such loss. It is commonly the precursor of starva
tion, and for lack of a more comprehensive short label may be 
called the "starvation type." The per cent of mortality in this 
type obviously increases with the density of predators, is probably 
not much affected by the density of the prey, but is affected by 
many extraneous and temporary variables such as weather. Its 
control should be a prime objective of management. The prime 
control measures are food and cover. 

The fifth or "sanitary type" of depredation consists of the 
culling of diseased, crippled, or "dumb" individuals, often by 
predator species too clumsy to cope with normal healthy game. 
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Errington (1931a) believes the depredations of Buteo hawks on 
Wisconsin bobwhite are of this type, and Stoddard (p. 206) holds 
the same belief for Georgia. Errington suspects that diseased 
rodents likewise tend to be eliminated by the slower hawks. No 
level-headed game manager will regard this culling process as 
anything but beneficial. 

These types, of course, overlap each other under varying 
circumstances. They are here set off as separate categories for 
the purpose of helping the game manager think intelligently on 
the predator problem. There are doubtless other types equally 
distinct, but as yet unrecognized. Table 30 summarizes their 
characters. 

TABLE 30 
TYPES OF DEPREDATION 

I 
Selective? Benefit Damage Principal Characteristic 

1. Chance I 
2. Habit I 
3. "Sucker list" : 

4. Starvation I 
5. Sanitary : 

I 

No None Usually small I Stays small 
No None May be large I Grows with management 
No I Education Limited I Bad if rood and cover 

I I lacking 
No? I None May be large I Often follows No. 3 
Yes I Eliminationl Small I Entirely beneficial to 

I of unfit I I game 
I I 

Selective Predator Mortality, Sanitation. Many of the con
troversies between sportsmen and biologists arise from a funda
mental difference in viewpoint as to the significance of mortality 
from predators. 

McLean (I93oa) gives the biologist's viewpoint in a nutshell 
when he says: 

"There is a growing tendency on the part of scientists to defend 
the predator as indispensable to the welfare of the animal preyed upon." 

By "indispensable" is meant, I suppose, that continuous cull
ing of weak or unfit individuals by which evolution has adapted 
our present species to their respective environments. This is a 
long-time viewpoint. It fears the degeneration of game stocks, 
and the elimination of predators as an esthetically valuable part 
of the fauna. It predicts unexpected and possibly dangerous re
actions from too stringent control measures. 
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A coherent epitome of the opposite point of view is not so 
easy to find. Jack Miner (1931) gives the viewpoint of many 
sportsmen when he says: 

"At the present time there are many weak-hearted indoor natural
ists who would lead one to believe that you shouldn't even kill a bed
bug .•.. Birds are an open book .... Who wants to protect a creature 
like the weasel or the crow, when personal experience and knowledge 
compel one to believe that a crow will feed its young from fifty to one 
hundred innocent birds' eggs in one day, if he can find them?" 

This quotation is selected because Jack Miner raises the real 
issue when he asserts: "Birds are an open book." Are they? If 
so, then the whole "progress" of ecological science for the last 
century is a pipe-dream. 

The sportsman's usual attitude may be fairly termed a short
time viewpoint. He fears that growing game-scarcity may result 
in the ultimate prohibition of hunting, and sees in predator
control a "stay of execution." All too often he is unaware of 
~hat biologists are thinking about when they challenge his poli
cIes. 

Phillips (1931) gives a viewpoint which may be quoted as a 
fair example of those sportsmen and game managers who try to 
understand both biology and sport. He says: 

"Sportsmen must be made to understand many things. They must 
look at all wild life in a broader way. It is foolish for their journals to tell 
them that they can have abundant game if only they will exterminate 
predatory birds or something of that sort. We know they cannot. The 
only way to handle this delicate question ... is to protect all species 
•.. with two or three exceptions, except when they are doing or about 
to do damage. Sportsmen should discourage the destruction of hawks 
for sport alone, but at the same time leave the farmer or game breeder 
absolutely free to protect his own property." 

This present issue in predator-control policy is, in its abstract 
generalized form, a seemingly hopeless impasse. But when re
search splits it up into its component local fractions, it becomes 
steadily less formidable. The latest life-history studies, as inter
preted in the preceding caption, tend to show that the selective 
mortality or sanitary culling effect which the biologists wish to 
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perpetuate is operative in only certain types oj depredation, which 
can usually be tied down to particular species, seasons, and cir
cumstances. They tend to show that the heaviest game losses oJten 
occur from types oj depredation in which the least culling occurs, 
and from species already condemned by many biologists, and ad
mitted by them to be in no danger of extermination. They tend 
to show that cullin~ losses can oJten be tolerated by game manage. 
ment, at least in the lower grades of intensity. 

Leopold (Game Methods, 193u) argues that the higher scales 
of intensity are unnecessary in this country because of the low 
human population density, and that high-intensity management 
would be poor economics and poor esthetics. 

Probably the most valuable recent advance in this process 
of splitting up the predator problem is Errington's thesis that 
better food and cover represent, in many instances, the cheapest 
and most effective predator-insurance. 

In short, more game research, moderate game management, 
and mutual patience appear to be the most hopeful keys to sound 
predator control, and the ultimate reconciliation of biology and 
sport. 

Predators and Game Distribution. Racial sanitation by cull
ing the unfit, and controlling other predators of more destructive 
habit than their own, are not necessarily the only benefits which 
the game manager derives from preqators, and which help offset 
the toll they take of game. There are probably other effects which 
as yet defy definition, much less explanation. It is said that a 
normally distributed herd of deer on Vancouver Island, after 
the lions and wolves had been killed off for their benefit, suddenly 
.. huddled up" on a small part of their original range and over
grazed it. Apparently normal depredation had some as yet ob
scure influence in keeping the deer normally distributed over the 
range. In this case there is no assurance that the control work 
and the huddling were actually cause and effect. The case is 
cited merely as suggestive of many possible predator influences 
as yet beyond our vision. 

Odd and New Predators. Stoddard's discovery already de
scribed in Chapter II, that the fire ant is an important destroyer 
of pipped quail eggs just about to hatch, indicates that the list of 
predators affecting the productivity of particular game species is 
not yet complete. He also found occasional quail nests broken up 



TABLE 3IA 

PUBLICATIONS ON PREDATOR FOOD HABITS* 

(Compiled in collaboration with W. L. McAtee, U. S. Biological Survey) 

Species Author Date Locality 

General Forbush 1916b Massachusetts 

Bobcat Criddle 1923 Manitoba 
1925 Canada 

Dixon 1925 California 

Poole 1929 California 

Coyote Criddle 1925 Canada 

Dixon 1925 California 

Poole 1928 California 

Henderson 1930 General 

Hall 1931 Western 

Cougar Dixon 1925 California 

Crow Barrows & Schwarz 1895 General 

Barrows 1912 General 

Kalmbach 1918 General 
1920 " 
1920a " 
1920b " 

Sanborn et al 1919 Oklahoma 

Domestic Cat Forbush 19168 New England 

Wilson & Vreeland 1917 N. Y. and N. J. 

Gabrielson 1922 Western 

Fox Crosman 1927 New England? 

Errington 1932a Wisconsin 

Hawks & Owls Fisher 1895 General 
1907 " 

McAtee & Beal 1912 General 

Gloyd 1925 Kansas 

Preble 1927 General 

Hausman 1927 New Jersey 
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Species : Author : Date Locality 

Hawks & Owls : Gross I 1927 General 

I : 1928a 
Brooks I 1928 General 

I 1929a and 
I 1929b S.W. Canada 
I 1930 

Bird : 1929 Manitoba 

McAtee & Stoddard I 1930 General 

Errington I 1950 Wisconsin 
: 1930a " 
I 1932 " 

Baldwin et a1. I 1932 Ohio 
I I 

Magpie I Day 1927 I Wyoming 

: Kalmbach 1927 : West 

Skunk Dixon 1925 : California 

Hamilton 1929 I East 

Cor san 1930 : Michigan 

Williams 1930 I General 

Dearborn 1932 : Michigan 

Snakes Guthrie I 1932 : General 

Roadrunner Gorsuch : 1932 : Arizona 

.For full reference see Bibliography. 

by wild turkeys. A comparable case is the recent disclosure that 
reindeer eat duck eggs. Yeatter (1932) found a Hungarian par
tridge nest which had been broken up by domestic chickens. 
Errington saw a chi<!ken kill a quail chick. More thorough life
history research will doubtless reveal many more special pred
atory relationships, some of which will be important enough to 
warrant control. 

The invasion of northern latitudes and high altitudes by 
coyotes means, in effect, a new predator as yet but inadequately 
studied in its new range. The northward spread of the crow into 
the Canadian wheat-belt, and the invasion of California and the 
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southern Lake States by the opossum, are additional evidence 
that an unending series of new and puzzling situations are to be 
the price of our dominion over the earth. 

Predilection; Food-Habits Research. The preceding discus
sions will enable the game manager better to understand both 
the value and the limitations of the scientific data so far avail
able for his guidance in questions of predator control. These 
data, obtained through the activities of the Division of Food 
Habits Research of the U. S. Biological Survey, and of other 
research ornithologists and mammalogists, usually reach us in 
the form of composite averages of thousands of individual analyses 
of stomach contents or pellet contents for each particular pred
atory species. Raptors and crows have been much more thor
oughly reported than the predatory mammals. Adult mortality 
has been much more thoroughly reported than juvenile or nest 
mortality. Fisher, McAtee and Beal, and Barrows may be re
ferred to as examples of this early foundational work. 

This composite average is commonly but incorrectly inter
preted as represen ting the fixed food preference, predilection, or 
habit of the species in question. It is commonly but incorrectly 
inferred that the food habits of that species will conform roughly 
to the composite pattern at most particular times and places. 

If the reader has correctly understood the foregoing discus
sions he will not need to be told that this is hardly true. He will 
understand that these composite patterns are the average of a 
vast number of local and temporary situations, in each of which 
all the variables which we have just been discussing have come 
into play. While the species will run true to pattern in many or 
even a majority of instances, and while the general "good" or 
"bad" character arrived at through such general food-habits 
research will hold good in almost all of them, it nevertheless re
mains true that in some cases radical departures from the pattern 
are to be expected. In short, composite averages are merely the 
starting point for the game manager's job of getting local facts. 

The process of getting dependable local facts about mammals 
as well as rap tors, and on juvenile and nest as well as adult mor
tality, is thoroughly feasible. Stoddard has set the example of 
what these local measurements should be, how to make them, 
and how to use them in practical management operations. The 
recent findings of Errington, Gross (193Qa and b), Wight (1930), 
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and others show how Stoddard's technique for localized studies 
is rapidly spreading into the other states. 

A list of publications on the food habits of important preda
tory groups appears in Table 3Ia (pp. 248-249). This has been 
compiled through the courtesy of Doctor W. L. McAtee of the 

TABLE 3IB 

PUBLICATIONS ON CONTROL TECHNIQUE'" 

Species Author Date I Locality 
I 

Bobcat Young 1931 I General 
I 

Coyotes & Wolves Carhart & Young : 1928 I Colorado 
I 

Young I 1930 I General 
I I 

English Sparrows Kalmbach I 1930b I General 
I I 

Feral Cats Forbush I 19l6a I Eastern States 

Silver & Jarvis : 1929-30 : General 

Magpies Kalmbach I 1927 I West 
I 

Rats Silver I 1930 General 
I 

M8IIIID8ols Bailey I 1932 Gen'eral 
I 

General Controls McAtee I 1927 General 
on Game Farms I 

I 

Finance and Jardine I 1929 General 
Organization. I 

I 10-year program 
I 

Effect of Pole Traps Wight I 1931b Michigan 
I 

* For full reference ee Bibliography. 

U. S. Biological Survey. The detailed reference for each publica
cation listed appears in the general bibliography in the appendix. 

Table 3Ib is a list of publications on control technique for 
important predatory groups and certain other species. 

Summary. Predator loss in game is determined by density 
of game and predator, predilection, escape facilities, and buffer 
species. Per cent depredation usually goes up with game density, 
by reason of increasing fruitfulness of a unit of effort. It usually 
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goes down with increase in buffers, subject to certain disturbing 
influences such as predator-influx, buffer hibernation, and buffer 
cycles. 

Harassment by predators may affect game welfare or induce 
starvation over and above any actual killing. 

Predators prey on each other to a much greater extent than 
is usually supposed. Some species, by controlling others, are a 
benefi t to game. 

There are five types of depredation, each offering a different 
balance between the desirable culling of the unfit and the un
desirable decimation of the game stand. The improvement of 
cover and food is a better protective measure against some types 
than the killing of the predator. 

Composite studies of predator food habits are only a general 
guide to local problems. 

This ends our inadequate attempt to interpret the great in
visible drama of tooth and claw in which the sportsman plays 
a lead, though he has neither seen nor read more than snatches 
of the other parts. If he emerges from this review with the idea 
that the whole play is hopelessly complex, he will have missed the 
point. If on the other hand he feels his curiosity intrigued and his 
fairness challenged to gain a better understanding of his local 
problems, then our purpose is accomplished. There is only one 
completely futile attitude on predators: that the issue is merely 
one of courage to protect one's own interests, and that all doubt
ers and protestants are merely chicken-hearted. 

Epicurus wisely observed: "It is impossible but that those 
who are feared by many should themselves be in continual fear 
of some." If the sportsman will pOllder this well, he may get the 
point: to reserve his" courage" until he has determined as closely 
as possible where his own interests lie. 



CHAPTER XI 

CONTROL OF FOOD AND WATER 

Interaction oj Factors. The previous chapters have shown 
that all of the factors of productivity are interwoven, and react 
upon each other as well as upon the game whenever there is a 
change in anyone of them. This interaction is especially pro
nounced as between food, water, coverts, and special factors. In 
actual management their control is all one problem. 

I t is also a noteworthy fact that in actual management, defi
ciencies in food and cover are often seasonal rather than yearlong. 
The practical problem of control is usually a matter of providing 
the kind, amount, and distribution of each which experience in
dicates will suffice for the species in hand at its critical season. 

Game Physiology Unknown. Experience, however, tells us 
little or nothing about why certain foods are eaten or rejected, or 
what r6le the various foods play in sustenance or reproduction of 
the species. Even the most scientific food-habits research tells us 
what has been eaten, but not always how much, and never for 
what reason. 

The physiology of wild animals is almost entirely unknown. 
A few game species are closely related to domesticated animals 
in which the physiology of nutrition has been studied to a lim
ited extent, but these studies have been largely empirical rather 
than scientific, and have stressed weight rather than fitness. 
Some of the most important game species, such as the budding 
grouse with their obviously specialized digestive powers, have no 
relatives in captivity, for the reason that captives are not yet 
successfully bred. Antlered game has no domestic counterpart 
except reindeer. Hence analogy with the food requirements of 
domestic species is seldom possible. 

Control of game food, water, and special factors under such 
a limited understanding of game physiology is necessarily an 
empirical art, in which predictions are never wholly safe, classi
fications of phenomena are more or less arbitrary, and we know 
what much oftener than we know why. All of:. this chapter is sub
ject to this unavoidable limitation. 

253 
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An exploration of wild-bird physiology has now been begun 
by the Baldwin Bird Research Laboratory of Gates Mills, Ohio, 
but no game birds have as yet been studied. 

FOOD 

Definition. A game food, in the sense used in management, 
is any material which is ingested by game for the maintenance of 
productivity. 

Control of the food factor implies the control of the kind, 
quantity, and quality of food needed by any given species, at 
various ages and seasons, in a given environment. 

Variety of Game Food. An understanding of food control 
must begin with an appreciation of the tremendous variety of 
foods eaten by most game species. Game eats a greater variety of 
species than humans do, the lack of Frigidaires to the contrary 
notwithstanding. 

Stoddard found in 1659 Georgia bobwhites nearly a thousand 
kinds of food, of which several hundred occurred with sufficient 
frequency to suggest they were important. 

TABLE 32 
KINDS OF FOOD FOUND IN 1659 BOBWHITES BY STODDARD 

CLASS OF FOOD 
Seeds 
Legumes 
Cultivated plants 

other than legumes 
Grass seeds 
Sedge seeds 
Mast 
Spurge seeds 
Fruits 
Green vegetation 
Insects 
Other animals 

NUMBER OF KINDS 
OF FOOD (p. 5(9) 

112 
68 

II 

66 
26 
18 
16 
55 
44 

500 
II 

IMPORTANT KINDS OF 
PLANT FOODS (p. 541) 

25 
24 

12 
8 
2 

4 
2 

19 
II 

? 

107 

The two columns are not exactly comparable, the left column 
consisting of species and the right partly of genera. If this were 
..:orrected, and if important insect foods were included, the total 
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number of important food species for quail would doubtless ex
ceed 200. 

The red grouse has possibly the simplest dietary of any game 
bird. It feeds on 30 plants, plus an unknown number of insects 
(Grouse Report, p. 83). 

The Hungarian partridge seems to have the simplest dietary 
of any American game bird. Kelso (1932) found 46 plants and 34 
animals in 80 partridges from the central states and Washington. 

Gross (1930) found 93 plants and 99 animals in 39 pinnated 
and sharp tail grouse in Wisconsin. 

He found (1928b) 123 plants and 117 animals in 390 ruffed 
grouse from various states, of which 58 occurred in 10 or more 
birds. 

Gorsuch (1932) in the month of August 1930 alone found 
114 species of plant and animal food in 30 stomachs of gam bel 
quail in Arizona. 

The same diversity holds good for game mammals. Todd 
(1927) found cottontails eating 71 shrubs and trees in a single 
small locality during one winter season. Clepper (1931) records 
113 woody plants browsed by Pennsylvania deer. In both rab
bits and deer the number of herbs eaten is doubtless at least as 
great as the woody plants. Robinson (1931) found deer in the 
Sierras eating 80 browse plants, 61 weeds and herbs, and 28 
grasses and grass-like plants, total 169 items. 

Elements of Selectivity. Obviously the game manager cannot 
control 1000 or even 200 species of plant and animal food. He 
will do well if he controls half a dozen. Their skillful selection re
quires some orderly understanding of what determines the kinds 
of food eaten or needed by game. As nearly as is known, the kinds 
of food eaten are limited by: 

I. What is present at the season in question. 
2. What is available or accessible without undue work or 

exposure. 
3. What is palatable in kind or condition. 
4. What is needed for current physiological processes. 
5. Habit. What the individual is accustomed to eat, and 

skilled in finding. 

The first limitation needs no comment. There are no mul
berries present in January, and no buds or corn in July. 
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The other limitations need elaboration. 
Availability. Stoddard has pointed out that a seed falling 

into a thick mat of pine needles is not available to quail. The work 
necessary to find it is excessive and unprofitable, especially when 
the same seed is obtainable elsewhere on bare ground. 

Errington suspects that locust seeds encased in the pod on 
the tree cannot be gathered by quail without an expenditure of 
energy (in flying into the tree and clipping the seeds) greater than 
its food value. 

Foods buried under snow or sleet are obviously not available 
except to a limited extent for species which scratch or burrow. 
Browse on limbs or branches higher than a deer can reach by 
standing on his hind legs is not available. Hence the "Plimsoll 
Line" on woody vegetation (Burnham, 1928) and the earlier 
starvation of yearlings because they cannot reach browse at the 
higher levels accessible to grown deer. 

An unhusked ear of corn is not available to quail until the 
quail has learned by slow degrees how to clip the husk away. A 
cornshock in the middle of an open field watched by a Cooper's 
hawk is not available to game in the nearby covert. 

It is thus evident that physical availability may depend upon 
the level at which food occurs, the degree to which access is ob
structed by mechanical obstacles, the risks run in reaching it, 
and the stage of "education" of the individual game animal. 

Palatability. It seems improbable that birds "taste" the 
many foods inclosed in non-soluble coatings, which they never
theless eat with avidity. Palatability, therefore, cannot be a mat
ter of taste alone. It seems probable that a comfortable degree 
of engorgement of the crop, and a f~eling of welfare as digestion 
begins in the gizzard, enter into the obvious preferences shown 
as between foods. It is also quite certain that the size of the food 
unit, in reference to the convenience of finding and swallowing 
it, enters into that selectiveness which we call "palatability." 

Grange thinks that color may possibly help determine palata
bility. Cornfield-using mallards in northern Iowa avoid fields of 
white corn, as distinguished from yellow. This, of course, does 
not prove the point. 

Any scale of palatability is obscured by variations in availa
bility and in season. Thus we cannot compare the palatability of 
grasshoppers with that of poplar buds to pinnated grouse, be-
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cause the two foods are not present at the same season. Neither 
can we compare locust beans in a tree to ragweed seeds at a 
convenient level for quail to reach, because the latter are so 
much more accessible. It is also possible that many foods which 
are accessible and of a convenient size are shunned because either 
instinct or experience has shown them to have toxic qualities. 

Palatability likewise has seasonal variations distinct from 
accessibility or presence. Thus Stoddard found that cherry-pits 
become palatable after they begin to sprout in spring. The change 
is doubtless chemical, as well as physical (in the sense of splitting 
of the hard shell in germination). 

Again Dixon (1928) found that Yosemite deer use deer brush 
(Ceanothus integerrimus) as a staple food in winter, but do not 
eat it at all in summer. Some change, either in the constituents 
of this shrub, or in the needs of the deer, is doubtless responsible. 

Special Physiological Needs. Despite our ignorance of game 
physiology, it may be safely said that food selectivity is some
times guided by the need of special food for the support of cur
rent physiological processes. Both the Grouse Report and Stod
dard observe that hens gain in weight more rapidly than cocks 
just previous to the breeding season. Later studies may show a 
difference between the sexes in the amount or kind of food eaten 
at this period. The specialized feeding resorted to by poultrymen 
to induce egg laying strongly corroborates this assumption. 
Schmidt (unpublished) observes that on the approach of cold 
weather, sharp tails begin budding even where provided with an 
abundance of grain, of which they continue to eat in moderate 
quantity. Under the same conditions pinnated grouse do not 
begin to bud until spring. The current physiological need of re
sisting cold, coupled with differences in digestive powers, may 
have something to do with this unexplained difference in food 
behavior between two outwardly similar species. 

Habit; Relation to Exotic Foods. The recent trend of research 
strongly suggests that game must learn by experience how to eat 
exotic foods, and possibly some native foods also. 

Stoddard (p. 125) found that Georgia quail unaccustomed to 
buckwheat or rice took several years to learn to eat them, al
though the former occupies a high place in the palatability scale 
for most game birds, after the habit has been formed. 

Bogardus (1847) asserts that pinnated grouse had to learn to 
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use corn as food and cover, and that the habit was not formed 
un til years after corn became common on. the Illinois prairies. 

Errington (I93Ia) finds that the ability of bobwhite quail to 
dip the husks from corn ears is not an instinctive, but distinctly 
an acquired characteristic or aptitude. Some individuals, he sus
pects, may never learn the trick. 

Schmidt (unpublished) observed that sharp tail grouse, eating 
buckwheat from hoppers at Wisconsin feeding stations, did not 
recognize husked ears of corn, laid on the ground near the hopper, 
as a food. They soon learned to eat it, however, and later how 
to scratch the husks from unhusked ears, provided a few grains 
were exposed. Coveys not previously introduced to corn refused 
to enter traps baited with husked ears, whereas other corn-wise 
coveys entered at once. Two sharptails attached to a large covey 
of pinnated grouse knew how to eat corn from the outset, having 
evidently acquired the" art" from their relatives. 

Gorsuch (unpublished) found grain to be useless as bait for 
trapping gambel quail in the non-agricultural brushfields of Ari
zona. "These birds have no conception of what grain is .... I have 
on numerous occasions watched them wade through grain for 
several days before one would venture to take a piece." After 
about three weeks of baiting a given covey would learn that grain 
was good to eat, after which the trap would be set and the birds 
successfully caught for banding. 

The contradictory evidence on whether ruffed grouse eat grain 
may reflect actual differences in previous access to grain, and 
corresponding differences in the grain-eating habit. 

One may safely deduce from the foregoing evidence that ex
perience, training, or habit is a fundamental element in food 
selectivity, and that the most accessible and palatable of foods 
may be of no avail until the game has formed the habit of eating it. 

A large proportion of our (now) most valuable game foods 
are of exotic origin. All of the grains except corn, most of the 
agricultural weeds, and many of the legumes and grass seeds 
which now form the backbone of the preferred and staple foods 
for small game, are exotics, and their utilization presumably an 
acquired character. 

Classes of "Sustenance" Foods. Experience teaches us that 
the diet of game animals, through the critical winter season, often 
follows a more or less definite sequence. As one group of foods 
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becomes exhausted or unavailable, a second group is taken, and 
as the second becomes exhausted, a third is taken. These groups 
presumably represent a descending order of palatability, although 
it is by no means certain that seasonal changes in physiological 
needs do not also enter the equation. 

In fall, after the foods characteristic of summer have disap
peared, the foods eaten and seemingly preferred for as long as 
they last into the winter, may tentatively be called prelerred 
foods or delicacies. For example: neither bobwhite nor pinnated 
grouse consumes corn in quantity until ragweed seed becomes 
scarce. Mule deer in the Southwest eat no Juniper berries until 
pinon nuts or mesquite beans have become scarce. 

The group of foods resorted to after the supply of preferred 
foods has dwindled may be called staple foods because they are 
the foundation of winter sustenance. Game which has plenty of 
staple foods maintains full weight and vitality, and winters with 
small loss. 

It may possibly be that some staples, such as corn for bob
white, are rejected in early fall, not so much because they are 
less palatable than preferred foods, but because the physiological 
need for them does not develop until cold weather. Lesser pala
tability, however, is for the present the simpler and hence the 
preferable explanation. 

The group resorted to when staple foods become scarce may 
be called emergency foods. Locust beans, for example, are not 
sought by quail until corn is scarce. These emergency foods may 
be defined as capable of sustaining life, but as a sole ration they 
often do not suffice to maintain weight, vitality, and resistance 
over prolonged periods of adverse weather. They may suffice, 
however, when mixed with a small quantity of staple foods. 
Some emergency foods may be somewhat toxic. 

Starving game, in the absence of better food, often fills up 
on material of little or no nutritive value, which may be called 
" sluffing," because it seems to be eaten simply to fill the digestive 
organs. Errington's experiments with quail (193Ib), for example, 
indicate that on a sole diet of sumac, wild grape, or rose hips, 
quail lost 6-8 grams per day, whereas they lost 14 grams on no 
food at all. This does not prove, of course, that such foods lack 
value when mixed with, let us say, corn. 

Table 33 presents some tentative examples of the four classes 
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of winter food. It should be understood that in most species, 
food habits research is still too sketchy and too local to permit 
of a final classification of palatability, and furthermore that the 
items in anyone class for one species are simply estimated to be 
of similar palatability to those appearing in the same class for 
another species. Thus Schmidt (see table) is quite sure that 
pinnated grouse in central Wisconsin eat corn earlier in the winter 
than sharptail grouse do, but some other investigator in some 
other place might find corn equally palatable to both, or he might 
push both up one place on the scale, and call corn a preferred food 
for pinnated and a staple for sharptail. It should also be under
stood that the table ignores possible seasonal changes in physio
logical needs. It is based entirely on the sequence of observed 
changes in consumption. 

There appears to be a fifth class of food. Dixon (unpublished) 
has pointed out that deer consume small quantities of a large 
variety of browse plants, in a manner and to an extent which. 
suggests analogy with the chewing of gum, grass blades, bits of 
wood or stems of leaves by human beings. Such consumption 
evidently represents nervousness, or exercise for the teeth, or 
pastime, as distinguished from consumption by reason of hunger. 
Stoddard likewise found a large variety of materials in quail 
crops which are hard to account for as foods in the ordinary 
sense. These miscellaneous ingestions may be called pastime 
loods. They doubtless account for part of the difference in the 
sums of the two columns in Table 3'2. 

The seasonal sequence of foods which has been sketched 
qualitatively in this caption, is also visible in quantitative classi
fications of stomach contents. Fig. 24, showing a classification 
of pheasant food by months, is taken from The China Pheasant 
in Oregon (unpublished), 1929. 

Variety. It is not to be supposed that the palatability
sequence postulated in Table 33 and described in the foregoing 
captions is a complete and fully established theorem which ex
plains all game-food phenomena. It is merely a preliminary at
tempt at the orderly interpretation of what to me at least has 
seemed a chaotic accumulation of facts. It does not explain all 
of those facts. 

Thus wild game birds have been known to eat some dry corn 
in the middle of summer, and some emergency foods or even 
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stuffing in the presence of a surfeit of delicacies. A preference for 
variety, the inertia of habit carrying over from previous months, 
and the principle of pastime, or idle pecking at whatever falls 
under the eye, jointly or severally, doubtless account for the 
minor degrees of non-conformity to this palatability scale which 
are known to occur. 

FIG. 24-

CLASSIFICATION OF PHEASANT FOOD BY MONTHS 

Food of the adult pheasant showing varying proportions of each by bulk from month to 
month, and the relative proportion of each in the aggregate annual food based upon the 

examination of the contents of 139 stomachs. 
(Reproduced by courtesy of Oregon Agricultural Experiment Station) 

Starvation. The availability-sequence from preferred food 
through staples and emergency foods to worthless "stuffing" is 
paralleled by a corresponding decline in the physical condition 
of the bird which Errington (19310) has depicted for bobwhite 
in a series of typical weights and breast contours shown in Fig. 
'2.5· 

Sudden deprivation, however, will kill bobwhites long before 
they reach the bottom of Errington's scale. Four to six foodless 
days will kill a fat quail in cold weather. Gradual deprivation of 
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200-gram Wisconsin birds renders them a prey to slow hawks 
at 130 grams. 

"Below 120 grams (4.2 ounces) ... quail in the wild are as good 
as done for." 

A bird is still alive at 90 grams-Errington's Nadir oj Wretched
ness-only by virtue of an exceptional combination of protracted 
mild weather and absence of predators. 

The Game Survey (p. 58) shows a limited number of weights 
indicating that Missouri quail starved during the hard weather 
of 192~30 at 3~-4~ ounces. This checks with Errington's 
critical weight of 4.2 ounces. 

The bearing of these data is obvious: The game manager can 
build up, probably for any species of game, a series of weight
criteria which can be used to judge the condition of his stock, 
and warn him of impending starvation. 

The physiology of starvation involves not only deficient 
nutrition, but depressed body temperature. The maintenance of 
body temperature under varying conditions of food and cold is 
being investigated by Baldwin and Kendeigh of the Baldwin 
Bird Research Laboratory (1932). This investigation is of great 
import to management. 

Grit. Most of the literature on game foods recognizes only 
two functions of food: (I) sustenance in the ordinary sense of 
maintaining weight, vitality, and resistance, and (2) mechanical 
action on other foods. Grit for birds is the familiar example of 
the second function. All of the preceding discussion has dealt 
with the first function. 

Few laymen realize the power of a gizzard armed with grits. 
Many are astonished when assured that a dainty quail can grind 
whole corn. Let them marvel, then, at McAtee's account of what 
happens when a mallard eats hickory nuts (1918, p. 7): 

"These hard nuts might be thought beyond the powers of a duck to 
digest, but, on the contrary, they are taken care of with ease, being 
broken by the great pressure exerted by the gizzard as they are on the 
point of entering that organ. Once wholly within they quickly are ground 
to fine fragments." 

Information on the mechanical function of food is accumu
lating rapidly, but it is doubtful whether our interpretation of 
it is as yet very profound. 
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Only two lines of investigation have so far been begun: (I) 
the amount of grit found in birds, and (2) the peculiar ability 
of some species to conserve their grits when new supplies are cut 
off. In England a limited comparison of preferences as between 
various minerals has also been made. 

The quantity of grit found in game birds is given by various 
authors as follows: 

TABLE 34 
WEIGHT AND VOLUME OF GRIT IN BIRDS 

Weight of Grl t Per Cent ot Food 
in Gbzard and Crop in Crop (Volume) 

P1DD&ted grouse (Gross. 191(0) •••••••• 1.5 grams •••• 6 

Sharptail gI'(Q8e (Gross. 19SO) •••••••• 0.5 grams •••• 2 

Rutted grouse (lIcAtee, unpub1.) • • • • • •• 'I ••• 5 

Bobwbi te (Stoddard, p. 125) • • • • • • • • • ? • • .1-5 (1IIlX. 14) 

Bed grouse (Grouse Report, p. 95) • • • • • • 7.8 grams • • • • 'I 

II1mgariaD partridge (lelso. 1952) • • • 1/" 'I ••••••• 40 (IIIIX. 90) 

PhelwaDt (Cottam. unpub1.). • • • • • • • • • 'I • • • • • • • 26 

JIallard (IIcAtee, unpub1.) • • • • • • • • •• f ••••••• 15 

Canvasback (McAtee. unpab1.). • • • • • • • • 'I ••••••• 19 

These quantities do not, of course, show the rate of ingestion, 
nor do they show all the more soluble minerals which may be 
eaten and promptly ground up and absorbed. 

Stoddard (p. 123) found the amount of grit in bobwhites to 
be so variable that he gives no average figure. The amount, he 
says, decreases when hard seeds, such as those of loblolly pine 
or wild cherry, are being eaten in quantity. By contrast with 
bobwhite, the Grouse Report (p. 95) states that the amount of 
grit in red grouse is nearly constant. Cock grouse (and cock 
pheasants) contain more and larger grits than hens, and adults 
larger and more polished grits than the young. Quartz is pre
ferred, and was found even in birds living on range devoid of 
quartz. It was inferred that these birds had either flown across 
a wide valley to get it, or had extracted it from watercourses 
which had transported it from adjacent areas. Quartz is arti-
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ficially supplied to some grouse moors as a management measure. 
"This expedient has met with some success, but has not been 
very extensively adopted. The artificial introduction of quartz 
grit has frequently been tried with pheasants, and always with 
success." 

The astonishing grit-content of Kelso's Hungarian partridges 
cahnot be dismissed as exceptional, since it is the average of 80 
birds from three or four states and all months of the year. I for
merly entertained the thought that grouse, with their ability to 
squeeze nourishment out of a vast bulk of buds and other coarse 
vegetable foods, probably carried the most grit. That thought 
is now dismissed. No wonder Hungarians show such a strong 
tendency to seek gravel in the wake of snowplows (Game Survey, 
p. 121). 

Most game birds, as may be inferred from Table 34, eat grit 
daily, pheasants and doves particularly frequenting gravelled 
roads at nightfall, presumably for this purpose. Blue geese, where 
the feeding ground was distant from the grit supply, were ob
served by McIlhenney (1932, p. 290) to gravel every second or 
third day. Birds on concentration areas may occasionally con
sume grit in amounts of geological import: McIlhenney says a 
huge gathering of geese during the winter of 1930-31 consumed 
over a hundred tons of grit which he had put out for them. 

When deprived of grit, certain birds are believed to conserve 
the supply on hand in their gizzards. 

About all that can be said about conservation of grit is that 
there is such a thing, but it is not yet understood. Stoddard says 
of bobwhite: 

"When grit can be obtained easily, a portion of that in the gizzard 
is passed on daily, but when ..• the supply is cut off, that in the giz
zard can be conserved for a week or more. The ability to conserve grit 
when it is scarce probably enables the birds to survive when .•. snow 
covers the ground for weeks." 

Errington (I93Ib) found experimentally that bobwhites can 
conserve grit for at least six weeks. Six birds, after being fed a 
gritless ration for this period, lost only about 18 grams apiece, 
while the controls lost about 7 grams in weight. The gritless 
birds were, at the end of six weeks, not yet in danger of dying. 

The Grouse Report (p. 97) says two red grouse were carried 
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on a gritless ration for 21 days. The grits evacuated by normal 
birds were also washed out for measurement. The normal passage 
included up to 160 grits, but on cutting off the supply 116 were 
passed on the second day, and after that not to exceed 13. One 
of the two birds died on the 21st day. The Report suggests that 
the conservation of grit may be effected not so much by any 
selectivity of the gizzard in passing its contents to the intestine, 
but rather by a decrease in the amount of food eaten, and that 
grit starvation may actually be food starvation. 

These findings carry less weight, however, than those of Er
rington and Stoddard, because of the lesser number of birds 
and the shorter duration of the experiment. 

Some one should experiment with grit conservation in Hun
garian partridge. 

Grits and hard seeds are often found in the pellets of raptors. 
Such pellets are a good indicator of what gizzards and crops of 
prey the raptor has swallowed, or even its condition when caught. 
Errington (1932) made this deduction, which will show the point: 
An owl pellet was found to contain the skull of a quail. The other 
contents of the pellet included grits, showing that the crop had 
been eaten, and sweet clover seed, indicating that the quail was 
starving, and probably helpless, when caught by the owl (see 
Table 33). On the other hand grits and ragweed seed, or grits 
and corn, would have indicated an able-bodied victim. 

Mineral, Vitamin, and Tonic Foods. The need of special 
foods to fill special physiological needs is not so far recognized 
in game, although it has long been recognized in cattle and poul
try. It is probable that grit performs not only a mechanical func
tion, but that the soluble parts of it may also be absorbed to 
fill some small but insistent need for mineral substances. As al
ready pointed out, gallinaceous game as well as poultry can sur
vive for a long time on a gritless ration, the grit already present 
being retained and used over and over again where ordinarily it 
would be passed out and replaced with new material. Neverthe
less birds fed on such gritless ration consume grit eagerly when 
it is supplied. Possibly their residual grit suffices for mechanical 
purposes, but not for the purposes of special nutrition here under 
consideration. 

It is well known in animal husbandry that many of the foods 
furnishing ordinary sustenance, likewise furnish vitamins neces-
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sary for growth, vigor, and reproduction. This suggests that 
there may be foods that furnish vitamins only, or minerals only, 
and which have no ordinary sustenance value. This still inde
terminate group may be called mineral and vitamin foods. The 
characteristics of this group are that they may be dissociated 
from the ordinary functions of sustenance and mechanical grind
ing, that very small quantities may suffice, and that certain 
physiological processes may suffer if they are not supplied. 

A nutritional hypothesis, premised upon the assumed need 
for special minerals or vitamins, was advanced by the Game 
Survey (p. 127) to account for the peculiar distribution of success 
and failure in plantings of pheasants and Hungarian partridges. 
As shown by Fig. 8 all southern plantings have failed, and suc
cess in the north is more or less spotty, especially in Hungarians. 
The grosser aspects of climate seem to be ruled out as a primary 
cause by reason of the known success of pheasants on game farms 
in the zone of failure, and by reason of the fact that failure of 
plantings is gradual, the planted stock at first breeding vigorously, 
but later "straggling" to an ultimate decline (see Table 8). Re
plenishment by new plantings, however, seems to renew the vigor 
of the stock, so that we have" artificial establishments" even as 
far south as Georgia. The grosser aspects of food, cover, pred
ators, poaching and disease seem to be ruled out by reason of 
the consistent behavior of each species within its zone of success 
and failure respectively. These highly variable factors would, if 
controlling, produce a "shotgun" pattern of successes, whereas 
the actual pattern, especially with pheasants, is solid. Incidentally 
the zone of success for both species in the north central region 
lies mostly on glaciated soils, suggesting some connection with 
soil chemistry or associated plants. The zone of success for Hun
garians lies within the zone for pheasants, but some spots (such 
as northeast Iowa) definitely show success with pheasants but 
failure with Hungarians. 

These observed conditions would be satisfied if we postulate 
that each species requires certain minerals or vitamins, or dif
ferent amounts of the same mineral or vitamin; that in confine
ment the requirements are usually met, regardless of where con
fined, by reason of the importation and mixture of artificial foods, 
but in the wild the requirements are met only where the soil or 
plants contain the needed substances. New plantings temporarily 
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reinvigorate old stock in the zone of failure by the reserve stores 
contained in their tissues and communicated to offspring through 
the egg. Poultry researches show apparently parallel phenomena. 

A seventh class of foods, which may be called tonic foods, 
consists of fruits and berries which most investigators find are 
consumed in large quantity by game birds, but which Erring
ton's experiments indicate have little ordinary sustenance value. 
Stoddard (p. 235) quotes Nordhagen as suggesting that berries 
may act as an astringent and tend to prevent coccidiosis. The 
Grouse Report (p. 98) suggests that certain berries may act as a 
vermifuge, and that patches of berry plants should be fenced 
against sheep to increase the supply. In summer, fruits and 
berries are known to fill a water requirement. 

It is probable that the need for certain mineral and tonic 
foods is not a continuing or constant need, but rather a variable 
one depending on what sustenance foods are being consumed. 
The mineral or tonic food may offset some injurious property in 
the sustenance food. Thus stockmen believe that range cattle 
require more salt while they are subsisting on oak browse. Pos
sibly the high tannin content of the oak, or the large proportion 
of cellulose, accentuates the need for salt. 

A new and seemingly parallel case has been discovered by 
Gorsuch (1932, unpublished) in the salt-eating propensities of 
gam bel quail in Arizona: 

"During the winter of 1930-31 countless quail were seen eating the 
rock salt which cattlemen place about the waterholes .... This salt 
eating ... is believed to be related to the cattle manure taken by the 
birds in scratching for mesquite beans passed by the cattle. In the win
ter of 1931-32 no instance of salt eating was found, nor were there 
any mesquite beans." 

Possibly we may some day recognize a class of "offset foods." 
The possible inter-relationship of the various functions or 

values of game foods, and their various degrees of palatability, is 
suggested in Table 35. It should be understood that this table is 
largely conjectural. 

Poisonous Foods. The relation of wild animals to poisonous 
foods is at this moment so beset by conflicting evidence that no 
explanatory theory of poison losses can be advanced. It seems 
safe to say, however, that poisonous foods are usually non-
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palatable, and hence that losses are usually small or absent, ex
cept where palatable foods are scarce. 

j 

J 
j 
J 

TABLE 3S 
TENTATIVE CLASSIFICATION OF VALUES AND PALATABILITY 

IN GAME FOODS 

~;;;; ! 
~ Pal&~lSa11ta~ ...... ~ar;l0l" I ..... 

I bill" I IIDoe bJiatriUca I teal 
: 

I Prete1'N4lIlSPI~1 , -, - llllpeecl tor bobwb1 te 
I or plaDateci croue 

I , II1acblMat tor eJIaIop.o 
I I I taU 

Staple Mdt. Idsla , 1-' - Cona tor bobIdd.te 

~ low I law , , 
t1WDc 1 - r.oo.t or _t oloTer 

i i i tale , tor bobwb1te 

8t-a,ttSzla I law r-I , 
1t1WDc I e_ IS- Me4 tOlf bo1IwII1te 

I ' Olf 
talo' 

I , 1~,1 I 
Putt. i ' iD-' 1_' - I - I ... ateo. pleate t~ 

! I I I 111 ~ -u QUaU" 
i 1IIe~ 

teato IJd&la I low' I IISP , _t I _, IBerne. tor Idndd.te 

II1Denl Olf 1 h1cIa -., I b1&:Ia Ib1&:Ia .- ! SIlt ror 4eer 
Y1tea1a i lant tor p'UD' 10. 

i i i b1r4e 

McAtee (letter, May S, 1931) says: 

"We doubt if there is anything resembling avoidance of poisonous 
foods by wild life. Animals either possess a degree of immunity to poi
sonous foods, or ordinarily take them in quantities too small to do dam
age when mixed with a mass of non-poisonous things .... The general 
rule regarding choice of food is that an animal takes whatever is most 
readily available, considering its size and degree of specialization in 
food habits .... If something deleterious happens to occupy this posi
tion, so much the worse for the animal, but ordinarily this does not 
happen in a state of nature." 

I t has sometimes been supposed that animals learn about 
poisonous foods when young, and are thus trained to avoid them. 
McAtee (1916) points out at least one case refuting this "train
ing" theory: hundreds of pheasant chicks (also young ducks and 
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chickens) on the New Jersey Game Farm died of eating rose 
beetles, which contain a neuro-toxin affecting the heart action 
of both chickens and rabbits. Chickens, however, became resist
~nt with increasing age, and at ten weeks old were apparently 
Immune. 

The immunity of the older chickens is apparently the result 
of age rather than training. Whether pheasants likewise acquire 
an immunity with age was not determined. 

Rose-chafers have the same poisonous effect on young poul
try as rose-beetles. 

Slautterback (unpublished MSS., 1930) reports the Pennsyl
vania Bureau of Animal Industry as finding that laurel (Kalmia 
latifolia) and rhododendron (R. maximum) are eaten by deer, 
especially in times of food shortage, but that these plants seem 
not to be poisonous to deer, although known to be so to cattle, 
sheep and human beings. Confined yearling deer starved into 
eating these plants in quantity exhibited symptoms of rickets 
and starvation, but not symptoms of poisoning. 

Deer have been seen to eat loco, but no cases of injury, death 
or "loco-habit" have been reported in deer. Loco is possibly 
eaten only in small quantities for pastime, but this seems an im
probable explanation. The fact that loco offers succulent greens 
in early spring when deer, from their inroads on alfalfa fields, 
are known to be avid for such food, taken in conjunction with 
the fact that no one has ever seen a "locoed" deer, is very strong 
circumstantial evidence that some protective mechanism exists, 
-either deer are immune to loco, or it is unpalatable to them, 
or they learn to avoid it. That exotic species like cattle and horses 
do not have the advantage of this protective mechanism, what
ever it is, accords with what one would expect of the evolutionary 
processes of adaptation. 

Dixon (1928), observing Yosemite deer through powerful 
glasses during their feeding hours, states that they seemed en
tirely to avoid larkspur, azalea, and cow parsnip, locally con
sidered as poisonous to cattle and sheep. 

While no general interpretation of the evidence on poisoning 
of wild life is as yet possible, the following fragments of an ulti
mate theory seem to hold water: (I) mammals have more highly 
developed organs for both taste and smell than birds, hence the 
avoidance of poisons through the educational effect of unpleasant 
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individual experience is more probable in mammals than in birds; 
(2) exotic mammals sometimes succumb to poisons which native 
species on the same range either avoid, or eat without damage; 
(3) some birds seem immune as adults to poisons lethal in youth. 

§luantities of Food Eaten. Nice (1910) found that captive 
bobwhites in Massachusetts consumed per day: 

TABLE 36 
FOOD: WEIGHT RATIO OF BOBWHITE 

Grams o~ rood Per Dey I Approx. wt.1 
Season Weed I 

, 
of Birds I Food: Weight 

Seeds I Insects I Total (&raDls) I (E!r cent) 

winter (12-21) 15 I 0 I 15 110 I 9 
I I I 

8W1D118r ( ? -24) 20 I 10 I SO 170 I 17 
(11V'ing hen) I I I 
ear~ tall 12 

I 
12 I 24 110 I 14 

(cock) I I 

No other data on food-per-day: weight ratio are known to us. 
The ratio is of course not a measure of the actual nutrients in
gested, since the moisture content of the food varies by seasons. 
Much of the summer intake of food is water. 

Crop or stomach weights (meal: weight ratio) are more com
monly recorded, but less significant. Table 37 gives some exam
ples. The average full crop weighs around a half of the maximum 
engorgement. The number of times the crop is filled is not known, 
but a rough comparison between Stoddard's and Nice's figures 
would indicate less than twice daily for bobwhite. 

Variable Composition of Foods. It is known that the chemi
cal composition of a single kind of foo~, such as corn, varies ac
cording to the soil and climate in which it was produced. For this 
reason manufacturers of special prepared rations for poultry 
thoroughly mix their stocks of a given kind of grain obtained 
from various regions, before mixing it with other foods for dis
tribution to consumers. 

There is some evidence that similar variations occur in wild 
foods for game, and that these affect palatability and hence con
sumption. 



FI
G

. 
26

. 
P

la
nt

at
io

ns
 a

t 
F

re
em

on
t 

F
or

es
t 

E
xp

er
im

en
t 

S
ta

ti
on

, 
C

ol
or

ad
o,

 s
ho

w
in

g 
ho

w
 

de
er

 
ha

ve
 d

is
ti

ng
ui

sh
ed

 
in

 
th

ei
r 

br
ow

si
ng

 
be

tw
ee

n 
w

es
te

rn
 y

el
lo

w
 p

in
e 

o
f 

th
e 

sa
m

e 
ag

e 
bu

t 
di

ff
er

en
t 

or
ig

in
s.

 P
lo

t 
A

 i
s 

pi
ne

 f
ro

m
 t

he
 B

la
ck

 H
il

ls
 a

nd
 h

as
 b

ee
n 

al
m

os
t 

co
ns

um
ed

 
by

 
de

er
. 

P
lo

t 
B

, 
pa

rt
ia

ll
y 

br
ow

se
d,

 i
s 

pi
ne

 f
ro

m
 

th
e 

L
ea

dv
il

le
 F

or
es

t.
 P

lo
t 

C
, 

un
br

ow
se

d,
 i

s 
pi

ne
 f

ro
m

 t
he

 S
an

 I
sa

be
l 

F
or

es
t.

 (
P

ho
to

 b
y 

C
. 

G
. 

B
at

es
, 

fo
r. 

m
er

ly
 D

ir
ec

to
r,

 F
re

em
on

t 
S

ta
ti

on
.)

 





CONTROL OF FOOD AND WATER 273 

TABLE 37 
CROP: WEIGHT RATIO 

I Average wt. of I Per cent of 
Species Max. weight I adult birds I average weight 

of crops female male of birds 
I 

Pinna ted Grouse 85 754 904 10 
(Gross) 

Sharptai1 Grouse 55 717 82'7 5 
(Gross) 

Ruffed Grouse 58 519 590 , 
(Gross & King) 

Red Grouse 59 590 650 7 
(Grouse Report) 

Wild Turkey 900 (9000) 10 
(1 bird o~) 

Bobwhi te Quail 22 165 165 15 
(Stoddard) 

Thus Burnham (unpublished) asserts that balsam browse is 
a staple for deer in New York, whereas Lovejoy is equally con
fident that it is no more than a low-grade emergency food for 
deer in Michigan. Clepper (1931) lists it as only sparingly eaten 
in Pennsylvania. 

Possibly regional differences in palatability of a given food 
are due to actual variation in geographic races of the food plant. 
Carlos Bates of the U. S. Forest Service reports a convincing in
stance of differing palatability when several geographic races are 
growing on the same spot (see Fig. 26). Several,races of western 
yellow pine were planted at the same time in adjacent plots of 
similar soil, exposure, etc., on the Freemont Forest Experiment 
Station in Colorado. Local deer, browsing in the plots, showed a 
decided preference for the Black Hills race of pine. The most 
probable explanation is differing chemical composition. Thus 
Jeffrey pine, a variety of the Western Yellow pine, is commercially 
exploited for heptane, which is absent from the parent species 
(Mirov, 1929)' 

Other Determinants of Game Food. In addition to these varia-
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tions in quality, and the obvious variations in kind and amount 
of game foods with soil and climate, we have now to discuss the 
variations in kind and distribution of game food brought about 
by ~ndustrial activities and by the competition of non-game 
specIes. 

Agriculture, by the introduction of dozens of grains, forage 
plants and weeds, and by alteration of the native flora and fauna, 
has completely rebuilt the game food map of the continent (Game 
Survey, p. 59). Agriculture always changes and usually improves 
the game food supply, although the change may be so great as 
to necessitate the substitution of one species of game for another. 
Thus agriculture has almost excluded the prairie chicken from 
the cornbelt (Game Survey, p. 165), but farming in conjunction 
with fire and lumbering has extended the chicken range 300 miles 
northward into the coniferous forests of the Lake States. At the 
same time agriculture has admitted quail to the prairies formerly 
occupied by prairie chickens, and given quail a universal distri
bution in the adjoining woodland regions where in virgin times 
quail were either localized or absent. 

In considering the effect of any industry on game food sup
ply, one must take into account not only the primary operations 
which are purposeful and controlled, but also the tools and forces 
used to accomplish them which are commonly accidental and un
controlled. Thus marsh fires are an uncontrolled tool of agricul
ture, and forest fires the unwelcome aftermath of lumbering. 
Drainage is a tool of agriculture, not quite uncontrolled, but 
nevertheless a powerful determinant of game foods. In fact marsh 
fires, forest fires, grazing, and drainage have profoundly changed 
game food, water, and coverts in many parts of the world, in
cluding nearly all civilized and all arid regions. Game manage
ment is possible only when these uncontrolled forces are either 
excluded, or subjected to control. 

One of the most important determinants of game food, water, 
and coverts is the livestock industry. Here again we must deal 
not only with legitimate, stabilized animal husbandry, but also 
with the overgrazing which has accompanied unstable livestock 
operations on hundreds of millions of acres in the West, espe
cially on the unregulated public domain. The damage done to 
game by overgrazing is little appreciated by the public in com
parison with its appreciation of damage by fire and drainage. 
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This is because the deterioration of game food and coverts by 
overgrazing is qualitative rather than quantitative. Especially in 
semi-arid climates, overgrazing eliminates the palatable food 
plants without apparent reduction in the amount of plant cover. 
Worthless plants promptly fill in the gaps left by the valuable 
ones, and the layman sees no difference. To him the ruined coun
tryside is still" beautiful." He suffers no pain over the invisible 
but fundamental deterioration which his own industries have 
inflicted. 

The effects of fire, grazing, and drainage on game food and 
cover will be further discussed in the chapter on "Cover." 

Lastly, game foods are determined by the competition of 
non-game species of wild life. Thus carp have more or less devege
tated the choicest lakes, rivers, and marshlands on the conti
nent. Jackrabbits, prairie dogs and other rodents consume a con
siderable part of the food plants available to game and livestock 
in the West. Cotton rats compete with quail for the same foods 
in the South. Rabbits keep the English heaths from reverting to 
forest, or by their own pressure force them back to grass or 
bracken. The general magnitude of the respective food-pressures 
of game and non-game animals may be inferred from the Abun
dance Table (Table 29) and the accompanying text. 

Game as a Benefit to Agriculture. Ornithologists have for 
many years urged that game birds are beneficial to agriculture in 
consuming noxious weed seeds and insects, and that the farmer 
should for that reason encourage and conserve them. 

As to insects, the most recent researches have fully sustained 
the original contention. They have also added convincing in
stances in which game cover has benefited agriculture by har
boring songbirds and also predatory insects which serve as a check 
on insect pests. Thus Fluke (1928) finds that the pea aphid, one 
of the important enemies of the commercial pea crop, is less 
numerous in, the vicini ty of un grazed woodlots, because such 
woodlots harbor predatory syrphid flies and lady beetles, which 
are the natural enemies of the pea aphid, and which keep it in 
check over a radius of 78 to ~ mile around each ungrazed wood
lot. 

As to weeds, the game manager cannot very consistently urge 
that game destroys weeds and at the same time urge leaving cer
tain weeds at proper places as game food. Moreover, the trend 
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of the recent evidence refutes the supposition that this year's 
weed crop depends on last year's seed, and the extent to which 
last year's seed was formed or consumed. In many weed species 
it seems rather to depend on whether physical conditions (weather, 
culture, shade, etc.) have encouraged or discouraged the germina
tion or survival of seeds held in ground storage (see Stoddard, 
P·390). 

In short, the consumption of weed seeds by game birds prob
ably has very little effect on the weed nuisance. 

Winter Feeding Methods. Game is artificially fed in various 
ways. It is not the function of this text to describe detailed pro.
cedures, but rather to outline guiding principles. Detailed proce
dures are given in pamphlets by Conklin and Morton for Penn
sylvania (1928), Pirnie for Michigan (1930), Schmidt for Wis
consin (1932), LeCompte for Maryland (1927), Game Survey (p. 
72) for Missouri, and by McAtee for the U. S. Biological Survey 
in a regional series of Farmers' Bulletins (621, 760, 844, 912). 
Many papers (see Grange, 1931, and Errington, 1930) likewise 
deal with this subject. 

For upland game birds all feeding methods fall into one or 
another of the following basic classes: 

The Food Patch. An area or strip of grain left in the field, 
either uncut or shocked, for the winter use of game. 

The Self-Feeding Station. A predetermined spot provided at 
long intervals with unhusked corn, a stack or pile of un threshed 
grain, suspended bundles of unthreshed grain, hoppers of shelled 
grain, or other supplies so arranged as to "feed out" gradually, 
because not available without some effort on the part of the game. 

The Feeding Station. A predetermined spot provided at short 
intervals with shelled grain or other" ready-to-eat" food. There 
is no effort required on the part of the game except to reach the 
station. 

Emergency Feeding. There are no predetermined arrange
ments. The game is found after the emergency arises, and shelled 
grain or ear corn is put out at frequent intervals on the spot 
where found. 

Each method has advantages and disadvantages which are 
more or less apparent from its definition. 

The food patch must be i.nstalled in spring (or in fall if part 
of a field which is to be cropped anyhow), but requires little or 
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no further attention during wintet. There is risk of the patch 
being eaten out during the growing season by livestock or deer, 
or depleted prematurely in fall by stock, rodents, non-game birds, 
or the game itself. 

The self-feeding station must be installed in fall, but during 
the winter requires replenishment only at long intervals. There 
is risk of the accessible grain becoming depleted between visits. 

The feeding station should be installed in fall, and usually 
requires replenishment about every two days during severe 
weather. There is little risk of serious depletion by non-game 
animals. 

Emergency feeding requires no advance preparation, but re
quires replenishment at least every two days. The risk is that 
the food may not be found by the game, and that the game may 
flush and scatter in the process of locating it, or during the fre
quent visits of the game manager. 

All methods involve waste through consumption of food by 
rodents, and more or less risk of the food being covered by snow. 
Rodent wastage may be reduced by elevating the food above 
ground, or locating it a little away from thick cover. 

All methods risk attracting predators to the feeding spot. 
Predators may harry the birds or confine them to refuge-cover, 
and thus prevent feeding, even though no game is actually caught. 
Such confinement is probably serious in short days of severe 
winter (see Chapter X). One partial preventive is to locate the 
station near ample cover, at a spot devoid of perches suitable for 
hawks. Another is to provide two or more stations for each covey, 
and so keep the predator "guessing." 

The clumsier raptors, such as the red-tailed hawk, are some
tim.es useful at stations in preventing squirrels from carrying the 
gram away. 

Emergency feeding is really suitable only for mild climates 
subject to severe but infrequent storms, and for species which 
winter in coveys or herds. It is not feasible to locate and feed in
dividual animals after emergency weather sets in. 

Feeding stations are suitable only for use near dwellings, or 
for people with ample time. 

As nearly as is now known, it is advantageous to supply grit 
with all food for birds, especially where natural grit is deficient 
or covered up. 
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Food patches and self-feeding stations are superior under all 
conditions for all species subject to a real shortage of natural 
food. In the South, in places where natural food is very abundant, 
game may ignore even the best food patch (Stoddard, p. 378). 

While it cannot be proved, I strongly suspect that a bushel 
of visible grain on the stalk, such as is presented in a food patch, 
will attract and hold more game than a bushel of invisible grain 
in the barn or in a hopper, no matter how promptly the latter is 
made available for emergencies. 

In short, I suspect that visible feed in its" natural" state not 
only feeds but also holds game, whereas invisible feed artificially 
supplied at the eleventh hour merely prevents starvation of game 
which has found no better-looking place in which to winter. 
Moreover the food patch avoids the risk that the game may fail 
to find the food, or that the manager may fail to find the starving 
game. 

To retard depletion in advance of emergency weather, the 
ideal food patch should offer both preferred and staple or emer
gency food. The preferred food will keep the game busy until the 
need for staple food is at hand. A corn patch, in which the last 
cultivation is omitted so as to enhance the growth of foxtail or 
ragweed, automatically assures this desirable sequence of con
sumption. The ragweed will hold the birds until the corn is needed. 
A combination of buckwheat and corn, or proso and corn, not 
only offers a palatability sequence but a maturity sequence. It 
not only assures a continuous food supply, but it tends to check 
wandering in both early and late fall. On the other hand a patch 
of straight buckwheat is liable, unless it is very large, to become 
exhausted before bad weather or scarcity of wild foods has begun. 
A proper sequence of foods in a food patch for pheasants is shown 
in Fig. 22. 

Winter Feeding Characteristics of Species. The choice of a 
feeding technique involves something more than the choice of a 
food. The distance apart at which food patches are installed 
must fit the seasonal cruising radius of the species, whereas the 
distance apart at which emergency stations are placed must fit 
the daily radius, which is always shorter than the seasonal radius, 
and in cold weather is often very short. For example: a food 
patch visible throughout the fall might be found by quail raised 
a mile away, while an emergency station, installed at the iden-
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tical spot but only after the onset of bad weather, might be 
missed by a covey located only a few hundred yards distant. 
The superior economy of the food patch is evident. 

The aptitude of the species with respect to using a hopper, 
entering shelters, opening stacks, entering shocks, and clipping 
corn husks must likewise be known and allowed for. 

Table 38 attempts to present these characteristics for various 
upland species. Their sequence of winter food has already ap
peared in Table 33. 

Tractor Food Strips. A compact block or parcel of a grain 
field left uncut for game is not always the best food patch. Stod
dard (p. 370), by running tractor plows through open woods, 
through heavy broom-sedge, and along fire-lanes, created long 
strips of food and thus increased the variety and interspersion of 
food and cover types over large areas. He found these long narrow 
strips more heavily used than the more compact patches. 

Such strips need not necessarily be seeded to food-bearing 
plants. Under some conditions food-bearing weeds automatically 
follow the breaking of the sod, or the turning under of surface 
litter, and persist for several years. Stoddard often plowed suc
cessive halves of a long strip during alternate years, thus main
taining two different stages of plant succession, in addition to the 
third already present on the unplowed ground. The season at 
which strips are plowed often determines the kind of food plants 
which volunteer (Stoddard, p. 365). 

The principle of diversification of food and cover by means 
of plowed strips is applicable wherever interspersion is insuffi
cient (this is practically everywhere) and wherever power ma
chinery can be used to tear up the soil. Modern tractors can tear 
up strips not only through old fields, but also light or scattered 
brush and open forests, and will doubtless prove important in 
grouse and deer management, as well as in quail management. 

Summer Feeding. In the overcrowded pheasant coverts of 
England, grain and other staple foods are artificially provided 
during the summer months. In the more natural and less inten
sive type of game management hoped for in this country, summer 
feeding of staples is entirely unnecessary. Special provision for 
fruit, berries, and greens, however, is advisable wherever the 
natural supply is scanty. 

For example, Stoddard (p. 382) found that mulberry trees 
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could be advantageously planted on quail range, and were used 
by both young and old birds throughout the summer. 

A strong growth of clover on old tote-roads, highway right
of-ways, and old clearings is confidently recommended as a prof
itable measure for grouse and deer management. Light cattle 
grazing, periodical cultivation, and clearing away of heavy shade 
may in some cases be necessary to make the clover thrive. The 
desirable clovers will not thrive on light soil. Some soils require 
inoculation for clover. 

Wild strawberries provide both greens and berries for ruffed 
grouse, and can be encouraged by periodical cultivation and re
moval of shade. 

Sheep sorrel is an important source of greens for sharptail 
and prairie-chicken. (Schmidt, unpublished.) 

Where forest-fire control has made sufficient progress actually 
to reduce the frequency of fires, the wild-berry crop may decline. 
Intolerance of shade and other competition causes berries to fol
low fire. The same properties may be utilized to induce a berry 
crop without wholesale burning. For instance, the burning of 
segregated brush piles on cutting areas, and the tearing up of 
fire lines with tractors, will bring in berries just as effectively as 
a wholesale burn. 

Aquatic Foods. Management of waterfowl often involves the 
control of aquatic food plants and other vegetation. Moose and 
deer during the summer season likewise feed on aquatics to a 
considerable extent. There is an enormous literature on aquatic 
botany, but a rather meagre one on the culture and control of 
aquatic game foods. Table 39 provided by McAtee gives leading 
American references. 

The food habits of aquatic feeders, to the extent that they 
are known, can be derived from the literature cited in Table 40, 
Publications on Game Food Habits. 

Game Food Habits Research. Space prevents any review ot 
the available information on food habits of each game species. 
The literature has developed along substantially the same se
quence as that already mentioned under predator food-habits 
research: the early publications gave composite cross-sections of 
food habits for the country as a whole, whereas more recent 
publications describe local studies which differentiate between 
seasons 1ll1d between varying local conditions. 
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TABLE 39 
PUBLICATIONS ON AQUATIC GAME FOODS 

Subject Author Date Locality 

Background of Needham 1916 General 
Agriculture 110 Lloyd 

Propagation of McAtee 1911b 
Wild Duck Foods 1914 

1915 General 
1917 

Mickle 110 1913 Ontario 
Thomson 

Pearce 110 1920 General 
Terrill 

Titcomb 1923 General 

Surveys of McAtee 1917 Missouri 
Wild Duck Foods McAtee 1920 Nebraska 

Metcalf 1931 North Dakota 

Mickle 110 1913 Ontario 
Thomson 

Wetmore 1921 Utah 

Wild Rice Chambliss 1922 General 

Mackie 1930 California 

Table 40 lists some of the more important references for some 
of the more important species or groups. 

By and large, food habits data for birds are based on crop 
and gizzard contents of specimens shot for the purpose, while 
that tor game mammals is based largely on evidence left on the 
vegetation (tooth marks, browsed stubbs, etc.) or direct observa
tions on the mammals while eating. 

Particularly in browsing mammals, the identification of the 
finely masticated paunch contents is always difficult and some
times impossible. Direct observation of feeding habits from con
cealment is often better and less laborious. Dixon (1928) has 
devised a special unit of measurement, which he calls "deer 
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minutes," for comparing the degree to which the various foods 
at any given time or place are observed to be eaten . 

.. First, the number of deer that browsed upon each species of plant 
was noted. The time or duration of each browsing was also recorded. 
By multiplying the number of deer selecting any species of plant by the 
minutes spent in browsing, we obtained what we have designated as 
deer minutes." 

Several investigators are now developing a technique for 
identifying game bird foods in the feces. This will be a valuable 
alternative where the taking of specimens is difficult or inad
visable. 

D~predalions on Crops. Game damage to crops is confined 
principally to deer, rabbits, pheasants, and ducks. Bandtailed 
pigeons occasionally damage fruit, ruffed grouse sometimes de
bud fruit trees, and elk damage hay. Other instances of notable 
damage have occurred, but under combinations of circumstances 
so rare as to be of only local or temporary importance. 

In almost all instances, damage arises from one or more of 
the following causes: 

J. A small area of vulnerable crop thrust into a large area of 
game range. 

2. Drouth, or seasonal scarcity of natural foods or water 
corresponding to the crop in question. 

3. Temporaty overabundance of game during the high of the 
cycle. 

4. Temporary concentration of migratory game. 
S. Faulty distribution of other game food and cover. 
6. Overabundance of game. 

Deer damage, such as that described by True (1932) in the 
foothill orchards of California can clearly be ascribed to I, 2, 
and possibly 6, but that described by Crowell (1931) in New 
England. is due to 1 and possibly 6. On the other hand, that de
scribed by Frontz (1930) and Clepper (1931) in Pennsyhania is 
a clear case of overpopulation (6). 

The greatest intensity of pheasant damage is usually adjacent 
to good coverts in country otherwise deficient in cover (5). Sev. 
eral studies of this question are listed in Table 40. 
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Duck damage, when it occurs, is almost invariably associated 
with temporary concentrations (4) and ruffed grouse damage 
with cycle peaks (3). Pigeon damage arises from I, 2, and 4. 

Mechanical means or "scaring devices" for averting damage, 
such as flashguns, airplanes, and scarecrows have seldom been 
of lasting benefit (True, I932a, p. 164). Chemical sprays to render 
the crop repellent sometimes work (True, I932a, p. 160) but 
are costly, and cannot be applied to ripening fruits. Provision 
of artificial water has in some cases stopped depredations on 
fruits. Trained dogs have in some cases kept deer out of orchards. 

That even moderate stands of game often do more or less 
damage should be freely admitted. Experience has frequently 
shown that the farmer's resentment of this fact is greatly reduced 
when he is encouraged to derive some revenue from shooting 
privileges, or otherwise recognized in some degree as the cus
todian of the state's wild life. 

TABLE 40 
PUBLICATIONS ON GAME-FOOD HABITS1 

Compiled in collaboration with W. L. McAtee, U. S. Biological Survey 

SPECIES AUTHOR DATE LOCALITY 

Almost all game Forbush 1912 Northeast 
birds 1925 General 

1927 General 
Grinndl, Bryant and 1918 California 

Storer 
Henderson 1927 General 

Upland Game Birds Judd 190513 General 
1905b 

General Bobwhite l:udd 190 3 
rrington 1930 Wisconsin 

1931 Wisconsin 
a,b 

Harris 1905 Canada 
Stoddard 1931 Southeast 
Bird and Bird 1931 Oklahoma 

Cafornia Quail McAtee and Beal 1912 California 
McLean 193013 California 

Gambel Quail McLean 193013 California 
Gorsuch 1932 Arizona 

(MSS.) 
Pinnated Grouse Gross 1 930b Wisconsin 
Sharp tailed Grouse Lincoln 1923 North Dakota 

Gross 19300 Wisconsin 
I For full reference see Bibliography. 
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SPECIES 

Ruffed Grouse 

Pheasant 

AUTHOR 

McAtee and Beal 
Terrill 
Bartlett 
Gross 

Johnson 
Leffingwell 
Luttringer 
McAtee and Beal 
Burnett and Maxon 
Queen 
Cottam 

Severin 

Brown 
Leffingwell 
Swenk 
Rasek 

Hungarian Partridge Munro 
Foster 
Kelso 

Leffingwell 
Deer Hall 

Ducks: 

Bailey 
Dixon 
Bartlett and Stephenson 
Forbes and Bechdel 
Clepper 
Robinson 
True 

Mallard McAtee 

Trautman 
Cottam 

Black Duck McAtee 

Trautman 
Southern Black 

Duck McAtee 

Gadwall McAtee 

DATE 

1912 
1924 
1924 
1928a 
1928b 
1928 
1931 
1931a 
1912 
1921 
1927 
1929 
1929 

(MSS.) 

LOCALITY 
General 
Canada 
New Hampshire 
Northeast 
Northeast 
New York 
Washington 
Pennsylvania 
General 
Colorado 
Idaho 
Utah 
Oregon 

1930 South Dakota 
(MSS.) 

1931 
1931 
1930 
1931 
1925 
1928 
1932 

1931 
1927 
1928 
1928 
1929 
1931 

1931 
1931 
1932 

1932a 

1914 
1915 
1917 
1918 
1928 
1930 

1915 
1917 
1918 
1928 

1914 
1915 
1917 
1918 
1915 
1917 

General 
Washington 
Nebraska 
CzechO-Slovakia 
British Columbia 
Alberta 
Central States and 

Northwest 
Washington 
California 
Pennsylvania 
California 
Michigan 
Pennsylvania 
Pennsylvania 
Sierra Nevada Mts. 
California 

General 
General 
General 
General 
Ohio 
Florida 
General 
General 
General 
Ohio 

General 
General 
General 
General 
General 
General 
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SPECIES AUTHOR DATE LOCALI1'Y 

Gadwall Mabbott 1920 General 
Cottam 1930 Florida 

European Widgeon McAtee 1917 General 
Mabbott 1920 General 

Baldpate McAtee 1914 General 
1915 General 

Mabbott 1920 General 
Cottam 1930 Florida 

Green-winged Teal McAtee 1914 General 
1915 General 
1917 General 

Mabbott 1920 General 
Cottam 1930 Florida 

Blue-winged Teal McAtee 1914 General 
1915 General 
1917 General 

Mabbott 1920 General 
Cottam 1930 Florida 

Cinnamon Teal McAtee 1915 General 
1917 General 

Mabbott 1920 General 
Shoveller McAtee 1914 General 

1915 General 
1917 General 
1922 General 

Pintail McAtee 1914 General 
1915 General 
1917 General 

Mabbott 1920 General 
Trautman 1928 Ohio 

Wood Duck McAtee 1914 General 
1915 General 
1917 General 

Mabbott 1920 General 
Cottam 1930 Florida 

Redhead McAtee 1915 General 
1917 General 

Cottam 1930 Florida 
Canvasback McAtee 1914 General 

1915 General 
1917 General 

Trautman 1928 Ohio 
Scaup Duck McAtee 1915 General 

1917 General 
Trautman 1928 Ohio 
Cottam 1930 Florida 
Munro and Clemens 1931 British Columbia 

Lesser Scaup McAtee 1914 General 
1915 General 
1917 General 

Trautman 1928 Ohio 
Cottam 1930 Florida 
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SPECIES AUTHOR DATE LOCALITY 

Ring-necked Duck McAtee 1914 General 
1915 General 
1917 General 

Trautman 1928 Ohio 
Cottam 1930 Florida 

Bluebill Mickle and Thomson 1913 Northern Ontario 
Golden-eye Mickle and Thomson 1913 Northern Ontario 

McAtee 1915 General 
1917 General 

Trautman 1928 Ohio 
Munro and Clemens 193 1 British Columbia 

Barrow's Golden-eye Munro and Clemens 1931 British Columbia 
Bufflehead Mickle and Thomson 1913 Northern Ontario 

McAtee 1915 General 
1917 General 

Trautman 1928 Ohio 
Cottam 1930 Florida 
Munro and Clemens 1931 British Columbia 

Old Squaw Munro and Clemens 1931 British Columbia 
Pacific Harlequin Munro and Clemens 1931 British Columbia 
Ruddy Duck McAtee 1914 General 

1915 General 
1917 General 

Trautman 1928 Ohio 
Cottam 1930 Florida 

Snow Goose McAtee 1917 General 
Canada Goose McAtee 1914 General 

1917 General 
Lewis 193 1 Eastern Canada 

Brant McAtee 1915 General 
Lewis 1931 Eastern Canada 

Shorebirds McAtee 1911a General 
Wetmore 1925 General 
Pettingill 1932 Woodcock 

WATER 

Sources oj Water. Animals obtain water from four sources, 
which may be labelled for purposes of game management: 

I. Drinking Water. This means surface water in the ordi
nary sense of pools, springs, brooks, etc. As nearly as is 
known, all game animals utilize drinking water when it is 
available, whether or no they are dependent on it. Snow 
is included in this category. 

2. Dew Water. Many birds drink dewdrops, or water con
densed from fogs, when it collects on vegetation. 

3. Succulence. This means water contained in plant food of 
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high moisture content, such as fruits, berries, green leaves, 
sprouts, flowers, and the interior pulp of fleshy plants like 
cacti. It also includes water contained in animal food of 
high moisture content, such as insects and insect eggs. 

4. Metabolic Water. Some species (including many rodents 
and insects) are now known to possess the ability to con
vert the carbohydrates eaten as food, or the reserve body 
fats, into water. Such internally manufactured water is 
called metabolic water. 

No American game species is definitely known to manufacture 
metabolic water. The non-game species which do so commonly 
convert and excrete the body wastes as insoluble urates, rather 
than as soluble uric acid, thus further reducing the physiological 
water requirement. 

Water and Management. The watering habits or preferences 
of game when water is plentiful, and its real requirements when 
water is scarce, are two different things. To see a species drinking 
is not proof that it must drink. To prove that it must drink under 
one condition of food and weather is not proof that it must drink 
under any and all conditions. The test of its minimum require
ment is the maximum deprivation which it will survive without 
injury. Game managers, in order to select and develop land for 
refuges, preserves, plantings, and other management ventures, 
need two kinds of information about water: 

1. The kind and distribution of water-sources optimum for 
productivity under various conditions. 

2. The minimum kind and distribution of water-sources neces
sary for survival under various conditions. 

3. The environmental controls necessary to meet the second, 
and if possible the first, criterion. 

Reliable information which differentiates the first two points 
for the various game species under various conditions is scarce 
and hard to interpret, and not generally available. Most writers 
confuse 1 and 2. A review of the best available evidence will 
therefore be attempted. Controls will be discussed later. 

Minimum and Optimum Requirements oj Game Birds. Stod
dard (1928) reports a satisfactory crop of bobwhites in Georgia 
during the drouth year 1927, in localities where water other than 
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dew and succulence was absent during the nesting season. Many 
nests a mile from usable drinking water were successfully hatched. 
During this period water holes were watched from a blind, but 
no quail came to drink. He concludes that" although no relation 
between the locations of [356] nests and available surface [drink
ing] water could be detected, it is significant that the majority 
were not far from a supply of ripening blackberries." Adults in 
large pens survived this same drouth on dew, vegetation, limited 
insects, and an occasional handful of berries. Chicks were reared 
under the same conditions, with neither water nor milk, but with 
a regular fruit supply. 

Stoddard (1931, p. 500) quotes Starr as finding an abundance 
of Texan bobwhites "miles from water" during a September 
drouth when there was no dew. The conclusion reached by Stod
dard (p. 501) is that: 

"Bobwhites of all ages regularly drink the dewdrops suspended from 
grass tips in the morning. If the supply fails, as it sometimes does un
der certain conditions of wind and atmosphere, berries and green matter 
are eaten in greater quantity to make up the deficiency." 

In short, dew plus succulence is optimum for bobwhite, while 
succ~lence alone answers the minimum requirements of the 
species. 

Ligon (unpublished) writes: "Although Mearns and scaled 
quail drink during the hottest dryest periods when water is 
available, they can and do live on arid lands without water." 
He implies that they live without dew, but not that they live 
without succulence. 

Vorhies (1928) asserts that gambel and scaled quail on the 
Santa Rita Range Reserve in Arizona thrive on succulence alone, 
seldom have dew, and nest as far as two miles from stock water. 
They show no concentration of nests near it, nor visible flights 
to reach it. He confined two Mearns quail for over two months 
in winter without water, and with no succulence except a few 
insects and bits of apple. Drinking water offered at the first was 
ignored. 

Gorsuch (1932) finds that apparent concentrations of gambel 
quail around stock water in Arizona are induced by food (mes
quite beans in cattle manure) rather than the water itself. He 
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found nesting pairs as much as four miles from drinking water. 
Birds seen near water were seldom seen drinking. 

Grinnell (1927) writes of California quail: 

"There is, I believe, a critical distance, which, rain or dew failing, 
is the absolute limit a quail's nest may be located from safely accessible 
water and result in a matured brood. I estimate ... that maximum 
distance to be 400 yards." 

McLean (I930a) finds the mountain quail of California con
fined to the vicinity of drinking water, even in winter. He quotes 
ranchmen, however, as finding the gambel quail as far as 30 
miles from drinking water. 

The available evidence on the various quails may be summed 
up in this way: Their minimum requirement seems to be suc
culence, except in the case of the California quail which seems 
to require dew (seldom available) or drinking water, and the 
mountain quail, which seems confined to drinking water. All quail 
use drinking water when available, but with the exception of the 
two California species, populations approaching optimum occur 
on dew and succulence alone. 

Surprisingly little is known about the water requirements of 
grouse. Ligon (unpublished) writes: 

.. During the fall and winter, when the prairie hen [of Texas and 
eastern New Mexico] feeds largely on grain and other dry seeds, they 
are free to shift about and usually find sufficient [drinking] water to 
meet their requirements, whereas during the breeding period, when the 
heat is excessive, and often intensified by prolonged drought, the prairie 
hen is to be found contentedly located remote from water." 

Doze, former state game warden, says of Kansas: 

"Some of our quail live in the sandhills ... four or five miles from 
water for long periods of time. It is so dry ..• that there is no dew in 
the grass, yet the quail and prairie hen seem to exist and increase." 

Gross and Schmidt tell me they found both the pinnated and 
sharptail grouse in Wisconsin nesting at least half a mile from 
drinking water. 

S. B. Locke writes me of finding blue grouse nests in Idaho, 
half a mile from drinking water. I t is his opinion that sage hens, 
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sharptail, ruffed and blue grouse in that region nest successfully 
on dew and succulence alone, but that in late summer after the 
young become mobile they seek the vicinity of drinking water. 

Goldman writes of blue grouse: "I recall that I have seen 
them in many places far from water." 

A. A. Allen wri tes of ruffed grouse: 

"In captivity, when they have sufficient range and green stuff, they 
go for days without touching the water in the drinking vessels, or ap
parently missing it after these go dry. At the same time one frequently 
sees them drinking. The young grouse in captivity, when given plenty 
of insects, do not get very thirsty, but without insects or milk curd they 
do a great deal of drinking." 

The Grouse Report (p. 9'2) states that the evidence on the 
water requirements of red grouse in Britain is conflicting. Young 
broods survive in captivity without drinking water, but in the 
wild in late summer the grown birds frequent the vicinity of 
water, and seem to move away from dry range. Incubating hens 
commonly seek water when they leave the nest. 

The information on grouse is weak in being almost devoid 
of controlled experimental evidence. It indicates that all Amer
ican grouse probably nest successfully on dew and succulence, 
and that the western arid-land pinnated grouse nest on succulence 
alone. All observers unanimously and independently report a 
strong tendency for the grown young of most species of grouse 
to seek the vicinity of drinking water in late summer and fall, 
but whether they do this out of choice or necessity is not known. 
Undoubtedly the optimum grouse range should offer frequent 
drinking water, but the minimum requirement, at least during 
the breeding season, seems to be dew and succulence alone. In 
the case of the pinnated (and by analogy the sharptail) succu
lence, even in the absence of dew, may suffice. 

The eastern wild turkey is assumed by all writers to require 
drinking water, but none of their voluminous testimony seems 
to differentiate between minimum and optimum conditions. 
Ligon says of the Merriam turkey of New Mexico: "I know 
they can survive for extended periods without [drinking] water, 
but in extremely dry times I think they seek water." We may 
conclude that the minimum requirement of the western race is 
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succulence, or at most succulence and dew. Possibly the minimum 
requirement of the eastern turkey is greater, i. e., he may require 
drinking water. Undoubtedly the optimum turkey range for all 
races should offer frequent watering places. 

The pheasant one must approach with trepidation, consider
ing the widely differing Asiatic habitats of the various species 
comprising our present hybrids. Allen says: "Ring-necked pheas
ants require more water than ruffed grouse, but they do not visit 
drinking places with any such regularity as the mourning dove 
or valley quail." 

Maxwell (1913) says of pheasants: "The provision of water 
on dry soils is essential to the welfare of the birds." By "dry 
soils" he evidently means English ranges devoid of natural drink
ing water. Wight (1930) says of Michigan: 

"Water does not seem to be a factor of importance in the choice ot 
the nest site. During the excessive heat of late July and early August, 
1930 ••. pheasant flocks were in some instances found close to water 
and at times actually in it." . 

Locke says that 

"In the arid parts of Utah and Idaho nesting of pheasants is con
fined to well-watered areas, but during the hunting season in southern 
Idaho the pheasants spread to the sagebrush areas several miles from 
water." 

This evidence as to pheasants is somewhat contradictory. 
Probably the ringnecks are like grouse: they can nest on dew 
and succulence, but in late summer tend to seek water either 
out of choice or necessity. Optimum pheasant range should doubt
less offer frequent drinking water. 

As to Hungarian partridge, Grange, while at the Wisconsin 
Game Farm, kept wing-clipped birds all summer in a large pen 
which was waterless, but; for succulence and dew. 

Maxwell (191 I) is inconclusive. He says of the ideal English 
partridge manor, "The ground is fortunate in being well watered 
by a number of springs and streamlets, [so that] a dry summer 
can be faced with equanimity." 

I conclude that Hungarians are like grouse and pheasants: 
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they can nest on dew and succulence, but in late summer tend 
to seek water either out of choice or necessity. Optimum par
tridge range should doubtless offer frequent drinking water. 

All observers seem to agree that doves require drinking water 
daily. One might infer they could exist on dew, but I have no 
evidence of their doing so. In the arid west, where there is no 
dew, the evening water-flights of the mourning and white-winged 
doves are especially conspicuous. In New Mexico they persist 
in this daily flight even on rainy days when water is available 
everywhere (Leopold, 1921). 

To sum up in terms of minimum requirements: All American 
upland game birds can nest on succulence and dew except the 
eastern turkey, the mourning dove, and the California and moun
tain quails, which seem to require drinking water. In quails, with 
the exceptions noted, and in pinnated grouse, there is evidence 
of nesting on succulence alone. Grouse as a group, as well as 
pheasants and Hungarians, seek and may require drinking water 
in late summer, and may require it in drouths. 

Optimum and Minimum Requirements oj Game Mammals. 
Skinner (1929) says of whitetail deer in the Yellowstone: "They 
seemed to need water regularly, and presumably drank at least 
once or twice a day." 

Rutledge (1930) says of the eastern states: "Deer will troop 
out of their regular haunts in very dry weather, if the water 
supply fails, going to larger streams and rivers." 

Burnham says: "Next to moose and caribou as water-loving 
animals, I should place the whitetail. I think· the whitetail re
quires water every day. Even in the arid country they do not 
get far from streams." 

Newsom (1926) says: "While a deer enjoys playing around 
water and must have it, he can do quite well with a little." 

Lantz (1916) says of whitetail in enclosures: "A good supply 
of running water must be provided." 

Seton (1929) says the nursing whitetail doe waters daily, 
usually at noon. 

Ligon (unpublished) writes me that in the sandhills east ot 
the Pecos River in New Mexico, and on both sides of the Pecos 
in west Texas, the local race of whitetails (Odocoileus virginianus 
texanus) are or were found on range totally devoid of drinking 
water, and offering succulence alone. 
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The mule deer evidently differs from the whitetail in its water 
requirements. Locke writes of the mule deer in the Kaibab: 

"For a good part of the summer season deer ... were quite inde
pendent of a direct water supply .... The situation changes very def
initely as soon as the forage plants become frosted in fall. At that time 
there is a very definite dependency upon water supply and a concentra
tion in the vicinity of springs or water holes. Observations at the deer 
traps indicate that at that season deer water ... every three days." 

Hall (1927) says of the mule deer of the Kaibab in summer: 

"Does with fawns usually r~main within two miles of water. The 
bucks, barren does, and yearlings ... may occur far from water .... 
Does bearing fawns concentrate in areas near water, and drink at least 
once and usually twice each 24 hours. In the first week of July, at 
which time it rained daily on the Kaibab, does with fawns were found 
as far as five miles from any lake or spring, but before and after this 
rainy period none were found further than two miles from ... water." 

McLean (193OC) and Hall, in studying the burro deer in Lower 
California in December, say: 

"We saw little if any evidence of places where burro deer had come 
to water. Most of the C tanks' ... showed no evidence of having been 
used by deer." 

Seton (1929) says of the Southwest: 

"There can be little doubt that the mule deer or burro deer, like the 
whitetail, the sheep, and the antelope, dispenses with water altogether 
... where there are neither springs nor pools, but where cactus abounds." 

Ligot:J. (unpublished) writes: 

"Although desert mountain sheep, antelope, mule deer, peccaries, 
[and] jackrabbits ... do drink during the dryest and hottest periods 
when water is available, they can and do live on arid lands without 
water." 

I conclude that the eastern whitetail deer requires drinking 
water. Nursing whitetail does seem to require it daily. At least 
some of the western races of whitetail, however, seem on all fours 
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with the mule deer. In the Northwest, whitetails occur mostly 
near streams, but in the Southwest they persist on succulence 
alone. 

Mule deer can subsist and fawn on succulence alone. Where 
water is available, however, does show a strong tendency to seek 
it during fawning, and all mule deer seek it after frost kills the 
succulence. Drinking water is doubtless an optimum requirement, 
but succulence is the minimum. 

I have no evidence on the Columbian black tail. Its range is 
well watered, like the eastern whitetail's, but the mule deer is a 
closer relative. 

Moose and caribou inhabit well-watered country and seem 
to drink daily. 

Elk seem to parallel mule deer in their requirements. O. J. 
Murie is conducting experiments to find out. 

Skinner (1929) writes me it is his belief that "prong-horns 
[antelope] in the Yellowstone like water when they can get it 
easily, and drink daily, but they can go without water for two 
or three days without discomfort if necessary. They eat snow." 

E. R. Sans of the Biological Survey writes me that in Nevada 
antelope water daily in hot weather, and every two days in cool 
weather. Nursing does seek the vicinity of water, and drink twice 
daily. Fawns in captivity drink at all hours of the day. 

Ligon's opinion that antelope in New Mexico can and do live 
on arid land without water has already been quoted. 

Burnham writes me that 

"In Wyoming ... antelope would go to water at a regular time 
each forenoon ... but in the Salada Desert of Lower California there 
are-or were-a good sized band of antelope .•. without any water. 
The only water is at Tres Posas, where the wells are dug vertically to a 
depth of 12 or IS feet, and while we found cougar and coyote tracks, 
there were no deer or antelope tracks. Dew does not fall. Water does 
reach this bunch of antelope when the Colorado River [is] in flood in 
spring." 

I conclude that antelope are like mule deer: They drink regu
larly when they can, especially does at fawning time, but they 
subs~st and reproduce on succulence alone where circumstance 
reqUIres. 

Inquiry about mountain sheep was confined to the desert 
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species, since the others inhabit range well provided with both 
succulence, water and snow. 

Ligon's opinion that sheep in New Mexico can and do live 
on waterless range has already been quoted. He says: "I have 
watched mountain sheep avidly eating the thick watery filling 
of the large prickly pear leaves, which evidently served the pur
pose of a drink." 

Sans watched a spring in Nevada where 80 sheep were water
ing in October, 1925, and found they came in to drink every 
three days. He suspects that in July this herd waters every alter
nate day. 

Burnham says of the Salada Desert: 

"We did see evidence that the mountain sheep ... occasionally 
come to the tenahas for water. The country, however, is so infested 
with mountain lions ... that I think the sheep at times go for days 
without going to water. At each tenaha we found remains of sheep 
killed by mountain lions [but] never of antelope or deer, which would 
have equally fallen a prey to ·lions, had they been in the habit of wa-

. " termg. 

McLean (19300) says of sheep in the Inyo Mountains of Cali
fornia in October: "Lambs do not always come to water with 
the ewes .•.. The ewes apparently come to water about once 
every seven days, whereas the rams come every two to four days." 

Skinner (unpublished) has seen the same sheep drinking on 
successive days for weeks at a stretch in the Yellowstone. He 
believes they there drink regularly at least once a day. 

I conclude that the desert races of mountain sheep are much 
like mule deer and antelope: they drink periodically when they 
can, but they subsist and reproduce on succulence alone where 
occasion requires. 

Skinner (unpublished) believes Yellowstone bears, both, 
grizzly and black, ordinarily get enough water with their tood 
He has, however, seen them drinking. 

The game rodents may be safely assumed to subsist on succu
lence alone. 

Classification of Requirements. The apparent trend of the 
foregoing evidence is summed up in Table 41. It should be under
stood that these classifications are of unequal validity as between 
species, and that they represent the minimum, not the optimum 
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requirement, under the normal annual range of food and weather. 
The special effects of extraordinary drouth are covered in the 
next caption. 

The deficiencies in our dependable knowledge of the water 
requirements of game present a large opportunity for controlled 
experimentation of the kind performed by Stoddard and Erring
ton for bobwhite. Such experiments have so far been rare, even 
in species susceptible of confinement, and in species on which a 
vast amount of unchecked field observation has been expended. 

Extreme Drouth. The species listed in Table 41 as subsisting 
on dew and succulence do not necessarily retain that ability dur
ing seasons so dry that there is no dew and little or no succulence. 
During such extreme drouth the bad effects of water deficiency 
are also accentuated and obscured by at least two additional 
sources of direct or indirect mortality: 

1 • Food shortage. 
2. Drying out or undue heating of eggs. 

The bad effects of fire and overgrazing are also often suddenly 
and severely accentuated during extreme drouth. 

It is, of course, well known that eggs lose moisture during 
incubation, and that the loss must not exceed a certain amount, 
lest the chick become too weak to accomphsh his release. It is 
conceivable that when incubating hens are disturbed during in
tense heat the sun may" cook" or weaken the eggs, in addi tion 
to drying them unduly. The temperature and humidity toler
ances of eggs, and the conditions necessary to bring about a 
normal rate of moisture-loss, are a specific character for each 
spec~es. This character is known for poultry, but not yet for game 
species. 

Leopold and Ball (1931), in investigating the quail shortage 
coincident with the drouth of 1930, encountered frequent reports 
of "addled eggs" in the states whose weather records showed 
the most abnormal heat and dryness, but none elsewhere. This 
" addling" may have been induced by hot dry air and soil. While 
the states which had suffered extreme drouth showed a 3C>-90 
per cent shortage in the quail crop, the adjoining states to the 
northward showed a decided increase in quail in many localities. 
This seems to confirm Stoddard's conclusion that a moderately 
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TABLE 41 

TENTATIVE SUMMARY OF MINIMUM WATER REQUIREMENTS OF 

UPLAND AND BIG GAME 

Specie. 

Quail. 
BobwId.te ••••••• I 
•• ama •••••••• J. 
Scaled •••••••• I 
Gllllbel. • • • • • • • 1 

DriDk1Dc 
Water 

Ca11tom1&. • • • • • • • • • • • • I . or • • I 
1101111't&1D. • • • • • • • • • • • • • • • • • • I 

Groa .. 
P1DDate4. • • • • • • I , 
Sharpta11 • • • • • • 1 t 
Rutted. • • • • • • • I. • • and • • J. 
Blue. • • • • • • • • 1 • • IIIId • • 1 
SagithaD • • • • • • • 1 • • 8ZIIl • • X 

Pbaaaant. • • • • • • • I. • • aa4 • • I. 

Hqarian Partridge • • 1 • • ad • • 1 

1'IIru, 
Baetem ••••••••••••••••••• eX 
lfarr1u • • • • • • • 1 . • and • • 1 

DoYee, 1IoarD1Dc" • • • • • • • • • • • • • • • .J: 
1Ih1 te-1I1Dc 

Deer 
Baateftl Ihlteta1l • • • • • • • • • • • • • • .1 
Soath1re.tem 1Ib1 te- • X 

ta1l 

1Iale ••••••••• 1 
Elk ••••••••• 1 

} 
11lV8ll11N 40 DOt 

Deed 40 

.eed d .. or .ater 
C0Dt1Ded to IUIIIl' .. ter 

Move to .ater 1D 
late ._ attar 
:rGUDa are srom, 
espec1al.q it OD dq 
teed 

} 

Rurll1ag 608 •• eelt water, 
and all iDd1v1daal. 
attar froIt k1118 _ 

_ AD~tel;.:.:..o;.:.pe.:...:....:... _._._ • ...:. • ...;.-..:.. • .::.1__________ culeDce. U ava1lab1e 

De.ert Sheep. • • • • • 1 

Baare ••••••••• I 

MOOIe aDd Caribou • • • • • • • • • • • • • • • .1 

Ba~i t., Bane 6. • • • 1 
Squirrel. 

dry summer is the most favorable, whereas a very hot and dry 
one may be fatal. 

Henry P. Davis found that the quail of the drouth year 1930 
near Batesville, Mississippi, weighed 6.17 ounces, whereas on the 
same ground during the preceding normal year at the same date 
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they had averaged 6.24 ounces in weight. There is every proba
bility that the curtailment of the food supply by the drouth was 
responsible for this decreased weight, which was doubtless ac
companied by a corresponding decrease in vigor. 

It has already been pointed out that the southwestern species 
of quails often fail to pair and nest during years of extreme 
drouth. 

The modified behavior and special cover habits of desert 
animals in regions of perennial drouth will be described under 
"Cover" in the next chapter. 

In waterfowl, drouth severe enough to dry up the breeding 
grounds of course suspends productivity altogether. A geographic 
comparison of recent drouth areas and the breeding ranges of 17 
species of ducks, compiled by Hoyes Lloyd, of the Canadian De
partment of Interior, is reproduced in Field and Stream (1929) 
and also in the Senate Committee Hearings (1932, pp. 204-252). 

Control of Water Supply. Probably nowhere is there to be 
found a more important example of big-scale manipulation of the 
factors of productivity than the artificial development of water
ing places for livestock throughout the semi-arid ranges of the 
West. As in the case of foot-and-mouth disease control in Cali
fornia, this factor was controlled for the benefit of livestock 
rather than game, yet this very fact emphasizes rather than de
tracts from its significance. It shows that game management need 
not always carry the entire cost, or even any of the cost, of con
trol measures. I t illustrates the fact that game is not usually 
a separate product, demanding a separate investment of time or 
money, with returns proportionate to the separate investment. 
It is rather a by-product, often demanding only skillful consid
eration of its needs in conjunction with outlays of time or money 
that are going to be made in any event, for purposes of agricul
ture, forestry, animal husbandry, or other economic activities. 

Water for livestock has been developed on scores of millions 
of acres of western ranges. Most of that water is available to 
and used by game, wherever game has not been eliminated by 
overgrazing or overhunting. 

It is important for the Easterner to realize that water devel
opment consists not only of wells and reservoirs which provide 
water where none previously existed, but includes also the piping 
and troughing of trampled springs where water existed, but dur-
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ing drouths was lost in rocks or mud. It also includes the open
ing of easy trails to water previously difficult of access for topo
graphic reasons. 

I t is important that the relation of watering places to game 
habitat and movements be thoroughly understood. The relation 
is best explained by analogy with cattle. Table 41 indicates that 
most game species are not as dependent on water as cattle are; 
nevertheless many species not dependent on it regularly use it. 
The analogy with cattle will help explain the relationship between 
water, food, weather, predators, etc. 

The watering place is the centre of a cow's orbit. Each water 
has its own separate unit of population. Talbot (1926) has shown 
that in the Southwest a cow should not have to travel more than 
about '2U miles to water in smooth, fairly level country, and not 
more than lU miles in rolling country. A cow's "cruising radius" 
from water has, under any set of circumstances, a fixed maximum 
length which depends upon the balance between her input and 
output of energy. 

Forage and water are input. The distance between forage 
and water tends to increase as the forage near water is cropped 
down. To reach both with the frequency demanded by her physi
ological make-up and current condition, a cow must climb hills, 
endure heat or cold, and escape enemies. These are output. Out
put must not exceed input if the cow is to live. Hence there is a 
distance from water beyond which it does not pay to go for food. 
Shade, salt, disturbance by enemies, and maternal duties influ
ence the balance. Other factors being equal, maximum produc
tivity on a given area is obtained when watering places are so 
spaced that the" circle" described by the practicable" cruising 
radius" from each water touches those surrounding the adjoin
ing waters. 

An unencumbered, vigorous steer or heifer has a longer cruis
ing radius than a cow with calf, or a heavy bull. All cattle have 
a longer radius in winter than in summer; in fact, with snow on 
the ground, water limits become inoperative and other factors 
such as shelter from storms, and exposure to the warmth of the 
sun, determine what range is usable. All cattle have a longer 
radius on a rich range than on an impoverished one. They have 
a longer radius when the water is clean and abundant, so that 
they can drink their fill quickly and without interference, than 
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when the water is a mere dribble, or when they are disturbed by 
predators or campers. They have a longer radius when sufficient 
salt is properly distributed, than when special foodless and water
less trips to salt grounds are necessary. In short, a cattle country 
at anyone season may be pictured as consisting of water units, 
each containing food and salt commensurate to its population. 
The boundaries of the uni ts do not overlap much; they are irreg
ular in shape but tend to be uniform in area, and the area is 
fixed by the cruising radius of the average individuals in each 
unit herd. 

A game country consists of similar units. As already seen, 
the minimum water requirements of game, and hence the limi
tations placed on productivity by water supply are usually less 
than in cattle, but the optimum is not dissimilar, especially in 
game mammals. We do not know quantitatively what they are. 
This need occasion no surprise when we recall that it is only in 
recent years that the water requirements of cattle were quanti
tatively determined, and published as written knowledge. The 
optimum water requirements or habits of each species of game 
doubtless vary for every combination of season, food, coverts, 
and enemies. By discovering these habits or requirements, game 
management can manipulate them to advantage. 

A good illustration is the effect of water spacing on losses 
from predators. Lions catch mountain sheep by lying in am
bush on high rocks which command the trail to water holes. 
Old-timers say that certain "lookout points" near water holes 
in the Catalina Mountains of Arizona were formerly littered 
with the bones of mountain sheep which had been ambushed by 
mountain lions. If this country had been better watered the lions 
could not have operated so successfully. A similar instance noted 
by Burnham on the Salada Desert has already been described. 

Since the publication of Grinnell's (1927) findings on the 
water requirements of juvenile California quail, sportsmen's as
sociations have undertaken "campaigns" to make water from 
pipelines, and from high-walled inaccessible stock tanks, avail
able for the birds. 

Summary. This chapter has necessarily followed down so 
many ramifications of the subject of food and water control that 
a summary may help to unify the whole picture, in so far as the 
scanty evidence permits. 
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Our understanding of food and water is limited at the outset 
by our deficient understanding of game rhysiology. 

Game eats a tremendous variety 0 foods. The bill of fare 
follows a seasonal sequence, and seems to be determined by 
availability, palatability, current physiological needs, and pre
vious habit. Exotic foods must be "learned." 

During critical seasons, such as winter, the observed sequence 
probably represents a descending order of palatability or suste
nance value, and thus offers valuable clues to food-control 
measures. 

All game birds eat mineral grits, and some species have the 
ability to conserve their grits when the daily supply is cut off. 

Game seldom dies of poisonous foods. It either avoids them 
instinctively, or learns by experience to avoid them, or is im
mun"e, or becomes so with advancing age. 

The palatability (and probably composition) of a given food 
varies by seasons and regions. 

Civilization has profoundly changed the kind and distribu
tion of game foods, and has thus destroyed, created, or moved 
the tenable habitats of species. 

Game birds benefit agriculture by eating insects, but it is 
doubtful whether they control weeds. 

The best of various techniques for winter feeding are those 
which offer several sequences, which are widely interspersed with 
cover, and which otherwise simulate nature. Spacing should con
form to the mobility of the game. Game species differ in aptitude 
for" helping themselves" to food. Summer succulence sometimes 
needs to be provided. 

Composite analyses of food habits are only a general guide 
to local questions. Localized food studies are needed. 

'Vater is derived from dew, succulence, and metabolic proc
esses, as well as from springs, brooks, etc. Optimum and mini
mum water requirements are different. All but two quails can 
subsist on succulence alone. Most American grouse, partridges, 
and pheasants require dew as well. The eastern turkey, and all 
doves require actual drinking water, but the southwestern turkey 
can subsist on dew and succulence. Big game and rodents can 
subsist on succulence, except the eastern whitetail, moose, and 
caribou, which require water. These classifications may break 
down during extreme drouth, when there is no succulence. Ex-
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treme drou th may decrease weights, "addle" eggs, or prevent 
mating. 

The livestock industry has provided game water on large 
areas of arid range. On such range, the watering place is the cen
tre of the animal's" orbit," and together with food and salt, de
termines range and population units. 

Henry Seidel Canby once said: "The world has become a pic
ture puzzle. When we have put together the few pieces that sci
ence has given us, we are often too pleased with our success to be 
impressed by the result." 

We pass now from vine to figtree. 



CHAPTER XII 

CONTROL OF COVER 

Definitions. "Cover" and "covert" both mean vegetative 
or other shelter for game. 

Strictly speaking, cover is the kind of materials of which the 
covert is composed. Cover may refer to a single plant or a very 
small area; covert is a geographic unit of cover. 

Plant Successions. Control of vegetation for game cover or 
food must be based on a thorough understanding of the fact 
that the kind of vegetation on any piece of land does not remain 
unchanged from year to year if left to itself. Every acre of soil 
has a definite sequence of vegetative coverings, and unless acci
dentally or deliberately interfered with, the type of covering now 
found will be crowded out by the type next in sequence, and it 
in turn by the next, until the final or "climax" type is reached. 
I t alone is stable when left alone. 

This sequence of changes is called the plant succession. Each 
combination of soil, climate, and animal life has its own series of 
vegetative types. A single step in the succession may take a 
month, or a year, or ten centuries, but its completion is as in
exorable as time itself. 

The kinds and rates of change vary greatly with soils and 
climate, and with the kind and degree of interference. In general, 
the sequence on lands managed for upland game is: 

I. Bare ground. 
2. Weeds. 
3. Grass. 
4. Brush. 
5. Timber. 

Severe interference, such as clearing and cultivation, throws 
the succession from 5 back to I. Less severe interference, such 
as logging, throws 5 back to 4, but if grazing or fire is added, 
back to 3, or if overgrazing is added, back to 2. The rate of reo 
turn depends on the continuance of the interference. 

;04 
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Within each of these five classes, there may be a succession 
of various kinds or combinations of weeds, grass, brush, or timber. 

This elementary exposition will suffice to show that control 
of game cover or food is largely a matter of understanding and 
controlling the plant succession. 

So is agriculture, forestry, and range management. Hence the 
importance of co-ordinating their needs and processes with those 
of game. 

A majority of game species are associated with an intersper
sion of the early and intermediate stages of plant succession (see 
Chapter V). Cover control deals with maintaining a balance or 
optimum combination of stages. Stoddard (p. 381) thus sums up 
this conception of balance for bobwhite: 

"Food and cover are of equal importance to the covey range, and 
one is of little use without the other. Farms so intensively cultivated 
and pastured that there is no cover can have no quail; while cover, be 
it ever so attractive, without suitable food, will be equally barren of 
birds." 

Methods of Cover Control. Cover (and often food) can be 
controlled by either speeding up or setting back the plant suc
cession. The" tools" used are usually: 

FOR SPEEDING UP THE 

SUCCESSION 
Planting 
Protecting against fire 
Fencing against stock 

FOR SETTING BACK THE 
SUCCESSION 

Plowing 
Burning 
Grazing 
Cutting 

These may all be called" natural" tools. It is also possible 
to build cover artificially by the use of physical objects (brush, 
wire or lumber), or by changing the quality of the site through 
fertilization, drainage, or impounding water, and thus changing 
its plant succession. These may be called artificial tools. 

The following captions will set forth the known principles 
not already explained in Chapter V, and describe practical ex
amples of cover control by some commonly available tools. The 
game manager may find these suggestive, but he must usually 
exercise his own ingenuity in devising measures adapted to par
ticular local condi tions. 
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Cover Functions, ~uality, and Location. Places to feed, hide, 
rest, sleep, play, and raise young have been specified as the con
stituent parts of a habitable range. These generalized categories 
are really too simple to fit the facts. The game manager working 
in a particular area needs a very detailed" bill of specifications" 
as to what constitutes such places, for the species with which 
he is dealing, at each season oj the year. He should also know the 
degree of variation in the composition and interspersion of cover 
types which his species will tolerate (see Chapter V). For species 
on which there is no competent monograph, such as Stoddard's 
on the bobwhite, the manager will have to devise his own speci
fications. Even if they were all known (which they are not), the 
presentation of these specifications for all species would far ex
ceed the confines of a single volume. Some samples of cover de
velopment on Iowa farms are given in Chapter XV. 

I t should be emphasized that many special functions of game 
cover are yet to be discovered. Thus Wight recently discovered 
that a "crowing area" acceptable to a cock pheasant as a breed
ing territory probably has more or less definite optimum speci
fications. His publication (1930) does not give them in detail, 
but more knowledge will doubtless enable the number of habit
able breeding units on any given range to be artificially increased 
by the manipulation of cover types. 

As to quantity or area, game cover is sometimes present in 
excess of the optimum. This is usually true on cheap, well-watered 
land, such as the Gulf States and the Lake States. Such quantita
tive excess, however, is often short of food and lacking in variety, 
interspersion, or correct density. In parts of Georgia, for instance, 
Stoddard (p. 370) increased the quail population of large .areas 
of pine undergrown with oak brush by cutting out and thinning 
the oak, thereby admitting a more vigorous growth of partridge 
pea, other legumes, weeds, and other foods. 

Some deeper explanation is necessary, however, to account 
for the scarcity of upland game in that vast area of semi-reverted 
farm land which stretches from New England down the Atlantic 
seaboard, and which contains more good-looking game cover 
than almost any other part of the continent. The decline of agri
culture has, of course, decreased the food supply, but not every
where. The lack of interspersion has already been mentioned, 
but it is not universal. Overkilling has been prevalent, but no 
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worse than elsewhere. Predators may be bad in spots, but no 
more so than in other regions. I suspect that underneath these 
locally variable handicaps to productivity runs a more serious 
and permanent injury: the exhaustion of soil fertility. With the 
exception of the grouse of the north, which by reason of their 
bud-eating habit are partially independent of a rich variety of 
seed-bearing flora, there is a remarkable correlation between 
game supply and soil fertility throughout North America. 

On rich soils and on grazing ranges it is more frequent for 
game to be limited by a deficiency rather than an excess of cov
erts. Where agriculture is intensive, full productivity of upland 
game is usually obtainable only by allowing certain coverts to 
re-establish themselves through the natural processes of plant 
succession, or by establishing them artificially through planting. 
A discussion of artificial covert restoration will bring out the 
principles involved, and once these are grasped the less difficult 
problem of allowing coverts to re-establish themselves can be 
readily solved. 

As already pointed out in Chapter V, covert restoration must 
be founded on a clear realization of function. By discovering the 
exact kind, amount, and location of coverts requisite for each 
function, a great economy in acreage and installation cost can be 
achieved. 

Bobwhite quail, for instance, probably reached maximum 
abundance during that stage of settlement when the composi
tion of their range accidentally reached an equal proportion of 
brush, woodland, and crude cultivation. It does not follow, how
ever, that the restoration of this proportion is essential in manage
ment. A covey of quail may originally have found its require
ments for brush satisfied by ten acres of hazel. The reason it was 
satisfied, however, did not lie in the acreage, but in the accidental 
existence of a few grapevine tangles, brush piles, or fallen tree
tops occurring in the hazel, but aggregating only half an acre in 
total area. In short, the function of the ten acres of hazel brush 
was concentrated on a twentieth of its total area. By restoring 
either the particular things formerly discharging this function, 
or their equivalent in plants or structures having the same proper
ties, a satisfactory quail population might be restored by manage
ment without the "expenditure" of more than a fraction of the 
acreage formerly used. In short, restoration is a matter of simu-
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lating the quality, rather than the quantity, of original coverts. 
That acreage will suffice which represents the minimum neces
sary to balance the food supply, that is, the minimum admissible 
under the environmental tolerance of the species. 

Quality is a matter of location as well as properties. Thus 
a grapevine tangle for quail on a sunny bank with a south ex
posure and protection from wind, and with usable avenues of 
travel in the form of brushy fencerows leading out into the food 
types, might readily add a new covey to the game population of 
the farm, when the same tangle situated in the middle of a bare 
field, or on the north edge of the woodlot, might have no effect 
at all. 

Kinds of Cover. For convenience in the ensuing discussions, 
five common functions of cover may be given special names: 

I. Winter cover. Vegetation offering invisibility or mechan
ical protection during snow. 

2. Refuge cover. Vegetation from which game cannot be 
driven "by hunters. 

3. Loafing cover. A place, not necessarily large, often near 
I or 2, and offering shade in summer or sun and wind
protection in winter. 

4. Nesting cover. 
5. Roosting cover. 

There is, of course, some overlap. The term "escape cover" 
often applies to 1 and 2 collectively. 

Some of these categories cannot be satisfactorily discussed, 
because the requirements of the different species are so vari
able that a discussion would fill a volume. Errington (193Ic) 
describes winter cover for bobwhite, and Stoddard gives a com
plete inventory of the needs of this species. The Game Survey 
(p. 59) gives a general appraisal of cover conditions and trends. 

All farm game, however, has similar nesting requirements. 
A discussion of nesting cover follows. 

Theory of Nesting Cover. "Bait" Cover. It is only in the last 
few years that game managers in this country have recognized 
nesting cover as a separate and distinct need. We now realize 
that a range with ample winter cover may be radically deficient 
in nesting cover, or vice versa. The American inception of the 
idea goes back to Stoddard (1931). It has been amplified by 
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several recent investigators, especially Wight (1930) and Yeatter 
(1932). 

Methods of diagnosis for nesting problems in general are ex
panded in Chapter XV. We are here dealing only with cover. 

Most of the breeding ranges of our ground-nesting birds offer 
an infinite amount and variety of nesting cover after the new 
green growth of the year has started. Most of our waterfowl and 
all of our gallinaceous birds, however, tend to start nesting before 
the new green growth has become serviceable. Their ultimate 
success in raising a brood depends on the outcome of a series of 
repeated nesting attempts following successive previous failures. 
When one of these attempts at last succeeds the breeding is over 
for the year. 

The longer the period available for" repeat nests It the greater 
the probability of ultimate success. We do not know what termi
nates the period if none of the successive attempts succeed. It 
may be weather or it may be physical exhaustion. It seems cer
tain, though, that the laws of chance will raise the probability 
of success if we lengthen the period at its anterior end by pro
viding nesting cover of the previous year's growth, which stands 
ready as soon as the birds are ready. Such cover may induce 
earlier nesting and it certainly lowers mortality from nest de
stroyers. 

Moreover late nests in agricultural crops are endangered by 
harvesting machinery. The more nests we can decoy into other 
cover the less will be the loss of nests in crops. "Bai t cover It is 
cover deliberately provided to keep nests out of crops or other 
dangerous ground. 

There is reason to suspect that in the absence of special nest
ing cover, the plant and crop succession on certain ranges for 
certain species is such as to hold ready a new and accurately 
timed misfortune for every successive nesting attempt. Thus a 
bird forced to build her first nest in early May in the old grass 
of a narrow fencerow is robbed by a crow using the fenceposts 
as ready-made observation towers. Her second attempt is made 
in alfalfa which has become serviceable just at that time, only 
to expose the nest when the alfalfa is cut in June. Her third at
tempt is made in oats, then still uncut, only to fall victim to the 
harvest in July. Under such conditions nesting cover is clearly 
a limiting factor, and successful management must begin by 
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either providing bait-cover or adopting mechanical means of 
saving the nests in hay and grain. 

Control of Nesting Cover. Marginal strips of hay or grain 
left standing from the previous year are often effective "bait." 
Thus Wight (1930) finds that hayfields are a favorite location 
for late pheasant nests in southern Michigan, and that nearly 
all of the nests are located in the outer four or five "swaths" of 
the hay cutter. The hen uses the fencerow as a "street," and 
enters the hay only far enough to hide the nest. Assuming that 
some hay could be left uncut as "bait" for pheasants, it would 
be just as effective and much more economical to leave only the 
periphery of the field. The function of the hayfield as a nesting 
covert is all concentrated in its edges. Leaving the outer two or 
three swaths uncut on one or two sides of a hayfield during the 
last haymowing in fall would "catch" most of the early nests 
next spring. At the second cutting, after the nests have hatched 
off, this marginal strip could be taken as usual, but a new strip 
left for the succeeding year's nests on some other side of the 
field. A rotation of bait coverts is thus established without un
due sacrifice of acreage. Incidentally the bait strips would have 
some value for winter cover as well, especially when snow is 
absent. The same principle of rotation of margins can be used 
in grainfields by letting stalks and weeds stand. 

Yeatter (1932) likewise finds that over half of the Hungarian 
nests found in the fields of southeastern Michigan and north
western Ohio lie within 30 feet of the edge, and over half of all 
nests found were in hay or grain, especially alfalfa. The most 
frequent hatching date falls between June IS and June 30. The 
first alfalfa cutting begins June 10, so that most alfalfa nests are 
destroyed by the mowing. Farm machinery of one sort or another 
accounted for 40 per cent of all nest losses and about 25 per cent 
of all nests found. 

The losses in cutting small grain are less than in mowing 
hay because the early nests hatch before the grain is cut. "It 
seems likely that the majority of the nests destroyed in [the 
grain] harvest are those of birds whose nests have previously 
been broken up during haying." 

Yeatter tried out, and found feasible, the following technique 
for detecting hayfield nests before mowing: Drag the outer edge 
of each hayfield with a rope pulled by two men walking abreast. 
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Do t~is ~t a date when the nesting studies show the average in
cubatIOn IS well enough advanced to avoid risk of desertion. Find 
and stake the nests indicated by the rope-flushed hens, and then 
in the subsequent mowing leave a small "island" of uncut hay 
around each stake. Observations indicate that hens will return 
and hatch nests in such "islands" of cover, whereas they usually 
desert nests cut over by the mower. 

To avoid the labor involved in Yeatter's rope-dragging tech
nique, Conservation Warden Arthur Peterson (1931) has de
vised a "flushing rod," extending from the outer end of the cutter 
to the harness on the shoulder of the near horse, in such a man
ner as to brush the tops of the hay, and thus automatically flush 
any birds in time to allow the driver to stop the team and investi
gate. If there is a nest, an island of uncut hay can be left. The 
Peterson flushing rod is shown in Fig. 27. 

The idea of mechanical flushers has been adapted to many 
varying conditions. Iowa (Handbook, p. 34) uses a flapping can
vas, hung from a rod tied to the neck yokes; Minnesota a rod 
bolted to the doubletrees; Pennsylvania a rod hung with sleigh
bells. 

To provide nesting and loafing ground for quail, Stoddard 
(p. 364) left unplowed strips on the edges of fields adjoining 
escape coverts. His main control of nesting cover, however, was 
the thinning of reverted broom sedge fields by controlled fire, so 
as to get the medium density of grass desired for nesting purposes. 

In cutting fields containing partridge chicks, Maxwell (191 I) 
advises working the mower from the edges toward the centre, 
and then leaving a centre-strip uncut overnight, so as to give 
the entrapped broods time to disperse to other fields. 

Nesting cover for red grouse in Britain consists of low (young) 
heather. Long old heather is never used as a nesting site. Heather 
about a foot high, at the edge of an opening, is preferred. Nest
cover control in red grouse is therefore a matter of bringing about 
a high degree of interspersion of age-classes of heather. This is 
accomplished by spot-burning under careful control (Leopold 
and Ball, I93ta). 

Nesting coverts on dangerous ground may act as a trap, and 
do more harm than good. Stoddard (p. 369) deliberately burned 
the nesting cover on land known to overflow yearly, thus forcing 
the nesting bobwhites to seek the safer uplands. 
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In the arid west, nesting cover for waterfowl on the shores 
of lakes and reservoirs is often removed through grazing, and 
nests destroyed by the trampling of livestock. Fencing such shore
lines in a series of enclosures, with the necessary open "water 
gaps" between them to allow the stock ample access to water, 
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would :vastly enhance th~ir productivity by providing cover and 
protectIOn for nests. Fencmg only the marshy portions, and leav
mg gaps at the hard portions of the shore would also tend to 
prevent the "bogging" of weak cattle in spring, and thus im
prove conditions for livestock as well as ducks. 

It is safe to assert as a general principle that the leaving of 
dry grass of the preceding year's growth, not too rank or dense, 
in strategic spots, will "capture" most of the early nests of game 
birds, and possibly even induce earlier nesting. By then protect
ing this "bait" cover against enemies (including plow, fire, graz
ing, and predators) three purposes are accomplished: (I) nest 
mortality from agricultural machinery and livestock is reduced, 
(2) survival chances are increased, (3) earlier and larger young 
are produced. In America we do not yet discriminate against re
nestings and their resultant late young-a bird is a bird, and 
that's that. We even refrain from shooting "squealers" on ethical 
grounds. But in Britain late young are regarded as a "menace 
to the health of the moor" because they emerge from the winter 
"weak, and a fit host to disease." A deliberate attempt is made 
to kill them off during the fall shooting (Leopold and Ball, 193 1a). 
The English idea seems the sounder. The only contrary argument 
is the possibility that early broods run stronger to males than 
late ones (see Chapter IV). 

Concrete examples of nesting cover controls, in combination 
with other range developments, are shown for Iowa pheasants in 
Fig. 22 and for Iowa quail in Fig. 33. 

A set of directions for nesting cover control, written in lay
man's language, is given in the Handbook Management of Up
land Game Birds in Iowa. 

Properties of Winter Cover Plants. Economy in acreage and 
installation costs calls for the utmost care in the selection of 
cover species, either for artificial planting or for natural repro
duction. Such economy is obtained only by combining as many 
properties as possible in a single species of plant. 

In snow country, the most essential property is dense winter 
foliage or thorns. Dense winter foliage is obtainable only in non
deciduous or evergreen species, such as the conifers. Dense foliage 
is not necessary if the cover has thorns (osage, rose), or if the 
branches are so matted as to exclude predators without either 
thorns or foliage (grape tangles). Whatever the property, an 
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effective cover for either escape or shelter must be close to the 
ground. Thus evergreens are effective only as saplings raised in 
the open, because then only do their lower branches persist and 
sweep the ground. Osage is best when the lower branches are 
pendant, and grape when the tangle of vines is on or near ground 
levels. Old evergreens with clean boles are useful to many small 
birds, but useless to game except as emergency tree-roosts dur
ing blizzards. Most upland game bird species have been known 
to resort to such roosts in bad weather. 

The next most important characteristic is low installation 
cost. This gives a great advantage to the species which can be 
propagated by cuttings (osage, willow, grape) or by planting root
suckers or root-cuttings (plum, some roses). Transportation costs 
are also reduced if wild stock, as distinguished from stock pur
chased from a nursery, is available. The availability of wild stock, 
of course, varies as between species and localities. 

The next most important property is vigor. This includes 
ability to reproduce by sprouts if cut or burned, ability to spread 
by means of root-sprouts, and ability to make quick growth. 
Most species other than conifers have the property of quick 
growth, especially willows. 

Next comes resistance to grazing, drouth, shade, and fire. 
On heavily pastured land grazing resistance is essential, unless 
the plantation be surrounded by a small gateless fence. Spruce, 
cedar, and osage are examples of cover plants not eaten by stock. 
Rabbit browsing sometimes injures plantings, and cannot, of 
course, be avoided by fencing, except at heavy cost for small
mesh wire. 

Drouth resistance is iptportant mainly in arid districts where 
coverts can be most economically placed on non-irrigated land. 
Russian olive and tamarisk are outstanding for survival without 
irrigation. They will not, however, thrive without some degree 
of subterranean moisture. 

Tolerance of shade is necessary wherever a covert is to be 
placed in woodland. Even the tolerant species require some 
opening of the forest canopy to insure vigorous growth. 

Although many of the species listed in Table 42 have the 
other properties of r:esistance, none of them resist fire, except in 
the sense of resprouting if they are burned. 

A very important item of resistance is ability to make a start 
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in spite of competition by grass and weeds. Few species can be 
successfully planted in heavy grass without plowing a furrow, 
or removing the sod from the planting spot, or smothering it by 
a heavy mulch. 

It is desirable that cover plants produce food as well as shelter. 
Wild grapevines, plums, and haws are outstanding in this respect. 

It is desirable that game cover plants also have value fOF 
song and insectivorous birds. Most of the hedge-forming species, 
as well as conifers and grapevines, are much used by bush-nesting 
spedes and by winter visitants. 

In case plantings are installed on boundaries of fields, it is 
sometimes desirable to select" a species which can be pruned as 
a hedge, thus disBensing with a fence. Osage is outstanding in 
this respect. / 

In case cover is to be installed on land subject to erosion, it 
is imBOrtant to select a species with dense fibrous roots. Willow 
and osage, for instance, represent the extremes of matted and 
attentuated root systems respectively. 

Lastly cover plants should be unobjectionable from the agri
cultural standpoint. In many region'S the osage, for instance, is 
host for the San Jose scale, and can therefore not be tolerated 
in the neighborhood of commercial orchards. Likewise red cedar 
is host for certain rusts, and hence is undesirable in the neighbor
hood of apple orchards. For this same reason, cedar and crab
apple should never be planted together. 

~able 42 summarizes the properties of typical cover-plant 
species. 

In many instances it is desirable to combine two or more species 
in the same covert, in order to get a larger range of properties, 
and in order to offset the defects of one by the merits of the other. 
Thus Norway spruce appears to have all the properties desirable 
for a winter escape-covert for quail, but compared with the other 
species its growth is slow. If, therefore, a clump of Norway spruce 
be surrounded by quick-growing thorny roses, the immediate 
value of the plantation is probably enhanced, and its ultimate 
value improved. The coniferous clumps shown in the accompany
ing photograph installed by the University of Wisconsin have 
been surrounded by plantings of prairie rose CR. segetaria) and 
sweetbriar CR. rubiginosa) to test out this idea, and to compare 
the value of two species of rose for this purpose. 



TABLE 42 

PROPERTIES OF TYPICAL PLANTS SUITABLE FOR ESCAPE-COVERTS 

FOR UPLAND GAME 
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a. Not frosthardy in Lake States. 
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h. Injured by heavy grazing. Should be fenced. 
c. Never browsed by stock. 
J. Improved by grazing because of hedge habit. 
i!. Valuable to game mainly when branches hang near ground. 
/. Suitable to plant around conifer groups to add thorns and afford cover while conifer 

are growing. 
g. Suitable for ditchbanks and waste corners in arid climate •. 
n. Do not plant apples and cedars together. 
i. Exotic species. 



FIG. '28. One year's protection against grazing restored this covert to a habitable condition 
for quail. The Norway spruces in the foreground were planted by the University of Wisconsin 

to test the value of conifers as escape-cover. 



FIG. 29. Norway spruce under black locust grows faster than away from locust. 
In the upper picture, u'lder locust the trees are thrice a man's height; in the lower 
one, only twice. The locust, like alfalfa, fixes nitrogen from the air. (Photo by Michi. 

gan School of Forestry and Conservation.) 
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There is large opportunity in cover control for the skillful 

application of specialized knowledge of forestry and soils. For 
example: in the demonstration forest operated by the Michigan 
Forest School it has been found that Norway spruce planted 
under black locust, or on land which has recently carried this 
tree, grows much more rapidly and vigorously than on adjacent 
land without locust. Fig. 29 shows the difference, (a) being three 
times the height of a man, and (b) only two times. The reason 
is that locust is a legume and fertilizes the soil by nitrogen fixation, 
just as alfalfa or clover does. Locust thickets frequently occupy 
waste corners suitable for game coverts. . 

It is often not necessary to charge the entire cost of a planta
tion against game. Thus a clump of spruces situated in a waste 
corner of a farm may have a landscape value quite sufficient to 
justify the cost. 

Escape coverts, unless naturally present, are necessary to 
the full success of winter feeding stations. A successful winter 
feeding station is located in the thicket just to the left of the 
centre of the photograph in Fig. 28. This photograph also illus
trates what is usually.the cheapest way to restore cover: the 
exclusion of grazing. The upper view, taken in 1929 after cattle 
had been admitted to this covert all summer, shows that the 
density had been reduced below that necessary to hold quail 
during snowy periods. The lower view, taken in 1930, shows 
what one year's protection against grazing can accomplish. The 
density is now sufficient to winter a covey. 

~uick and Substitute Coverts. On bare areas even the quickest
growing cover plants require several years after planting to be
come effective in holding game. A more immediate effect can 
sometimes be obtained by semi-mechanical expedients, of which 
several examples applicable to farm game will be given. 

One of the quickest ways to reinforce a deficient winter covert 
is to fell branchy trees with the leaves on, and leave the tops un
lopped. Oak leaves are particularly persistent on summer-cut 
tops. If in pasture, the fallen top should be fenced so that grass, 
weeds, and vines can come up through it. Seeding a few spots 
on its outer edge with false climbing buckwheat, or planting a 
few wild-grape cuttings, will add density, permanence, and food. 
I have seen a leafy tree-top, accidentally left by the farmer, hold 
a covey of quail where in previous years the natural cover was 
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not quite enough to do so. Ruffed grouse and cottontails are also 
fond of leafy tops. 

A modification of the tree-top idea is to select a tree already 
bearing a grapevine, and, cut the tree but not the grape. Enough 
surrounding trees must be cut to give the grape light. Such a 
vine, being strongly rooted, will cover the down top with a mat 
of vines in a single season. 

A clump of discarded Christmas trees makes a good covert 
for the rest of the winter. 

Errington (I93U) finds that shelter roofs built of lumber are 
apparently not attractive to quail, even when open on three 
sides and camouflaged with brush. Quail enter them only if food 
is placed beneath, or only to the extent that they would enter 
the brush without the roof. 

Brush stacked against a log or pole is good but temporary. 
Loose rolls of discarded woven wire are freely used by quail 

and cottontails, especially if camouflaged with brush and covered 
with vines. There is an astonishing quantity of such old wire 
available in the "dumps" of some farming regions. 

The very best of all bedding grounds for cottontails results 
when stiff crooked brush, such as oak loppings, is placed in small 
piles upon a strong bluegrass sod. During the succeeding summer 
the grass, being mechanically sustained and protected from graz
ing by the brush pile, grows up through it and weaves a warm dry 
airy structure ideal for "beds." Rabbit-heaven consists of a south 
sloping pasture studded with such grassy brushpiles, with an 
uncut cornfield below, and a briar-patch on the top of the hill. 

None of these artificial expedients will hold game unless cor
rectly located, nor unless adjacent to almost-sufficient natural 
coverts and to adequate food. The best location is a south-facing 
bank offering sun-exposure and wind-protection. They merely 
serve to bolster up a range which has become a little too bare 
to be reliable. Usually there should be a number of substitute 
coverts of the same sort, so that the game will not have to "bush
up" daily in exactly the same spot, and thus become too well 
known to its enemies. 

"Streets.~· Coverts must have convenient routes of ingress 
and egress. These routes or "streets" should connect the covert 
with the feeding ground, and, if possible, with other coverts. A 
street for us is a route clear enough to be travelled with ease; a 
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street for game is a route with obstructions enough to be travelled 
with safety. 

Brushy fencerows, gullies, or other strips of vegetation are 
the usual routes. Even a row of cornshocks may be used as a 
route of daily travel. When there is no safe route of travel, most 
game birds fly to the feeding ground, but any range is more at
tractive if its component parts can be reached without the ne
cessity of flight. 

On the ordinary farm the places to be connected with travel 
routes are the feeding ground (weed patches, shocked or standing 
corn), the woodlot, and the barnyard or feedlot. 

On the Georgia quail preserves Stoddard (p. 371), by leaving 
unplowed strips, deliberately subdivided large fields with 
"streets" of weeds or briers. Wild plums were sometimes planted 
artificially in these strips. On terraced land, streets are often 
automatically provided if the embankments are left unplowed. 
The widespread menace of soil erosion (Bennett and Chapline, 
1928, Game Survey, p. 247) prompts the hope that increasing areas 
of farm land will be terraced, and thus improved as farms, water
sheds, and game ranges. 

Streets form an important part of the cover improvements 
for pheasants installed by Wight (1931) on the Williamston 
Project in Michigan. The isolated glacial potholes offer excellent 
winter and refuge cover, but are often far apart. The stand of 
pheasants is being built up mainly by installing" streets" and 
food patches. 

Streets left for game serve as nesting sites as well as travel 
routes, especially for bobwhite and Hungarian partridge. 

Shade. It seems probable that the minimum water require
ment of some animals varies not only with the available food but 
with the available "cover" furnishing shade and humidity. I am 
permitted to quote the following unpublished observations of 
J. S. Ligon on the game of arid New Mexico: 

"During the hot, dry summer days animals and birds alike retire to 
the shelter of caves, over-hanging ledges, canyons, or dense cover of 
various shrubs, where in complete retirement and dense shade the con
suming rays of the sun are avoided. 

"In the range of the desert dwelling mountain sheep almost invari
ably are to be found caves of considerable extent in which the sheep 
spend the days, not venturing forth until tempted by the long inviting 
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shadows of late afternoon. In such retreats, by pawing, clawing, or 
scratching the various species come in contact with the cool, soothing 
earth. In sheep caves, damp spots and sometimes even traces of seeps 
are encountered and used by the sheep. 

"Jack rabbits furnish a good example of the persistence of desert 
inhabitants in clinging to shelter against the rays of the sun. Though 
remaining in comparatively open spaces where escape from enemies is 
possible, they scratch out their forms in accordance with the morning 
shadow cast by some sheltering shrub, and shift their position with the 
change of the shade, winding up the day on the east side of their re
treat. Cottontails are even more earthly, generally remaining in bur
rows during the day. 

"Peccaries, like the desert dwelling sheep, are- fond of idling away 
the day in caves or, in the absence of these, under dense growth of 
spreading mountain shrubs. 

"Ample cover to insure protection against the direct rays of the 
sun is also a range requirement of scale, gam bel, and Mearns quail." 

It has long been known that the desert forms of mountain 
sheep resort to caves, where their remains are frequently found, 
but it has usually been supposed that they sought caves for 
shelter from winter storms, rather than from summer heat. 
Ligon's observations now indicate that caves are a "special 
factor" for sheep, and probably control their distribution in the 
waterless portions of their range, where scant succulence is their 
sole source of water supply during dry periods. 

Inter-relation oj Cover and Food. Just as the desert sheep 
seems to depend for its existence on a specialized kind of cover, 
so Schierbeck (1911) claims the deer of Nova Scotia depend for 
their welfare on the combination of hemlock forest and yew 
browse. The yew shrub or "ground hemlock" (Taxus canadensis), 
he says is the winter food of deer, and grows only under hemlock 
forest (Tsuga canadensis). 

"The cutting of the hemlock stands causes the ground hemlock to 
disappear, as it can only exist in the shade of the hemlock trees. I have 
noted the disappearance or diminution of the deer stand where old hem
lock stands have been cut." 

Schierbeck traces a similar intimate relationship between 
caribou, reindeer moss, and fire in Nova Scotia. Moss is the 
winter food of caribou. It comes back in 30-40 years as the first 
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stage of the plant succession after fire. Forest is the second stage. 
There were heavy fires during the eighties. "Those fires destroyed 
the reindeer-moss and today, as a consequence, the caribou have 
disappeared. The reindeer-moss is now coming back, but I doubt 
if the caribou will follow it." 

A relationship not far from dependence is observed by Gor
such (1932) to exist between gambel quail and desert hackberry 
(Celtis pallid a) in Arizona. This evergreen hackberry is a dense 
thorny shrub furnishing both shade, escape cover, roosting and 
loafing cover, and food. I have long observed a similar dependence 
of scaled quail in central New Mexico on the chamisa bush (Atri
plex canescens). Hackberry and chamisa might well be called 
"index" plants for quail, because where these plants are scarce 
the presence of a single specimen is as sure an indicator of the 
whereabouts of a covey as the direction of the nose on a point
ing bird dog. This rule is especially infallible at midday, when the 
birds spend their loafing hours under the airy shade of their 
evergreen umbrellas. 

Red grouse derive most of their food and cover from the 
various ages of heather, but they have been known to exist on 
heatherless range. Nevertheless the greater part of grouse manage
ment is heather control, and heather is in one sense an index
plan t for the species. 

These various examples point out their own lesson to the 
game manager: watch for "key" plants, and if there is an under
supply or faulty distribution, correct it by reversing the action 
of the same "tools" which brought about the scarcity. Thus 
chamisa is eliminated by overgrazing. Lighten or exclude the 
grazing and it comes back. 

Other Crops and Game Cooer. Sweeping statements are often 
made as to the detrimental effects of fire, grazing, and drainage, 
or beneficial effects of forestry on game range. Such statements 
cannot possibly be true. It is self-evident that the effect varies 
with the kind of game, the composition and interspersion of the 
food and cover, and the intensity, frequency, size and season of 
these "influences." The game manager should beware of rules 
of thumb. 

Stoddard's chapter on "The Use and Abuse of Fire" is as 
good an exposition as I know on the principles and practices of 
fire control as related to game. 
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The Game Survey deals throughout with the effects of graz
ing, farming, and lumbering on game cover and food. 

Leopold (I930a) deals with a few favorable and unfavorable 
effects of various silvicultural and grazing systems on game en
vironment, and (I93Ib) with the role of forestry in game manage
ment. 

Grange, in a forthcoming farmers' bulletin, will deal with the 
modification of farming methods for game-management purposes. 

No writer has as yet adequately dealt with the effects of 
game cover on .the conservation of watersheds. 

Fire as a direct source of mortality in game, will be dealt 
with in the chapter on "Accidents." 

Summary. Cover is controlled by controlling the plant 
succession in the right direction at the right time and place. 
Cow, plow, axe, and fire reverse the succession. Fencing, fire
protection, and planting advance it. 

Cover functions include shelter, escape, refuge, loafing, nest
ing, roosting, shade, and sun. Function is often localized in a 
small component of a given acreage or type, and for any given 
species varies with season and with the incidence of food, pred
ators, and other factors. Location, shape, and area must be related 
to function. 

Nesting cover of the previous year's growth is needed to en
courage early nests and keep nests out of crops where they are 
destroyed by machinery. Nests are usually on the margins of 
any solid block of cover, such as a hayfield. Mechanical flushing 
devices can be used to locate such nests. 

Cover plants should be selected for their properties such as 
foliage, cost, vigor, resistance, food and fence value, and pest 
risk. Temporary substitute coverts can be built of brush or quick
growing plants. 

Some plant species are so necessary to certain game animals 
as to control their distribution and daily movements. They may 
be called index plants. 

Industrial uses of land profoundly alter game cover, for better 
or for worse. If controlled, they become valuable tools for game 
management. 

Elbert Hubbard made one epigram which is not only pithy, 
but also profound. He said: "To plow is to pray." 
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One of the defects of our mechanized society is the decreasing 
proportion of people privileged to plow. 

The manipulation of game ranges is a new form of" plowing." 



CHAPTER XIII 

CONTROL OF DISEASE 

This chapter is not a compendium of available knowledge 
on game diseases. Larger volumes than this have been written 
about a single disease of a single species. 

It aims rather to sketch, in bold outlines, the probable role 
of the disease factor in game productivity, and the possibilities 
of its control in game management. The principal purpose is to 
help the game manager or thinking sportsman orient his mental 
picture of the mechanisms, scope, and power of wild-animal dis
eases in the light of what is now known about them, so that his 
field observations can be pertinent and his co-operation with 
specialists more intelligent. 

New knowledge is piling up rapidly. If the reader has biolog
ical training, he may have to unlearn certain principles which 
were taught him a few years ago as accepted truth. By the same 
token, this sketch may not long remain up-to-date. 

It is a pity that the narratives of scientific exploration in this 
field-as fantastic a romance as any Arabian Nights-should 
either be masked by such technical verbiage as to mean nothing 
to the thinking layman, or translated for the popular press in 
such kindergarten terms as to be no longer true. These explora
tions have divulged a fabric of relationships in the biotic com
munity of great import not alone to conservation, but to sociology 
and philosophy as well. 

Take, for instance, the growing realization that disease or
ganisms, despite their ruthless decimation of individuals, tend 
constantly to evolve toward a symbiotic relationship-i. e., a 
relation of mutual tolerance-to their host species. We have 
already seen a hint of something parallel in predators, and the 
tendency of the game itself to remain in or return to some sort 
of equilibrium with the capacity of its environment seems to be 
merely another expression of the same thing. 

It is not for this book to suggest social interpretations of 
these phenomena, but the game manager, if he is so disposed, 

3Z4 
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may well regard his field as an outdoor laboratory for the study 
of Homo sapiens. 

Importance of Disease. The role of disease in wild-life con
servation has probably been radically underestimated. 

Disease, for instance, is not commonly thought of as con
trolling predators as well as game, yet the drift of the recent 
evidence is strongly in this direction, especially mammalian 
predators. 

That disease is the outstanding control of buffer foods for 
predators, such as rodents, is now in many instances an estab
lished fact. 

There are grounds for suspecting that disease may in some 
case~ be the factor which delimits the geographic range of game 
specIes. 

Density limits of game populations are in many species prob
abl y set by disease. This has long been asserted as a generaliza
tion, but recent years have begun to show specific cases. 

Density fluctuations, such as cycles and irruptions, are al
most certainly fluctuations in the prevalence of, virulence of, or 
resistance to diseases. Some diseases also disturb the sex ratio, 
and may affect fertility. 

This long-prevailing under-valuation of the disease factor 
may be definitely associated with the limitations of the obser
vational method in studying natural history. It is difficult or 
impossible to "observe" disease, because of the promptness with 
which diseased wild animals disappear or succumb to natural 
enemies. In most species it is only during epizootics, when the 
sick or dead become so numerous as to satiate all the predators, 
that they are seen at all. Hence disease did not yield to the ob
servational method of study. Understanding began only when 
field observations were combined with the experimental or labora
tory technique of modern science. 

Feasibility of Control. Most laymen and many scientists 
entertain mental reservations as to the practical utility of wild
animal disease studies. "You cannot doctor sick birds." With 
this terse and (to his mind) conclusive rejoinder the layman often 
attempts to relegate the whole subject to the category of in
teresting but useless knowledge. 

He, of course, overlooks the obvious fact that" doctoring" 
is of recessive importance in health control, even in domesticated 
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species and human beings. He overlooks also that the real de
terminants of disease mortality are the environment and the 
population, both of which are being" doctored" daily, for better 
or for worse, by gun and axe, and by fire and plow. 

Pessimistic attitudes toward disease control are further ac
centuated by the extreme complexity of many of the disease 
mechanisms so far discovered. A better argument is that this 
very -complexity increases the possible points of attack, one of 
which may some day be used for control measures. 

History. Organized effort to understand and control game 
diseases is still in its infancy. The first known project was the 
~ritish Grouse Investigation, on which a report was published 
In 1911. 

The first American enterprises combining field and laboratory 
methods were Wetmore's (1919) investigation of lead poisoning 
in warerfowl, and the Ruffed Grouse Investigation sponsored 
by the American Game Protective Association in 1924 (Allen, 
1924). The latter project is still under way. 

Investigations of the .. duck disease," undertaken by the 
Biological Survey and the University of California since 1918, 
have recently culminated in the discovery by Kalmbach (193oa) 
that Botulism is a cause, and probably the cause, of this impor
tant malady. A remedy for the duck disease-fresh water-was 
discovered long before its cause became known. Control works 
to regulate the water on the Bear River Marshes in Utah have 
now been installed by the Biological Survey. 

In 1924 an outbreak of hoof-and-mouth disease in cattle 
spread to the deer in the Stanislaus National Forest, California, 
but was effectively stamped out by depopulating the area. This 
was our first venture in game-disease control. 

A comprehensive investigation of quail diseases by various 
co-operating agencies formed a part of the Georgia Quail In
vestigation beginning in 1924. Their findings are published in 
Stoddard's book (1931, pp. 229-338). The Biological Survey is 
continuing work on quail at Richmond, Virginia, and is also 
studying diseases in other species. Certain quail diseases have 
been studied at the University of California (O'Roke, 1930). 

An organized study of tularemia in wild life is now centred 
at the University of Minnesota (see publications of Green et al.) 
with the co-operation of the Spotted Fever Laboratory at Hamil-
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ton, Montana (Parker, 1929) and others. The U. S. Public Health 
Service is studying human aspects of tularemia (Simpson, 192-:»). 

General studies of coccidiosis in game birds have been made 
by Tyzzer (1929) at Harvard, of bird parasites by Cram (1927) 
at the Bureau of Animal Industry. 

The diseases of game predators and buffer species, and those 
affecting the agencies of transmission, are of course often just 
as important to game management as the diseases of the game 
itself, but are not here reviewed. 

I t need hardly be said that none of these direct attacks on 
the problems presented by particular game species or disease 
organisms are as yet complete. There are many others, some of 
which will be mentioned later, but the sum total of all the work 
to date is hardly greater than what should be done yearly during 
the next decade. It is particularly encouraging to note the active 
participation of medical schools and other institutions not di
rectly charged with responsibility for wild-life conservation. 

In addition to researches dealing with particular species or 
particular diseases of wild life, there is great need of interpreting 
the rele of the disease factor in determining population density 
and its fluctuations. Until very recently such interpretations, 
for the game field at least, were entirely lacking. Without them 
there is a strong tendency for specialized investigations to run 
down blind alleys. 

Elton's Epidemic Diseases Among Wild Animals (1931) and 
the Matamek Conference on Biological Cycles (1932) have, in 
one brief year, gone far toward filling this need. They offer the 
game manager at least hypotheses wherewith to visualize the 
disease factor in terms of population behavior. 

Classes of Game Disease. Game diseases fall into various sets 
of categories. 

They may be grouped, for instance, by the characters of their 
causative agents, or by their biological, geographic, or time dis
tribution, or by the mechanisms which transmit them. The suc
ceeding captions sketch roughly some of these groupings, and 
give examples of some of the more important. 

Causative Agents. Game disease may have as its causative 
agent various living organisms, various nutritional deficiencies, 
chemical poisons, mechanical injuries, or combinations of these. 
The causative agents fall into eight groups: 
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1. Pirus. Viruses are submicroscopic infectious agents. The 
"organism" is known to be capable of rapid multiplication, but 
only in living tissue. Whether it is a living animal or plant, or a 
chemical phenomenon, is as yet unknown. The latest indication 
is that a virus is a broken-down form of bacterial organism, dis
assembled, as it were, but nevertheless alive. Some viruses pass 
through the finest filters; others do not. This indicates a differ
ence in size. The hoof-and-mouth disease of the hoofed mammals, 
for instance, is a filtrable virus. 

2. Bacterial. Bacteria are microscopic plants some species 
of which infect the blood or tissues and secrete toxic waste prod
ucts. Tularemia, for instance, IS a disease of certain game, pred
ators, and buffer species caused by a bacterium. 

3. Protozoan. Protozoa are microscopic animals some species 
of which are parasitic in various body parts, often in the blood 
cells or in the cells of membranes. Coccidiosis, for instance, is a 
protozoan disease of gallinaceous birds and rabbits caused by 
various species of Eimeria whIch parasitize the membranes of 
the intestinal tract. 

4. Fungous. Aspergillosis is a disease caused by the common 
fungus Aspergillus jumigatus, which develops in the respiratory 
system. Handley (Stoddard, p. 329) found it in captive quail, 
and Allen and Gross (1926) in ruffed grouse. The nature of the 
infection has been studied by Henrici (1930). 

5. Nutritional Deficiencies. Captive game birds develop 
rickets and other" deficiency diseases" when their ration is lack
ing in vitamins or minerals. Whether wild birds do so is not 
known, but it seems probable that deficiencies sufficient to affect 
vigor or reproduction may account for some unexplained differ
ences in productivity (see Food chapter). 

6. Gross Parasites. Various large internal parasites inhabit 
the body tissues or body cavities of animals during all or part of 
their life cycle. Another group inhabits the external plumage or 
pelage, or attach themselves to the skin. Single species of parasites 
are commonly confined to a single species of host, or a closely 
related group of host species. Many, however, pass successive 
stages of their life cycle in successive and quite unrelated host 
species, called intermediate hosts. Predators are often intermedi
ate hosts for the parasites of the game on which they feed. 

For example: The roundworm, Ascaridia lineata, is an in-
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ternal parasite passing its whole life within a single host. It in
fests grouse and poultry (Gross, 193oa) and sometimes invades 
the body cavity as well as the intestines. On the other hand, 
Dispharynx spiralis is an internal parasite passing its adult stage 
in the proventriculus and gizzard of gallinaceous and other birds, 
and its larval stage (Cram, 1927) in the pill-bug. The life-cycle 
is completed when the grouse eats the pill-bug. Allen (1924) 
found grown grouse apparently killed by the parasite. 

Bird lice are external parasites passing their whole life upon 
a single species of host. Each host species commonly has its own 
species of louse. In weakened or incubating birds, lice may be
come serIOus. 

Hippoboscid flies are external parasites of birds. One species 
contracts and presumably transmits the protozoan blood disease 
of California quail discovered by O'Roke (1930). 

External parasites are frequently carriers of virus, bacterial 
or protozoan disease. Some contract and are injured by the dis
ease, others merely mechanically transmit the infection, others 
harbor the organism but are not injured by it. Thus the rabbit 
tick is a carrier of tularemia, but is not itself affected adversely 
by the disease. Mild or even fairly heavy infestation with gross 
parasites does not necessarily produce a pathological condition 
In game. 

7. Chemical Poisons. Some plants and insects (see Chapter 
XI) are toxic to game, likewise many insecticides, rodent poisons, 
and some industrial materials. Lead shot are eaten by birds, 
especially waterfowl, evidently in place of grit, and when ground 
up in the gizzard, are poisonous (Wetmore, 1919). 

8. Mechanical Injuries. Sharp particles eaten as food some
times puncture the crop or irritate the food canals. Thus oats 
irritate the food canal of red grouse (Grouse Report, p. 82). Spines 
of seeds were found by Stoddard (p. 128) to have punctured the 
crop of bobwhite, and in one case, caterpillar spines had punc
tured the crecum. Seeds of coffeeweed killed an experimental 
quail, but whether by mechanical or chemical action could not 
be determined. O'Roke found a pheasant dead of hemorrhage 
caused by a large chestnut lodged in the crop. 

9. Combinations. An astonishing multiplicity of interactions 
occurs among the eight groups of causative agents of disease, 
and the various factors of productivity. Thus elk die of infection 
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with Bacillus necrophorus, the organism gaining entrance through 
mouth lesions caused mechanically through eating the sharp 
spines or awns of squirrel-tail grass (Murie, 1930, p. 220). At 
least a part of the winter losses of elk in Jackson's Hole, formerly 
attributed to starvation, are in fact caused by this disease. The 
control of the objectionable grass, at least in the hayfields from 
which the elk are fed, at once suggests itself as a remedy. 

Botulism is a chemical poisoning due to substances liberated 
by the action of Clostridium botulinus on certain foods. The poison 
appears to open the way for the entrance of the bacterium as well. 

Screw worms infect mechanical injuries of deer and cattle, 
and sometimes cause death. In Texas, deer of all ages are said 
to die of screw worms if there is no deep water in which the ani
mal can stand to drown the worms. 

A crecum worm of quail, Heterakis, is considered by Cram 
(Stoddard, p. 245) as a probable carrier of blackhead to quail, 
inasmuch as one of the two species found in quail is known to 
transmit blackhead to chickens and turkeys. Transmission is 
probably accomplished by blackhead gaining entrance through 
injuries to the membranes by the worm. The infection is carried 
to new hosts on the worm's eggs. Evidence of a similar associa
tion between Heterakis and blackhead was noted by Gross 
(1930a) in pinnated grouse and heath hen. A parasite which thus 
transmits another organism is called a vector. 

Coccidiosis may be a factor in and may precipitate nutritional 
deficiency. Tyzzer (1929) found that chickens infected with it 
developed rickets, when similar bu t uninfected stock kept under 
the same conditions did not. 

Ticks are known to transmit blood parasites and diseases of 
chickens, and may do so in game. The rabbit tick is known to 
be a carrier of tularemia among rabbits, and is suspected of trans
ferring the disease from rabbits to grouse. Tularemia also occurs 
in the three species of wood tick (Green, 1931), which may prove 
to be vectors. 

Hall (1931) states that the lungworm of mountain sheep 
(Muellerius capillaris) is carried by snails as an intermediate 
host. He suspects that mountain sheep in areas of igneous rock 
may eat snails for their calcium, and on the strength of this hy
pothesis recommends licks of ground bone and salt for certain 
areas where sheep have been suffering from lungworm and also, 
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apparently, from a calcium deficiency, as attested by their eating 
the bones of old carcasses. Here, in short, is an apparent inter
action between parasitism and the "special factor" of calcium. 

Distribution in Space and Time. Presumably most diseases 
of game have the same geographic distribution as their host, or 
as their transmitting agent, or as their intermediate host. Some 
are readily transplanted, however, to new hosts and new ranges. 
Thus many game diseases have been derived from exotic live
stock or poultry. The evidence so far available, for example, 
indicates that the ruffed grouse of the Canadian Labrador have 
none of the poultry parasites common to the ruffed grouse of 
New England and the Lake States (Gross, unpublished). The 
mountain sheep and elk of the Rockies have sheep scabies, pre
sumably derived from domestic sheep, although possibly vice 
versa (Hall, 1931), while in those of Alaska, this disease has not 
been reported. The hoof-and-mouth disease stamped out in the 
Stanislaus deer herd in California in 1924 was an importation 
derived from cattle, and might have spread over all or a part 
of the entire deer range. The menace of its reimportation from 
Europe is ever present. 

The game cycle, already briefly described in Chapter III, is 
the principle phenomenon so far known with respect to incidence 
of disease in time. The causative agent of the American cycle is 
presumably some virus, bacterial, or protozoan disease, otten 
accompanied by severe parasitism. The cycle in British grouse 
is so far considered to be caused by a crecal parasite, Trichos
trongylus pergracilis. The reasons for the periodicity in cycle dis
eases is still obscure, although some promising leads were de
veloped at the Matamek Conference (1932). 

Mechanisms of Transmission. Any discussion of transmis
sion must emphasize at the outset that many diseases are known 
but their mode of transmission is still unknown; also that some 
diseases do not require transmission, in the sense of communicat
ing a new infection to a population hitherto free. They are there 
to begin with, and mortality is a matter of varying virulence 
rather than presence or absence of the organism. Even such 
endemic diseases, of course, require transmission in the sense of 
communicating an infection from one individual or generation 
to another. 

As nearly as so far known, no diseases of game are transmitted 



33 2 GAME MANAGEMENT 

within the egg, i. e., they are not inherited in any genetic sense. 
Some, however, may be transmitted on the egg. Some nutritional 
deficiencies are now believed to be affected by inheritance, in 
the sense that the egg appears to carry reserves of vitamins suffi
cient to supply the offspring for some time. 

Direct contact of parents and young is of course a common 
mode of transmission between generations. 

Transmission of bacterial and protozoan diseases by gross 
parasites, internal and external, and by biting insects, has al
ready been mentioned. 

Transmission on the food is a very common mechanism. Thus 
the larvre of the strongyle worm of red grouse, after hatching 
from an egg in the grouse feces, climbs a heather stalk in the 
presence of dew, encysts itself, is ingested by the grouse with 
the heather as food, resists the grinding action of the gizzard 
by its strong covering, and thus again reaches its final destina
tion in the crecum of the grouse. 

Transmission on vegetable food is a common mode of trans
mission of parasites of grazing mammals. Thus the bladder-worm 
causing Cysticerosis of deer seems to be an early stage of a tape
worm of coyotes (Hall, 1931). The deer doubtless eats forage 
contaminated by the coyote feces, and the" round trip" is com
pleted when the coyote eats the deer. Predator control is the most 
evident means of disease control in this case. Bladder worms of 
rabbits are likewise transmitted through dogs, the dog eating 
the rabbit and in turn contaminating the rabbits' food with his 
feces. 

Transmission via animal food is also common. Insects eaten 
as food are often the intermediate hosts of parasites of insect
eating game birds, and rodents of the parasites of rodent-eating 
predators. 

Biological Distribution of Diseases. The need for synthesis 
of our accumulated detail into a coherent picture of the disease 
factor, already mentioned in a previous caption, is further sup
ported by the absence of any literature on the general biological 
distribution of typical diseases in wild life. 

Tularemia, for instance, occurs in certain wild quail, grouse, 
rabbits, harest squirrels, and mice. By artificial inoculation cer
tain partridges, ducks, and wolves' contracted it, but turkeys, 
pheasants, pigeons, and foxes did not. It occurs in captive sheep 
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and cats. This distribution is exceptionally wide in both the 
number and diversity of hosts. Most disease organisms are com
mon to a much narrower range of species. Some, as already noted, 
occur in a single species only. 

Spread Patterns. Diseases, in general, fall into one or the 
other of two sharply different classes: (1) those which are normally 
present in the population at all times, but which are virulent in 
one time or place but not virulent in another; (2) those which are 
not normally present, but are usually virulent when they do 
occur. 

Mortality from the first class of diseases obviously does not 
depend on reinfection from outside sources, but rather on varia
tions in virulence alone. 

Mortality from the second class of diseases depends on the 
actual spread of new infection. Imported or exotic diseases are 
of the second class. 

When mortality dates from the first class of disease are plotted 
on a map, they commonly show no perceptible "pattern." In the 
second class, mortality is likely to show a zonal pattern concen
tric to the centre of infection, or a pattern suggesting the agency 
of transmission. Thus the Game Survey (p. 145) compiled a map 
of Wisconsin showing the incidence of mortality in the last grouse 
cycle, and found no zones, but rather a "moth-eaten" pattern 
of incidence. On the other hand, an outbreak like the foot-and
mouth disease in California deer, consisting of a new infection 
derived from cattle, would doubtless show a zonal pattern more 
or less concentric to the points of contact with infected cattle. 
Spread patterns are often of diagnostic value in preliminary de
terminations of the nature of an unknown disease. Determination 
of spread pattern exemplifies the kind of work which the un
specialized game manager can do as well or better than the spe
cialist, provided the latter has told him what to look for. 

Virulence and Immunity. The incidence of disease in species, 
space, and time cannot be dissociated from variations in its vir
ulence, in the proportion of immune individuals, and consequent 
variations in mortality. 

Any discussion of virulence and immunity in wild life must 
begin with the assertion that the laboratory method has partially 
exploded two fundamental assumptions which for many year~ 
confused our thinking on wild-life diseases. 
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One of these assumptions was that all wild animals, being 
rigorously selected by competition, were "healthy" and there
fore not subject to disease, except upon the intervention of some 
predisposing cause. In some of the most important bacterial dis
eases, at least, this assumption must now be discarded. Resistance 
to such diseases is not a matter of health, but of immunity ac
quired by a mild previous attack. Perfectly healthy individuals 
without such immunity are apparently stricken with the same 
ease as imperfect ones. 

On the other hand, in considering the severity of infestation 
by gross parasites, the old theory of predisposing causes probably 
still holds water. 

The other assumption was that the presence or absence of 
mortality depended on the presence or absence of infection. In 
instance after instance, this assumption has had to give way to 
evidence showing infection to be always present, the variable 
being not its distribution, but again its killing power, as deter
mined by its virulence and by the immunity of the host. 

Both of these assertions reduce to the same common denomi
nator: virulence is the fundamental variable in bacterial and prob
ably also in virus diseases. 

A given bacterial disease may show a widely varying virulence 
depending on the" strain" of the organism. Thus Green has found 
non-virulent strains of tularemia, and Parker and Spencer (1925-
26) non-virulent strains of spotted fever. In the former case vir
ulence seems to vary with time, the virulence being greatest at 
the peak of the cycle, and falling off after the population has been 
reduced to a point where rapid transmission is no longer possible. 
In the latter case, there is a strong indication that variations in 
virulence are geographic. The Bitterroot Valley strain of spotted 
fever seems always virulent; in some regions the strains now 
known appear usually non-virulent. 

In general, virulence in all diseases increases when the infec
tion is passed rapidly through a succession of susceptible hosts, 
and decreases when it passes slowly through hosts more or less 
immune or resistant. 

Cyclic mortality and epizootics in general probably occur 
when the population consists largely of susceptible individuals 
born since the last-preceding period of mortality. This is about 
the same thing as saying that epizootics occur where dense popu-
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lations offer virulence a chance to .. step up" by quick trans
mISSIon. 

Green (Matamek Conference, 1932) has now advanced the sig
nificant hypothesis (for tularemia) that the immunes which sur
vive the" crash" of a cycle are individuals which were born dur
ing the preceding period of low population, and which recovered 
due to the low virulence then prevailing. This hypothesis implies 
that during the period of high virulence few or no cases recover. 

There remains the question of why, if tularemia or any sim
ilar disease is the causative agent of the cycle, the virulence should 
vary almost synchronously over the major part of the continent. 
To explain this, it is necessary to postulate some additional de
terminant of virulence, over and above the speed of transmission 
already mentioned. It is possible that some condition of light, 
or weather, or some electro-magnetic phenomenon, is the addi
tional determinant of virulence (Matamek Conference). 

Determinants of Disease Mortality. The foregoing sketch of 
the behavior of game diseases is offered simply as an explanatory 
basis for what the game manager is interested in, namely, the 
conditions of game and environment which determine freedom 
from disease. 

A high density of population-the very thing the game man
ager is so far usually seeking to obtain-must be set down as the 
most fundamental condition favorable to disease. High density 
obviously speeds up transmission and thus increases the virulence 
of bacterial diseases, and also facilitates the spread of gross para
sites and protozoan infections. 

In its more advanced stages, game management is in effect 
the art of maintaining a population which is vigorous and healthy 
in spite of its density. Game farming, in particular, deals with an 
abnormal and unnatural population density. Domesticated ani
mals are doubtless those species combining useful characters with 
the ability-original or acquired-to survive great or abnormal 
density. It is significant that no grouse, for instance, has been 
domesticated. Nevertheless management is applied to European 
grouse with great success, but with great care not to exceed a 
certain critical density (Leopold and Ball, I93Ia). 

Vigor and resistance in the game population frequently hark 
back to environmental conditions. Thus over-control of predators 
may allow the survival of weak or defective individuals and thus 
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deteriorate vigor. Bad weather or under-control of predators 
may destroy the early nests and thus increase the proportion 
of "squealers" or unduly young individuals, and these, by win
tering badly, may threaten the health of the whole population. 
The British, as already mentioned, seek to shoot off unduly 
young birds for this reason. Overhunting, by reducing the prime 
bucks, may delay or prolong the rut, spread the fawning into 
the summer, and accentuate winter losses from disease or starva
tion. Fritz, in his chapter of "The Pennsylvania Deer Problem," 
suggests that something like this happened in Pennsylvania deer. 
These are simply a few examples of a probable large number of 
interactions between the vigor or resistance of game and its en
vironment, most of which are as yet unknown. 

We come now to environmental determinants of disease. 
Density or abundance of transmitting agents and alternate hosts 
is, of course, a potent determining condition. Their predators, 
their food, and the weather in turn determine this. 

Contact with domestic animals is of obvious importance in 
all diseases shared wi th or carried by them. 

The planting of game-stock-bearing diseases acquired in game 
farms, or in other regions, or in transit, is on all fours with poul
try con tacts. 

The dispersion of game food and cover is probably of great 
importance in all diseases where ease of transmission from one 
individual to another affects either the virulence of the disease 
or its distribution. The greater the dispersion of food and cover, 
the less the necessity for contacts. In red grouse management, 
for instance, snow is dragged from fresh heather, unpolluted by 
previous concentrations of birds, as a combined winter-feeding 
and disease-control measure. Disease control is always a good 
reason for giving each unit of population several places, instead 
of only one place, to feed, rest, dust, water, etc. More knowledge 
may show that it is bad practice to concentrate game at feeding 
stations, when the same result can be secured with fewer con
tacts by means of large food-patches or through encouraging the 
growth of natural food. 

Many determinants of disease mortality are strongly and 
some are principally influenced by weather. It has long been 
claimed that cyclic mortality in grouse starts in cold wet years. 
I t remains to be seen whether this is cause and effect, or two ef-
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fects both arising from some common cause. The success of gray 
or Hungarian partridge management in England is unanimously 
thought of in terms of weather. Stoddard finds moderately dry 
seasons best for quail. DeLury (1930) suspects that game cycles 
are caused by sunspot variations and the corresponding varia
tion in solar radiation and weather. 

Types oj Disease-Control. It is obvious even to the layman 
that control of disease by medication of wild game is impossible. 
Hence, as already stated, many laymen doubt whether the study 
of game diseases serves any useful purpose. They fail to appre
ciate that game management can control game populations and, 
to a certain extent, game environments, and that many controls 
can be effected through these means, once the necessary facts 
about the nature and operation of disease become known. The 
history of plant and animal diseases in agriculture shows that 
with enough facts, some vulnerable point eventually shows up 
at which each disease can be successfully combated. 

A good example is found in the control works now under con
struction at the mouth of Bear River in Utah to reduce mortal
ity from duck sickness. This disease was known to be associated 
in some manner with the lack of fresh water, even before its 
cause (Botulism) was discovered. Accordingly a dike is being 
thrown up to impound the discharge of the Bear River, and pre
vent its mixture with the water of Great Salt Lake. This im
pounded fresh water will spread over the marshes and undoubt
edly reduce future losses. In short, the right kind of environmental 
control can reduce the mortality from duck sickness, which with
out control is alleged to have exceeded one million ducks during 
the worst years. 

Many manipulations of the environment will suggest them
selves as disease controls, once sufficient facts become available. 
Control of the quality and distribution of winter food in British 
grouse has already been mentioned. Control of squirrel-tail grass 
on the winter elk range is being accomplished by fencing and 
cutting out the spots where this grass grows. 

Another type of game disease control is the temporary re
moval of the whole game population to prevent the spread of new 
infections. It was successfully used in stamping out the hoof-and
mouth disease in California. About 22,000 deer were killed on 
1142 square miles. A virtually complete clean-up resulted. The 
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depopulated area started to "fill in" as soon as the work had been 
finished, but the former density is not yet re-established. 

Another type of control is the selective removal of susceptible 
classes of individuals. The effort to shoot off too-young grouse in 
Britain, and the reasons for it, have already been mentioned. 
This represents actual practice on assumed but unproved grounds. 

The controlled use of fire, which Stoddard suspects may re
duce some insect parasites of quail in the South, may prove to 
be, in some regions, a means of range sanitation on lands devoted 
primarily to game. Use of fire without sound evidence of its ef
fects, or on lands primarily devoted to other crops, is of course 
to be deplored. 

Attacking the carriers or intermediate hosts of game disease 
at some vulnerable point will doubtless be used as a type ot con
trol in the future, but no actual instances of its practice are as 
yet known. 

The most powerful tool of all, but one as yet not even theo
retically developed, is the artificial immunization of individuals 
by the propagation and spread of mild strains of disease. It is 
too early to speculate on its future utility. 

Effects of Disease on Predator and Sex Ratios. It has long been 
recognized that any reduction of game population density through 
disease increases the predator-game ratio and also changes the 
relative abundance of predator foods. Thus when disease deci
mates the northern rabbits, there are less rabbits per predator, 
and grouse become relatively more available than rabbits. The 
resultant drain on grouse was long supposed to be the cause of 
grouse shortage. The effect may be either way, depending on 
which species first becomes diseased. The converse occurred in 
1929, a high mouse year, in Wisconsin. Foxes, house cats, and 
raptors lived almost entirely on mice, except when the winter 
snows temporarily protected the mouse crop. By 1930 the mice 
were much scarcer, and predators fell back on rabbits, and to 
some exten t other game. 

Another important but unexplored secondary effect of disease 
is differential mortality as between sexes, with a consequent 
disturbance of the sex ratio. How serious such a disturbance may 
be can be inferred from the Australian scheme of exterminating 
rabbits by trapping females only in enclosed tracts. The result
ing excess of males is said to reduce productivity to the point of 
exterminating the enclosed population. 
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Quail confined at the Clinton Game School lost more hens 

than cocks from unidentified causes, possibly disease. During two 
bad years for mallards, presumably due to disease, there was an 
excess of drakes in the school flocks. Quail confined by Stoddard 
in Georgia lost more hens than cocks from coccidiosis. O'Roke 
found that the heaviest loss from Hcemoproteus in California 
quail was in hens after they had nested. On the other hand, vari
ous native and exotic ducks confined by Wm. P. Steele at Se
dalia, Missouri, lost drakes more readily than hens, especially in 
the Chinese Mandarin duck and in all the teals. It is possible that 
the heavy preponderance of drakes found by Lincoln to obtain 
in wild ducks all over the continent will be traced in part to dif
ferential sex mortality from duck disease and lead poisoning. 
Lead poisoning in at least some instances operates against the 
males (Wetmore, 1919)' Lead has another effect in causing abor
tion in mammals and infertile eggs in birds (Cole, 1915). 

The evidence so far available indicates that necrotic stomatitis 
in elk, already referred to, operates against the males, but this is 
not yet certain. 

The differential effect of cyclic mortality on sexes of ruffed 
grouse was recognized as early as 1906. Forbush (1912) says the 
kill in Massachusetts ran heavily to cocks in both 1906 and 1907, 
the latter being the year of heaviest mortality, and the ratio did 
not resume normality until 1908. Many disturbances have been 
reported in conjunction with later cycles, always in the direction 
of hen shortage. It was at first assumed that the hardships of 
incubation subjected the adult hen to disease and enemies, and 
that this alone was responsible. The more recent idea of differen
tial mortality from disease affecting the whole population seems 
a more satisfactory explanation for the apparently sudden change 
in sex ratio. The Wisconsin Prairie Chicken Investigation is now 
finding evidence of a hen shortage, several years after the cycle of 
1927 has passed. 

Any marked disturbance of the sex ratio may be considered 
as circumstantial evidence of disease, unless some other" visible" 
form of differential mortality can be adduced to explain it. 

Summary. Disease not only kills game but also its predators 
and buffers. Disease may affect distribution, density, sex ratio, 
and fertility. 

Disease control is a matter of doctoring the environment, not 
the animal. 
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Investigations of particular diseases have outstripped inter
pretations of the rale of diseases as a factor. 

Disease is caused by viruses, bacteria, protozoa, fungi, nutri
tional deficiencies, parasites, poisons, mechanical injuries, and 
combinations of these agents. 

Distribution varies in both space and time. Transmission is 
accomplished on the egg, by contact, by food, and by vectors. In 
some bacterial and virus diseases, varying virulence determines 
mortality, rather than the fitness of the host. New infections can 
be distinguished from endemic diseases by their zonal spread
patterns. Density of transmitting agents and alternate hosts, con
tacts with domestic animals, dispersion of food and cover, and 
weather affect disease. Some of these can be controlled. Local 
extermination, selective removal of individuals, fire, and immuni
zation also offer possible means of control. 

It should be remarked in closing this chapter that if the reader 
has not emerged with a clear picture of game diseases, he is no 
different from even the most skilled specialists, and need berate 
neither himself nor the book. If, however, he has built up an en
larged appreciation of the scope and complexity of the disease 
factor, and has caught a few convincing glimpses of its hidden 
mechanisms, the writer's object will have been accomplished. 

We pass now to accidents, the last category of" the slings and 
arrows of outrageous fortune." 



CHAPTER XIV 

ACCIDENTS 

Definition. Accident mortality includes all loss from physical 
causes alone, as distinguished from losses from other living or
ganisms (such as diseases, parasites, hunting, ·or predators), from 
chemical causes (such as poisoning), from welfare factors (such 
as food, cover, and water), or from mechanical causes combining 
with diseases. 

Weather losses associated with food or water shortage or dis
ease are not here classified as "accidents," because it is very seldom 
that weather is anything but a contributing influence to such mor
tality. If healthy well-fed individuals of any given species were 
not able to resist the worst weather normally occurring in its 
geographic range, then its range would long ago have shrunk to 
what the species can endure. For this reason weather mortality 
associated with these other factors is ascribed to them and not to 
weather, and has already been treated. 

Weather losses not associated with these other factors are here 
treated as coming under the category of "accidents." 

Importance of Accidents. In game birds, five sources of acci
dent mortality seem far to exceed all the others in importance. 
These are, (I) burning of nests or young in forest or marsh fires, 
(2) drowning of nests or young in floods, (3) destruction of nests 
by agricultural machinery, (4) imprisonment of ground-roosting 
birds under snow, (5) waterfowl destruction by oil. Of these five 
kinds of accidents, I, 3, and 5 are unfortunately the only ones 
susceptible of any important degree of control. 

In game mammals it is far less clear whether any particular 
kind of accident is outstanding, or whether all of them are col
lectively as important as in birds. 

In constructing "life-equations" or gain and loss tables such as 
suggested in Chapter VII, accident mortality should not be over
looked, even though it is not visible and cannot be assigned a 
definite value. There is in all wild life a large variety of mis
cellaneous accidents no one of which is of outstanding importance, 
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but which collectively take a much larger toll than is ordinarily 
supposed. Many of these occur only in certain species or groups. 

Accident mortality, like disease mortality, is seldom observed, 
and for the same reason that disease is seldom observed, namely: 
the injured individuals either hide and die, or they are consumed 
so promptly that their demise is not noticed, or their death is 
ascribed to other causes. 

Biological Distribution of Accidents. Certain kinds of acci
dents, such as burning of nests or young, occur in practically all 
species of game, and all predators except those denning under
ground. The frequency of occurrence, however, certainly varies 
considerably between species and between localities. 

Another class of accidents is peculiar to certain groups. Thus 
locked horns are for obvious reasons peculiar to the males of ant
lered game. Electrocution by transmission lines is confined to 
hawks, eagles, and herons, these being the only birds accustomed 
to alight on poles and capable of short-circuiting the conductors 
by the timely release of their stringy, semi-liquid excrement (see 
Michener, 1928). Mudballs on the feet are confined to galli
naceous birds like Hungarian partridges, which frequent fields of 
heavy soil after light rains. Blowing down of nests is confined to 
doves, because no other game bird builds a flimsy nest in a tree. 
Falling off cliffs is probably confined to deer when they are blinded 
by pink-eye (Hall, 1927), or when the rutting males are in combat. 

Lastly, there is an aggregation of miscellaneous accidents con
cerning which information is too meagre to assign them as peculiar 
to any particular group. Table 44 attempts to classify accident 
mortality, but undoubtedly omits many causes of accidental death. 

Certain alleged accidents, such as addling of eggs by thunder, 
lightning, or explosions, are not yet accepted as scientific fact, in 
spite of the wide credence accorded them in traditional lore. If 
eggs are addled by these disturbances, it is probably only in cer
tain stages of incubation. Lightning, of course, electrocutes many 
kinds of game, including flying birds (Sugden, 1930). 

The very oddity of some of the fates that game is heir to 
suggests that neither the variety nor the extent of accidental 
deaths is yet fully appreciated. The drama of accidents in nature 
is perhaps more real to us than the drama of tooth and claw, 
because its counterpart in human accidents is still to be seen on 
any street corner, whereas human depredation has become, by 



TABLE 44-
BIOLOGICAL DISTRIBUTION OF 

(Important causes underlined. Authority is quoted only in cases which might other-

A. ACCIDENTS COMMON TO MANY OR DIVERSE SPECIES 

-Burning ot nests or youns in forest " marsh tires 

Drowning of nests or YOung in heavy rain or floods 

Drowning during flights over vater • • • • 

Burning or suffocation of adults in forest and 
marsh tires 

Hit by motors 

XEggs addJ.ed by electrical storms (1) 

Caught in steel traps 

B. ACCIDENTS PECULIAR TO CERTAIN GROUPS 

-Incubating birds or nests destroyed by moving 
machines ..•••••... 

Crusted over while roosting on snow, or imprisoned 
by sleet on vegetation • • • 

Crusted over after diving under snow to roost 

·011 on feathers or f'u.r 

Drowning in steep ditches 

Breaking through ice and drowning 

Freezing to the ground while roosting 

Strangulation by ice on head 

Freezing of eggs • • . • • . 

Tail freezing to ground • • 

Feet and feathers freezing to ice 

Snowballs on tail 

Goring by horns 

Locked borns . • • 

Flying into lighthouse • other lights at night 

Known Instances 

All species 

Nearly all birds 

Bobwhite, pheasant, Hungarian, 
many migrants 

All species to some extent 

Rlngnecks, grouse, quail, deer, 
woodcock, rabbits, skunks, etc. 
(Fly-catching' nocturnal 
species • fighting males.) 

xAll birds, especially· geese 

All small game 

Quails. pheasants, ducks. Hun
garians 

Quail, Hungarian, rabbit 

Ruffed grouse 

Waterfowl, beaver (Phillips 
• Lincoln, 1930) 

• I Young of gallinaceous group 

Elk 

~easant, ruffed grouse' (1) 

Pheasant (Beyer., 1932) 

Red grouse (Scotland) 

Cock pheasant 

Duck. 

Pheasant (Wight, unpubl.) 

Elk (Murie, 1930) 

Deer, elk. moose 

Ducks 

x Not yet established by scientific evidence. 
• Subject to control in some degree. 
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ACCIDENT MORTALITY IN GAME 

wise seem improbable, or where an especially good description is available.) 

Flying into vhi te buildings and windows 

-Electrocution by transmission lines 

Miring in bogs • 

Mudballs OD :feet 

Falling off' cli.ffs 

Carried over water:falls 

Flying into high bridges 

Flying into woven wire fences & backstops of 
tennis courts •.•.•.••••••.• 

Freezing after wetting plumage on fermenting manure 

Wedged between trees after jumping down a bank 

Leg caught in fork while browsing 

Blowing down of nests by wind 

C. MISCELLANEOUS ACCIDENTS 

Electrocution by lightning 

Flying into overhead wires 

Bruised by flying against solid objects 

-Gassed in orchard fumigation 

Feet caught in wire fences 

Feet wedged in brush 

Impaled on splinters 

Ice balls on plumage 

"Killed by hailstones 

*Falling into concrete aqueducts 

Young falling into ditches, crevices & plow-furrows 

Head caught in suspension wires of overhead cable 

Anus blocked by burdocks on fur 

xClub feet due to freezing (?) 

xC1am locked on head or neck . . 

1 

Known Instances 

Ruffed grouse, bobwhite 

Hawks, herons (Michener, 1928) 

Elk, buffalo, young ducks 

Hungarian partridge (England); 
Mich. (Yeatter, unpubl.) 

Mule Deer 

Swans (Niagara) 

Ducks 

Bobwhite, pheasant, ruffed 
grouse, Hungarian 

Bobwhite (Errington, 1930a) 

Deer 

Deer (Russ, 1931) 

Doves, herons 

.1 Deer, pelican, ducks 
1 

·1 
1 

.1 
1 

·1 
.1 

1 
·1 
.1 

1 
·1 
.1 

1 
·1 
.1 

1 
·1 
.1 

1 
·1 
.1 

1 

Pinnated grou~e, Hungarian, 
bobwhite, Wilson snipe 

Bobwhite, ruffed grouse 

Calil'ornia quail (True, 1931) 

Mule deer, whitetail deer 

Mule deer fawn 

Deer, bobvlli te 

Bobwhite (Mo.) 

Bobwhite? ducks? 

Deer (Calil'.) 

herons 

Bobwhite, red grouse (Scotland) 

Sora Rail 

Cottontail (Errington, unpubl.) 

Blue Goose (McIlhenny, p. 305) 

Coot, Wis. 
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sublimation, a relatively polite contest conducted for us vicari
ously by specialists with footballs, with check books, or, at in
tervals, with long-range rifles. 

The factor of accidents in game should not be thought of as 
beyond control. Some of the heaviest tolls are entirely man-made 
or subject to our intervention. In the following captions the five 
most important classes, and some others of special interest, will 
be discussed from the control angle. 

Fire Mortality. The influence of fire on game habitat has 
been discussed in the chapters on game and food and cover. There 
rel'llains to be covered the direct mortality from fire as a com
ponent of the aggregate loss from accidents, and some general 
observations on the fire-relationships of game. 

Fire's indirect influence on game range is undoubtedly more 
important than its direct casualties. All writers agree on this point. 
(See Clepper, 1931; Austin, 1930; Stoddard, p. 401; Leopold, 
192 3.) 

Nevertheless the direct casualties may be very great. Any fire, 
however light, of course makes a clear sweep of all ground nests 
and helpless young. This loss of nests and young is undoubtedly 
the heaviest item in the direct mortality from fire. The peak of 
the fire season in most regions is the peak of the nesting and 
fawning season. 

Even when fire occurs in advance of the nesting season, there 
is often some direct damage. Thus Schmidt (unpublished) ob
served that sharp-tail grouse, evicted by the great Wood County 
(Wisconsin) fire of 1930, returned to their blackened dancing 
grounds in the spring of 193 I, but because of the complete ab
sence of cover, did not nest and apparently could not nest until 
the new year's vegetation had made a start. Such delayed nesting 
represents a loss in quality and probably in quantity of the year's 
crop. 

Some progress has been made in prevention and suppression 
of fire in timbered regions, but the promiscuous uncontrolled 
burning of marshes, grassland, and farm woodlots still goes mer
rily on, especially in our best breeding grounds for waterfowl and 
prairie chickens. Organized public effort to stop it is almost non
existent. This disparity evidences the prevalent lack of co-ordina
tion in our "conservation" departments. Fire control is regarded 
as the forester's job, and stops where the forest land stops, even 
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in states where forestry activities are or have been supported by 
game revenues. There is no hesitation, however, in spending 
money to restock the deteriorated game ranges. Restocking is 
something the voters can understand. 

There has been much unreliable romancing about the be
havior of game in the presence of fire. Even so eminent a writer 
as Van Dyke (1904) asserts: "Let but the trail of smoke drift 
down the wind across the forest, and all the game for miles and 
miles will catch the signal for fear and flight." This implies an 
instinctive and immediate fear of smoke as such. 

No such fear seems to exist. I have seen deer in New Mexico 
feeding peacefully within half a mile of a big fire that had been 
filling the woods with smoke for a week. I have seen where deer 
went to water across a burn on which the snags were still smok
ing, when they could just as well have gone around it. Stoddard 
has seen quail fly out of the way of an advancing fire with ap
parent unconcern. Doctor E. W. Nelson, former Chief of the 
Biological Survey, told me that he has seen deer on the White 
Mountain Indian Reservation in Arizona actually seek refuge in 
the smoke of fires from the torment of flies which infest that 
country in late spring. He says that the Apache Indians were 
accustomed actually to set fires during the fly season for the 
purpose of decoying deer to their ambushed hunters. 

On the other hand, any number of unimpeachable authorities 
attest the stampeding and scorching or burning alive of adult 
game birds, mammals and predators in the presence of large 
fires, not only in this country (see Guthrie, 1928; Kipp, 1931; 
Leopold, 1923), but also in Siberia (Shostakovitch, 1925). How 
is this apparent contradiction to be explained? 

Fire has always been part and parcel of the evolutionary back
ground of our present species in most regions. Ordinarily they 
have no more fear of it than of thunder or windstorm. Occa
sionally, however, as many fire-fighters know to their cost, a fire 
does unexpected things. A slow-burning front may encounter 
some change of wind, temperature, slope, or fuel, and flare up 
in one sudden devastating blast of flame. More rarely a whole 
mountain or valley may virtually "explode." Foresters call this 
a "blow-up." On a fire of irregular front, these sudden changes 
may confuse or entrap even experienced woodsmen, so there is 
nothing surprising in their stampeding game. Even flying ducks 
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have been brought down, presumably by some ascending blast 
of heat from a "blow-up." 

Game may also stampede in the combined presence of fire 
and fire-fighting crews, whereas either operating alone would be 
evaded in the usual businesslike manner. This unaccustomed 
combination of alarms undoubtedly accounts for many recorded 
observations of game dashing into flames, or stampeding over 
burned ground still hot with snags and embers. 

The large number of records of game dead of suffocation 
rather than burns, and of game taking refuge in water or mead
ows, support the hypothesis that game ordinarily evades fire in 
a cool and collected manner, but may at times be entrapped or 
stampeded when unexpected complications develop. 

That the ordinary relations of fear and rapacity as between 
game and predators are suspended in the presence of severe fires 
is attested by plenty of reliable evidence. 

Highly localized game, such as species with a "home range" 
of very short radius, or females with hidden nests or young; 
may not move freely to escape fire. The evidence even gives 
grounds for suspicion that unstampeded females may sometimes 
deliberately enter burning coverts containing their young. Free 
movement in the face of fire seems, however, to be the general 
rule. In large fires this may give rise to individual or mass mi
grations into new range (Shostakovitch, 1925). 

While the popular mind as a rule overestimates game's fear 
of fire, it undoubtedly underestimates the fatal effect of even 
slight body burns. Any hoofed animal with scorched feet, for in
stance, is worse than dead. A crack quickly develops between the 
hoof and the hide, the crack becomes fly-blown, and that's that. 
Game going about on stumps of legs is a frequent aftermath 
of fire. 

Crusting Snow and Sleet Mortality. The greater part of 
winter losses in game are caused by lack of food and cover. Preda
tors or disease may do the actual killing, but as demonstrated by 
Errington (1930, 1931) in quail, and Murie (1930) in elk, their 
ability to kill usually harks back to poor or insufficient food. 

Once in a while, extraordinary weather kills healthy well
fed game. Some "freak" forms of weather mortality are given 
in Table 44- These are too rare to merit discussion as important 
«leaks" in productivity. Mortality on a large scale, however, 
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may occur through imprisonment of ground-roosting birds and 
rabbits by sleet or by crusted snow. 

Ice-prisons form when the vegetation under which the birds 
are roosting is so completely iced by sleet as to form a rigid cage. 
Snow-prisons form when faIIihg snow covers the roosting birds, 
and is later crusted by sleet during the same night. Neither is 
fatal if promptly thawed. Ice-prisons without snow probably 
never catch more than a fraction of the game population, because 
they form only in those accidental instances where the grass canoPi 
over the roost is nearly complete. Snow-prisons, however, some
times nearly wipe out the ground-roosting game over large areas. 
Bobwhite quail, Hungarian partridges, and rabbits have been 
found dead in both ice and snow prisons. 

A special form of imprisonment occurs in ruffed grouse, which 
dive into the snow to roost, and hence can be caught by sleet 
alone, whereas in quail which roost on the snow, it is only the 
combination of snow followed by sleet which is dangerous. Prairie 
chickens also roost and tunnel under snow. Whether they enter 
by diving, or only by digging, I do not know. The total absence 
of reports of imprisonment of chickens under snow is worthy of 
note. This species, for this and other reasons already given, is 
probably the most weather-proof of our upland game. 

All forms of direct imprisonment by snow and ice are beyond 
control, hence game management is concerned .mainly with the 
question of how often dangerous conditions may be expected to 
occur. Their frequency is roughly proportional to the frequency 
of heavy sleets, so that it might appear that the risk as between 
any two localities could be determined by comparing their Weather 
Bureau records. These records, however, are too detailed-they 
record every drizzle of sleet no matter how insignificant, and 
sometimes fail to give the total thickness. The Game Survey 
(p. 75) found that telephone companies often keep records of 
the diameter of sleet coatings formed on their wires. Such records 
afford a very practical index to thickness of sleet on snow and 
vegetation, which is in tum an index to the frequency of game
kiIIing sleets. 

The Game Survey found that quail-killing winters in the 
north central region are spotty in geographic incidence, but in 
anyone spot may be expected every four to seven years. This fre
quency of course is a combination of starvation and weather losses. 
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Grouse-killing winters are much farther apart, because starvation 
is averted by budding. 

Drowning of Nests. The only other wholesale mortality 
from weather is the desertion or destruction of nests flooded by 
heavy rains or high water. 

Nesting on ground subject to overflow can sometimes be 
prevented by burning off the nesting cover. Flooding by rains is 
beyond control, so that all the game manager can do is know his 
risk, i. e., know how often he must expect losses and how big they 
will be. 

All gallinaceous bird nests are built in a cup or hollow, 
usually excavated by the hen. The function of the cup is evidently 
to prevent rolling away of eggs and to retard evaporation. A 
splashing rain is more likely to flood this cup if it occurs before 
incubation than if it occurs during incubation, when the cup is 
"roofed" by the sitting hen. Possibly this is one reason why a 
pre-incubation rain seems to cause more desertions than later 
rains. A more powerful reason is doubtless the decreased will
ingness to desert as incubation advances. 

The frequency of rain-broken nests is, of course, a matter of 
terrain and rainfall. Hilly or light land loses fewer nests than 
flat or heavy. Drowning of nests is most serious where a heavy 
predator population retards successful re-nestings, or where it 
has prevented the successful hatching of early nests so that the 
year's crop depends wholly on the re-nestings which the rain de
stroys. Stoddard (p. 347) observed an actual case of this inter
action between rain and predators. The wet summer of 1928 was 
followed by a poor or spotty crop with many "squealers" on most 
preserves, but on one in which nest-predator control had been 
particularly thorough, an abundant crop was obtained. 

Oil Mortality. A sobering example of the price of economic 
"progress" is found in the wholesale spread of oil pollution dur
ing the last two decades. 

Phillips and Lincoln (1930) thus describe its effects on water
fowl: 

"When birds alight on an oil-covered water surface, they soon find 
their feathers saturated with the oil and are unable to again take flight. 
The fine down which insulates their bodies against cold and water be
comes matted and water-soaked ... so that the birds perish from cold 
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and hunger, while in some instances they are actually drowned. Live 
birds in this oil and water-soaked condition have been rescued, washed 
clean with soap and water, dried out, and liberated without suffering 
any apparent ill-effects, but unless human aid is rendered, birds that 
alight in an oil-covered water area are almost certainly doomed to 
death." 

Waste oils or oily mixtures are discharged by ships, indus
trial plants, railways, city sewers, and oil wells in both inland 
and coastal waters. Lincoln (I930a) says that 5500 tons of heavy 
oil are released yearly near New York Bay from the discharge 
of ballast water alone. 

A single experimental discharge of 7000 pounds of fuel oil 
( 1/1500 of New York's yearly dosage of ballast oil) was re
leased and measured by the Bureau of Standards. It "filmed out" 
over 900 square miles of water surface in several days. No form 
of trap or poison deliberately set out for the destruction of aquatic 
wild life could compare with an oil-film. 

Oil pollution is theoretically entirely controllable, and Con
gress in 1924 passed an "Oil Pollution Act." However, ships are 
so mobile, and the discharge of oil from sewers is determined by 
so many thousands of people, that it may be doubted whether 
any force but inherent decency can do more than mitigate the 
evil. The main hope is that oil hurts resort properties as well as 
birds. For property values we have a real respect. 

Agricultural Machinery. Nest mortality from agricultural 
machinery is usually caused by desertion following the removal 
of cover, and is discussed in Chapter XII on cover control, and 
in Chapter XV under nesting studies. Not infrequently, however, 
the incubating hen is actually mangled or beheaded by mower, or 
the eggs are broken. Such cases classify, under the scheme we are 
here following, as accidents. A method of avoiding such accidents 
by detecting nests in fields of hay or small grain, and leaving 
"islands" of uncut hay or grain around each nest is depicted in 
Fig. '27. 

The present methods of detecting nests are doubtless subject 
to great improvement. Until very recently no one has paid any 
attention to such problems. A true index to the temper of this me
chanical age is the disparity between the infinite brains and effort 
devoted to the perfection of utilitarian machines, and infinitesimal 
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attention to their sometimes ruinous effects on the merely beautiful 
aspects of the countryside. . 

Agricultural machinery casualties are a major leakag~ m farm
game productivity. There is no reason whatever for thls leakage 
to continue indefinitely. Control of this factor is feasible. Many 
farmers would voluntarily save nests if they were given a device 
for automatically discovering them. 

Roadway Accidents. Motor transportation has brought one 
conspicuous exception to the rule that accidental deaths go un
noticed. The killing of an animal by a motor car is usually noticed 
by its occupants, and if the body remains on the highway, by hun
dreds of subsequent cars. This unusual visibility gives rise to 
widespread alarm over the destruction in wild life wrought by 
cars, while other more destructive but invisible factors are at work 
but go unnoticed. Linsdale (1929) has analyzed this popular fal
lacy, and shown how ordinary country roads with brushy margins, 
banks, bridges, trees, and marshy ditches supply food, nesting 
grounds, shade, and water to wild life, and thus may do it much 
more good by improving its environment than harm by running 
over a part of the-resulting population. 

It should require no citation of authority, however, to show 
the game manager that the popular alarm over motor-killing of 
wild life on hi~hways is exaggerated. If the reader has grasped 
the principles set forth in this volume, he can figure it out for 
himself. Let us take the cottontail rabbit, a frequent victim. The 
worst that a highway could do would be to exterminate, let us 
say in a year, the rabbits whose ranges it intersects. Table 22 
gives the daily radius as %-~ mile. The yearly radius is un
known, but by analogy is hardly more than a mile. A high
speed highway, then, might conceivably wipe out annually the 
rabbits on a strip a mile wide. How far apart are high-speed 
highways? Usually there are only one or two per county, even 
in farm country. Allowing two in a county 20 miles wide would 
account for 10 per cent of its rabbits only. The actual probable 
loss is of course much less than these liberal assumptions would 
indicate. 

A count of dead jackrabbits on a highway across Idaho showed 
an average of two per mile (Gordon, 1932). Assuming traces 
remained countable for two weeks and that the loss continued 
through half the year, this would indicate about 25 jacks killed 
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per mile per year. If the radius is two miles, and the density a 
quarter of the lower figure indicated in Table IS (one per acre), 
the population of the ranges intersected by the highway would be 
300 rabbits per mile, of which 25, or 8 per cent, would be killed 
by cars. 

While motor-killing of game on highways is believed to be 
ordinarily a minor "leakage" in productivity, there are occasional 
circumstances under which it becomes serious. An outstanding 
example is the night-killing of deer on motor highways salted 
to reduce dust. In 1929, 60 deer were thus killed on 25 miles 
of highway in Michigan,-over 2 deer per mile per year. In 
1930 block salt of the kind used for cattle was put out by the 
Conservation Department to decoy the deer away from the road 
salt. The losses promptly fell to eight deer, or one-third deer 
per mile per year (1929-30 Report, p. 256). 

A highway may be, in effect, "salted" for animals of special 
habit, such as the fly-catching redheaded woodpecker in mid
summer. It is "salted" with a special insect supply, a monotone 
background for their pursuit, and a clean "tablecloth" on which 
to catch and eat cripples. 

Measurements of accident mortality which can be related to 
known units of population are very scarce. One such measure
ment is the nesting mortality from agricultural machinery de
scribed in Chapters XII and xv. 

The Pennsylvania wardens estimate that 1898 deer were 
killed by motors and trains in that state in 193 I. This loss was 
regarded as serious enough to warrant a public appeal to motor
ists by the governor. The estimate, in the case of so visible a form 
of mortality, is probably reasonably correct. Clepper (193 I, p. 
32.) estimates the deer population of the state at 800,000. This 
is probably a much less accurate figure, but if we accept it, the 
percentage of loss from motors and trains would be a quarter of 
I per cent, a very small figure indeed. 

A farmer in Iowa, who played host to a flock of some 50 
prairie chickens, told me he picked up about a dozen birds per 
year under a high two-cable transmission line which bisected 
their range. This farmer made a special effort to keep track of 
this loss, and the clean highway under the wires, in conjunction 
with his own work in the adjacent fields, probably enabled him 
to get a good count. The flock was about stable. This transmission 
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line, plus a few hayfield nests, might absorb the entire yearly 
increment from such a range. 

Classifications of accident loss unrelated to specified popula
tion units are more common. Thus Lincoln (1932) compiled 
post-mortems on 2426 small land birds which were found dead 
and reported because they bore bands. His table, converted into 
our categories, indicates death from: 

FACTOR 
Shooting and traps 
Predators (cats) 
Starvation 
Accidents: 

Windows, wires, entanglements 
Motors and trains 
Storms and freezing 
Drowning 

Miscellaneous and unknown 

Total 

3 
2 

3 
1 

9 

PER CENT OF 
TOTAL DEATHS 

28 
10 

1 

9 
52 

100 

Education by and Recovery from Accidents. The Iowa Game 
Survey (1932.) quotes old timers who after each stormy evening 
made it a practice to pick up gunny sacks full of prairie chickens 
under the telegraph lines when they were first projected across 
the prairies. The previous caption, on the other hand, described 
a flock living literally under a much deadlier obstruction, and 
sustaining only a tolerable loss therefrom. One cannot avoid the 
inference that some degree of "education," either individual or 
racial, accrues from the persistent incidence of some accidents in 
some species. \Vhether game birds will ever "learn" not to nest 
in hayfields is a more puzzling question because of the penalty 
being deferred until long after the act. 

Injured individuals possibly recover from ordinary accidental 
wounds more readily than we suppose. Thus Austin (1931) says 
songbirds "released with broken wings soon were removed from 
nets r maintained for banding studies] into which they had flown." 
Equa1ly astonishing is the evidence of successful re-uniting of 
broken wing, leg, and thigh bones found in wild red grouse 
(Grouse Report, pp. 162-164). 

Summary. The outstanding causes of loss from accident in 
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birds are fire, flood, agricultural machinery, imprisonment in 
snow, and oil. 

Some accidents occur in diverse species, but some are peculiar 
to certain species. Forty-eight kinds are of record in Table 44-

Fire does not ordinarily stampede game. The loss of range 
and young is much more serious than burning of adults. 

Ice and snow prisons form rarely, but are serious when they 
do. 

Drowning of nests is more prevalent on heavy than light 
soils, on flat than hilly ground, and during oviposition than in 
incubation. 

Oil pollution is serious, and the hope for effective remedies is 
remote. 

Motor traffic is overrated as a game destroyer. Only when 
the game is "baited" does it become serious. 

Animals sometimes recover from injuries, even broken wings. 



CHAPTER XV 

MISCELLANEOUS TECHNIQUES 

ARTIFICIAL PROPAGATION 

The fundamental difference between artificial and wild man
agement has already been pointed out in Chapter II. General 
aspects of domestication and transplantation as properties of game 
have been presented in Chapter IV. There remain to be reviewed 
the techniques for accomplishing artificial propagation and for 
making plantings. 

These techniques are numerous and varied, and are well cov
ered in existing literature. Hence no attempt will be made to 
present each of them in detail. This chapter will rather sketch 
functions and basic methods. A special bibliography by species is 
added, to put the reader in touch with the detailed literature. 

Functions. One of the most indispensable functions of arti
ficial rearing is to furnish gentle stock for experimental research. 
Many experiments necessary to answer questions about wild man
agement cannot be satisfactorily performed on newly confined 
wild stock. The importance of good experimental stock will in
crease as researches enter upon the physiological field. 

The importance of having artificially reared stock for "re
seeding" coverts accidentally depleted by overshooting or hard 
winters is obvious, and needs no comment. 

The high cost, as well as esthetic limitations of artificially 
reared birds, makes it doubtful whether such stock will ever 
become important for release as shootable game. 

Rearing Techniques. There are two basic propagation tech
niques: (I) those in which the wild breeding potential of the 
species is artificially increased; (2) those in which it remains the 
same as in the wild. 

The first is applicable only to birds. It breaks down the clutch 
limit by removing the eggs as they are laid, or it induces re
nesting by removing the clutch just before completion. In either 

3s6 
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case, by reason of some physiological reaction as yet unknown, 
the hen is thus induced to keep on laying indefinitely. Bobwhite 
hens have laid up to 128 fertile eggs in a season, pheasant hens 
up to 104, and mallards up to 40. As nearly as known, most birds 
which lay at all in captivity can be induced to lay in excess of 
the natural clutch by timely removal of eggs from the nest. For 
convenience, any technique which breaks down the clutch limit 
may be designated as an "excess egg" technique. 

The second technique is used for mammals bred in captivity 
and also for birds when they are allowed to complete their natural 
clutch. 

In practice, both techniques intergrade with wild manage
ment, and with each other. Thus a wild nest may be robbed for 
propagating eggs, either piecemeal or in toto. In either event a 
new clutch is likely to be completed and raised as a wild nest, 
while the eggs removed are available for artificial rearing. The 
only loss is the lesser age of the wild brood, and the risk that 
re-nesting may not follow. 

Again wild birds may be wing-clipped and confined in a large 
pen containing natural vegetation, where they may nest and bring 
off a natural clutch. This latter technique is usually known as 
"semi-wild" rearing. It is used for species which do not lay 
freely in crowded quarters (Hungarian partridge) or which are 
liable to disease when crowded (grouse). 

Again a wild clutch may be taken at the beginning of incuba
tion, and replaced with a nearly pipped clutch, which has been 
incubated artificially. The object is to shorten the wild hen's 
setting period, and thus reduce the risk of loss. This is known 
as the "Euston System." It is often used for Hungarian partridge 
in Europe. 

Excess eggs may be artificially incubated under foster-mothers 
(usually domestic hens) or in mechanical incubators supplied 
with artificial heat. The principal risk in foster-mothers is trans
mission of poultry diseases to the chicks, and breaking of eggs or 
trampling of chicks by the foster-mother. 

Chicks resulting from artificial incubation may be brooded 
and reared (I) by the foster-mother; (2.) in mechanical or 
feather brooders; (3) by adding them to wild broods; (4) by 
giving them to wing-clipped cocks for "adoption." The fourth 
alternative has been successfully employed only in bobwhite. (See 
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Coleman in Stoddard, 1931.) It is possible only in monogamous 
species where the cock normally shares in the care of the young. 

Foster-mothers are usually confined in a brooder coop, from 
which the chicks have free egress and ingress, but foster-fathers 
(wing-clipped cocks) are given the free run of a pen with their 
chicks, or even liberated at the age of one week to raise them in 
the wild (Stoddard, p. 474). 

New Appliances. Oil-heated incubators and oil-heated brood
ers for single batches of eggs or chicks have long been used with 
success for poultry, and with more limited success for game. 

FIG. 30 

BASIC TECHNIQUES FOR ARTIFICIAL PROPAGATION 

SOURCE 
OF EGGS 

INCUBATION BROODING & 
REARING 

APPLIANCES 

/l Cock ~ Foster parent cooped, chicks free 

"E E "/"" •• -~~'".--''<::::::''{ F'oster parent and chicks f'ree 
xcess gg ________ Electric incubators and brooders 

i i ""-. \ Wire-bottomed pens 
~Add chicks to 

artificial Euston System wild broods < b Mechanical Mechanical_ Feather brooders 

vild 

Natural Clutch Semi-wild Nest Wing-clipped parent 

I 
robbing Take 

wild 

nests 

! 
newly 

incubated 
eggs 

__ natural __ wild nest-- wild parent 

More recently, electrically heated "battery" incubators, ar
ranged to hatch a continuous series of unit batches, have come 
into use. Both good and bad results are reported, probably de
pending on whether or no the temperature and humidity schedules 
were adapted to the species in hand, and on how uniformly the 
various parts of the mtenor adhered to schedule. Proper schedules 
for poultry have been scientifically determined by agricultural 
research agencies. After proper schedules for the various species 
of game are determined, success should follow. 

"Feather brooders," in which the chicks supply their own 
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heat, are now being used successfully. These .have the advantage 
over foster-parents of being subject to periodical disinfection. 

Probably the most important recent contribution to the art of 
propagation is the use of wire-mesh Hoors, elevated above the 
ground, for brooding and rearing pens. Such Hoors automatically 
eliminate contacts with fecal droppings and stale food, and thus 
greatly decrease the disease risk. It seems probable that many 
difficult species, such as the grouse, will be successfully reared on 
wire-mesh. 

Fig. 30 portrays, somewhat imperfectly, the nature of the 
basic techniques for artificial rearing, with their various inter
gradations and appliances. 

Bibliography. Table 4S refers the reader to selected litera
ture (see Bibliography) giving detailed instructions for rearing 
the various species. Instructions for liberating artificially reared 
stock are usually included with those for rearing. 

TABLE 45 

PUBLICATIONS ON ARTIFICIAL PROPAGATION 

Species 

Pheaaant 

i Author 

IlaxweU 

S1IIpeGD 

B.er 

BiUer 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Callenbach et all' 
Gn-er 

•. 'a. Wild LU., 
Jpril 

I Bartle,r 

IIal1ard ... d I lIalareU 
otber Waterrowl, 

I IlcAte. . 

Date 

1915 

1927 

1929& 

1980 

1951 

1952 

1932 

1930 

1951 

1915 

19&0 

I Title or Dascription or SIIbJect 

Rear1q, atocldDC, dri"lDi, 
M11A18MIlt in Bri tein 

, A _plete -..al, includ1n& Bantu I s"ateoa, Brooder s"at.ea, Adoption 
s"ateoa. (See Stoddard, Cllapter 18.) 

I IIcCarthT Jack Yard lIe\b04 , 
I "Quail Breed1", llanual" 

I Brier cenerll account (EnglaDd) 

II "Tbe Propecatloa or Aquatic aa.. 
Birds' 



Species : . 
1hmgar1aD or I 
Grq Partridc, 

Wild Turk..., 

Grouse 

I 
I 
I , 
I 
I 
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TABLE 45 (Continued) 

Author : Date , Tl tIe or Description of Subject 

Pace 

SprUe 

11918 I "The Wild Turkey at Woodmont" Quarles 

.lull" Lee 

I 19U Euston Brsta (p. 109). J'reDcIa 
I I Brst .. (p. 118) , , 
1 1924 t Band rearing eggs fr<llll speiled IIeste. 
I Chapter VI. (EIlgland) 

' 1927 : Dist1nguistIiaC su; hi"tcny in I Nortlnrest 
1(1931.Pboto) J Criteria for telling sex 

11950 I Chipped Egg Sfstem. Chapter III. 

'

1928 I "Turkey RalsiD&" (domesticated) • 
I Farmers Bulletin 

~es be~ - 1950) I Standards for 1I1ld breediDg stock 

Coamdttae 

Job 

Luttringar 

Lantz 

Job 

Icltee 

I I methods, etc. 
I 
I 19U 

I 
I 
I 1925 
I 

I "Grouse in Health &: in Disease", 
I Chapter mI. Experimental 
1 rsar1ng of red grouse b7 TarlOW! 
I "",thode in Bri tein. 

I GeDeral directions pp. 55-65; Bendick 
I Sfsta, p. 272 

: 1929. 1951 I Last two of a series since 1925 

I 1951 II "Butted Grouse troa the Breeder's 
1 Angle-, 
I 19~ It I "Raising Rutfed Grouse" 

I 1916 "Deer F&l'III1.Di in the O.S." 

I 1923 I "Propagation of lIild Birds" (incl. 
I I aTial7 species) 

I 1927 
I 1929& 

1 "The Propagation of Game Blrds" 
I "The Pro_aU"" of UplSDd G_ B1rda" 

Various luthore I 
I 

1928-51 I "Game Restoration Progru" (Series of 

I 
I 

Hopkinson I 1926 

I papers in "Batiooal Srrtnao" and 
-Bunting and Fisld.ng" 

! board of species bred in capt1Tl t;r 

• 'or tall reterace _ Bibl1ograpJv. 

NESTING STUDIES 

The preceding chapters have described techniques for the 
measurement and control of particular factors. Some of the most 
important techniques, however, deal with the problem of detect-
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ing what factors are at work, and simultaneously measuring their 
joint effect on productivity. Nesting studies (including nest and 
juvenile mortality) are a good example. 

Equivalent studies in mammals are of course equally im
portant, but methods are less fully developed. 

The precise objects and methods of nesting studies vary greatly 
with local circumstance. For a complete model of a nesting study 
the reader is referred to Stoddard (193 I ). I will here attempt 
only (I) a compilation of the nesting characters of the more 
important game birds, and (2) brief comments on their use in 
research or in practical operation of a game range. 

These nesting characters are supplementary to those already 
discussed in Chapters II, III, IV, and XII. 

The characters are treated in chronological sequence. Those 
which are known to vary significantly as between species are sum
marized in Table 46. 

Dates of Nesting. There are two elements in the time
distribution of game-bird nests: (I) the date at which the earliest 
nestings begin; (2) the duration of re-nesting attempts, or (in 
the case of the few species which sometimes raise two broods) 
the duration of second broods. 

Our grouse and pheasants usually begin nesting a little earlier 
in the spring than Hungarian partridges and quail in the same 
locality. 

Maxwell (19 II) says that in Hungarians, "the old birds nest 
a week or so earlier than the young ones." This difference has 
not been established as existing in this country. 

Re-nestings in bobwhite may extend practically to fall frosts. 
Our grouse appear to be much less persistent, but pheasants may 
keep at it until September (Wight, 1930). In Hungarians prac
ticallyall hatching is over by July IS (Yeatter, 1932) and the 
same is true in England (Page, 1924, p. 33). 

In extreme climates, such as Arizona, gambel quail show evi
dence of a double period of nesting (Gorsuch, 1932), the first in 
early spring when vegetative growth and insects flourish as a 
consequence of the winter rains, and the second (doubtless re
nestings) in July, when the summer rains revive the vegetation. 
That this double period is a phenomenon either of nutrition or 
cover is indicated by Gorsuch's observation that in irrigated 'rJal-
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leys re-nesting continues uninterrupted. Stoddard's observations 
show no double period in southern bobwhites, where rainfall and 
vegetation continue all summer. 

Clutch. Column 1, Table 46, gives in parentheses the ex
treme limits of variation in clutch observed by various authorities, 
followed by the average number of eggs comprising a clutch. 
Where the average shows a decimal fraction, it means that it 
has been computed from a considerable number of recorded nests 
with full complements of eggs. 

The extreme maxima are, of course, often the product of 
more than one hen. Stoddard calls these "compound sets." 

Nearly all authorities believe that the first clutches of the 
season are larger than those of the later re-nestings. Stoddard 
(p. 28), however, thinks that in bobwhite this progressive decrease 
is "largely due to the compound sets, which are found mainly 
before nesting cover becomes dense." Errington, however, be
lieves that there is an actual progressive decrease in clutch over 
and above what might be ascribed to compound sets. He found: 

TABLE 47 
SEASONAL DECLINE IN CLUTCH, BOBWHITE, WIS. 

Complete Clutches I Average Number of 
Begun in Number of Nests Eggs in Clutch 

First half of May 11 19.2 
Last half of May 6 16.6 
First half of June 9 11.0 
Last half of June 6 14.2 
First half of July 5 13.8 
Last half of July 3 11.3 
August 2 9.0 

There are also indications of a difference in average clutch 
as between years. An alleged instance in spruce partridge, not 
supported by adequate figures, has already been mentioned in 
Chapter IV. Yeatter (1932) found the Hungarian clutch in 
Michigan averaged 17.4 in 1930 and 16.1 in 1931. 

The Grouse Report (p. 8) quotes, and apparently accepts, 
Seeholm's statement that in red grouse: 

" ... the number of eggs laid would seem to vary with the propi
tiousness or otherwise of the season. In very wet and cold springs, 4-9; 
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in very favorable season, 6-12. In an average year most nests will con
tain 7-8 eggs. Birds which breed late on the high grounds do not seem 
to lay fewer eggs than those which breed early in the more sheltered 
situations." 

InterulJl Between Eggs. The probable clutch is of value to 
the observer of nests because it enables him to guess, when a nest 
is found, whether or not the clutch is complete. 1£ incomplete, 
he must guess how soon it will be completed, because his subse
quent visits will be timed accordingly. For this, he needs to know 
the usual time interval between eggs characteristic of the various 
species. Column 2, Table 46, gives this interval in days. in so far 
as it is known. 

Stoddard says of bobwhite: 
"Normally an egg is deposited each day until the set is complete, or 

progressively at a later hour each day till laying time comes late in the 
evening, when (that) day is skipped and laying is resumed at an early 
hour next morning." 

Apparently an egg a day is the fastest laying rate of game 
birds, and even bobwhite does not always attain it. The interval 
seems to increase with the size of the species. 

The interval is not always uniform. Gross (I930b) says that 
in pinnated grouse, while the interval averages two days or less, 
"certain eggs of the set are laid on successive days, to be followed 
by a lapse of two or more days before the next egg is deposited." 
These lapses, he thinks, "probably depend on ••• the weather, 
the state of health of the bird, and the availaole food." 

Page implies that in Hungarian partridge the rate speeds up 
as the set nears completion: an egg is deposited daily after the 
seventh or eighth egg, but not before. 

An extraordinarily long maximum interval is indicated for 
red grouse. The Grouse Report (p. 8) says: 

"The intervals between the laying of each egg vary enormously in 
captivity, probably also in nature, depending upon the weather; for 
example ••. one hen took 29 days to lay 10 eggs •.. another laid only 
4 eggs in 26 days." 

Covering of Eggs. A character of outstanding importance 
in the always difficult job of nest hunting, and of diagnostic value 
after the nest is found, is the habit, characteristic of some species, 
of covering the eggs with feathers or nesting material. The nest 
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hunter must know whether to "set his eye" to look for eggs or 
for egg-covers,-two very different matters. Having found a 
nest, he can in some species tell its stage of advancement by the 
presence or absence of covering. 

The only species which never cover their eggs are bobwhite, 
pheasant, ruffed grouse, and turkey. Wight has found a little 
covering on a few pheasant nests, but it was apparently accidental. 
Maxwell, however, says pheasants sometimes cover their eggs in 
England. 

Pinnated grouse sometimes cover their eggs, and red grouse 
often. 

Mallards and Hungarians regularly cover their eggs, except 
that Hungarians, Sprake says, do not usually cover the first egg, 
nor is any covering used when the hen is absent from the nest 
for "rest periods" during incubation. Moreover all authorities on 
Hungarians agree that the eggs are left uncovered between the 
laying of the last egg and the beginning of incubation. An un
covered Hungarian clutch, therefore, is diagnostic of incubation, 
either under way or about to begin, whereas a covered nest is 
diagnostic of incompleteness. 

The egg-covering used by waterfowl is always breast down. 
That used by gallinaceous birds is always vegetation. Incubating 
mallards sometimes cover themselves with vegetation while in
cubating. 

Roofing, Orientation, and Location. Covering placed over 
the eggs, and the arching vegetation sometimes roofing the nest. 
are of course two different things. Knowing whether nests are 
roofed, and if so in what direction the opening or "tunnel" faces. 
helps in locating them. Stoddard found 64 per cent of bobwhite 
nests roofed. Seventy-four per cent were located within ~o feet 
of some open spot, and in most of these the "tunnd" faced or 
paralleled such opening. Nests were as likely to face toward one 
point of the compass as another, but seldom faced down hill. 
Nearly 90 per cent were in dead growths of the previous season. 

Errington found 80 per cent of quail nests either roofed or 
under the equivalent of roofing. His findings as to location ajV"ee 
with Stoddard's except that he saw no tendency to avoid down
hill facing. He could see no plain tendency to locate nests in sun 
or shade. Bluegrass of the preceding year's growth was the fa
vorite nesting cover. 



GAME MANAGEMENT 

The growths selected as nesting cover have already been dis
cussed in Chapter XII. 

Dropped Eggs. Single eggs are sometimes dropped at ran
dom by all game birds. In bobwhite, Stoddard (p. 28) considers 
such eggs as an indication of recent nest destruction, the egg 
being dropped before re-nesting can begin. Occasionally, he thinks, 
they indicate that some hen was forced to lay before she could 
reach her nest. Blue geese are said to drop eggs even before 
setting out on their spring migration (McIlhenny, 1932, p. 294)· 

Incubation Interval. Most gallinaceous birds normally be
gin incubating within a day or two after the completion of the 
clutch, but Stoddard (p. 29) has seen delays up to a week in 
bobwhite, while Sprake reports intervals of nearly a week in 
Hungarians. 

Desertion. Nests are deserted upon slight provocation be
fore laying has begun and while the clutch is incomplete, but the 
hen becomes more and more tenacious as incubation advances. 
Hungarians, according to Sprake, will occasionally return even 
to nests cut over by a hay mower, provided the eggs be within 
a day or two of hatching. Yeatter says that of IS incubating Hun
garian hens surviving after the mowing-over of I 8 nests, 6 re
turned to the job, and 5 brought off a brood. Errington found 
that quail returned to 2 out of 1 8 mowed-over nests. Wight 
found pheasant nests mowed over within two days of hatching 
were reoccupied. Until backed by more figures, however, such 
tenacity must be considered exceptional in all species. 

The practical question is: At what point can the observer 
safely count on the hen's return after and in spite of an ordinary 
disturbance, such as flushing her off the nest, or handling her 
eggs? Of the authorities cited in Column 4, Table 46, only one 
thinks there is much risk of desertion from mild disturbance in 
any species after seven days of incubation. This may be called 
the "desertion limit." It is a very important character to know 
in detailed research work, or in operating the Euston system or 
chipped egg system. 

Incubation Period; Participation of Sexes. The ordinary 
limits of variation in incubation period, plus an average where 
known, are given in Column 5, Table 46 (also in Table Ja). 
Column 6 tells whether one or both sexes may incubate. 

The length of the incubation period appears to vary with the 
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"heat" of the bird and the weather. An exhaustive treatment of 
incubation phenomena is that by Bergtold (1917). Incubation be
havior in bobwhite is described in detail by Stoddard (pp. 29-36). 

Maxwell (191 1) also alleges that "the eggs of birds (par
tridges) imported from Hungary often take longer to hatch 
than those of the native birds." It is an open question whether 
this difference, if it exists at all, is the result of transporting the 
eggs, or a true difference between geographic races. 

Bobwhite seems to be the only gallinaceous bird in which 
the male may commonly incubate, although the Hungarian cock 
shares in the care of the young. 

Incubated nests can often be distinguished by the arrange
ment of the eggs, which line the nest cup in a single layer, 
whereas previous to incubation they are likely to be piled irregu
larly. 

Dead eggs may be incubated by quail up to 56 days (Stoddard, 
p. 35), and dummy eggs by Hungarians up to 30 days (Sprake). 

Yeatter found two Hungarian hens incubating full clutches of 
dead eggs, at least one of which had persisted beyond the normal 
hatching time. Just when and by what token hens desist from 
incubating dead clutches is still unknown. There is a widespread 
popular belief that they persist indefinitely-some say until the 
eggs are "blackened and polished." There is as yet no solid basis 
for such reports. 

Bobwhites were found by Stoddard (p. 39) to hatch on the 
average around 85 per cent of their eggs, but 38 per cent of the 
nests hatched every egg. Five per cent of the total eggs were 
infertile, and the same per cent contained dead embryos pre
sumably due to chilling after disturbance of the hen. The bulk 
of the unhatched eggs occurred in a small portion of the total 
nests. 

The extraordinary effects of drouth on hatching are discussed 
by Stoddard (p. 39) and Leopold and Ball (193 I). The effect 
of frost and cold are discussed by the Grouse Report, pp. 9-13. 

Rest Periods. Incubating game birds of most species leave 
the nest for rest and food so frequently and for so long as to 
suggest that oscillating temperatures are optimum for incubation. 
Column 7 indicates that two rest periods per day, in the early 
morning and late evening respectively, are the rule, but there 
are three exceptions. In bobwhite one long afternoon rest period 
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prevails (Stoddard). Turkeys leave their nests only about four 
times during the whole incubation, or once a week (Quarles, 
1918). Mallards leave the nest only at night (Grinnell 61 Ill., 
1918 ). . 

Chipping Period. It is difficult to separate t?e penod of 
actual chipping or pipping from the subsequent period of broad
ing and drying which precedes permanent departure from the 
nest. All observers of the sum of the two periods agree, however, 
that it is between 24 and 48 hours. Schmidt had one sharptail 
nest which appears to have completed chipping and been eaten by 
some predator between observations 14 hours apart. To know the 
length of this period is of great importance in operating the 
Euston system, and in research studies. 

Game birds rarely return to the nest once the brood has been 
led away, but three returns by Hungarian broods are reported by 
Sprake, all, however, during wet weather and to a nest site offer
ing better shelter than the surrounding terrain. 

Feigning. Another character of great importance in making 
a census of broods is that of feigning. The parent, on the approach 
of an intruder, feigns to be crippled and thus advertises the 
presence of the brood. All game birds feign more or less when 
with chicks, and some even when disturbed during late incuba
tion, but the practical utility of the character for census purposes 
depends on whether such behavior can be counted on, and if so, 
up to what maximum distance, and during what age interval of 
the chicks? This question cannot yet be answered. A method of 
brood census for ruffed grouse, based on feigning, is described in 
Chapter VI, on "Game Census." 

Use of Nesting Characters. The foregoing characters of the 
various species represent either: 

I. Normal behavior, against which abnormal conditions can 
be measured, or 

2. Diagnostic characters, by which the status of observed nests 
or broods may be inferred. 

On these characters the observer may build his own methods 
of observation for research studies of nesting habits and losses, or 
his own methods for the diagnosis and control of nest mortality 
on managed areas. 
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The first requisite for either project is to find and mark the 
locations of a large number of "going" nests. Nest-finding is the 
bete noir of many a game bird student. Few people who have, by 
accident, stumbled upon one nest realize how hard it is to go out 
deliberately and find a large number. Large numbers are neces
sary for sound conclusions on nest mortality. 

Offering cash rewards for occupied nests, or otherwise making 
sure of the co-operation of local residents, usually brings in many 
more nests than personal search. Early nests, when vegetation is 
short, are easier to find than late ones after vegetation becomes 
heavy. Mechanical methods for finding hayfield nests are de
scribed in Chapter XII. These are the only suggestions for nest 
finding which apply to all species and all terrain. 

The technique developed by Stoddard and described in B ob
white (p. 187) is the pattern for nest studies, and will remain 
so for years to come. It consists essentially of daily or frequent 
visits to a large series of going nests to determine the habits of 
the bird, or, if the observer finds the nest has been destroyed, to 
determine the identity of the destroyer. Weather, agricultural 
machinery, and predators, are the three causes of desertion or 
destruction. The first two are discussed in Chapter XIV, and 
predators in Chapter X. Desertion has been discussed in a pre
vious caption. 

The ex post facto identification of the predator which has 
robbed a nest is one of the real tests of a game manager's skill. 
The rate and manner of taking the eggs, the shape and disposition 
of the eggshells, tracks or hair left on the spot, whether and how 
the incubating bird was killed, and other criteria are described by 
Stoddard, and can be used by others if they learn how. 

Nest Mortality. The total nest mortality in a representative 
series of wild nests on unmanaged terrain is seldom less than 50 
per cent, and may run much higher. Table 48 indicates that the 
average loss for all species as measured by nesting studies to date 
in this country, is 61 per cent, a figure eloquent of opportunity 
for the game manager. 

It is significant that in all the wealth of nest protection tech
nique described by European authors, I can find no single in
stance of a systematic series of counts of nest mortality in the 
managed areas which they describe. One may infer, however, 
that it is lower than in the counts described in Table 48. Page 



370 GAME MANAGEMENT 

TABLE 48 

NEST MORTALITY 
i i i i 

Species i No. of i No. Lost or i Number i Authority 
Locality, Years i Nests i Deserted i Hatched i 

i i i i 
BOBWHITE i i i i 

Georgia, 1924-27 i 602 i 385 i 217 i Stoddard, p. 184 
Wisconsin, 1929-31 i 68 i 34 i 34 i Errington, unpubl. 

i i i i 
RUFFED GROUSE i i i i 

Minnesota, 1929-31 i 12 i 1 i 11 i King, Unpubl. 
New York, 1930 i 14 i 9 i 5 i Bump, 1930 
Wisconsin, 1931 i 4 i 2 i 2 i Schmidt, unpub1. 

i i i i 
PINNATED GROUSE i i i i 

Wisconsin, 1929-30 i 40 i 20 i 20 i Gross, 1930 
Wisconsin, 1931 i 15 i 6 i 9 i Schmidt, unpubl. 

i i i i 
RINGNECK PHEASANT i i i i 

Michigan, 1928-30 i 50 i 33 i 17 i Wight, 1930 
i i i i 

HUNGARIAN PARTRIDGE i i i i 
Michigan, 1929-31 i 74 i 48 i 26 i Yeatter, 1932 

i i i i 
GAMBEL QUAIL i i i i 

Arizona, 1931 i 22 i 15 i 7 i Gorsuch, 1931 
i i i i 

SHARPTAIL GROUSE i i i i 
Wisconsin, 1931 i 19 i 8 i 11 i Schmidt, unpubl. 

i i i i 
SCALED QUAIL i i i i 

Arizona, 1931 i 10 i 8 i 2 i Gorsuch, unpubl. 

Total. 930 .569 .361 

Per Cent 100 61 • 39 

(1924, p. 89), in England, evidently made a rough count on 
which to base his general statement: "Whatever care is taken, the 
preserver (of Hungarians) who loses from any cause less than 
5 per cent of his nests is fortunate." Yes, indeed! 

Juvenile Mortality. As already pointed out in Chapter VII, 
the measurement of juvenile mortality is the most difficult feat 
in game management. It must usually be accomplished by "sub
traction," i. e., by measuring the other factors, and the fall crop, 
and ascribing the difference to juvenile mortality. 

Wight (1930) made a partial measurement of juvenile mor
tality in Michigan pheasants. He found a 3.5 per cent shrinkage 
between "the time of first observations to the time of (fall) dis-
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persal." This figure probably represents an exceptionally favor
able outcome. 

Y eatter (1932) obtained, by subtraction, an estimated juvenile 
mortality equal to 20 per cent of the whole population in Mich
igan Hungarians. 

Errington (193 2a) estimates a 25 per cent mortality in Wis
consin quail, between the time of hatching and September. 

In the study of juvenile mortality, food habits, and brood 
behavior, the game manager is often confronted by the necessity 
of estimating the age of chicks or young birds killed by preda
tors, found dead of disease, or taken as specimens. Comparison 
with a series of juvenile skins is the most accurate way to judge 
age in chicks, but when skins are not available, the weight is a 
good index. Fig. 31 gives the juvenile weights determined by 
Stoddard (p. 72) for bobwhite, Wight (unpublished) for pheas
ant, Yeatter (unpublished) for Hungarian partridge chicks, and 
Gross (19 30b) and Schmidt for pinnated grouse. A description 
of juvenile plumages and weights in pheasant is also given by 
Leffingwell (1928, p. 18). 

TRAPPING GAME 

. B~nding st~dies such as those referred to in Chapter VI, the 
artIfiCIal extensIOn of outflow from refuges described in Chapter 
VIII, and the capture of initial stock for artificial propagation, 
all demand the trapping of wild game, alive and without injury 
and often in large numbers. ' 

Most live-traps depend on a display of bait. The bait is 
usually some preferred food, but sometimes a live female is the 
most effective (Stoddard, p. 446). 

Corrals or nets are often successful, without bait. Grinnell 
(1925) and Austin (1930, unpublished) have pointed out the 
undeveloped possibilities of nets as tools for ornithology in this 
country. 
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FIG. 31 
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In special cases game may be captured cheaply and easily by 
"shining." Shining of pheasants is referred to in Chapter IV. 

The game manager who has need of live-trapping technique 
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should follow down the leads suggested in Table 49. A bibliog
raphy on trapping techniques for predators has already been 
given in Chapter X. 

I 
Species I 

I 
Deer & Antelope I 

I 
I 

Deer I 
I 
I 

Mountain Sheep I 
I 
I 

Bobwhite I 
I 

Hungarian Partridge I 
I 

Ducks and Geese I 
I 

Birds in general I 
I 
I 
I 

Geese I 

Scaled Quail 

Gambel Quail 

Ruffed Grouse 

Prairie Chicken 
& Sharptail 

Pheasants 

Birds 

Diving Ducks 

I 
I 

TABLE 49 

LIVE-TRAPPING TECHNIQUE 

Device 

Salted corrals with 
trip & trigger gates 

Corral with trip gate 
on waterhole 

Salted corral with 
self-trip gate 

Traps and nets 

Baited trap. Type 

5 types of trap 

For banding, many 
types 

Trip gate pen 

"Water lily" 

Authority, Locality, Remarks 

Birmingham (1931), New Mexico, 
Not successful for deer 

Locke (1929), Arizona 

Round (1928), British Columbia 

Stoddard (1931, p. 439), Georgia 

W. B. Grange, Fish Creek, Wis. 

Lincoln & Baldwin (1929, p. 65) 

Bird Banders Manual, Lincoln & 
Baldwin (1929), also Baldwin 
(1931) 

Miner (1923, pp. 142-146), Ontario 

Austin (1932a) 

Authorities Who Have Not Published 

Box 

Many devices 

Traps 

Shining 

Clapnets 

Baited trap 

J. S. Ligon, Carlsbad, New Mexico 
Paul Russell, University of New 
Mexico 

David M. Gorsuch, University of 
Arizona 

R. T. King, University of 
Minnesota 

F. J. Schmidt, Wis. Conservation 
Commission 

Oscar Johnson, State Game Warden, 
South Dakota 

Wm. I. Lyons, Waukegan, Ill. 

O. L. Austin, Jr., N. Eastham, 
Cape Cod 
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GAME MAPS AND RANGE TALLIES 

A penetrating observer of human foibles (Briggs, 1931) 
has aptly said: 

"To make a map is a courageous thing to do. No one but an artist, 
an egotist, or a topographical engineer would try it without grave provo
cation. Equivocation is impossible. Maybe all (natural) historians ought 
to make maps." 

The italics are mine, also the parenthetic insert. To him who 
has searched the largely mapless early literature of game for 
usable facts, neither the quotation nor the liberties I have taken 
with it will need comment. 

Purposes. Facts concerning game distribution, behavior, his
tory, and management can often be accumulated on maps or 
tables to better advantage than in notes. Provided the symbols 
and format be adequate, maps and tables are easier visualized, 
analyzed, and reproduced than notes. A frequent predicament of 
field workers is to accumulate so many notes that time is lacking 
to analyze them, or to have notes string out over such a long 
period that the earlier ones are lost or hard to segregate by the 
time a sufficient volume are at hand to warrant a conclusion. 
Cumulative maps and tables are the answer to both difficulties. 

To make the most of his powers, every game manager should 
be skilled in the use of these mechanical aids. A working knowl
edge of the theory of statistics, and of the theory of probabilities, 
will help him make accurate deductions from his data. 

Only a few samples of the infinite variety of possible graphic 
game records can be here included. 

Base Maps. Any venture in game mapping should begin by 
getting the best possible base map. Only in the wilderness will 
the game manager have to draw his own base. In any region 
covered by General Land Office surveys, a tracing of the original 
township plat can be made, or a plain blank township outline 
used. Where the U. S. Geological Survey has made topographic 
maps, copies can be purchased for a few cents, and photographic 
enlargements made of the spot to be covered. In farming coun
try, the county usually sells "Plat Books" showing by townships 
all the farm boundaries, streams, roads, etc. These are invalu
able. Many states and federal bureaus issue accurate detailed 
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maps of lakes and navigable rivers and coastlines. Some agricul
tural colleges provide their field workers with complete sets of 
county outline maps for the state. 

Where no base is available, or where an accurate very de
tailed base is needed for a large area, an aerial photographer may 
be employed. Aerial maps are coming into widespread use for 
many purposes. The cost is high, especially for small jobs, but 
their wealth of detail makes them especially valuable for game 
work. A small section of an aerial map is shown in Stoddard's 
Plate 34, p. 172• 

Mapping Methods. Most jobs of game mapping call for 
entering types, census figures, banding returns, or similar data on 
a pre-existing base. Sometimes areas must be measured. In either 
event it is a matter of mapping the location of certain spots or 
lines on the base. For this purpose, the method employed by 
timber cruisers is quick and sufficiently accurate: Go to some point 
on the ground which is clearly located on the base map (such as 
a section corner, a highway intersection or a farm house). Pace 
north, south, east, or west toward the things to be mapped, keep
ing direction either by compass or by paralleling fencelines. Every 
eighth of a mile (120 double paces) stop, scale off the distance 
on the map, and sketch in the objects nearby which are pertinent. 
Close in at some other known point, or return to the point of 
beginning after pacing a circuit or traverse of the country to be 
mapped. Fig. 33 was thus drawn, using a hand-made enlarge
ment from the County Plat Book as a base, in half a day. 

Type Maps. Most game research projects centred in a lim
ited locality, and all management projects dealing with limited 
acreage or land purchase, demand a basic type map of the area 
to be covered. Such a type map can be made either by "cruising" 
or by aerial photography. The boundaries of types can be easily 
seen on a good aerial map, and their areas planimetered, as on 
any other map. 

Fig. 32 shows a simple type map of a I50o-acre tract in south
ern Wisconsin. The base was obtained from the County Plat Book. 
The detail was added by cruising, and required two days' field 
work. A separate legend shows the food and cover improvements 
installed for pheasants and quail by the farmers on the area, co
operating with a group of sportsmen. 

A more elaborate classification of types, mapped on a larger 
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TABLE SO 

RANGE COMPOSITION TALLY 

I Kewanee, 111.- 1Ft. lIadison, 1a.-
Trpe l--!!urli!!&tDn I la. I lIarceline I 110. I No.Ta11iesIPer centiNo. TallieslPer Cent 

I I 
Food: Shocked Corn o 0 I 3 I 1 

Standing Corn 41 30 S3 13 

Stubble 25 18 55 21 

Reverted Fields 0 0 7 2 

Orchard 1 1 2 1 

Cover: Ungrazed Woodlot 2 1 16 6 

Both: Heavy Weeds, Brush, Grass 3 2 7 II 

Neither: Pasture 24 17 81 1515 

Plowed (incl. winter wheat) 24 11 18 7 

Grazed 6 4 25 10 

Towns 14 0 8 15 

140 100 261 100 

area by cruising, is that prepared by K. C. McMurry of the De
partment of Geography, University of Michigan, for the Izaak: 
Walton League, covering Williamston Township, Ingham County, 
Michigan. The plan of management built up on the basis of this 
map is described by Wight (1931). The Williamston map is not 
here reproduced because reduction to book-size would make it 
illegible. 

Composition Tallies. The game manager must frequently 
compare the value or appraise the condition of blocks of game 
range so large that cruising is impracticable, or so nearly alike 
that mental impressions alone do not suffice to show which range 
is the better, or what is the precise condition of either. In this 
event some systematic method of tallying samples can be em
ployed to advantage. No map is required. 

For example: The per cent composition of a large block of 
country can be easily obtained, without a map, by tallying the 
types at fixed intervals while riding across it in a car or train. 
Table SO summarizes a range composition tally taken every 30 
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seconds from a fast train in the prairie and riverbreaks type of 
Illinois and Missouri in March, 1931. The figures in the first 
and third columns represent the sums of the tally marks on the 
original tally sheet. 

Each tally mark represented the type of food or cover oc
curring just outside the right-of-way fence at the time the watch 
(held in the hand) passed the 30-second mark. 

Such a method, of course, shows only the comparative f"e
quency of each type, not its actual position, nor the degree of 
interspersion. Aerial photographs are an ideal way to measure 
composition, position, and range interspersion simultaneously, but 
cost a good deal of money, whereas such a table as this costs 
nothing over and above travel mileage. 

Habitability Tallies. The proportion of any large range 
which offers habitable combinations of visible factors, such as food 
and cover, can be measured by means of a tally made at fixed 
intervals from a motor or train, provided: 

I. The time of year is that of the critical season. 
2. The range is open enough to see and identify the food and 

cover types for at least one cruising radius from each 
point of observation, or station. 

3. The species in question is a coveying bird which occurs, 
when it occurs at all, in population units of practically 
fixed size. 

These criteria are satisfied in the case of winter quail range, 
but they hardly admit any long-radius game, nor forest game, 
nor farm game like pheasants. A given spot might winter any
thing from one to several hundred pheasants and accordingly 
there would be no sharp line between habitability and non-habita
bility on which to base a tally. On the other hand a given spot 
either has, or has not, the food and cover necessary to hold a 
covey of quail. 

It is barely possible that Hungarian range might be tallied for 
per cent habitability. 

Table 5 I is the combined result of five habitability tallies for 
five blocks or sections of quail range made from a train in March, 
1931. Table 52 compares the five blocks. The separate tallies 
for each block are omitted to save space,-they are similar to 
Table 50. 
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Each tally mark represents an ocular appraisal of the food 
and cover combination obtaining within a one-fourth-mile radius 
immediately outside the right-of-way. Tallies were made at inter
vals of 30 seconds, i. e., at "stations" about one-third mile apart. 

The vertical columns of the tally sheet (Table 5 I) are the 
food types prevailing on the area in question, arranged in de
scending order of food value. The horizontal columns are cover 
types, likewise in descending order. The position of each tally 
mark thus represents the combination of food and cover obtaining 
at that station. The ultimate number of tally marks in each square 
is the frequency of that combination. 

Combinations judged to be habitable were made in black (un
circled totals). Combinations judged to be not habitable were 



GAME MANAGEMENT 

TABLE S2 
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made in red (circled totals). The ultimate distribution of the 
colors thus indicates not only the percentage of habitable stations, 
but also the reasons why habitable or non-habitable. 

The net conclusion of the tally was: Only a third of the total 
of 789 samples are habitable for quail. The constituent blocks 
vary from 29 to 38 per cent habitable. Food was deficient at SS 
per cent of the stations, the percentage varying from 41 to 72 in 
the five constituent blocks. Cover was deficient at 72 per cent of 
the stations, the percentage varying from 68-74 in the five blocks. 

When in doubt, the station was tallied as habitable. Undoubt
edly the above conclusions are more optimistic than they would 
be if each station had been worked on foot with a bird dog for 
the purpose of finding actual coveys. 

Co'rJ(J1' Shrinkage Tallies. In appraising a very large and 
very homogeneous block: of game range, decisively lacking in 
some visible factor such as cover, it is unnecessary to make com
plicated tallies of cover and food combinations or range composi
tion. In the game survey of Iowa, for instance, it was evident at 
the outset that almost the whole state had an excess of food and 
a shortage of cover. The question was: how do the counties com
pare as to the frequency of cover remnants? At what rate are the 
remnants disappearing? 

The first question was answered by a simple tally of each unit 
of winter cover lying within one-eighth mile of each highway 
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travelled. The unit was "that quality and quantity of cover neces
sary to winter a covey of quail." 

The second question was answered by making a separate tally 
of the vestiges or remnants of coverts which had recently dis
appeared, and comparing it with the tally of those which persist. 

The details of both tallies, and maps expressing the compiled 
results, are given in the Iowa Game Survey. 

Range DlJ'Uelopment Maps. The basic simplicity of cover 
and food manipulations is seldom clear to the layman when de
scribed in words. When graphically presented on a map, however, 
the whole principle is frequently grasped by the lay mind with 
all the sudden intensity of a revelation. 

Moreover specific written plans for the development of a 
particular range are well-nigh impossible. A range development 
map is much the shortest and most concise way of recording 
recommendations. Particular spots which must be discussed in 
writing may be identified by key numbers or letters on the map. 

Developments of cover and food are best indicated by colored 
symbols superimposed on a type map such as Fig. 32. Where the 
necessity for numerous copies precludes color, uncolored symbols 
may be used. Fig. 33, for example, is an inked field sketch of a 
typical Iowa farm reproduced from the Iowa Handbook (1932). 
The stippled spots are the cover and food developments recom
mended. The Handbook explains the proposed developments and 
their probable effects as follows: 

PRESENT COVEYS 

"Covey No. I makes its headquarters in an abandoned road cut at 
the northeast corner of the farm (see solid circle with the figure' I' in 
its centre). The old road is flanked by an osage hedge. Its thorny 
branches overhang the steep south-facing bank, the top of which bears 
a 'whisker' of bluegrass and sweet clover. Such a place is wind-proof and 
hawk-proof. It offers dry dusting spots even in wet weather, and sunny 
loafing ground for winter days. 

"In the 'triangle' of the road (marked Ill) is grass which the road 
crew should be asked to leave unmowed and unburned for nesting. To 
the south is a pasture slope bearing ragweed. Such a combination is ir
resistible. There will be quail here as long as there are any in the country. 

"Covey No.2 makes its headquarters in the ungrazed woodlot near the 
southwest corner of the farm, adjacent to a feedlot where hogs are 
being fattened. The food supply is further strengthened by a cornfield 
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~o the west. The woodlot offers plenty of brush but no grass. This range 
IS weak on grass, and hence might not be occupied in years of short quail 
crop. Grass should be provided by concentrating next winter's cordwood 
cuttings on the south slope marked :la. Leave the brushpiles unburned 
and let grass, brambles, and oak sprouts come in. Keep the cattle out. 

"These two present coveys total 30 birds on 170 acres, or a bird per 
6 acres. This is a thin stand. Let us build it up into a thick one. 

PROSPECTIVE COVEYS 

"Go back to the centre of the north side of the farm. In and near 
the dashed circle marked '3' we can build a range for 

"Couey NO.3. The corn to the north offers tood, but there is now 
no grass whatever, and no brush save the grazed-out remnant of a hedge. 
At the corner of the clover field marked 3a are a few wild plums pruned 
up by cattle, and also a group of big limby cottonwoods. Fell one of the 
cottonwoods, and let it lie unlopped. Fence off the stippled area marked 
3a so the grass and clover can grow tall, and the plums can spread be 
root-suckers. In the pasture at 3b is another corner, already partly 
isolated by the creek channel. Fence it, and fell a couple of the large 
scraggly willows on the creek bank. Let them lie with the grass growing 
up through the unlopped tops. 

"3a and 3b together will have a new covey next fall or the fall after. 
Two small coverts, by the way, are often more effective than one big one. 

"Proceeding southward, we have a series of steep north-facng tim
bered banks along the south side of Spencer Creek, which are iof sligh 
value for pasture. They are of slight winter value for quail, too, because 
of their north exposure and the distance from corn. They will serve as 
nesting ground only. An occasional unlopped treetop, in which long 
bluegrass can grow, will enhance their value for this purpose. 

"Covey No. -I. A new winter headquarters can be built up in the 
woodlot at 4a by cutting cordwood on the south-facing bank of a side
draw. There are a few haw trees in the present undergrowth. Preserve 
these carefully; when the sun has been let in they will wax strong and 
thorny. 4a will have to be fenced, because unlike :la, this woodlot is 
grazed. Let the grass grow, and leave the brushpiles unburned. 

"At 4b is a hogback in a pasture already bearing some haws, osage 
seedlings, and clumps of hazel and buckbrush. Fencing cllis to let the 
grass grow up will make a perfect nesting ground. In winter this patch 
will also catch the early morning sun on its east-facing bank, and thus 
supplement 4a as winter quarters. 

"Range NO.4 is weak in that the prospective <;ovey will have to fly 
southwest across a pastured draw to reach corn. A line of grazing-
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FIG. 33 

......... " 

resistant osage or of brushpiles strung across this pastured draw is 
needed to serve as a 'street J to let the covey walk to the corn. 

"Corley NO.5 can be headquartered to· the east of NO.4 in two fence 
corners at the heads of side-draws where their forks offer south expo-
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sures. These fence corners are at present pastured bare. Fencing will 
bring in long bluegrass, and in time, brush. Corn lies just to the south of 
the fence. It will help make this range habitable the first year after 
fencing if some temporary cover, in the form of unlopped treetops or 
brushpiles, is provided. 

"The weak point of this range is its general north exposure. Only the 
south-facing sides of the east-and-west side draws at the edge of the 
upland are usable in winter. 

"Covey No. 6 is to be headquartered just southwest of No. S in a 
small pasture lying on a steep south slope, now ruined by erosion. This 
pasture now offers neither grass nor brush cover, but it is already fenced, 
and both grass and brush will grow up when grazing ceases. I ts larger 
gullies are to be planted with willow cuttings. 'Pollard' these willows, 
and when the new growth is cut back each spring, throw ~he clippings 
into the gully to stop wash. 

"There are a few haws or thorn apples already started in this pas
ture. A few osage cuttings planted on the hogbacks would hasten the 
restoration of brush. 

"Range No.6 will hardly make a covey the first year, but it ought to 
be a 'sure bet' by the second or third year of protection from grazing. 
No pasture will be lost, because the present washing and gullying has 
left the soil too poor to have pasture value. This steep impoverished 
slope, on being protected, will likely come up to brome grass rather than 
bluegrass, but this is equally good for quail. 

"Covey No. 7 is to be headquartered on the west side of the farm 
where several steep eroding gullies are eating back into a cornfield. 
Fencing a corner of the adjacent grazed woodlot will provide additional 
brush and grass. 

"Range NO.7 may not make a covey the first year, but it may be 
depended on for the second. 

"Covey No.8. The east end of the draw in the ungrazed woodlot, 
at the south-centre of the farm, offers a south-facing bank which may be 
treated the same as 2a, but range 8 differs from range 2 in this respect: 
it is surrounded by permanent pasture, instead of corn. It is tht" only 
one of the present or prospective ranges which lacks food. Accordingly 
a narrow bench along the draw should be cleared and plowed up and 
planted to sorghum, or some other small grain not requiring much cul
tivation. Shock half of this and open a new shock with each snowstorm. 
This food-patch will insure an eighth covey, especially if a boundary 
'fence' of uncut timber is left between range 8 and range 2. 

"To sum up: Within 2 years after rebuilding this farm for quail it 
should carry annually thereafter 8 coveys instead of 2. Eight coveys at 
15 each would be 120 birds on 170 acres, or 1.4 acres per bird. This 
will be a very fair stand. 
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"The rotation of crops on the farm may leave certain ranges corn
less during particular years, but this loss will be offset by new corn in 
new possible covey locations, or can be artificially offset by food patches." 

GAME SUR.VEYS 

Definition. The term "game survey" is being used to desig
nate two quite different things: (I) current annual "crop report
ing" as a basis for current regulatory measures; (2.) an appraisal 
of the trend of productivity factors, and a forecast of policy 
measures necessary for game restoration. 

The term is here used in the latter sense. "Crop reporting" 
is really a rough annual census rather than a survey, and is cov
ered in Chapter VI. 

In the sense here used, and at the present time, a game survey 
is an attempt to change the orientation of thought and action on 
wild life conservation; to point out, in terms of local game species, 
and local game range, the difference between the old concept of 
retarding the diminution of a dwindling resource, and the new 
concept of cropping and building up that resource through en
vironmental controls. However much individual ideas may differ 
on questions of method, there remains a fundamental distinction 
between the old idea of hoarding, and the new idea of building. 
Local people can see this difference when the new idea is ex
pressed in terms of proposed changes in their own land, laws, and 
customs. 

Obviously no "game survey" can of itself transform the 
public mind, but it can, if rightly executed, mobilize and activate 
the forces which hasten the rate of change, and influence their 
direction. 

Functions. Any useful change in public attitude toward game 
must be built upon a better public understanding of what de
termines game abundance. The average citizen still thinks that: 
Abundance = (laws + artificial restocking + vermin control) - shooting. 

The first function of a game survey is to point out the in
adequacy of this popular formula, and the fallacy of some of the 
policies deduced from it. The survey must amass actual historical 
evidence to show how agricultural and forest practice, by influ
encing food, cover, or other factors, has nullified restocking or 
made "vermin" control irrelevant. The past history of the land, 
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the game, and the laws must be reconstructed, and their trends 
projected into the future. 

A second and more difficult function is to show what would 
happen if landowners regulated shooting and took care of game 
environment. To remove this question from the realm of mere 
conjecture, places must be found where one or both of these 
things happened accidentally, and some kind of comparative meas
urements of their effect on game built up. 

Who is the future landowner? The surveyor must project 
into the future the trend of economic changes in the land-owning 
industries, and the land program of related conservation activi
ties such as forestry and parks. From these he must forecast some 
give-and-take adjustment which will fit each of them and also 
the needs of game. His mind, if not his report, must contain some 
sort of picture of a future system of land use. 

A fourth and much easier function is to demonstrate our pres
ent biological ignorance. Actual cases of mis-appraisal of conserva
tion questions due to misunderstanding of the relative strength 
of biological forces can be found by the dozen in any state, to
gether with the historical evidence to prove them. 

More difficult is the planting of a conviction that research 
can gradually dissolve this ignorance, and that local institutions 
can and should undertake such research. The surrounding terri
tory may furnish actual examples. 

The local public almost invariably expects a survey to recom
mend changes in appropriations, laws, and administrative organ
ization. It is usually necessary to show that what administrators 
think about is more important than how they are organized, or 
how much money they have, or what laws they work under. 

Demonstrations. Surveys are usually expected to recom
mend policies rather than to initiate actions. In the field of game, 
however, it seems doubtful whether theories and plans alone, no 
matter how well supported by evidence, are nearly so useful as 
samples or demonstrations of how those theories and plans work 
out in practice. 

The effect of environmental controls by the landowner, for 
instance, can be tested by actual trial on a land unit typical of 
the area being surveyed. The utility of research can likewise be 
tested. Both kinds of demonstrations commonly begin to yield 
significant results within a couple of years. A real game survey 
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should be given (or should seek out) the funds necessary to 
initiate such a demonstration to test each of its major findings. 
The public, within a short period, can thus judge those findings 
by the way in which they work. The development plan shown in 
Fig. 33 is for a quail demonstration area in Iowa. 

Personnel. It is usually footless to make a game survey with
out at the same time training personnel which will know how it 
was made, which will know what it means, and which will remain 
in the locality to follow up and execute its findings. If the locality 
is a state, this means that the surveyor should have as his "first 
lieutenant" a carefully selected man who will continue in a posi
tion of leadership in the state. 

History and Trends. The history of game and of changes in 
land-use can be partly reconstructed from the local biological and 
agricultural literature, which must be pretty thoroughly reviewed 
in advance. A wealth of less accurate but nevertheless useful 
detail can be hung upon this framework by compiling the recol
lections of local people. Diaries and journals of sportsmen and 
naturalists, the books of former commercial game dealers, official 
reports on various land industries, weather records, statutes, old 
files of sporting and agricultural periodicals, and a multitude of 
other sources of information lie ready-to-hand. The problem is 
to make a good guess as to which are worth skimming. 

All of this bears on reconstructing the past. Probable future 
trends in land industries are usually quite definitely forecast by 
agricultural colleges, forest schools, official departments, and pri
vate organizations for the promotion of this or that activity, and 
can be obtained from their reports and their specialized personnel. 

Finally, a practical understanding of rhe customs, prejudices, 
enthusiasms, and social outlook of the people must be picked up 
in the course of the survey, and the immovable points carefully 
charted. The future course to be recommended must steer around 
and between these fixed points, or the survey may end up as 
merely "a new book for the library." 

The surveyor, however, cannot afford to be merely "a lute on 
which all winds can play." His historical conclusions and his esti
mate of trends must be constantly checked against that greatest 
but least-read of all books: the face of the land. 

I t is astonishing how few of those who have learned by rote 
rule or "nature study" the statics of the land's present inhabitants 
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or condition, ever learn to read the dynamics of its past history 
and probable future. To see merely what a range is or has is to 
see nothing. To see why it is, how it became, and the direction 
and velocity of its changes-this is the great drama of the land, 
~o which "educated" people too often turn an unseeing eye and 
a deaf ear. The stumps in a woodlot, the species age and form of 
fencerow trees, the plow-furrows in a reverted field, the loca
tion and age of an old orchard, the height of the bank of an 
irrigation ditch, the age of the trees or bushes in a gully, the 
fire-scars on a sawlog-these and a thousand other roadside ob
jects spell out words of history, and of destiny, of game and of 
peoples. They are the final authority on the history of the recent 
past and the trend of the immediate future. How to read such 
evidence is not easily set down on paper. Some of the forestry 
literature may be suggestive (Leopold, 1924 and 1924JJ). 

Biological science, if it had no economic import at all, would 
nevertheless be justified by its enrichment of the human faculty 
for observation. Jason, Eric, Magellan, Daniel Boone, saw only 
the cover of the Great Book. Its free translation is the unique 
privilege of post-Darwinian explorers. To this first generation of 
game managers, especially, is offered many a virgin page. 

This completes our analysis of the mechanism of game pro
ductivity, of the factors which determine it, and of the available 
means for their control. These three subjects constitute the theory 
and technique of management. 

There remain to be sketched some of the reasons for per
petuating a game supply, some of the incentives for securing the 
widespread practice of management, and some standards for eval
uating the results. A brief discussion of how to prepare for a 
professional career, and of prospective opportunities in it, is also 
added. 

No exhaustive treatment of these questions seems appropriate 
in a volume devoted primarily to principles and technique. Only 
enough is given to afford a starting point for the reader's own 
deliberations. A larger element of personal opinion, not support
able by tangible evidence, is necessarily injected into these final 
chapters. 
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GAME ADMINISTRATION 





CHAPTER. XVI 

GAME ECONOMICS AND ESTHETICS 

What Is Sport? For unnumbered centuries physical combat 
between men was an economic fact. Battle was part and parcel of 
the daily struggle to get, or to keep, a place in the sun. As the 
economic need for battle became more and more occasional, it was 
delegated to specialists. But the instinctive zest for physical com
bat did not disappear. Hence athletic sports and games. 

Physical combat between men and beasts was likewise an eco
nomic fact. Since first the flight of years began, it was part and 
parcel of the daily business of getting something to eat. Gradu
ally agriculture and commerce supplied other and better means 
of subsistence. But the hunting instinct, the love of weapons, the 
zest in their skillful use, did not disappear with their displace
ment by economic substitutes. Hence sport with rod and gun. 

Socially speaking, these surviving sports are an improvement 
over their economic antecedents. Football requires the same back
bone as battle, but avoids some of its moral and physical retro
gressions. Hunting for sport is an improvement over hunting for 
food, in that there has been added to the test of skill an ethical 
code, which the hunter formulates for himself, and must live up 
to without the moral support of bystanders. That the code of one 
hunter is more advanced than that of another is merely proof 
that the process of sublimation, in this as in other atavisms, is still 
advancing. 

The hope is sometimes expressed that all these instincts will 
be "outgrown." This attitude seems to overlook the fact that the 
resulting vacuum will fill up with something, and not necessarily 
with something better. It somehow overlooks the biological basis 
of human nature,-the difference between historical and evolu
tionary time-scales. We can refine our manner of exercising the 
hunting instinct, but we shall do well to persist as a species at the 
end of the time it would take to outgrow it. 

Recreational Values. The wild-life conservation movement 
is an attempt to prevent our expanding population from destroy
Ing its own opportunities for sport. 

391 
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Management is a way to maintain a supply of game, and 
other wild life, in the face of that expansion. 

But it is not merely a supply of game, in the strictly quantita
tive sense, that is in question. The conservation movement seeks 
rather to maintain values in which quality and distribution matter 
quite as much as quantity. 

Like most other really important things, this conception of 
quality eludes easy definition. We might, if we chose to spend 
the money, release each year millions of artificially reared birds, 
and thus "maintain" a supply of game in the quantitative sense. 
But would we thus maintain value? I think not. 

Intensity of Management and Population Density. It is 
evident throughout the preceding chapters that game manage
ment may exert various degrees of control over the factors of 
productivity. The greater the degree of control, the denser the 
stand of game, and the larger the crop which may be removed. 

There is a definite relationship between the necessary intensity 
of management and human population density, which may be 
illustrated by a comparison: 

The Scottish grouse moors support about one grouse per three 
acres on the average, and one per acre as a maximum. This is 
a very dense stand, obtainable only through intensive management. 

The Wisconsin grouse moors, which we prosaically call "the 
sandy counties," support about I grouse per 40 acres. This is a 
very thin stand, occurring "naturally" without any management 
at all. Section (b) of Fig. 34 contrasts the two. 

A crude or extensive system of game management would 
raise the Wisconsin grouse density to (let us say) one per eight 
acres, or five times the present stand. On the other hand, a com
plete or intensive system of game management would doubtless 
raise it to that of Scotland, or 20-40 times the present stand. 

As nearly as we now know, disease would frustrate any at
tempt to raise the density higher than this in either place. 

There has been no management in Wisconsin grouse so far, 
because until recently its citizens were able, by reason of their 
low human population density, to get grouse hunting without it. 
The comparative human population densities appear in Section (a) 
of the chart. 

We are working, therefore, between an upper limit set by 
biological nature, and a lower limit set by economic accident. Art 
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cannot raise the upper limit. Delay can depress the lower, and 
exterminate the species. The two limits constitute the upper and 
lower edge of our game policy "slate." The two limits are far 
apart. Between them lie a wide range of alternatives, among 
which we are free to choose, subject only to the general rule that 
the intensity of game management must go up as human popu
lation density goes up. In sparsely settled communities no man
agement is needed. In very densely settled communities the limit 
which the land can be made to carry must be sought. 

Intensity of Mtmagement and Yield. The denser the stand 
of game, the larger the proportion of it which may be safely 
killed. In fact, in Scotch grouse stands nearing the upper limit 
of density, it is considered imperative to kill two-thirds. On the 
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other hand, in Wisconsin grouse stands, probably nearing the 
lower limit of survival, it is probably more or less damaging to 
kill any at all. 

If Wisconsin's present stand permits of a 40-fold increase, 
her present kill could be raised much more than 40-fold. Section 
(c) of the chart would indicate I60-fold. 

Five T heot'ems. From these biological premises may now be 
deduced five theorems which approximately express the relation
ships between recreational value, game density, and human den
sity: 

I. The denser the human population, the more intense the 
system of game management needed to supply the same 
proportion of people with hunting. 

2. The recreational value of a head of game is inverse to the 
~rtiftc~ality of its origin, and hence in a broad way to the 
intensIveness of the system of game management which 
produced it. 

3· A proper game policy seeks a happy medium between the 
intensity of management necessary to maintain a game 
supply and that which would deteriorate its quality or 
recreational value. 

The third theorem as applied to Wisconsin, or America, means 
that a game policy should seek a happy medium between the 
evident necessity of some management, and the esthetic desid
eratum of not too much. We would be foolish not to take ad
vantage of our relatively low human population density as com
pared with Europe, On the assumption that about one-third of 
both Wisconsin and Scotland constitutes grouse range, and that 
on this range the Scotch kill of 160 grouse per square mile could, 
with intensive management, be duplicated, to what degree would 
it need to be duplicated to furnish Wisconsin citizens with the 
same per capita opportunity for shooting as Scotland? Section (c) 
indicates a 50-fold increase in kill would suffice. This, I estimate, 
would call for about a 6- or Io-fold increase in the stand. 

Wisconsin's total kill could doubtless be increased I60-fold 
before reaching the biological upper limit. In short, we need to 
use only one-third the possible scale of intensity of management 
(see Section d). 
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If we ever have as many people per square mile as Britain, 
we too will be forced to practice intensive methods, or do without 
our shooting. This raises the interesting question of whether, 
having automatically filled up the biological niche which Co
lumbus found for us, we will prove capable of regulating our 
future human population density by some qualitative standard. 
Or will we just leave it to Mr. Ford to "manage" us on the 
general principle of the more the merrier? I fear we will. The 
boosters fear we will not, or that there may be some needless 
delay about it. 

Some, but not too much, management is good esthetics, but 
is it also good business? Game management is a form of agri
culture. Does it, like the other forms, obey the Malthusian law 
of diminishing returns? That is to say, does a dollar or an hour 
spent in quintupling the present accidental stand of grouse go 
farther than a dollar spent to quintuple it again? We would then 
be approaching the biological upper limit of density, where it may 
take more "work" to add a bird than lower down on the bio
economic "slate." 

I think this is true of game stands. Whether this would also 
be true of yields or kill may be doubtful, because in game, yield 
increases more rapidly than density. We have had so little man
agement in this country that we must leave this point in doubt. 
Time may show cheaper costs for the lower scale of game popu
lations, and if so, this will constitute a fourth theorem. 

This tentative theorem has an important corollary which is 
probably true within certain limits: A dollar spread over a large 
area will raise more game than the same dollar spread over a 
small area. This is overlooked by those who entertain the illusion 
that the state can "raise game for all" on small public shooting 
grounds. It is also overlooked by those game farmers whose 
operations have been confined to private estates whose owners want 
lots of shooting on their own small area, regardless of cost. 

Another theorem can be set down with entire confidence: 

5. Only the landholder can practice game management cheaply. 

The reason is that game management normally consists of 
many small jobs scattered through the whole gamut of the sea
sons. The farmer or forester can perform these jobs "on the side," 
often without any separate cash cost. 
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The American Game Policy sketches in broad outline the pres
ent application of these five theorems to American management. 
It proposes low-intensity management on all lands (rather than 

. high-intensity management on a few spots) in order to take ad
vantage of the lower costs and lesser artificiality thus obtainable. 
It proposes that the public be its own manager wherever it can own 
the land, but admits the necessity of working through the private 
owner where it cannot. No policy, of course, can map an exact 
route to these objectives. The details of the route must be worked 
out a step at a time by "try and see" procedure. 

The Trend to Naturalism. The viewpoint underlying the 
five theorems is not merely one of driving a good compromise 
between economic conditions and esthetic ideals. It is grounded 
in sound biology as well, and applies not only to game manage
ment, but to all fields of conservation. In forestry, this viewpoint 
has been called "naturalism." The term carries its own defini
tion: It is an effort to avoid artificiality in the manipulation of 
natural processes for conservation purposes. 

For a century the whole world sought to emulate the arti
ficially planted spruce forests of Germany. Their absence of com
peting hardwoods, their astonishing yields, their long black rows 
of dense, even-aged trees, were held up as a model of "efficiency." 
Suddenly the soil turned "sick"-of too much spruce. Insect pests 
swept through the unbroken stands like a forest fire. Today the 
Germans are seeking the beneficent fertilization of beech trees 
and other hardwoods; cuttings are made selectively as in nature; 
natural reproduction instead of artificial planting is becoming the 
rule. Artificiality failed in the long run. 

In planting conifers, foresters have always spaced the young 
trees closely, so that they would prune each other. Three or four 
times as many were planted as could possibly mature. Hardwood 
brush was regarded as an impediment to be destroyed in advance, 
if possible. Stafford (193 I) now proposes "skeleton planting," in 
which only the final stand is planted, and the natural competition 
of hardwoods utilized to do the crowding and pruning, and in
cidentally to fertilize the soil. Here again we return to an ap
proximation of nature. We still manipulate, but in a nearly natural 
instead of in a largely artificial manner. 

The forest-fire evil in many regions is partly the result of 
unnaturally large and complete openings in the forest canopy. 
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"Selective logging" offers a partial remedy applicable to shade
tolerant species. Selective logging is natural logging. 

In the field of watershed conservation and 1l0od-control there 
is a definite issue between the engineers who tend to rely on 
engineering works alone, and the foresters and biologists who 
insist that vegetative cover and soil fertility are indispensable ad
juncts to dams and dykes. The latter viewpoint is the naturalistic 
one. It is strongly supported by current research findings. 

The present controversy over methods and degrees of pred
ator-control involves the issue of naturalism, as well as other 
Issues. 

In European game management there is a perceptible re
vival of naturalistic practices. Maxwell (1913) describes several 
English estates where the pheasant is successfully produced wholly 
by wild management, as distinguished from artificial propagation. 

Fish management has heretofore relied wholly on artificial re
planting of fry raised in hatcheries, or even replanting of mature 
fish. Hubbs (193 I) is now developing environmental controls for 
Michigan trout streams and lakes, which promise to reduce the 
need for artificial replanting. 

The movement to establish permanent wilderness areas in the 
National Forests and Parks, to be devoid of motor roads, resorts, 
or other "improvements," is perhaps the most salient manifesta
tion of naturalism so far apparent in conservation affairs (see 
Leopold, 1925a; Marshall, 1930). 

Merely negative protests against economic encroachments, and 
their aftermath of artificialized conservation, are of course no new 
thing. They are different from and far less significant than the 
positive remedial actions here mentioned. Salty tears Bow easily, 
but workable ways to save men from their own success come hard. 
The game manager must handle his share of this great social 
problem. 

Production I nccnt;'lJc. Game being a low-cost low-yield crop, 
which can be produced cheaply only by the landholder in con
junction with his other cropping operations, it follows that many 
landholders-if possible, all holders of suitable lands---5hould be 
induced to practice management. 

Some will find sufficient inducement in the personal pleasure, 
or the opportunities for hospitality, to be derived from the crop 
of game. 
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Governments, in so far as they can own land, will find suf
ficient inducement in the fact that a game crop promotes the 
public welfare. 

No conceivable system of private preserves and public shoot
ing grounds, however, could adequately accommodate the grow
ing army of urban citizens who like to hunt. The non-shooting 
landholder must also be induced to manage his game. The only 
conceivable motive which might activate a sufficient number of 
non-shooting landholders is the financial motive. 

Why All the Land Must Produce. What is "a sufficient 
number?" Let us work out this basic question in concrete figures 
for Iowa, a state of average population density, extra favorable 
soil, and offering relatively accurate basic data by reason of the 
recent game survey made there. I select pheasants as an exam
ple, not because this species is the most important, but because 
the Iowa pheasant range is the most homogeneous I know of, 
hence the acreage available for production can be accurately cal
culated without a detailed type map. 

Fig. 13 shows us that the northern half of Iowa is proven to 
be actual or potential pheasant range. The area of the state is 
35,000,000 acres, hence the prospective pheasant-producing region 
has a gross area of about 17,000,000 acres. By reason of the 
extraordinary homogeneity of the range, we need deduct as blanks 
only towns, rivers, highways, etc. There are probably 14,000,000 
acres for potential production. 

The present census shows clearly that the best stands run be
tween one and two acres per bird, but even under management 
we can hardly hope for an average stand of more than a bird per 
four acres. This is many times the present average. Table 22 

indicates that under management not to exceed half may be safely 
killed. It therefore requires 8 acres to produce a pheasant "in the 
bag." Our available area will therefore produce a kill of 14,000,-
000 -;- 8 = 1,750,000 pheasants annually. 

About r 70,000 hunting and fishing licenses are issued. As
suming that this represents the social need for hunting facilities, 
the soil of Iowa is capable of growing for each licensee an annual 
kill of 1,750,000 -;- 170,000 = 10 pheasants, if every landholder 
within the proven range practices management. 

No similar calculation of like accuracy has probably yet been 
made in this country. 
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Is there, then, any chance to perpetuate hunting as a sport on 
a small fraction of the proven range? Can anything but the 
financial motive be relied upon to activate a large fraction? 

Ways of Marketing Game Crops. The evolution of orderly 
mechanisms for marketing of game crops, and thus activating the 
financial incentive to produce them, has just started in this coun
try. The differences in land-tenure and political ideas make the 
European mechanisms hardly applicable without modification. 

The American Game Policy outlines in some detail the pos
sible ways of marketing game crops, sets up criteria whereby 
their merits and demerits may be judged, and describes some of 
the current attempts to use them. 

Management Costs and Revenues. The items of cost in pro
ducing a game crop are land, labor, and materials. Costs are sub
ject not only to the ordinary variants affecting all land-cropping 
operations, but likewise to differing conditions of land tenure 
which determine: 

I. Whether the game, or some other crop, carries the interest 
and taxes on the land. 

2. Whether the game, or some other crop or use, carries the 
labor and supervision. 

3. Whether the owner is a tax-exempt government, or a tax
paying private citizen or group. 

A farmer raising game as a by-product may legitimately 
charge against the farm crop, rather than against the game, all 
costs except land deliberately withdrawn from profitable farm
ing, and labor or materials especially purchased for game pur
poses. The waste corners devoted to game cover, the waste grain 
serving as food, and the odds and ends of time used in care of 
game, are all items for which he would get no return, even if 
they were not used for game production. Such a farmer can pro
duce game at a very low cost, or often at no cost at all. 

On the other hand a private game preserve, acquired for game 
purposes alone, must charge all costs of land, including taxes, 
and all labor and materials, against the game crop. If the land 
must be farmed at a loss to make it produce game, or if artificial 
propagation is used, the costs may run very high. 

An intermediate case is the public forest which pays no taxes. 
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The cost of acquiring the land is charged against the timber crop. 
The game need carry only the special personnel and materials 
used in its production. 

Migratory game projects, such as duck clubs, present a special 
case, in that they rarely produce their own game, but rather draw 
on a mobile public supply. Costs are usually limited to land, 
supervision, and "improvements." Costs are sometimes very high, 
but usually by reason of the strategic location of the land, or 
special measures used to make it attractive. Once in a while, 
though, one finds a duck club which has invested large sums, not 
merely in attracting the public's ducks, but in producing a far 
larger number than it kills. A group of such clubs is convincingly 
described by Day (1932). 

Another special case is that of the state which is attempting 
to practice management on lands which it does not own. It escapes 
all land costs, except occasional public refuges, all labor costs 
except a limited degree of patrol and artificial propagation, and 
all costs for materials except occasional feed bills. Its costs are 
exceedingly low (and so are the resulting crops). 

Table S3 shows the probable distribution of "contributed" and 
"special" cost items under several typical conditions of land 
tenure. 

The meaning of the preceding discussion, boiled down to a 
single sentence, is this: The farmer has a special economic advan
tage in game production costs. 

With this background, the meaning of such few actual cost 
figures as are available can be made clear. 

No cost figures for Case A, based on actual experience, are 
as yet available. Careful estimates of food and cover changes 
based on range development plans of the sort depicted in Fig. 33 
are as follows: 

Quail, 17o-acre farm 
Pheasants, 1920 acres 

13c. per acre per year. 
3C. per acre per year. 

In both instances the improvement costs, such as fences, are 
spread over five years, and commercial rentals are charged against 
land withdrawn from plow or pasture. No labor costs for super
vision or patrol, however, are included. In general, it seems safe 
to say that unless the farmer spends cash for artificial propaga
tion, or withdraws productive land from agricultural use, he has 
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TABLE S3 
EFFECT OF LAND-TENURE ON GAME COSTS PER ACRE 

I A I B I C I D E 
Case, I I Private Game I Public I State or Lumber 
Costs : Farmer : Preserve I Forest I Private Land I Company 

I I I 
Land I I I I I 

I I I I 
Rental or purchase I C I X I C I none C 
Taxes I C I X I none I none C 

Labor & Materials 

Supervision C X C X X 
Cultivation C X X C X 
Patrol C X C X C 
Feeding C X X X X 
Coverts C X C C C 
Predator control C X X X X 
Artificial propagation X X X X X 

Legend: C = contributed by some other crop or use. 
X = special expense. 

practically no costs, and any revenue he can get from game is 
virtually net profit. In the case of farm co-operatives engaged in 
game management, there is usually a cash cost for patrol, and in 
the future there may be costs for technical supervision. 

One variant of Case A is the country estate, owned for resi
dence purposes, but producing game as a side issue. Such estates, 
having a limited area and no pressing need of keeping costs down, 
commonly resort to artificial propagation. Country estates in the 
New York region, producing pheasants artificially, spend as high 
as $5.70 per acre per year. This includes no charges for land, 
but only food crops, propagation, and game personnel. In a typ
ical case the cost per bird turned down was $3.2.0; the cost per 
bird brought over the guns was $4.75. Certain revenues were 
realized by the sale (legally tagged) of the kill at $1.75 per bird. 
(See Curtis, 192.8.) 

Case B (private game preserves) is represented by the nu
merous quail preserves in the South, which own or lease land for 
quail production. Cost figures on six such preserves show that 
they spend quite uniformly 5-10 cents for land rental, and Icr30 
cents for labor and materials, total 15-40 cents per acre per year. 
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Land rentals sometimes run up to 15 cents. Since it takes several 
acres to yield one quail yearly, a quail "in the bag" costs them 
about $ I for management, where all the costs are charged against 
the game. (On going farms in the same region, representing 
Case A, where game is a by-product, a quail in the bag should, 
of course, cost very much less.) 

Hungarian partridge management on a typical English manor, 
where shooting privileges are leased from small farmers and 
management conducted by a separate gamekeeper personnel, costs 
about 22 cents, 12 cents for land rental and 10 cents for opera
tions (Page, 1924). Such manors average about 6,500 acres, with 
50 per cent or more plowland. They yield a bird per 3-8 acres, 
and average a bird per 5 acres. Hence the bird "in bag" costs $ I 
or a little more-about the same as quail in the South. 

An example of Case C is a National Forest, which the federal 
government owns and administers for timber production pur
poses, but the game on which is owned by the state. Management 
is a co-operative enterprise, conducted by the state and federal 
officers. Shooting is open and free to the public under the state 
laws. Because of the huge area of such forests, expenditures per 
acre are low, but commonly well directed. Supervision and patrol 
(time of forest officers actually spent on game work) run around 
1/50 cent per acre; predator control 1/20-I /5 cent; fire con
trol ~ cent. Part of the predator control is properly chargeable 
to livestock, and of fire control to the timber crop. The total 
gross expenditure for game is well under ~ cent per acre per 
year. The yield is very low. On the Gila National Forest in 
New Mexico, during the s-year period ending in 1928, the yield 
was I buck per 2500 acres, and I turkey per 32 square miles. 

Another example of Case C is the Pennsylvania public shoot
ing ground system for big game. A "primary" deer refuge of 
2500 acres costs about $35,000 to buy, plus $375 per year paid 
the county in lieu of taxes. It serves roughly 25,000 acres. If 
the annual cost of the refuge and its keeper is prorated over the 
area served, the land rental chargeable to game would be 8 ~ 
cents for the area served. Supervision of such a unit costs Y5 
cent, patrol and fire 8 ~ cents, covert improvements % cent, 
total 20 cents per acre per year. The yield of such units is about 
I buck per 220 acres. A buck "in bag" thus costs the state over 
$15· 
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Case D is represented by the average state game department 
which attempts to practice management on private lands without 
the assured co-operation of the owner. The cost is the budget of 
the department divided by the area of the state. One or two states 
spend one cent per acre in this manner; most of them much less. 
The expenditure is largely for patrol (law enforcement) and re
stocking with game raised on state game farms. Pheasants 8-10 
weeks old produced on state game farms cost at the point of 
release from $ 1.28 upward. The usual cost is over $2.00. Since 
the average license yields less than the cost of planting a single 
bird, and since the licensee is legally entitled to kill many birds, 
it is readily apparent that the ultimate solvency of the system de
pends on a strong natural increase in the birds released. This is 
possible only on managed range, or where the condition of the 
range has accidentally remained favorable. 

No data are available on Case E. 
Management of Other Wild Life. The objective of the 

game management program is to retain for the average citizen 
an opportunity to hunt. As already pointed out, this implies much 
more than the annual production of a shootable surplus of live 
birds to serve as targets. It implies a kind and quality of wild 
game living in such surroundings and available under such condi
tions to make hunting a stimulus to the esthetic development, 
physical welfare, and mental balance of the hunter. 

The objective of a conservation program for non-game wild 
life should be exactly parallel: to retain for the average citizen 
the opportunity to see, admire and enjoy, and the challenge to 
understand, the varied forms of birds and mammals indigenous 
to his state. It implies not only that these forms be kept in ex
istence, but that the greatest possible variety of them exist in each 
community. 

In times past both of these categories of opportunity existed 
automatically, and hence were lightly valued. Both are now, by 
reason of their growing scarcity, perceived to be immensely val
uable. Conservation is nothing more or less than a purposeful 
effort to perpetuate and extend them as one of our standards of 
living. 

Experience with game has shown, however, that a determina
tion to conserve, even when supported by public sentiment, pro
tective legislation, and a few public reservations or parks, is an 
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insufficient conservation program. Notwithstanding these safe
guards, non-game wild life is year by year being decimated in 
numbers and restricted in distribution by the identical economic 
trends-such as clean farming, close grazing, and drainage
which are decimating and restricting game. The fact that game is 
legally shot while other wild life is only illegally shot in no wise 
alters the deadly truth of the principle that it cannot nest in a 
cornstalk. 

Only a decade ago it was considered a profundity to assert 
that wild life harbored in the forest, and that the conservation of 
forests would solve the wild-life problem. Next we complicated 
the situation by realizing that quail need brush, prairie chickens 
grass, and grouse forest. Now, after some research, we can talk 
about quail as occurring wherever an acre of tall bluegrass inter
spersed with coralberry occurs between ungrazed brushland and 
corn, provided it be not a north slope. 

Measured by its effectiveness, this new formula is worth 
IO,OOO platitudes about forests and wild life. The crying need at 
this stage of the conservation movement is spedfic definitions of 
the environment needed by each species. 

This is just as true of songbirds as of game. Consider the 
effectiveness of the recent specific definitions of winter feeding 
methods for each species, and compare them with the old ro
mance about "bread crumbs on the windowsill." Compare the 
modern bird house, designed to fit the species, with the ginger
bread castles of former years. Songbird conservation has pro
gressed in these respects, but in other respects it has stagnated. 
We still lack: definitions of what constitutes habitable range for 
those numerous and valuable forms which need neither nesting 
houses nor artificial feeding. 

Building Environments for Songbirds. A pair of wood 
thrushes is more valuable to a village than a Saturday evening 
band concert, and costs less. What does it cost? A piece of wood
land with undergrowth. What kind and size of trees? How many 
acres? What undergrowth? Does it matter what surrounds the 
woodland? Can it be grazed? Must it contain water? What other 
species help, or hinder, its occupancy? Research in applied orni
thology is just as capable of answering these questions, not only for 
wood thrushes but for a hundred other species, as the equivalent 
questions for quail or pheasants. 
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Environments can, by the judicious use of those tools em
ployed in gardening or landscaping or farming, be built to order 
with assurance of attracting the desired bird. In short, by de
liberately and intelligently reversing the processes which are 
destroying bird environments, we can restore not only birds in 
general, but those particular birds in which the landowner may 
have a special interest. 

This is the substance of game management, and can likewise 
become the means whereby each community creates its own dearth 
or abundance of non-game birds. Is it not probable that land
owners who now proudly exhibit their bird baths or feeding 
stations will be equally enthusiastic about the diversity of bird 
environments which they can build up? Should not public parks 
be "landscaped" with an eye to the variety of their bird life, as 
well as to the beauty of their scenery? 

The realization of this idea awaits only specifications. Scien
tific institutions now busy with Sumatra or Galapagos should 
consider this virgin field of opportunity which borders their own 
campus. As in game management, systematic observations, fol
lowed by trial modifications of the environment and measurement 
of population response, are the technique to be used. 

There is, in short, a fundamental unity of purpose and method 
between bird-lovers and sportsmen. Their common task of teach
ing the public how to modify economic activities for conservation 
purposes is of infinitely greater importance, and difficulty, than 
their current differences of opinion over details of legislative and 
administrative policy. Unless and until the common task is ac
complished, the detailed manipulation of laws is in the long run 
irrelevant. 



CHAPTER XVII 

GAME POLICY AND ADMINISTRATION 

Definition. Game management has already been defined as 
the art of producing sustained crops of game for recreational use. 

Game administration is the art of governing the practice of 
game management. Its function is to encourage management by 
fact-finding, demonstration, and education, and to regulate abu
sive practices. Incidentally, governments may themselves practice 
management on government lands. 

Game policy is the plan of administration adopted by govern
ment. 

Function of Government. Actually, game administration in 
this country has so far concerned itself almost entirely with two 
things: regulating abuses by the exercise of its police powers, 
and attempting to practice management on private lands without 
the co-operation of the owner. The latter attempt is bound to 
fail in the long run, because government cannot control environ
ment on lands which it does not own. It can plant game on them, 
and to a very limited extent (by fixing seasons and bag limits) 
regulate the kill, but these alone are seldom sufficient to produce 
a sustained crop. 

Experience, if not cerebration, will inevitably tend to shift 
the emphasis in game administration to its true functions. In 
agricultural administration, government does not try to plant or 
harvest crops on private lands, as it does in game. It does, how
ever, maintain great agricultural colleges and a network of ex
periment stations to discover better cropping technique, and a 
nation-wide system of agricultural extension agencies to tell the 
farmer how to use these discoveries. Game administration must 
install a similar machinery for research and education, or else use 
the agricultural machinery already set up. Since game is largely 
an agricultural by-product, the latter course seems by far the best. 

Evolution of Administration. Under this conception, a state 
game warden is not primarily a policeman and a game-farmer 
(as he is now usually considered). He is first of all a co-ordinator 
of game research in state institutions, and an organizer of edu-

406 
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cation in game management. He acquires public lands and directs 
game management on them. He formulates policy for the regula
tion of private practices on private lands. Incidentally he formu
lates and enforces game laws, just as the Secretary of Agriculture 
incidentally handles quarantines. He uses public game funds for 
the furtherance of all these functions. In short, he is a statesman 
charged with the duty of guiding the operation of economic and 
social forces in a highly technical field. Obviously he must either 
be a technician himself, or know how to use technical and scientific 
men to good advantage. 

The history of game administration in this country clearly 
shows that it follows the same basic sequence of ideas already de
scribed in Chapter 1. The successive stages of progress are: 

I. Policing the remnants of the virgin game crop. 
2. Undertaking game farming (artificial replenishment). 
3. Acquiring state lands and managing them. 
4. Starting educational work. 
S. Starting fact-finding work after learning that the requisite 

facts for 2, 3, and 4 do not exist. 
6. Starting to encourage private management. Regulating 

private management in the public interest. 

Some of our states have just entered stage 2. Others have 
reached stage 5. None has as yet seriously entered upon stage 6. 

The kind of laws, the kind of personnel and salary scales, the 
scale of finance, and the degree of discretionary authority suitable 
for the first function is of course entirely unsuitable for the last. 
Hence the prevalence of popular "campaigns" to reform and re
organize conservation departments. 

Organization of Conservation Departments. Experience seems 
to show that no particular form of organization has any inherent 
merit in and of itself. Merit lies only in personnel, and any par
ticular form is good or bad only in so far as it provides a good or 
bad mechanism for the personnel to work with. 

It is doubtful whether" with a given personnel, one form of 
organizing is much better than another, providing each scores rea
sonably well on the following criteria of effectiveness: 

I. Discretionary and regulatory authority. 
2. Continuity of policy. 
3. Co-ordination of activities 
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Each of these criteria is the antithesis of the condition prevalent 
under the domination of partisan politics. Each, except the first, 
can be achieved by good personnel alone, if that personnel is al
lowed to work through a sufficient period of time. 

Some type forms of state game organization are described in the 
Game Survey (p. 238). A form called the "Commission-Director" 
type is now much in vogue. It was originally patterned after the 
"Board-Manager" or corporation type in industry. History shows, 
however, that the mental outlook and calibre of the -personnel 
quickly bends to its own -pattern whatever legal framework is 
set up. 

Preoccupation with form of organization pervades popular 
thought on federal as well as state administration of conservation 
affairs. There is a latent movement for the amalgamation of all 
federal conservation activities under a single head. This would be 
fine if "conservation activities" had any sharp boundary, and if 
they could be dissociated from the economic activities necessarily 
conducted on the same land and headed up in various federal de
partments. That they have no such boundary and that they cannot 
be dissociated from economic uses, is evident on nearly every page 
of this book. 

The whole question of how to organize public administration 
boils down to this: Get the personnel and they will build their own 
"house." To the extent that "reorganizations" and "house-clean
ings" help to get or keep able personnel, they are good. To the 
extent that they are relied upon to make poor personnel better, 
they are a delusion. 

It is, of course, idle to expect to keep able personnel, even in a 
soundly organized department, unless the salary scale is compa
rable to that of an industrial enterprise of like magnitude. This, so 
far, is seldom the case. A vigorous transition from a political to a 
technical administration in the course of time often carries with it 
substantial improvements in salary scale. The transition in the 
U. S. Forest Service, described in the next chapter, is a case in 
point. 

Legal Status of Game. . Taverner's theory that the first game 
laws were evolved from tribal taboos has already been pointed out 
in Chapter I. 

The legal foundations on which our present system of game 
administration is founded are succinctly outlined in Wild GMnIJ 
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-Its Legal Status (1931).. The quotations which follow are 
taken from this publication. 

"From the earliest traditions the right to reduce (wild) animals to 
possession has been subject to the control of the law-giving power. 

" ... 'Solon, seeing that the Athenians gave themselves up to the 
chase, to the neglect of the mechanical arts, forbade the killing of 
game: 

" ... things were classified by the Roman law into public and com
mon. The latter embraced animals/era' natura', which, having no owner, 
were considered as belonging in common to all the citizens of the State." 

" ... Justinian recognized the right of an owner of land to forbid 
another from killing game on his property." 

"After the Norman Conquest and before the Magna Charta of King 
John, it seems that the ownership of wild game in England was vested 
in the English King ... in his individual capacity and as a personal 
prerogative. 

- ce ••• when the barons at Runnymede exacted from King John the 
Magna Charta in 1215 a change seems to have taken place .... Since 
then, it has become established that the King owns all the wild game 
... in his sovereign capacity ... in 'sacred trust' for the people. This 
principle forms a part of the common or unwritten law .... 

"The colonists who settled in America carried with them the com
mon law of England. After the American Revolution ..• the State 
acquired the title of the King, and so it has been held uniformly in this 
country that the wild game is owned by the State in its sovereign 
capacity in 'trust' for the people of the State. 

" ... it follows that an individual cannot obtain an absolute prop
erty right in such game except upon such conditions, restrictions, and 
limitations as may be permitted by the State .... The conditions ... 
are ... within the province of the Legislatures .... " 

"While the State has an ownership of the wild game within its 
borders, the individual owner of real estate has an interest in the game 
on his premises. This interest is not an absolute property right, but is 
in the nature of a qualified property interest in such game. No other 
person has a right to go upon his premises, without permission, to take 
the game. Subject to the regulations imposed by the State, the owner 
of the land has the right to control the game on his lands." 

The foregoing passages clearly trace the history and nature of 
public and private property in game, as founded on the common 
law. The frequent allusions in American literature to the different 
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ownership of game as between America and England refer to dif
ferent degrees of "conditions, restrictions, and limitations per
mitted by the State," and not to any basic difference in allocation 
of title. 

Some additional quotations of special interest are the following: 

"Another ground frequently advanced to support the right of the 
Legislature to impose regulations governing the hunting of wild game is 
the police power. Under the police power a State has power to regulate 
in the interests of the public health, safety, morals, and weltare." 

" ..• a hunting license granted by the State to an individual, even 
if it purports to do so, gives the holder of the license no right to invade 
the private hunting grounds of another person." 

"Although a person has no natural or inherent right to hunt on 
the premises of another, a right to so hunt may be acquired by grant 
from the owner." 

" •.. an action of trespass may be brought by one who owns the 
exclusive right to hunt on certain lands, although he does not own the 
fee." 

"The public have a right to resort to public waters and take fish or 
shoot water fowl. .•• In the case of private waters the public have no 
fishing or fowling rights .... Even in the case of public waters a hunter 
must not pass over private property to reach the public shooting 
grounds." 

Game Policy. The Experimental Idea. As long as game ad
ministration consisted merely of limiting the citizen's shooting 
privileges, there was little room for experimentation. All citizens 
had to be treated alike. Experiments, if any, had to be made on 
the state as a whole, or on all portions offering similar conditions. 
In other words, the technique of restriction was a legal technique 
which did not admit of experimental procedure. Policies had to be 
settled in the abstract, and then enacted into law, for better or 
for worse. 

The new idea is different. Its central thesis is not the limitation 
of rights and privileges, but rather the fostering of effort. The 
state is just as free to experiment in better cropping methods for 
game as in better cropping methods for com or pine trees. In other 
words the technique of production is a biological or agricultural 
technique; policies may be settled by concrete trial, and enacted 
into law, if necessary, after it is found whether or not they work. 
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But the old habit of determining policy in the abstract still per
sists. It must be broken down. 

Our effort to settle biological questions by abstract logic is like 
that of the doctors who several centuries ago were arguing over 
the question of whether the blood circulates in the body. They 
banged the table long and mightily, proving to each other that it 
must be so, and that it couldn't be so. When they were nearly worn
out, one of them had the brilliant idea of trying an experiment to 
find out whether it were so or not. Thereupon the argument 
ended, and the doctors had, time to tend their patients. 

The beginning and the end of this controversy illustrate the two 
approaches to questions of game policy: (I) the abstract, and (2.) 
the factual or experimental. 

Game managers are the doctors of our game supply. The set of 
ideas which served to string out the remnants of the virgin game 
supply, and to which many conservationists feel an intense per
sonalloyalty, seems to have reached the limit of its effectiveness. 
Something new must be done. The different ideas as to what it is 
are not too numerous to prevent giving all of them a trial. The 
American Game Policy simply enumerates some of these differ
ences, and urges that they be subjected to the test of experience. 

The detail of any policy is an evanescent thing, quickly out
dated by events, but the experimental approach to policy questions 
is a permanent thing, adaptable to new conditions as they arise. 
Shorn of changeable detail, it might be boiled down to these words: 

AN AMERICAN GAME POLICY 

I. America has the land to raise an abundant game crop, the 
means to pay for it, and the love of sport to assure that successful 
production will be rewarded. 

2. There are conflicting theories on how to bring the land, the 
means of payment, and the love of sport into productive relation
ship with each other. No one can confidently predict which theory 
is "best." The way to resolve differences is to bring all theories sus
ceptible of local trial to the test of actual experience. The "best" 
plan is the one most nearly mutually satisfactory to the three parties 
at interest, namely the landowner, the sportsman, and the general 
public. No other plan is likely to be actually used. 

3. There are some, but not enough, biological facts available on 
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how to make the land produce game. All factions, whatever their 
other differences, should unite to make available the known facts, 
to promote research to find the additional facts needed, and to pro
mote training of experts qualified to apply them. 



CHAPTER XVIII 

GAME AS A PROFESSION 

The Transition. In 1910 there were scarcely a hundred trained 
foresters in the country. They held only a small percentage of the 
positions then open. The rest were held by untrained men. 

In 1930 there were over 5000 trained foresters, holding a 
large percentage of a much larger number of positions, in both 
public and private organizations. Forestry in two decades expe
rienced a complete transition to a professional basis (Graves and 
Guise, 1932). 

One of the most important aspects of the transition has been its 
effect on the pre-existing "untrained" men. Hundreds of field offi
cers in the public service, though devoid of formal schooling, have, 
by contact with foresters, by personal study, and by attendance at 
forestry training camps, picked up a point of view, a technical un
derstanding, and a degree of skill equal to and sometimes greater 
than that of their school-trained co-workers. The untrained men 
unable to accomplish this process of self-education have tended to 
drop out. The teaming of school-trained with unschooled but ex
perienced and open-minded field workers has stimulated both. 

The same transition has taken place in agricultural administra
tion. 

The same transition has now begun in the field of game. Game 
men in both public and private employ must become technicians, or 
be gradually replaced. Game management must become a profes
sion if game conservation is to become a fact. 

Personal ~uaUficat;ons for Game Work. Kind and amount of 
schooling is of great importance to a professional career in game, 
but less so than the personal aptitudes of the student. 

A pre-existing enthusiasm for wild life and its conservation is 
the first essential. 

Mere enthusiasm, however, has failed to conserve game in the 
past, and is not likely to succeed better in the future. There is needed 
also a willingness and ability to know and use the intellectual tools 
available in varied fields of pure and applied biology. This implies 
two things. First, a game man, even if not engaged in research, must 
be by nature a scientific investigator, because the greater part of the 
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facts he uses he must find for himself. Training cannot hope to do 
much more than teach him where and how to look for them. Second, 
a game man, even working alone in a private capacity, must be co
operative to the extent of habitually exchanging services and infor
mation. The lone worker is doomed to be overwhelmed by tasks un
done, and questions unanswered. 

Personal experience with land and with farm, forest, or other 
land crops, and with dogs and shooting, is of course of great value. 

The game manager must eventually acquire what is called "the 
scientific point of view," but this need not pre-exist in the student. 
Nor should its acquisition be a matter of taking, hook-bait-and
sinker, the point of view of any academic biologist. Cloudy think
ing and pottering performance are sometimes condoned in the 
name of scientific caution, and brilliant work may lose part of its 
true value by reason of academic indifference to its practical appli
cations. 

Preoccupation with rewards is a drawback. Game management 
uses economic forces, but for the attainment of a non-economic ob
jective. Like most professions it yields little more than a living. 
Considerations of profit are not sufficient to sustain a life-long 
effort in its behalf. 

Degrees and Kinds of Professional Training. An error was 
made in the early days of forestry by failing to foresee that men 
of various degrees and kinds of training would be required. Dozens 
of schools for years turned out only an intermediate degree of 
training, with a consequent later over-supply in this grade, and a 
simultaneous shortage in the higher and lower grades. 

Three principal degrees of professional training are now recog
nized: 

DEGREE OF KIND OF POSI- PREVIOUS TRAIN- TOTAL YEARS POST- DEGREE 
TRAINING TION IN VIEW ING REQUIRED HIGH SCHOOL WORK RECEIVED 

TO COMPLETE 

Vocational Forest Ran~er High School U-'l None 
Technical Forest Admmis- At least 'l years 

tration undergraduate 
work 5-6 Master 

Scientific Forest Research Full undergrad-
uate course 7-8 Doctor 

The same degrees of training are likewise needed in game per
sonnel. 
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Vocational Training should teach skill in the performance of 
management work on the ground. Game management as a vocation 
is equivalent to "dirt-farming." Vocational courses are the equiva
lent of the "short course" in agriculture. They should teach what to 
do to the land and how to do it, but cannot hope to penetrate very 
deeply into the biological reasons why. Graduation from high 
school should be the minimum preparation for a vocational course. 
A 1-2 year vocational training course in one branch of game man
agement, namely game farming, is offered at the Conservation 
Institute, Clinton, New Jersey. 

District game wardens, estate and club superintendents, and 
game managers for co-operative farm groups, should ultimately 
be recruited from vocational schools. 

Success in research or administration carries the penalty of ulti
mately joining the swivel-chair "overhead"; a career as a field 
warden, keeper, or local manager, on the other hand, stays close to 
the soil. As proved over and over again in forestry and agriculture 
and game, there is no more effective conservationist than the field 
man who succeeds in keeping his mind young. Facilities for mental 
stimulus, such as the training camps and short courses offered to 
field workers in forestry and agriculture, are not as yet available to 
the game warden, but they will come. 

Technical Training should prepare men for professional work 
in game administration and in private practice as game experts. It 
should emphasize what to do and how to do it, but should also 
include the foundational studies necessary to understand why it is 
done. Among these should be a little forestry, a little agriculture, 
and a rather thorough grounding in game esthetics, economics, and 
policy. Technical training could start in the junior university year. 
In the opinion of the writer, no institution is as yet offering this 
kind of training in game. 

State game wardens, game managers for large blocks of . land, 
private practitioners in game management, technical advisors to 
land-using industries, and men to make game surveys should ulti
mately be recruited from this group. 

Scientific Training should prepare men for professional research 
and teaching work. It should take graduate biologists and teach 
them how to use their biology in solving game management prob
lems. Graduate biologists are already turned out by many universi
ties. What needs to be developed is the second and vital step of 
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application. The School of Forestry and Conservation at the Uni
versity of Michigan has undertaken to cover this omission. 

A limited number of game fellowships, financed by the Sport
ing Arms and Ammunition Manufacturers' Institute, were set up 
in 1928 to encourage universities to apply their biological man
power to game management. These unfortunately could not be 
renewed during the present depression. Some states and private 
donors, however, have begun to set up fellowships for game 
research, notably in Michigan and Iowa. 

A scientific course in game should include a little forestry, agri
culture, game esthetics, economics, and policy. 

Directors of game research in universities, specialists for the 
U. S. Biological Survey, and teachers of game management should 
ultimately be recruited from this group. 

Preparatory Courses. To students who think they wish to 
take up game work, but do not know its detailed nature, this advice 
is applicable: (I) Read some of the starred material in the bibli
ography; (2) Get a summer job with some competent practitioner. 

To students who know they want to work with game, but do not 
know how to guide their studies to that end, advice can be less 
freely offered. All .biological professions, including game, are 
ramifying into such a maze of specialized fields as make it increas
ingly difficult to prescribe courses. Moreover, courses carrying the 
same label differ so radically in content and merit that a list of 
courses means little or nothing without likewise specifying the 
teacher and the institution. Hence no such list can be given here. 
Some authoritative impartial scientific body should undertake to 
list and describe suggested preparatory courses for new professions 
such as game. 

The following list of arts and sciences so far directly involved in 
game management may be of some service to those unfamiliar 
with its subject matter. No one individual, of course, ever acquires 
proficiency in more than a part of these subjects, but he should 
know enough about them to know when to consult the specialists 
in each, and how to interpret their advice. 

SCIENCES 

Ecology 
Ornithology 
Mammalogy 
Botany 

ARTS 

Agronomy 
Forestry 
Animal Husbandry 
Watersheds 
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SCIENCES 

Entomology 
Herpetology 
Parasitology 
Bacteriology 
Meteorology 
Soils and Geology 
Land Economics 
General Zoology 
Physiology 
Biometry and Statistics 

ARTS 

Horticulture 
Agricultural Engineering 

Orientation Courses. There is a distinct need for incidental 
orientation in game management as a preparation for professional 
work in forestry, agriculture, and range management. To develop 
an understanding of game management in the minds of county 
agents, teachers in agricultural high schools, and foresters is just 
as necessary as to develop professional game managers. 

Orientation courses in game are now offered at the University 
of Minnesota and at several forest schools: 

Choosing a Career. The choice between vocational, technical, 
and scientific training depends first of all on how much schooling 
the prospective game man is willing and able to undertake. Only 
those who are sure they have the mentality, inclination, and means 
of support for seven or eight years of hard study should seek scien
tific training as here defined. 

The choice should depend even more, however, on the natural 
bent of the student. There are two kinds of game men: discoverers 
and organizers. The former belong in research) although even 
there a little organizing ability will not come amiss. The latter 
belong in the field of administration or technical practice, but even 
there an insatiable curiosity helps success. The student whose main 
interest in game centres on "the outdoor life," but who lacks spe
cial interest either in finding new facts or inducing people to do 
new things, may well pause before entering the game field at all. 

The choice must depend, finally, on the prospect for openings. 
The number of prospective openings for trained men is certainly 
greatest in the vocational grade and least in the scientific grade; 
the initial compensation now follows the reverse order, and will 
presumably so continue. 

There are not a few graduate students who have already de-
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cided to work in some field of biological research, but who are 
undecided whether to try game or something else. To such it may 
not be amiss to point out one respect in which game research differs 
from most other scientific fields: the net result of a life-time of 
exploration and discovery is not likely to be a merely economic 
gain to society. To him who cares what kind of mice his trap 
catches, this fact may prove a useful guide in the selection of a 
scientific doorstep. 

The Role of Universities. The study of wild life was once a 
matter exclusively for ornithologists and mammalogists. It is now 
clear that these men cannot work alone. For really well-rounded 
work they require the daily help of parasitologists, bacteriologists, 
pathologists, botanists, entomologists, geologists, soils experts, 
agronomists, geneticists, meteorologists, chemists, and mathema
ticians. It is literally impossible to set up for game alone all of the 
varied personnel required for successful research. Hence the more 
difficult researches must be conducted where such personnel al
ready exists. There are only two such places-the U. S. Depart
ment of Agriculture and the universities. Information on game 
can be collected by individuals anywhere, but its full interpreta
tion ultimately requires these larger groups. 

Management research is more than the study of wild life. It 
must also find out how to modify farming and forestry methods 
in favor of game. As already pointed out, these researches cannot 
be directly performed by game departments. They belong in the 
Federal Department of Agriculture, with its co-operating chain of 
agricultural colleges and forest schools. 

These institutions already have their hands more than full. 
Should they volunteer to work out methods of game cropping? 
Landowners are not audibly demanding that they do so. It may be 
well to remember, however, that the job of working out improved 
farming methods was not thrust upon our agricultural institutions 
by farmer-demand. They grasped it as an opportunity, and later 
showe~ the farmers why. Neither, to my knowledge, has been 
sorry SInce. 

The working equipment necessary for a university game pro
gram may be roughly classified as follows: 

I. Man-power in the biological sciences. 
2. Experts in the other land crops, with which the game crop 

must be dovetailed. 
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3. Field man-power, such as county agents, for extension to 
and education of landowners. 

4. Land for demonstrations. 
5. A game expert. 
6. Funds. 

It is clear that the first fvur items are found in almost any uni
versity, whereas the last two are almost always lacking at the 
outset. How can they be obtained? 

Experience has so far disclosed six sources of funds: 
I. Conservation departments. 
2. Special legislative appropriations. 
3. Industrial fellowships. 
4. Private donors. 
5. Game foundations. 
6. Scientific foundations. 

But money and scientific facilities are often not usable without 
at least one trained game manager to tie them together. To fill 
this need some universities have borrowed qualified men directly 
from the U. S. Biological Survey. The Survey also offers advisory 
service for specific activities such as game fellowships. Fellowships 
will eventually create an additional supply of game experts suit
able for the guidance of university programs. 

The recent appointment by the National Research Council of a 
committee on wild life studies is in effect a recognition of the 
expanding role of universities in this field. 

Growth of Game Research. There has been a perceptible 
acceleration of game research in the past few years. Five years 
ago there were only two or three full-time workers outside the 
U. S. Biological Survey, which was and is, of course, the national 
clearing-house for such work. On July I, 1930, the universities 
alone had at least 22 men, financed as follows: 

By game commissions II 
By industrial fellowships 4 
By universities themselves 2 
Privately or by associations 5 

22 

Fig. 35 shows the geographic distribution and subject matter 
of projects in game research and education current in 1932. In 
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drawing the map it was necessary to follow certain arbitrary defi
nitions of what constitutes a "project." Worthy and valuable 
work is under way which does not appear on the map, some because 
excluded by these definitions, and some doubtless because unknown 
to the author. 

Some universities are starting to teach game management as 
well as to conduct game research. This is admirable, provided it 
be not overlooked that facts about game must be found before 
they can be taught. Writing curricula for game courses is as easy as 
pasting labels on a row of bottles, but is important only when 
there is something in the bottles. 

It is only fair to point out, anent all these anticipated expansions 
in man-power and subject matter, that they are premised on an 
assumption which the reader should not accept simply because the 
author does. The assumption is this: that the conservation move
ment will "carry on." 

There are two ways to interpret the present evidence. One is to 
consider the movement as merely the dying gesture of an obsolete 
ideal, the regretful sigh of an outdated minority as they hand over 
to chemists and engineers their proxy for dominion over the earth. 
The small proportion of young conservationists, and possibly the 
incessant bickerings of old ones, lend color to this view. 

The other view is to consider the conservation idea as the begin
nings of a new conviction that machines alone do not truly liber
ate mankind; that leisure and security are of little value if, in the 
process of getting them, the objects on which they could be profit
ably expended will have disappeared; that the task of the future is 
to learn how to live with our inventions. 

If the first interpretation is correct, society has no future need 
for game managers, and the man who wants to be one may end up 
as an intellectual Crusoe. 

Social Significance of Game Management. The game man
ager manipulates animals and vegetation to produce a game crop. 
This, however, is only a superficial indication of his social signifi
cance. What he really labors for is to bring about a new attitude 
toward the land. 

The economic determinist regards the land as a food-factory. 
Though he sings "America" with patriotic gusto, he concedes any 
factory the right to be as ugly as need be, provided only it be 
efficient. 
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There is another faction which regards economic productivity 
as an unpleasant necessity, to be kept, like a kitchen, out of sight. 
Any encroachment on the "parlor" of scenic beauty is quickly 
resented, sometimes in the name of conservation. 

There is a third, and still smaller, minority with which game 
management, by its very essence, is inevitably aligned. It denies 
that kitchens or factories need be ugly, or farms lifeless, in order 
to be efficient. 

That ugliness which the first faction welcomes as the inevitable 
concomitant of progress, and which the second regretfully ac
cepts as a necessary compromise, the third rejects as the clumsy 
result of poor technique, bunglingly applied by a human commu
nity which is morally and intellectually unequal to the conse
quences of its own success. 

These are simply three differing conceptions of man's proper 
relation to the fruitfulness of the earth: three different ideas of 
productivity. Any practical citizen can understand the first con
ception, and any esthete' the second, but the third demands a 
combination of economic, esthetic, and biological competence 
which is somehow still scarce. 

It would, of course, be absurd to say that the first two attitudes 
are devoid of truth. It seems to be an historical fact, however, 
that such few "adjustments" as they have accomplished have not 
kept pace with the accelerating disharmony between material prog
ress and natural beauty. Even the noble indignation of the second 
school has been largely barren of any positive progress toward a 
worthier land-use. 

Quite evidently we are confronted with a conflict of priorities 
-a philosophical problem of "what it is all about." Our moral 
leaders are so far not concerned with this issue. A few naturalists 
have attempted to formulate it (see Lewis, 1927; Bailey, 1915), 
but the conservation periodicals have been "gun-shy." 

The discussion of this paradox is of course beyond the scope of 
this volume. I suspect, however, that the principle of factual pro
cedure as distinguished from abstract argument, already advocated 
for the formulation of game policy, applies to this larger question. 
Examples of harmonious land-use are the need of the hour. 

Herein lies the social significance of game management. It 
promulgates no doctrine, it simply asks for land and the chance 
to show that farm, forest, and wild life products can be grown 
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on it, to the mutual advantage of each other, of the landowner, 
and of the public. It proposes a motivation-the love of sport
narrow enough actually to get action from human beings as now 
constituted, but nevertheless- capable of expanding with time into 
that new social concept toward which conservation is groping. 

In short, twenty centuries of "progress" have brought the aver
age citizen a vote, a national anthem, a Ford, a bank account, and 
a high opinion of himself, but not the capacity to live in high 
density without befouling and denuding his environment, nor a 
conviction that such capacity, rather than such density, is the true 
test of whether he is civilized. The practice of game management 
may be one of the means of developing a culture which will meet 
this test. 
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(B) GLOSSARY 

OJ' TER.MS USED IN GAME MANAGEMENT 

Accident. Death or injury from physical causes alone. 
Administration (game). The art of governing the practice of game 

management. 
Aftermath. Vegetation which springs up on grain stubble after the grain 

has been cut. 
Area-leil/. The annual kill per unit area. 
Artificial esta6lishment. A planting of game maintained only through 

renewed plantings or artificial propagation. 

Bait-eooer. Cover of the preceding year's growth left to attract early 
nests. 

Band. A loose aggregation of game, sometimes all of one sex. 
Beat. A European term for the territory in charge of one gamekeeper. 
Blank. Part of a game range unpopulated by game. 
Blow-up. A suddenly increased rate of spread in a fire. 
Breeding (or reproduction) potential. The maximum or unimpeded in

crease rate of a species in an "ideal" environment. 
Buffer. A species constituting food for predators and acting as a "buf. 

fer" to protect game from predators. 

Carrying capacity. The maximum density of wild game which a par
ticular range is capable of carrying. 

Check.out system. Measuring the number of hunters or their kill by 
checking them in and out at points of entry and exit. 

Chipped egg system. A modification of the Euston system. See Sprake. 
Chipping period. The length of the interval between the first chipping 

or pipping of a clutch of eggs and the completion of hatching. 
Clocker. A fecal pellet or dropping characteristic of incubating grouse. 
Colony suroioal. A planting of game resulting in a small non-spreading 

colony. 
Compound set (or clutch). A nest of eggs laid by more than one hen. 
Cooert. A geographic unit of game cover. 
Cooey. A small flock of birds which "lie." Syn.-bevy. 
Crash. The period of severe mortality following the peak of a cycle. 
Cruising radius. The distance between locations at which an individual 

animal is found at various hours of the day, or at various seasons, 
or during various years. See mobility~ 

Cycle. A periodic fluctuation in game density. 
4SO 
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DensIty. The number of head of game per acre or other unit area car
ried by a game range. Syn.-stand. 

Desertion limit. The number of days after incubation starts when 
normal disturbances of the nest will not cause desertion. 

Dispersionjailure. A planting of game followed by immediate dispersal 
and disappearance. 

Driuing. A form of shooting in which game is rounded up and driven 
past the guns. 

EJllux. Game which moves out of an area. Syn.-outflow. 
Escape-couert. A covert serving as refuge from predator attack, by 

reason of density or mechanical protection. 
Euston system. Artificial incubation of eggs while the hen sets on 

"dummies." Incubated eggs are replaced just before pipping. 

Factor. One of the forces reducing the numbers (decimating factors) or 
retarding the increase rate (welfare factors) of game. 

Flight-limit. The maximum distance a bird can traverse at one con
tinuous flight. 

Flushing-rod. A rod attached to a mowing machine to flush incubating 
birds, and thus avoid cutting-over their nests. 

Harassment. Interference by predators with the normal movements 
and actions of game. 

Herd. Any large aggregation, or detached unit, of hoofed mammals. 
High (noun). The peak of a cycle. A period of abundance. 

Index. A condition which can be measured, and which varies as some 
other condition which cannot be measured. The former is used as 
an index to the latter. 

Index plant. A plant indicating the whereabouts of game, or the suita
bility of a range for game. 

Indicator. A condition which is visible, and which denotes some other 
condition which is invisible. 

Influence. An environmental variable which influences a factor. 
Injlux. Game which moves into an area. 
Interspersion. The degree to which environmental types are inter

mingled or interspersed on a game range. 
Irruption. A large, sudden, non-periodic increase in density, often ac

companied by an extension into hitherto unoccupied range. 

Kill. The number of head killed per year from a unit of population. 
Kill-ratio. The proportion or per cent of the game population which 

can be killed yearly without diminishing subsequent crops. The 
ratio of the yield to the population. 
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Leak. A loss in productivity caused by some factor. 
Leakage (in drives). The game which leaks through or escapes being 

flushed by the line of beaters. 
Limiting factor. The factor which outweighs all others in limiting pro

ductivity. 
Lincoln index. A ratio based on banding and used for census. 
Loafing cover. A place offering shade in summer or sun and wind pro

tection in winter for idling. 
Low (noun). The trough of a cycle. A period of scarcity. 

Management (game). The art of producing sustained annual crops ot 
wild game for recreational use. 

Mobility. The tendency of the individual animal to change location 
during the day) or as between seasons or years. See cruising radius. 

Niche. A habitable position. The place occupied by a species in rela
tion to other species. 

Normal kill. The kill sustained by the most productive unit of range or 
population. Syn.-normal yield. 

Pack. A large compact winter flock of grouse) sometimes all of one sex. 
Pastime foods. Foods eaten for pastime) rather than palatability or 

value. 
Pellet. A mass of indigestible hair) bones) etc.) regurgitated by rap

torial birds or cats. 
Pipping. The breaking of the eggshell by the hatching chick. 
Plimsolliine. The stratum of browsed-aff foliage visible in deer yards 

and other heavily grazed areas. Its" depth" measures the" reach" 
of the species in question. (The Plimsollline of ships measures the 
depth to which they may be laden.) 

Point of resistance. The minimum population or density necessary for 
recovery of productivity. 

Preseroe. A game-shooting ground. 
Productivity. The rate at which mature breeding stock produces other 

mature stock) or mature removable crop. 
Properly. A characteristic of a game species or population. 
Public shooting ground. A preserve operated by and for the public. 

Recessive establishment. A planting of game followed at first by vigor
ous increase but later by partial decline. 

Refuge. An area closed to hunting in order that its excess population 
may flow out and restock surrounding areas. Syn.-sanctuary. 

Refuge cover. Vegetation from which game cannot be driven by hunters. 
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R,I,IIS,: /till rll/;o. The ratio of the number of head of game annually 

released for restocking) and the number killed. 
Remise. A European term for an artificially established game-bird 

covert. Sometimes includes food as well. 
R,-n,st;ng. A nesting attempt which follows an earlier failure. (Not 

a second brood following an earlier success.) 
Rep,II/. A second" attempt to nest (see renesting). Also a second cap .. 

ture of a bird in the same trap where first banded. 
Reproduction potential. See Breeding Potential. 
R,smJalion. An area closed to hunting. Same as a refuge) but bear

ing no functional relation to its immediate surroundings. 
R,st ptriod. The period when an incubating hen normally leaves the 

nest for rest, food, or recreation. 

Sanctuary. A refuge. Used in preference to refuge where the em
phasis is on protection rather than production through outflow. 

SII/urll/;on point. The maximum wild density common to widely sep
arated optimum ranges. 

"Song";rd list." A law listing game birds as songbirds under year
long protection. 

Squ,al".. A partially grown young grouse or quail. Usually refers to 
abnormally young birds found during' the hunting season. Syn. 
_ cc cheeper." 

Stand. The density or volume per acre of a crop of timber, grain, or 
game. Syn.-density. 

Straggling failur,. A planting of game followed by initial thrift but 
ultimate dwindling and disappearance. 

Strut. A line of cover connecting coverts or feeding grounds, arid 
serving as an avenue of travel. 

Succ,ss ratio. The ratio of number of hunters to number of game 
killed. 

Succulence. Food of high moisture content. 

Toll. A charge for hunting privileges by the day or by the head. 

Yard. A wintering ground used by deer-during deep snow. Paths are 
trampled down to afford access to browse food. 

Yi,ltJ. The sustained kill per unit of area or population. 
Yi,1tJ taM,. A table showing the annual kill per unit area for various 

population densities, or for various site qualities) in blocks of vari
ous size. 



(C) BREEDING POTENTIAL TABLES 

UNIMPEDED INCREASE RATE OF POPULATIONS 
(Starts with one adult pair. Assumes sex ratio 50:50. Disregards longevity but all progrelS 

sions stop at 30 yrs. or 5000 population. Figures as of Jan. I) 
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(D) INDEX 

Note: Authors cited in text and bibliography are capitalized. Cases 
art: indexed by (I) subject matter, (2) species. (3) state. If the reader 
fails to find any given matter under one category, he should try the 
other two. Pages refer to maps and tables, as well as text references. 
Latin names are omitted except when common names are lacking. 

abundance: tables, 232-233; pyramid of, 
232-233. 

accidental depredation, 242-245. 
accidents (as a factor): 25, 342-354. 

definition, sources, 342. 
biological distribution, 343-346. 
fire mortality, behavior, 346-348. 
snow, sleet, drowning nests, 342, 344-350. 
farm machinery, 342, 350-351. 
roadway mortality, 3fl-353. 
measurement, 353-354. 
education by, recovery from, 354. 

accidents, hunting, 224-225. 
acorns, 261. 
ADAMS, 159, 172. 
age, determination of, 165-169. 
agncultural college, 221,387,406, 415,418-

420• 
agricultural experiment station, 262,406. 
agricultural machinery and nests, 3()9-3 II, 

. 3+4, 351-352, 355, 366• 
agnculture: 

effect on cover, 231. 
effect on food, 274' 
game as a benefit to, 275-276. 
game as a by-product of, 299, 406. 
control of plant succession, 305. 
decline of, effect on food, 306. 

airplanes: for crop damage, 284; or map
ping,375,378. 

Alabama: quail sex-ratio, 108; turkey nest 
census, 157. 

Alaska, 6 I, 62, 33 I. 
ALBERT, W. E., 109. 
Alberta: spread-rate of hunsJ 80; produc-

tivity of huns, 117; hun fOod, 285. 
alfalfa nest losses, 309, 310, 311. 
ALLEE, Jl5, 121. 
ALLEN, 69, 291, 292, 326, 328, 329, 340, 

361. 
American Game Policy, 18, 132, 207, 226, 

229, 396, 399, 411 • 
American Game Protective Association, 

326. 

ANDERSON,8I. 
Animal Industry, Bureau of, 16,327. 
ant, 40, 50, 141,247. 
antelope: 

breeding potential, 23, 32, 35, 36, 38. 
census, 142, 143-144. 
coyote, harassed by, 240-241. 
diseases, 340. 
mobility, 76. 
range composition, 133. 
refuges, 201. 
resistance, point of, Wallahan Theory, 86. 
transplantation, 91. 
one-type species, 131. 
traps, 374. 
water, 294, 295, 298. 
using woods, 130-131. 

antlers: index to age, 166-r69, 17J; indi
cator of buck-shortage, 193; deteriora
tion through hunting, 266; locked, 343, 
344' 

Apache Indians, 347. 
Appalachians, 60, 64' 
aquatic game foods, 280, 282. 
area-kill (see kill-ratio). 
Arizona: 

abundance table, 233. 
elk,19· 
deer: area-kill, 178; trapping, 374; suc

cess-ratio on Kaibab, 217; and fire, 
347· 

jackrabbit drives, 154-155. 
quail: sex-ratio, 109; non-breeding, II4; 

communal bands, 121; foods, 255, 
258,284; salt for, 269; water for, 289, 
290; desert hackberry, 321; nesting, 
361; nest mortality, 370. 

rodent census, 157. 
turkey gobblers In, 121. 

Arkansas: early laws, 13; banded ducks 
156. 

artificial rearing (see game farming). 
Ascaridia, 328. 
ASKINS, 59. 

459 
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AJptrXil/UI,3 1 8. 
AUSTIN, 163,241,346,354,371,374. 
Australia, rabbit in, 117, 338. 

Bacillus ne&roplwrul, 330. 
bag limit: 221 j first state, 13, 14; trend of, 

213-:u6j relation to success-ratio, 217. 
bag records: 159""162; per hunter, 203, 216-

219. 
bag tall!) 108, 110, 217. 
BAILE!:, F. M., 30. 
BAILEY, L. H., 20,422. 
BAILEY, V., 251, 285. 
bait: rodents as, 237jgrain as, 258; for traps, 

371; bait-cover, 308,3°9,310,313, 
baiting, 223. 
balance of nature, 26. 
baldpate, 31, Ill, 286. 
BALDWIN, 162,374'_ 
BALDWIN and KENDEIGH, 264. 
BALDWIN, KENDEIGH, and FRANKS, 

249· 
Baldwin Bird Research Laboratory, 254, 

264. 
BALL,57,62,65,69,98,107,145,161,177, 

297,311,313,335,367. 
balsam, as browse, 273. 
banding, 47, 73, 74-76, 96, 107, 110, 119, 

120, 140, 154-156, 161-164 169, 179. 
banding, substitutes for, 164-165. 
Bang's disease, 340. 
BARKER, 77-
BARNES, 340. 
barrenness (see breeding). 
BARROWS, 30, 9~ 248, 250, 361• 
BARROWS and S\...HWARZ. 248. 
BARTLETT. M. L .• 285. 
BARTLETT and STEPHENSON, 285. 
BARTLEY. 360. 
BATES. 273. 
bear 27,32,35,36,37,38, 82, 98, 101, 105, 

133, 296, 298. 
beaver 344' 
BEEBii:, 30, 99, 102, 103. 
BENNETT and CHAPLINE, 319. 
BENT, 31, 362. 
BERGTOW, 30, 31, 367. 
berriest,. as food, 280, 288. 
BEYEK,360• 
biological engine analogy, 136. 
Biological Survey, Bureau of, le, 144, 154, 

ISS, 250, 251, 276, 284, 295, 326, 347, 
416,419. 

BIRD,249' . 
BIRD and BIRD, 284. 
bird-lovers and sportsmen, 405. 
bird reservation, 14, 15. 
BIRMINGHAM 374. 
blackduck, 31, 56, JlI. 119.285. 
blackgame, 58. 79, 90. 

blackhead. 330. 
blacklist. 235. 
bladder-worm, 332. 
blanks, effect on density. 141.150,169,398. 
blow-ur.. 347-348• 
bluebil. 287. (See scaup.) 
bluegrass, 365, 381-384, 404. 
bobcat, 35, 36, 248, 251. 
bobwhIte (see quail). 
BOGARDUS. 30, 81, 257. 
BOGLE,52• 
BOONE. 233. 
Boone and Crockett Club, 25. 
botulism, 326, 330, 337. 339, 340. 
bounty, 9, 14, 16, 241. 
bow-and-arrow hunting, 225. 
BRACHER, 103, 116. 
BRADSHAW.80. 
brant. 95, 287' 
breeding habIts: 

age, 97-<)9, 101, 163. 
barrenness, 30-36, 98, 99. 
comparison by species, 2~32. 
in captives, 94-<)5. 
non-breeding, Jl3-115. 
sex properties, 95-Jl8. 
second broods, 100. 
mating habits, 102-105, 106. 
transmission of vitamins, "7. 
young per year, 30-36, 99-101. 
(See also sex, inbreeding, and hybrids.) 

breeding index, 37. 98. 
breeding potential: 96, 181. 

quail vs. antelope, 23. 
table, 30-32. 
chart, 33-36. 
second broods, 100. 
affected by non-breeding. 114. 
of bulfers, 239. 
increased in game farming, 356. 

BRIGGS 374. 
British C;lumbia: Hun food, 285; duck 

foods, 287; sheep trapping, 374' 
brood counts, 151-152. 
brooders, 357, 358-359· 
BROOKS, 249. 
BROWN,285· 
BRUCE, 55, 233· 
BRUETTE, 61. 
brush on quail range, 381-385. 
BRYANT, 76, 284. 
buck (see deer). 
BUCKLE, 108. 
buckthorn, 316. 
buckwheat, 257, 258, 261, 270, 278. 
buckwheat, false climb:ng, 317. 
budding (see food, grouse). 
bulfalo, 32,35,36,38,76,98, 131, 133, 134, 

145· 
bulfer .. 69, 231, 236, 237-239, 325. 
bufllenead,287. 
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BUMP ,370. 
BURNETI' and MAXON, :185. 
BURNHAM, 54, 68, :138, :156, :173, :193, 

:195, :1¢, 301. 
BURROUGHS, 36. 

CAHALANE, 166, 167, 173, 193. 
California: 

aquatic foods, :18:1. 
cougar density, 55, :133-:134' 
crop damage, :183, :184. 
deer: ander classes, 168; area-kill, 178; 

success-ratio, :117; foods, :155. 
game diseases, 3:16, 340. (See also foot-

and-mouth disease.) 
game mobility, 76. 
game food habits, :184, :185. 
game law, 13. 
opossum, :149. 
mountain sheep water, :196. 
quail: census, 144; water, :190. 
research projects, 4:11. 

CALLENBACH, 360. 
Canada, 61,6:1,63,64,65,67,80, :148, :149, 

:184, :185, :187. 
Canute the Dane, 10. 
canvasback, 31, 35, 36, 95, III, :165, :186. 
capercailzie 90. 
CARHART and YOUNG, :151. 
caribou, 3:1,36,38, 14:1,:193,:195,:198, 3:10-

3:11. 
carp, 17:1, :175. 
carrying capacity, 51, 54-56, 70, 135, :10:1. 
cat: bobcat, 35J 36) :148, :151; housecat (feral 

cat),35,30, I04, :14:1, :148, :151, 338, 354' 
catde: 

bogging of, 313. 
census standards, 141. 
chamisa, relation to, 194. 
as census index, 157. 
on quail range, 19:1,317, :134, 381-385. 
effect of exclusion, 3 I 7. 
salt for, :169, :199. 
sex-ratio, 105. 
screw worms in, 330. 
(See also grazing.) 

caves for sheep, 3I!r320. 
C,a"olnus, :157, :161. 
cedar: as cover, 315,316; as source of rust, 

315,316. 
census (see game census). 
CHAMBLISS, :18:1. 
chamisa, 19:1,3:11. 
CHAPMAN) R. N., :16, 17:1. 
Chapman's formula, 17:1. 
chase, definition of feudal, 10. 
check-out system, 173, :1:13. 
chemical sprays, :184. 
chicks, 368, 270-37:1. (See also nesting.) 
chura, :161. 

classification of game species, 13:1-133. 
CLEPPER, 55, :155, :173, :183, :185,346,353. 
climax type,304. 
Clinton Game School, 339, 415. 
clocker droppings, 156. 
Clostridium, 330. 
clover:]apan,:161;sweet,:161,:167, :170, 381; 

for ruffed grouse, :180. 
clutch,3O-31,96,99-IOI,356,36:1, 363-364' 
coccidia, coccidiosis, 5:1, :169, 3:17, 330, 339. 

34°· 
COFFIN, :104. 
COLE, 161,339. 
COLE and KIRKPATRICK, 105. 
COLEMAN, 30, 98, 10:1, 107, 108,358,360. 
Colorado: Wallahan theory, 86; deer migra-

tion, 14:1; coyote control I :151; deer at 
Freemont Station, :173; pheasant foods, 
:185· 

commission-director plan, 408. 
communal bands, 1:11. 
compound sets, 363. 
congestion of hunters, :1:14-
CONKLIN, :104. 
CONKLIN,and MORTON, :176. 
Connecticut: early laws, 13; banded ducks, 

15,6; public shooting grounds release
kIll ratio, 180. 

conservation: 
origin of term, 17. 
crusaders for, 19. 
organization of departments, 40"]-408. 
of non..game wild life, 403-404. 
consolidation of Bureaus, 408. 
movement, permanence of, 4:10. 
social significance of, 4:10-4:13. 

controls: skill in selection, 3; sequence of,. 4, 
1:1, 407; earliest instance of, 7. (:See 
also factors.) 

COOKE, M. T., 80. 
COOKE, W. W.,76, 1:10. 
coot, 95, 345· 
corn: 

corn-borer, 40. 
as food, :1$3--'l87. 
husks, stnpping of, :181. 
shocks, 1.81, 377. 
tallying corn, 377, 379. 
on quail ranget 381-38S. 
(See also food., 

CORSAN :149. 
COTTAM, :165, 1.85, 1.86, 1.87. 
cottontail (see rabbit). 
cougar, 34, 35, 36, 38, 55, 77, 86, 1.3J--'l34, 

:147, :148, 1.96, 301. 
cover, covert: 304-323. (See also species.) 

bait, 308, 309, 310,313. 
effect of buffers on, 1.37. 
caves and shade, 31!r3:1O, 31.1.. 
claasification, 308, 321.. 
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defini tions, 304. 
factor diagram, 25. 
functions, 126-n8, 306-308, 322. 
harassment, 23~241. 
loafing, 308, 3 II, 322. 
nesting (see nesting). 
maps and tallies, 375-384. 
as predator-insurance, 240, 247. 
properties of, 313-317, 322. 
refuge or escape, 231, 23~240, 243, 308 

316,317,322. 
roosting, 308, 322. 
streets, 310, 318-319. 
substitutes for,31?-318. 
on terraces, 3 I 9. 
tools for control, 305. 
winter, 308, 313-317. (See also refuge 

cover.) 
cover plants: 313-316. 

properties,313-317,322. 
combining properties, 315. 
index plants, 321. 
succession, 304-305, 322. 

cow, plow, axe, and fire, 322. 
cow-sense, 158. 
coyote, 35, 36, 82, 86, 233, 234, 2.35, 24cr 

241,249,332; food habits of, 248; con
trol metnods for, 251. 

crabapple, 315,316. 
CRAFf, IIS. 
CRAM, 327, 329, 330, 340. 
crane, 7, 31, 38, 9S, 97· 
CREW, lOS, 106, II5. 
CRIDDLE, 64, 65, 248. 
cripples: 

relation to non-breeding, II4. 
in ducks, ISS, 17S, 176. 
measuring loss, 174-17S, 194. 
in doves, 17S. 
in quail, 17S, 183-184. 
in deer, 188, 190. 

critical season, 126, 239, 252. 
crops, depredation on, 283-284; crop con-

tents, weights, etc. (see food). 
CROSMAN, 248. 
crow,9~~SJ36,241,246,248,2S0,309. 
CROW.t.LL, 283. 
crowing-ground (see pheasant). 
cruising radius (see mobility). 
CURTIS, 401. 
cycle (see also irruption, fluctuation, popu-

lation, density, disease): 
in Europe, 13,61,62,64-67,70. 
curves, 49, So. 
fish,67. 
per cent fluctuation, 70. 
function of, 69. 
geographl of, 61-64· 
history 0,59,64-67. 
lenlttl- of, 66, 70, 71. 

measurement of, 162-
as reflected in bag, 219. 
effect on reproduction, 28. 
species showing, S8-61. 
sunspot theory, 337. 
Virulence theory, 334-335. 

cyclic species (see also grouse, rabbi t, bulter 
predator): 

crop damage by, 283. 
not domesticated 94. 
management of, ~9, 204-205. 
plague in, 238. 
for public shooting and refuges, 202, 203, 

204-205. 
no saturation point, 5cr54. 

Cysliurosis, 332. 
Czecho-Slovakia, 285. 

DAVIS, 297. 
DAY, 57, 249,400. 
DEARBORN,249· 
deer (see also species): 

barren does, 42. 
breeding potential, 32, 35, 36, 38, 101. 
buck-law, 8, 14,42, III, II3, 213. 
buck-shortage, II3, 192-193. 
clover for, 208. 
crop damage, 283, 284. 
at feeding stations, 277. 
fire, behavior near, 347. 
census, 104. 
in Europe, 55. 
food, 28, 2S6, 2S7, 280, 285. 
herd-composition, II2, 188-190. 
insect protection, 27. 
kill, measurement of, 173-174. 
laws and limits, 213, 214. 
mating, lOS. 
deer-minutes, 282-283. 
population curve, sensitivity of, 42. 
predators: cougar ratio, 234; harassment 

by coyote, 240. 
publications on rearing, 361. 
range: on plains, 82; requirements, 125, 

n6; edge-effect, 13 I • 
rearing in captivity, 361. 
refuges, 197-204. 
sex-ratio, 106, II2-113. 
screw worms, 330. 
success-ratio, 216-217. 
traps, 374. 
twins, 101. 
unit herd, 18~190. 
on Vancouver Island, 247. 

deer, burro, 294. 
deer, Columbian or blacktail, 32, 169: 217 

247,295· 
deer, mule: 

accidents, 345. 
antler classel, 168. 



INDEX 

area-kills, 178-179. 
census, 142. 
cripples, 174-175. 
diseases, 340. 
factor diagram, 25, 188. 
foods, 255,259, 261, 271. 
Gila tally, 101-112, 114, 216. 
illegal kill, 174, 175. 
loeo-eating, 271. 
mobility and migration, 73, 76, 142. 
differential browsing of pine, 273. 
Montana tally, 113. 
range composition, 133. 
sex-ratio, 112, 113. 
Stanislaus deer tally, 113, 153,337. 
water, 294, 295, 298. 

deer, whitetail: 
accidents, 344, 345, 353. 
antlers, telling age by, 166-168. 
area-kill, 177-179, 181. 
browse: balsam, 273; yew, 320. 
buck-shortage and rut, 193,336. 
census, 154. 
driving, 154. 
factor diagram, 188. 
foods, 255, 261, 273. 
Gila deer tally, III. 
illegal kill, 174. 
laurel poisoning, 271. 
mating, 105. 
mobility of, 73. 
motor and train mortality, 344, 353. 
northward spread, 79. 
range composition, 133. 
refuges, 198, 202-204. 
success-ratio, 217. 
water, 293, 294, 295, 298. 

DELURY, 337. 
demonstration areas (see game manage

ment). 
density: 46. 

abundance table, 232. 
effect of blanks, 141. 
relation to boundaries, 60. 
ce!lsu!', 139""159. 
cnterla of, 49. 
depredation and, 235-237. 
disease, relation to, 324, 335-336. 
grouse in WisconSin and Scotland, 392-

393· 
Interspersion. law, 132. 
from kill-ratio, 156. 
9uai1 and pheasant in Iowa, 148-149. 
limits, 47, 58-61, 70, 324. 
of mixed stands, 82, 83-85. 
nesting, 56-57. 
effects on physiology, 122. 
saturation point, 49, 5<r54, 70, 84, 117. 
five theorems, 393-396. 

depredation: types of, 242-245 (see also 
predator); on crops, 283-284; human, 
343,346• 

desert hackberry, 321. 
desertion limit, 362, 366. 
deterioration through hunting, 226. 
dew (see water). 
diagnosis, 139, 181-194. 
DICE, L. R'I 32, 94,132, 142, 157. 
dilution and Influx, 19<r191. 
disease, disease control: 324-341. 

bacterial, 328, 331, 332, 334. 
biological distribution, 332-333. 
British grouse, 65, 2°5,336. 
causative agents, 327-331, 341. 
as cause of cycles, 71, 335. 
classes 327, 341. 
contr~i: feasibility of, 325, 337; first in-

stance of, 14. 
doctoring, 325-326, 337, 339. 
epizootics, 325, 334, 340. 
factor diagrams, 25. 
fungus, 328. 
history, 326-327. 
importance, 325. 
immunity, 331, 333-335, 338. 
mechanical,329. 
mortality and density, 335, 392. 
nutritional, 328,332. 
parasi tes, 329, 331, 340. 
poisons, 329. 
poultry, 82. 
predator disease, 338-339. 
protozoan, 328, 329, 332, 340. 
effect of refuges, 204. 
publications on, 340. 
sex-ratio, effect on, 325, 338-339. 
spread pattern, 333. 
in space and time, 331. 
strains, 334, 338. 
transmission, 331-332, 336. 
virulence and immunity, 331, 333-335 

338. 
virulence theory, 68,335. 
virus, 328, 331, 334. 

Disphary"x, 329. 
DIXON, 248, 249, 257, 260, 271, 282, 28S. 
dog: 

sex ratio, 105. 
use in census, 140, 144, 145, 158, 169. 
in pheasant hunting, 159. 
disappearance of bird-dogs, 211. 
for crop protection, 284. 
experience with, 414. 

domestication, 48, 94-95, 96, 122,335. 
dove: 

whitewing, 30, 95. 
mourning, 30, 34, 35, 36, 38, 95, 99, 292• 
range composition, 133. 
crippling loss, 175. 
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success-ratio, 218 
grits, 266. 
water requirements, 292, 293, 298. 
accidents, 345. 

DOZE,290. 
drainage, 25, 29, 41, 274, 321, 404. 
drinking habits (see water). 
driving of game, 70, 98, 129, J44-145, 154-

ISS, 159. 
drouth (see also water): drouth-resistance 

in cover, 314, 316; effect on eggs, 
367; effect on weights, 298-299, 303. 

drowning: of game, 77, 78; nests, 342, 344, 
350, 354. 

ducks (see also waterfowl, species) : 
accidents, 344, 345, 347. 
average bag, 219 
breeding age, 97 
breeding potentials, 31, 35, 36, 38. 
clubs, 156, 162, 173, 223, 400. 
census by banding, Lincoln index, 154-

156 
crippling loss, 174, 175. 
crop damage, 283, 284. 
deferred breeding, 114. 
disease, 326, 329, 330, 337, 339. (See 

also botulism, lead poisoning.) 
edge effect, J31. 
killed by fire, 347-348. 
food: 282, 285-287; propagation of, 282. 
flock organization, I 19. 
kill of, 155, 156,176. 
mobility, 73. 
poisoned by beetles, 270-271. 
on Rio Grande, 159, 161. 
refuges, 11'8. 
sex-ratio, nO-II I, 339. 
success-ratio, 2 I 8. 
trampling of nests, 3 I 2-3 I 3. 
traps, 374. 

DUNCAN and THORNE, II 8. 

eagle, 102. 
EATON,242. 
ecologic niche, 124. 
economic changes, projection of, 386. 
economic density, 142. 
edge-effect, 131-132. 
education: of prey, 242, 244, 245; in food 

habits, 256; by accidents, 354. 
EDWARD, DUKE OF YORK, 8, 9. 
eggs (see breeding, nesting, clutch). 
Egyptians, 5. 
Eimeria, 328. 
electrocution, 343, 345. 
elk: 

accidents, 344. 
Arizona, 19. 
breeding age, 98. 
breeding interval, 101. 

breeding potential, 32, 35, 36, 38,98, 101. 
census, Yellowstone, 144. 
crop damage, 283. 
deterioration in heads, 225. 
differential sex mortality, 339. 
disease, publications on, 340. 
mobility, 76. 
on plains, S2. 
range composition, 133, 134. 
scabies in, 331. 
squirrel-tail, die of, 329, 337. 
water, 295, 29S. 

ELTING, lOS. 
ELTON, 39, So, 67, 73, 141, 232, 327, 340. 
English sparrow, control methods, 251. 
ENTY,97. 
environmental resistance, 26. 
EPICURUS, 252. 
erosion: fibrous roots in cover, 3 I 5; as a 

menace to soil, 3 19; terraces as cover, 
319; on quail range, 384; naturalism 
in, 397. 

ERRINGTON, 39, 75, 76, 83, 120, 164, 184, 
239, 241, 242, 243, 244, 245, 247, 248, 
249, 250, 256, 25S, 259, 262, 264, 266, 
267, 269, 276, 2SI, 2S4, 297, 30S, 318, 
345, 34S, 362, 363, 365, 366, 370, 37 I. 

escape facilities (see covert, escape). 
esthetics, 4, 224, 247, 394, 395, 396, 403, 

415, 416, 422. 
ethics, shooting, IIO, 20g, 211, =7, 391. 
Euston system, 357, 35S, 366, 368. 
excess-egg technique, 357. 
exotic foods, 257-25S. 
exotics, 89, 90, 92-93, II7, 268. 

factors: 
balancing, 4 I. 
calculating by subtraction, 188. 
classification, 26-29. 
control of, 139. 
diagram, :.IS. 
economic controls, 191-192. 
limiting, 38-41. 
matching out, 186-189. 
orchestra simile, 125. 
selection of, 3. 
special, :.17, 320, 331. 
weighing for diagnosis, 181-194. 

farm game: definition, 13:.1; species, 133; 
refuges for, 207; control of hunting, 
209· 

FARROW, 237, :.139. 
feces, identification of food in, 283. 
feed, feeding station, food patch, 276-278, 

281. 
feeding characteristics of species, :.178-

279, 281. 
cover for, 317. 
dispersion of, relation to disease, 336. 
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first in U. S., 14. 15. 
hoppers for, 258. 276. 281. 
Kublai Khan's, 7. 14. 
as predator-insurance, 247. 
for quail. 384-
radius 0(,281. 
sample pheasant, 205~. 
sequence of, 2511-259, 261, J02. 
soil fertility, J07. 
summer-feeding, 279. 
tractor-atripa, 279. 

(e!gning, 151, 152,368• 
fellowahipa, 416, 419, 421. 
feral cat (sec cat). 
fire: 

behavior of game in, 34?-348. 
burning overllowa, 311, 350. 
for berries 2Bo. 
caribou, elrect on, 320-321. 
COYer, elI"ect on, 321. 
coat of control, 402. 
eviction by, Bo. 
on farms 346. 
as an influence, 25, 29, 274, 320-321. 
migration from, 348. 
mortality, 343, 344, 346-348. 
n~ts, effect on, 56, 342, 343, 344. 
reIIstance to, 314. 316. 
for aanitation, 338. 
selective logging and, 397. 
spot-burning heather, 311. 
thinning broom-aedge with, 3Il. 
Wood County fire, 346. 

fish management, 397. 
FISHER, 248, '150. 
fitness (in prey), 24'1. 
five theorems, 393-396. 
ffight limits, 77-'19, 1 '1'1. 
flock organization, Il8-IU. 
flood control,397. 
Florida: quail sex-ratio, 108; duck foods, 

'185,486, 287. 
fluctuation (sec cycle, irruption). 
FLUKE,'175· 
flushing-distance, 152, 158. 
flushins rate, 158-159. 
flushing-rod,311-3 12. 
food, food habits, food control: 353-387. 

aquatic, 2Bo, '18'1. 
availability, '156. 
browse, 255, 256, 261. 
buds, 2S5, '157, 261, 'l66, '183, 307, 350. 
classes of, 2511-260. 
composition, variation in, 272-273. 
cover plants as source of, 3IS, 316. 
crop depredation, 283-284. 
definition, 254-
emergency, 259, 'l61, '170, '178. 
exotic, 2S7-2S8, 30'1. 
factor diagram, 25. 

Wits, '161, '170, 279-280. 284. 288, 289. 
grains, 258, '161, 274> 281. 
greeDS,254a 279,2Bo,288,29I • 
gri~ 26,.-267, JO'l. 
habits, 236, 241-249, '184-287· 
insectl, 254> 27~ 275, 291• 
legumes, 254J ~, 306· 
mast, 254> 201. 
min~ '167-269-
nutritional hypothesis, '168-'l69-
oftiet-fooda, 269. 
palatability, 25M57, 259, '161, 270-
p~time, 260, 270-
poIIODOUS, ~7'l, 302. 
preferred, 259, 261, 270, 278. 
publications on habits: game, 284-287; 

predators, 241-249. 
quantity eaten, 272, 273. 
seaeonal shift of menu, 126. 
selectivity, '155-256, 257. 
starvation, 'l62-26.t, 26,. 
staple, 259, 26r., 270, 278. 
stuffing, '159, 201, 270, 278. 
aucculence, 287-296,30'1. 
tallies of, 377, 379. 
tonic, 267-269. 
toxic, '157) 259, 2~72. 
varietr or, 254-255, 260. 
vitamin, 26f-269. 
water, relation to, '199. 
weed, 258, '161, '162, '17'1, '17~ '175, '179. 

foot-and-mouth disease, 15, 10, 113, 153 
178, '199, 326, 3'18, 331, 333, 337, 340 

FORBES and BECHDEL, 285. 
FORBUSH, 30, 31, 59, 248, '151, '184, 339. 
FORD,395· 
forest: definition of feudal, 10; normal, 17'1; 

schools, 387, 414, 417; taxes on public, 
399-400; relation to wild life, 404-

forest and range game, 132-134, 'lO7, '109. 
Forest Service, 113, 114, '173, 408. (See 

aleo National Foresta.) 
forestry: 

comparison with game management, 3. 
mensuration, 139-140-
increment in, 171. 
normal yield tables, 179. 
game as a by-product of, '199. 
control of plant succession, 305. 
naturalism in, 396. 
professional transition in, 413. 
ki~ds of trainins, 414-

FOSTER, '185. 
fox: 

gray, 34, 35, 36• 
red, 34, 35, 36, 91• 
white, 67, 68. 
census. 153. 
quail: fox ratio, '133. 
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mice and BIlOW, 239, 338. 
publications on fc:icid habits, 248. 

FRIEDMANN, 125. 
FRITZ, 193,336. 
FRONTZ, 177, 283. 
fur-bearers, 66, 159, 230-252. 
fur industry, 230. 

GABRIELSON, 248. 
gadwall, 31, 285, 286. 
game as a profession: 413-423. 

degrees of training, 414. 
preparatory courses, 416. 
orientation courses, 417. 
qualifications, 413-414. 
training camps, 413-415. 
untrained men, 413. 

Game Breeder, 20. 
game census: 139-170. 

Adams conection, 159. 
blanks in, 141. 
brood counts, 151-153. 
clean-ups, 153-154. 
by driVIng, 144-145. 
leakage, 145. 
Lincoln Index, 154-156. 
standards, 141-142. 

game economics and esthetics, 390""405. 
game farming: 356-360. 

comparison with wild management, 4, 
43-44,222. 

costs of, 222,4°1,4°3. 
diseases in :}35,340. 
not generd In Europe, 12. 
first instance of, II, 14. 
functions, 356. 
predator control methods, 251. 
publications on, 300-361. 
for ~ublic shooting grounds, 202. 
reanng techniques, 356-359. 
species susceptible of, 94-95. 
wild stock by trapping, 200. 

game lands: acres per hunter, 202, 2031 cost 
per hunter, 203, 2041 ownership and 
control, 209-210. 

game law: 
alternate-year seasons, 219. 
colonial, IJ. 
ear1r English, 8. 
lega status of game, 409· 
Mongol,6. 
Mosaic,5· 
popular notion of, 385. 
psychology of, 209-210. 
early state, 13. 
shooting preserve, 213, 214, 220-221, 228. 
trend of open seasons and bag limits, 

213-216. 
trespass, 208, 227. 

game management: 
definition, ~. 
demonstration areas, 179,386-387,421. 
costs and revenues, 399""403. 
function of government, 406. 
forestry, comparison with, 3. 
first private Wild, 14-
Iowa Handbook, 221, 222-
intensity of, 247,392-3¢. 
kin, effect on, 180-181. 
as a profession, 413-423. 
skill tn, 3. 
steps .in, 139. 
technique, 139. 

game maps and range tallies: 373, 375-376 
aerial maps, 375, 378. 
base maps, 373. 
composition and habitability tallies, 37?-

380. 
cover shrinkage tallies, 380-381. 
methods, 375. 
type-mapping, 375-376. 

lfame personnel, 387, 407, 1-08. . 
game plantings (See transplantation). 
game policy and administration: 406-4~2. 

(See also American Game Policy.) 
definitions, 406. 
continuity of, 407. 
experimental idea, 410-411. 
five theorems, 39J-3¢. 
function of government, 406-407. 
legal status of game, 408-409. 
organization of departments, 407-408. 
popular fallacies in, 385. 
property rights in game, 409. 

game preserve, 196,399,401-402. 
game range: 1:15-136. 

adversity and cycles, 62. 
balance, 135, 305. 
classification of species, 132-133. 
cri tical season, 126. 
definition, 124-125. 
development plan:!! 381-385. 
grazing and fire, ettects of, 321. 
habitability, 306. 
law of interspersion, 13l. 
maps, 376, 379. 
minimum Units, 85-87. 
nesting cover, 308-313. 
normal, 112, 179. 
reading 0 , 387-388. 
surveys, 385-388. 
tallies of, 375-379. 

game reservation, 196,403. 
Game Survey of the North-Central States, 

51,58,59,61,62,63,64,70,79,87,89. 
107. II4. 116. II7. 120. 134, 135, 154, 
158. 164, 174. 176, 179, 204, 233, 238, 
240, 264, 266, 268, 274, 276, 308• 319. 
322, 333, 349, 4011. 
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game warden: first system, 13; function of 
state warden, 406-407; training for, 
41~. 

GeologIcal Survey, 373. 
Georgia: 

banding quail, 163. 
Buteo hawks, 245. 
cotton rat, 238. 
/light limit, quail and pheasant, 79. 
nest mortality in quail, 184. 
pheasant in, 268. 
quail foods, 25+ 
quail investigation (see Stoddard). 
quail nest mortality, 370. 
weight-age curve of chicks, 372. 
sex-ratio in quail, 107-108. 

Germany, naturalism in, 396. 
gestation, 28, 32, 96, 101, 165. 
GILCHRIST,154· 
glaciation and plantings, 268. 
GLOYD,248. 
goat, mountain, 32, 3S, 36, 38, lOS, 133, 134. 
golden-eye, 9S, 287. 
GOLDMAN, II4, 291. 
goose: 

blue, 266, 345, 366. 
Canada, 31, 34, 35,38, 94, 104, 287. 
snow, 31, 287. 
white-fronted,31• 
accidents, 344, 345. 
breeding age, 97. 
domestication, 9S. 
dropped eggs, ~66. 
/lock organization, II 9. 
food-habits, 287. 
grit consumption, 266. 
mating, 1°4, 116. 
one-type species, 131. 
range composition, 133. 
traps, 374. 

GORDON, K., 352. 
GORDON, SETH, loS. 
GORSUCH 109, 121, 249, 255, 2S8, 2~, 

284, 289, 321, 361, 370, 374. 
goshawk (see hawk). 
GRAHAM, 172. 
GRANGE" 81, 200, 256, 276,292,322,374' 
grape: as lOad, 259; as cover, 307, 313, 31S, 

316,3 17. 
graphic evaluation of unknowns, 188-191. 
grass: competition with plantings, 31S; 

pigeon, 261; on quail range, 38 1-385 ; 
squirrel-tail, 330, 337. 

gravel (see grit). 
gravel-t>it for refuge, 206. 
GRAVES and GUISE, 413. 
grazing: 

elimination of palatable plants, 275. 
as an in/luence, 25, 29, 274, 321, 322. 
as tool for cover control. 305. 321. 

effect of over-grazing, 134, 275, 321. 
effect on scaled quail, 191-192.321. 
fen.cing to exclude, 205, 305. 
resistance to, 314, 316. 
relation to non-game, 404. 
tallying grazed cover, 377. 379. 

GREEN et al., 326, 330, 334, 335, 340. 
GRIMMER, 360. 
GRINNELL, 124, 290, 301, 371. 
GRINNELL, BRYANT, and STORER 

30,31, 104, 284, 362, 368. 
grit, 2Z141, 127, 264-267, 270, 277. 
GROS:s, 30, 68, 76, III, 249, 250, 2SS, 265, 

273, 284, 285, 290, 328, 329, 330, 331, 
340, 362, 364, 370, 371• 

grouse: 
budding, 307. 
cycles in, 5S-67, 71, 204-205. 
disease, 6S. 
domestication, 95, 335. 
mating, 103-104. 
mobility, 73. 
per cent mortality, 70. 
nesting characters, 362. 
nesting dates, 361. 
publications on rearing, 361. 
refuges, 204. 
semi-wild rearing, 357. 
sex ratio, 111-112. 
transplantation, 122. 
water, 291, 293, 302. 
wire-mesh rearing, 359. 

grouse, blue, 30, 35, 36, 5S, 290, 291, 298. 
grouse, heath hen] III, 330, 340. 
grouse, pinnated \prairie chicken). 

average bag, 220. 
booming ground, 104, 105,120. 
breeding potential, 30, 35. 
budding, 257, 261. 
census, 144. 
crop-weight ratio, 273. 
cycle, 5S, 62, 65. 
disease, 339, 340. 
domestication, 95. 
feeding characters, 2S I. 
/light limit, So. 
Bock organization, 120. 

/lying into wires, 345, 353, 354. 
foods, 2S4, 256, 257, 259, 260, 261, 270 

. 273, 284' 
gnt, 265. 
increase wi th settlement, 1341 274. 
interspersion with other speCIes, 84. 
killed by pheasant, 83. 
laws and limits, 13, 213, 215. 
learning to use corn, SI, 82, 257. 
mating, 104. 
mobility and migration, 73, 76, 84, 87. 

120, 191. 
nesting. S6, 362. 
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range composition, 133. 
refuges, 204, 205. 
sex-ratio, 105, Il2, 339. 
spread-rate, 79, 122. 
transplantation, 90. 
traps, 374. 
tunnelling in snow, 349. 
type needs, 81. 
water requirements) 290, 298. 
weight-age curve ot chicks, 372. 

grouse, red. 
accidents, 344} :}45. 
age, how to te 1, 166. 
artificial rearing, 361. 
bag records, 16I. 
bones, knitting of, 354. 
census, 144, 145. 
clockers, 156. 
crop-wClght ratio, 273. 
cycle, 58,62,65,66, 71. 
disease, 336, 340. 
driving, 98"""'99, 144. 
flight limit, 79. 
foods, 255. 
grit, 265,266-267. 
heather as index, 131,321. 
kill-ratio, 177, 181. 
kill, 53, 70. 
mating, 103. 
management: effect of, 41, 69, 70, 205; 

first, 12. 
mobility, 56, 73, 76, 156• 
nesting habits, 362, 363, 364. 
nesting cover, 3I1. 
oats, 329. 
relation to rabbit, 237-238. 
transplantation, 89. 
water requirements, 291. 
weights, 257. 

grouse, ruffed. 
accidents, 344, 349· 
artificial rearing, 361. 
avera~ bag, 220. 
breedmg potential, 30, 35. 
census, 151-152, 156. 
clover for, 280. 
crazy season, 120. 
crop-weight ratio, 273. 
cycle, 58, 59, 60-67, 333· 
diseaseS, 3-19, 340· 
domesticanon, 95. 
drumming, 104. 
feeding characters, 281. 
flock organization, 120. 
foods, 255, 258, 273, 280, 283, 284. 
grit, 265. 
laws and limits, 215. 
matin~, 104. 
mobility, 85. 
mortality, 63, 76,339. 

nesting, 152,362,365,370 
orchard damage, 283. 
on islands, 63, 86. 
predators, 86, 238. 
range, 84, 85, 131, 133. 
refuges 204. 
research projects, 421. 
sex mortality, 339. 
sex-ratio, 112, 339. 
snowshoe as buffer, 238. 
success-ratio, 216, 218. 
traps, 374. 
water requirements, 291, 298. 

grouse, sand, 62, 90. 
grouse, sharptail, 30, 35,58,65,76,81,90, 

104, 112, 120, 133,2°4,255,257,258, 
260,261,265,270,281,284,290,291, 
298,346,362,368,370,374. 

grouse, spruce hen, 28, 58,363. 
grouse moors, 12, 53, 145, 161, 177, 266, 

392-393. 
Grouse Report, 12, 13141,53,56,66,67,76, 

99, 103, 131, I6b, 177, 255, 257, 265, 
266,267,269,273,291,329,34°,354, 
3611362,363,367. 

Guinea towl'F. 
GUTHRIE, • D., 347. 
GUTHRIE, • E., 249. 
gyrfalcon, 7. 

habitability tallies, 378, 379. 
HADDON, 56, 113. 
Hflmoproteus, 339, 340. 
HAINES, 218. 
HALDANE, II5. 
HALL, E. R., 32,248,285,294,34°,343. 
HALL, M. C., 330, 331, 332, 340. 
HALPIN 97. 
HAMILTc>N, 249. 
HANDLEY, 328. 
hare, 6, 12, 58, 63, 68, 71, 73, 91, 98, 101, 

298,340. 
har~uiD duck, 28,. 
HARRIS, 284. 
haw 316, ,382. 
hawk: ACClpiters vs. Buteos, 242, 245. 

Cooper,34,35,36,128,240,241,24J-244, 
256• 

goshawk, 35, 36,86, 186. 
marsh 240. 
red~i!lf34,24O,277. 
sharpsnin, 34, 35, 36• 
bounty on, 241. 
electrocution of, 345. 
harassment by, 23~1. 
matin~, 102. 
mobility, 191. 
publicanons on food habits, 248-249. 

hawking, 7 II. 
heath hen (see grouse). 
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heather: control o~ 12; burning, 41; drag
ging snow ott, 336. (See also red 
grouse.) 

hedge cover, 315, 316. (See also Osage.) 
hemlock 320. 
HENDERSON, J .• 284. 
HENDERSON, W. C., 248. 
HENRICI 328. 
Henry VIIi, 8,9, II. 
Henry VII, 9, 10. 
heron,9, II, 345. 
heronry, II. 
Hlteralcis, 330. 
hibernation of buffers, 238-239. 
hickory nuts ground by mallard, 264. 
HIllER,~, 360. 
Hinckley Fire, 59. 
hippoboscid fly, 329. 
HOBMAIER, 340. 
HOLST,57· 
hoof-and-mouth disease (see foot-and-

mouth). 
HOPKINSON, 94, 361• 
Horicon Marsh, 15. 
HORNADAY, 2II, 22.8. 
horse, sex-ratio in 105. 
houseca~35.36,1~4,242,248,25I,338,354' 
HOUSEMAN, 248. 
HOWARD.t55,56. 
HUBBARu, 322.. 
HUBBS, 397-
Hudson Bay Company, 65, 66. 
Hungarian (or gray) partridge: 

Bache plantings, 15. 
breeding potential, 30, 35, 36. 
in Canada, 78, 80, II7, 122. 
censI;lS,lf5,.15°· . 
density: limit, 56, 58, 59; mIxed, 84-85. 
domestication, 95. 
drivilli' 144-
drowrung, 344. 
in Europe, 8, 10, II, 12, 53:,)6, 79, 82, 

II7, 144, 177, 337, 361, 402.. 
Euston system, 357. 
as farm game, 133. 
flight limit, 78, 79. 
fluctuation, 58, 59. 
Sock organization, 120, 164-
feeding characters, 281. 
food, 255, 268, 281, 285; grit, 265, 266, 

267' kill-ratio, 177. 
intc!-covey shif; 16+ 
mating, 103, lib. 
man~ent costs, 402.. 
mobility,76, 164-
mud balls on chicks, 345. 
nesting: 56, 249, 31Q-3II, 361-371; nest 

mortality, 370; second broods, 101; 
hayfidds, 310, 344. 

nutritional hypothesis, 268. 
publications on rearing, 360. 
range, tolerance of cultivation, 132. 
research/rojects, 421. 
semi-wi! rearing, 357. 
spread-rate, 78, So, 122.. 
success of plantings, 8']-93. 
tolerance of pheasant, 82-83. 
trapping, 2.00, 374. 
water requirements, 292-293, !198. 
weather-losses, 337. 344, 349· 
weight.age curve of chicks, 372.. 

hunting: 
accidents, 224-225. 
attitudes, 2.12.-213. 
average bag, 2.18-219. 
control of, 2.08-22.9. 
customs: origin of,S' English, 8. 
diminishing returns, law of, 2.10-211. 
equipments, 8, 13. 
factor diagram, 25. 
fruitfulness of, 2.35. 
history, 212-2.15. 
hunters' reports, 158, 160, 161. 
limited licenses, 210. 
mortality in quail, 183-184. 
of non-game, 223-224. 
relation to refuges, 207; 
sex ratio, effect on, 122. 
on public areas, !123. 
success ratio, 2.16-218. 

hybrids, lIS. 
hypothesis: 

inbreeding, liS-II 8. 
inter~ion law, 13!1. 
Green s, 68, 335. 
nutritional, II7, 2.68-!169. 
peripheral-adversity, 62~, 71, III. 
radiation-virulence, 68, 335. 
sUl1!lJlC?t, 337. 
WallBhan, 86. 

ice-prisons, 344, 349, 355· 
Idaho: 
~e water, 2.90"291. 
Jackrabbit: drives, 154-155; on roads, 

352 • 
pheasant: food, 285; water, 292-
sagehen, 290. 

Illinois: 
black duck, Jl9. 
chicken range, typeS of, 81. 
chickens and com, 81, 2.58. 
cycles, 59. 
first game farm, 15. 
quail: flight lim!.tt 79.; matching out f~ 

tors, 187; MexJcan, 115; sex-ratlo, 
108, 109; range tally, 377, 379. 

immunity: to poisonous food, 2.70, !171; to 
disease (see disease). 
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inbreeding II5-1I8,123. 
incentive lor management, 209, 214, 397-

398• 
Incubation: 

artificial, 357, 358• 
clockers as indicator of, 156. 
by cocks, 102, 103. 
eggs: addled, 343, 344; dead, 367; laying 

interval. 366; coverings. 365; ar
rangement, 367; fertility. 367; chip
ping, 368. 

Euston system. 357. 358. 
mowing machines during, 344. 
period, by species. 30, 362, 366-377. 
rest periods in, 367-368. 
sex mortality in, 339. 
sex participation. 362. 366-367. 

incubators, 357, 358• 
index, indicator: 

to abundance. 156-158, 169. 
ander beam, 167, 193. 
bag records, 158, 161, 162. 
coveys-per-dog-per-day, 141, 158, 189. 
in diagnosis. 192-193. 
flushing-rate, 158-159. 
Lincoln Index, 154-156. 
index plants for quail and red grouse. 321. 

322• 
Indian Reservations. 201. 
Indiana: cycles, 59; old deer density, 5~; 

flight limit in quail. 79; sex ratio in quaIl. 
108. 

influences. 25, 29. 
influx, 84, 86, 144. 153-154. 169, 176, 190-

191• 236• 237. 
In terspersion: 

of age-classes in heather. 31I. 
analogy with city, 128. 
edge-effects, 131-132. 
effect on yield, 181. 
by tractor-strips. 279. 
mapping, 375-379. 
of types, J28-13J. 

Investigations: 
British Grouse, 326. (See Grouse report.) 
Georgia Quail (see Stoddard). 
Ruffed Grouse, 326. (See Allen. Gross, 

King.) 
Iowa: 

Allen Grecn Refuge. IS. 
black duck, II9. 
census, 53, 179, 148-151. 158. 
corn-borer. 40. 
cycles, 59. 
demonstration areas, 179. 
density of mixed stands, 84-85. 
ducks, crippling loss, 174. 
exotics/ ~uccess of, 268. 
fellowships, 416, 482. 
flushing-rod.3 U • 

game survey, 52, 56, 57. 
early laws. 13. 
Handbook. 221, 222,313. 
matching out factors, 187. 
pheasant: flushing rate, 158-159; crip

pling loss, 175; refuges, 205-206; sex 
bands, 120; sex-ratio, 109-110; flight 
limit, 79; potential yield, 398; suc
cess-ratio, 217. 

prairie-chicken: influx of, 87; mortali ty on 
wires, 353, 354· 

quail: factors, 39; flight limit, 77-79; per. 
J!lit plan, 221-222; range tally, 377, 
379· 

Hungarian trapping, 200. 
range maps and tallies, 380-383. 
research projects, 482. 

irruption, 50, 58-64. 
Izaak Walton League, 220.377. 

l AAP, lo5. 
Jackrabbit, 91,154-155,158,234,275,294, 

320,352• 
jacksnipe: accidents, 345; breeding age, 164; 

decline in Wisconsin, 159, 161; success 
ratio, 218. james I, 10. 

ARDINE, 251. 
0!J." H. K •• 31.94, 104, 361• 
OHNSON, OSCAR, J09, 113, 147,374. 

JOHNSON, R. A., 285. 
OHNSON, T. B •• 10, 12.78. 
UDD, 261 284. 

lULL and LEE, 97. 360. 
1ustinian,6, 10,409. 
Juvenile mortality, 182-186,370-371. 

Kaibab, 54 178• 217, 294· 
KALMBACH( 248, 249,251, 326, 340. 
Kansas: quai types, 81; quail without 

brush, 130; water for game, 290. 
KELLOGG, 239. 
KELSO, 255, 265J 266, 285. 
key plants. 321. \See Index plants.) 
kill, kill-ratio: 176-177. 

Adams collection, 159. 
area-kin, 171. 17?-179. 
deer: 178, 194; ander classes. 168-169 

unit herd, 189""190. 
definitions. 171. 
ducks. 154-156. 194. 
effect of management. 180-181. 
illegal and crippling kin. 174-175. 
jackrabbit, 154-155. 
life-equation for quail. 18.]-184. 
limitation of, 208-229. 216, 386. 
measurement of. 173-174. 
potential pheasant kill 10 Iowa, 398. 
release kill-ratio, 179. 180. 
species for public shooting, 202, 203 
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Scotland and Wisconsin compared, 393. 
success-ratio, 216-218. 

KING, 61, 76,151-152,273,281,362,37°, 
374· 

KIPP, 347. 
KNAPP, 229. 
KNOWLES, 240. 
Kublai Khan, 6, 7. 

Labrador, 331. 
Lacey Act, 13. 
landscaping for bird life, 405. 
LANTZ, 32, 94, 293, 361. 
laurel poisoning, 271. 
laws: of interspersion, 133; of diminish_ 

mg returns, 210-21 I, 394. (See also 
game laws.) 

LAWTON,80. 
LA YTHE, 154. 
lead poisoning, 326, 329, 339, 340. 
leakage, 145, 155. 
leCOMPTE, 276. 
LEFFINGWELL, 76,100,285,371. 
lemming, 62, 67. 
LEOPOLD,30, 62,65,69, 98,107, III, II9, 

145, 158, 159, 161, 164, 177, 202, 229, 
247, 261, 293, 297, 3II , 313, 322, 335, 
346,347,367,388,397. 

LEWIS, 287, 422. 
LEWIS and CLARK, 82. 
lice, 329. 
licensed projects, 2I!r220. 
licenses in Iowa, 398. 
life-equations, 182-186, 342. 
lightning, death by, 345. 
LIGON, 30, 143, 144, 204, 289, 290, 293, 

294, 295, 296 3I!r320,374' 
limitation of kill (see hunting). 
LINCOLN,3I, 1°4,110,111,154,176,284, 

339,351,354' 
LINCOLN and BALDWIN, 162,374, 
Lincoln Index, 154-156, 159, 169. 
LINSDALE 157,239,352. 
litter, size 0(, 32, 96, 98, 9!rIOI. 
LLOYD, 202, 299. 
LOCKE, 29Q-291, 292, 294, 374· 
locked horns, 343, 344. 
loco, eaten by deer, 271. 
locust: beans as food, 256, 259, 270; as soil 

fertilizer, 317. 
longevity, 30-32, 96. 
lottery, for public shooting, 223. 
louiSiana: Pringle Journal, 218. 
LOVEJOY, 161, 228, 261, 273. 
Lower California, 294, 295. 
lu_ngworm, 330. 
LUITRINGER, 32,101,285,361. 
lynx,_35, 36. 
LYONS,374' 
LYTLE,229' 

MABBOTT~ 286. 
MACCLUR.t. 76. 
MAcFARLANE 28. 
MAcINTYRE, 66. 
McATEE, 31, 43, 89, 90,107,236,248,251, 

264,265,270,276,280, 282, 284, 285, 
286,287,360,361. 

McATEEandBEAL,248,250,283,284.285· 
McATEE and STODDARD. 249. 
McCARTHY, 360. 
McGUIRE. 76. 
McILHENNEY, II9, 266, 345.366. 
McLEAN, 30, 99, 100, 114, 144, 245, 284, 

290. 294, 296. 
McMURRY, 377. 
MACKIE, 282. 
MAGATH,34°' 
magpie: food habits, 249; control methods 

25 1• 
MAIN, J. S., 165. 
Major, Noah, 55, 154. 
MALAMPHY,361. 
MALCOLM and MAXWELL, 10, 66, 76. 
mallard: 

artificial propagation, II, 94. 357, 360. 
breeding: age, 97; potential, 38; mating, 

104; sex ratio, 1°4, 105, 11 1,339. 
food: habits, 285; grit, 265; prefers yellow 

corn, 256; grinds hickory nuts, 264. 
migration, differential sex, II9. 
nesting: density, 57; habits, 362, 365, 368. 

MALMESBURY, 12. 
Malthusian law, 395. 
mandarin duck, 339. 
maps, game, 373, 375-376, 383. 
MARCO POLO, 6, 7. 
market hunting, 13, 17. 
marketing game crops, 399. 
MARSHALL, 397. 
Maryland, early laws, 13. 
Massachusetts: early laws, 13; differential 

sex mortality in grouse, 339; mono
graph on heath hen, 340. 

Master of Game, 8. 
Matamek Conference, 63, 67, 68, 327, 331, 

335,34°. 
matching factors, 187. 
mating habits, 102-105. (See also breed. 

ing.) 
MAUREK 109. 
MAXWw..: II, 12,3°,42,53,7°,82-83, 

117, 129, 131, 145, 177, 292, 3JI, 360, 
36~t 365,367.397. 

MERSHON,59' 
mesquite beans, 259,261,269,289, 
metabolic water, 288, 302. 
METCALF, 282. 
Mexico, 108, 109, I I .... 
Michigan: 

black duck dispenion, JI9. 
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deer: age of, 166-168, 173; salt on high
ways, 353; on Grand Island, 55; 
foods, 273, 2115· 

jacksnipe, success-ratio, 21S. 
fellowships, 416. 
grouse: cycle, 60; success-ratio, 216. 
Hungarians: 164; hayfield nests, 310, 311. 
mobility of game, 76. 
pheasant: nest mortality, 370; weight-age 

curves of chicks, 392; sex-ratio, 110; 
flock organization, 120; census, 144; 
studies of, 99; water, 292. 

pole traps, 251. 
prairie chicken season, 213. 
quail irruptions, 59"""60. 
School of Forestry and Conservation,416. 
spruce-locust relation, 317. 
winter feeding, 276. 
Williamston Project, 319. 

MICKLE and THOMSON, 282, 287. 
Migratory Bird Act, 13. 
migratory birds or game: 

not domesticated, 94. 
definition of, 134. 
classification, 133. 
census, 112. 
control 0 , 209. 
migration from fire, 34S. 
refuges and public shooting, 202, 207. 
kill-ratio, 176. 

MINER,]ACK, IS, 104, U9, 202, 246,374. 
mink, 35, 36, 242• 
Minnesota: 

average bag, 21S, 220. 
deer: in Itasca Park, SSt area-kill, 178; 

success-ratio, 216, 217. 
ducks per acre, 58. 
disease, publications on, 340. 
flushing-rod, 3u. 
grouse: census, 151-152; nest mortality 

390· 
hunters reports, 174. 
pheasant: flight limit, 79; release-kill 

ratio, 180; irruption, 59, 60. 
quail: open season, 107; sex ratio, 108, 

109. 
research project, 482. 

MIROV, 273. 
MISCHNER, 343, 345· 
Mississippi (State ot): Game Survey, 52,54; 

Round Island, 52,79; weights of quail, 
298- 299. 

Missouri: 
aquatic foods, 282. 
fox census, 153. 
Game Survey, 52. 
quail: census, 145-146; quail-fox ratio, 

233; harassment, 240; weights, 264; 
range tallies, 2n, 279; sex-ratio, lOS. 

mobility: 
definition, 42. 
radius of, 73-n, 121. 
of broods, 151-152. 
measurement by banding, 162-164. 
of housecat, 164. 
law of interspersion, 132. 
relation to geographiC range, 122. 
to density limits, 122. 
to interspersion, 128-132. 
to test areas, 191. 
to refuges, 196-197,202-203. 
to food patches, 27S. 

MOHLER,34°· 
monogamy, 102-105. 
Montana: 

Smith's deer tally, 113; Spotted Fever 
Laboratory, 327. 

moose, 16, 32, 35, 36, 38, 94, lOS, 133, 134, 
21 7,280,293,295,298,344. 

mortality: 
accident 342-354. 
differential sex, 339. 
disease, 324-341. 
census, effect on, 142. 
farm machinery, 351-352. 
hunting, 183. 
on islands, 63. 
juvenile, 152, 183, 185,236, 27()-271. 
nest, 1$2, 235-236, 350, 36?-370. 
oil,35()-351• 
pattern, 63. 
per cent, 70. 
snow and sleet, 348-349. 
virulence theory, 333-335. 
zonal pattern, 333. 

Moses, Mosaic Law,S, u, 4S. 
motors, death by, 344, 352-353, 354. 
mountain lion (see cougar). 
mouse, 234, 239, 338. 
mudballs, 343, 345. 
Mutllerius, 330. 
MUIR,38• 
mulberry, 255, 279. 
MUNRO, 285. 
MUNRO and CLEMENS, 286, 287. 
MURIE, O. J., 295, 330, 340, 348. 
muskrat, 67, 68. 

nadir of wretchedness, 263, 264. 
National Forests, 16,61, SI, JI2, JI3, 153, 

173, 178, 197, 201. 204, 234, 397. 402. 
National Parks, 14, 15.76.257.397. 
National Research Council, 419. 
natural experiments, 186-189. 
naturalism, 396-397. 
Nebraska: quail density in, 52, 5~; 

aquatic foods, 282; pheasant food, 2S5. 
necrotic stomatitisJ J~J.340 •. 
NEEDHAM and LLUxD, 282. 
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NELSON, E. J., :118. 
NELSON, E. W., 32,347. 
nest, nesting, and nesting studies: 40, 359-

371. 
agricultural machinery, 351-352, 366. 
brood counts, 151-1$2. 
census by clockers, 156. 
clutch, 363. 
clover, 205-206,308-313,319. 
dates, 359, 361. 
density, 56, 57. 
desertion, 366. 
drowning, 342, 344, 350. 
eggs: trading, 116; egg-eating habit, 243; 

cooked or addled, 297, 343, 344; in
terval between, 362, 364; covering 
of, 364-365; dropped! 366; chipping, 
368; viability, fertihty, frost, and 
drouth,367· 

effect of drouth, 297-299. 
effect of fire, 342, 343, 344, 346. 
feigning, 151, 152, 368. 
finding nests, 369. 
incubation: sexes in, 366-367; rest pe

riods, 367-368. 
mortality: quail, 183, 184,236; all species, 

36!r370• 
nesting habits table, 362. 
predators, 232. 
renestings, repeat nestings, 309-3II,357. 
roofing, orientation, location, 104, 365. 
second broods, 9!r101, 232, 309, 361, 362. 
streets as coyer, 319. 

nets for trapping, 371, 374. 
Nevada: antelope water, 295; sheep water, 

296. 
new blood (see breeding). 
New Brunswick, 61. 
New England: Mexican quail in, IJ5; crop 

damage in, 283. 
New Hampshire: early laws, 13; ruffed 

grouse foods, 285. 
New Jersey: early laws, 13; Bache plantings, 

15; accipter increase, 242; poisoned 
pheasants, 271. 

New Mexico (see also Ligon): 
antelope: census, 143; types, 87. 
crippling loss, 174-175. 
dove water, 293. 
deer: Gila tally, 112, 179; Gila yield, 402; 

Gila factors, 188; check-Out system, 
173; area-kill, 178, 179; behavior in 
fire, 347; Buccess-ratio, 216-217; 
water, 293. 

duck census, 159, 161. 
management costs, 402. 
prairie chicken water, 290. 
quail: diagnosis, 191-192; research proj

ect,482; traps, 374. 
refuges, 198, 201, 204. 

turkey water, 291. 
shade and cover for game, 31!rJ20. 

New York: 
antler classes, 168. 
area-kill of deer, 178. 
early cycles, 61. 
early laws, 13. 
deer foods, 273. 
grouse foods, 285. 
mobility of game, 76. 
oil pollution, 351. 
pheasant management costs, 401. 
research projects, 482. 
success-ra tio in deer, 2 I 7. 
woodcock foods, 287. 

NEWSOM, 32, 113, 293. 
NICE,272• 
niche, 124, I25, 395. 
night.flushing, 243. 
non-breeding (see breeding). 
non-game, protection of, 223-224, 228. 
NORDHAGEN, 269· 
North Carolina: grouse cycle, 61; banded 

ducks, 156. 
North Dakota: pheasant sex ratio) 10!rIIO. 

aquatic foods, 282; sharptailloods, 284; 
Nova Scotia, 28, 320. 
nutritional hypothesis, 268-269. 

Ohio: 
duck foods, 285, 286,287. 
spread-rate of Hungarians, 78. 
hayfield nests, 310. 
Baldwin Laboratory, 254. 
Noah Major's deer census, 154. 
Medina deer drive, 154. 

Oil Pollution Act, 351. 
oil pollution mortality, 342, 344, 350-351, 

355· . .• 
Oklahoma: quaIl denSIty In, 52, 59; trap-

ping quail in, 200; quail food, 284. 
old squaw, 287-
Ontario: aquatic foods, 282; duck (ood 

habits, 287; European hare in, 91; 
grouse cycles, 65; waterfowl traps, 374. 

opossum, 249-25°. 
Oregon: flight limit of pheasant, 79; Pilot 

Rock Game Farm, 103; pheasant food, 
260, 262 285. 

ornithology: hiatus in, 98; nets as tools (or, 
371; status of research, 404' 

O'ROKE, 326, 329, 339, 340' 
osage as escape cover, t;40, 313, 314, 315 

316,381,382,384. 
otter, 9. 
owl: 

horned, 35, 36, 234z 241, 242, 243, 267; 
killing Cooper hawk, 241; housecat, 
242. 

long-eared,241• 
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screech, 24 I. 
bounty on, relation to weasel, 24J. 
mobility, 191. 
publications on food habits, 248-249. 

owners'-permission law, 10, 14. 
Ozarks, 60, 63, 80, 130. 

packs, II8, 120, 142. 
PAGE, 82,145,360,361,362,364,369,402. 
PALMER, 13, 15. 
PARKER, et aI., 327, 334, 340. 
partridge: scaled (see quail); red-legged, 90; 

in Mongol Empire, 7. (See also Hun
garian partridge.) 

pea aphid, 275. 
PEARSE and TERRILL, 282. 
peccary, 294, 320. 
pelican, 345. 
Pennsylvania: 

cotton tail densi ty, 55. 
deer: accidents, 353; antler classes, 168; 

damage, 283; density, 55; kill, 173, 
174, 177-179, 18I; increase of, 41; 
success-ratio, 217; foods, 255, 273, 
285; poisons, 271; problem, 193,283, 
336; yield and cost, 402. 

hawk, owl, and weasel bounty, 241. 
hunting accidents, 224. 225. 
first food patches, 15. 
flushing-rod, 3". 
grouse foods, 285. 
mobility of game, 76. 
pheasant, release-kill ratio, 180. 
quail: sex-ratio, 108; Mexican, II5. 
refuges and public shooting, 15, 16, 198, 

199. 204,402. 
winter feeding, 276. 

Peterson flushing-rod. 3"-312. 
PETTINGILL, 287. 
pheasant: Reeves, golden, silver, 90; domes

tication, 94, 95; colchican blackneck, 
99, 102, ~03. II 5; polygamy in, 102, 
103; hybnds, "5. 

pheasant, ringneck: 
accidents, 344, 345; dead of chestnut, 329. 
in Asia, 7, 99. 
in Europe, 8, 9, 10, II, 12, 53. 56, 76, 79, 

"7, 129, 144,279,397· 
breeding potential, 30, 35, 36, 99· 
crippling loss, 175. 
cover streets, 319. 
census, 53,142,144,147-151,158-159, 
density: limit, 56, 58; in Iowa, 160; in 

mixed stands, 84-85. 
driving, 144. 
feeding characters, 281 . 
as farm game, 132. 
flight limit, 79. 

food: 260, 262, 268, 270, 281, 285; crop 
damage, 283; poison, 270-271. 

flock or~anization, 120. 
fluctuatIOn, 58. 
flushing-rate, 158-159. 
grit, 265, 266. 
hybrid origin, II 5. 
kill, yield, 53, 180, 219, 220; release-kill 

ratio, 180; success-ratio, 217; aver
age bag, 219, 220. 

laws and limits, 215. 
management: costs, 400, 40J. 
mobility, 76. 
nesting: habits, 131,361-371; mortality, 

370; mating, 102, 103; crowing
grounds, 103, 205, 306; second 
broods. 99, 100; density, 57; in hay
fields, 310; weight-age curve of 
chicks, 372. 

nutritional hypothesis, 268. 
publications on artificial propagation, 

360. 
plantings: success of, 87-93; spread-rate, 

80. 
refuges, 197, 202-204, 205-206. 
relation to other species, 82-83. 
sex-ratio, 105, 107, 109-110. 
shooting preserves, 220. 
trapping (shining), 109-IIO, 372, 374. 
water, 292, 298. 
wild management in Britain, "7. 397. 
yield (potential) in Iowa, 398. 

phenological tables, 165. 
PHILLIPS, ]. C .• IS, 87, 88, 89, 90, 21 7, 

229,246. 
PHILLIPS,]. M., 204. 
PHILLIPS and LINCOLN, 344, 350. 
physiology, 29, 253-254, 257, 264. 302. 
pigeon: 27; bandtail, 30, 35, 36, 38, 95, 99, 

283; passenger, 30, 35, 36, 38, 95, 99; 
sex-ratio in, 105. 

pigs, sex-ratio in, 105. 
pill-bug, 329. 
pinch period, 205. 
pinion nuts, 259, 261. 
pink-eye, 343. 
pintail, 31,57, I II, 286. 
PIRNIE, 276. 
plague (see cycle). 
plant: cover, 313-316 (see also covert); 

food (see food); game (see transplan
tation, game farming); indicator, 321 
succession, 304-305, 322. 

plat-books,. 374. 
plimsollline, 256. 
plover, 33, 131• 
plum, 314, ~16, 319, 393. 
point of reSistance, 86. 
poison: for rodent census, 157; for rodent 

(."Ontro!, .239; as cause of disease, 329. 
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pollarded willows, 384. 
polyandry, 102-105. 
polygamy, 102-105, 202. 
POOLE,248. 
population: 

cycles, 46-70. 
disease phenomena, 327. 
lIuctuatlon on refuges, 203, 204-205. 
human population density, 392-396. 
increase curves, 36, 42. 
lifting the curve, 39. 
measurement of (cel)Sus) 139-172. 
pressure, relation to outBow, 196. 
relation to predation, 237. 
relation to water, 299. 
theory of, 24. 
trends, 159, 161. 
ty:t'e8 of curves, SO. 
Untts (gregarious phenomena), lIB-122. 

poundage/ as yield unit, 172. 
prairie chicken (see pinna ted grouse, sharp-

tail grouse). 
prairie dog, 1S7, 275. 
PRATIh5. 
PREBL.t., 248. 
predator, predator control, predation: 230-

252. 
abundance table, 232. 
bounty, 9. 
behavior near fire, 348. 
chance depredation, 243. 
control: methods, 251; costs, 402; finance, 

2~1. 
cycle tn, 238-239. (See also cycle.) 
density: limits, 55; effects, 235-237. 
disease relations, 325, 338. 
effect on distribution, 247. 
factor diagram, 25. 
at feeding stations, 277. 
habit depredation, 243. 
harassment by, 239-241, 277. 
hibernation of, relation to snow, 238-239. 
history in U. S. 16. 
identification 01, 369. 
inllux of, 236. 
interpredation, 241-242-
in life-equation for quail, 18 .... 
loss: what determines, 231-232; measure-

ment,232• 
mobility of, 77. 
odd and new, 247, 249. 
people affected by, 230. 
predilection, 250-251. 
public interest in, 224, 227. 
sanitary selection by, 241, 244-245, 246. 
skill, accident, and fitness, 242. 
starvation, 244, 245· 
sucker-list, 244, 245· 
water-relations, 299. 
predatory insects, 275. 

predilection (see predator). 
PRICE,76, u6, 121. 
primitive weapons, 225-226. 
PRINGLE, 217, 218. 
productivity: 

Chapman's formula, 172. 
definition of, 22,171, 193. 
diagnosis, 181-194. 
effect of inbreeding, 1 15-118. 
factor diagram, 25. 
ideas of, 422. 
indicators of, 162. 
measurement, 171-181, 194. 
normal, 172-173, 194. 
relation: to sex-ratio, 105; to range bal. 

ance, 135; to water, 300. 
standards, 172. 
wild vs. artificial, 179. 

promiscuity, 102-105. 
property-rights in game, 409. 
proscription list, 9, 235. 
protected species, killing of, 223-224, 227. 
ptarmigan, 58. 
public domain, 201. 
Public Health Service, 327. 
public shooting grounds, 14, 18, 180, 200 

202-204/ 223, 395, 398, 402, 410. 
publication bsts on: 

artificial propagation, 300-361. 
aquatic game foods, 282. 
game food habits, 284-287. 
predator control technique, 251. 
predator food habits, 248-249. 
trapping technique, 374. 

pyramid of numbers, 232-233. 

quail, bobwhite: 
age, how to tell, 166. 
analogy with people, 49. 
and ants, 40, 247. 
artificial propagation: egg-production, 43 

357; cocks as foster-mothers, 357-
358; publications on, 360. 

banding, 163. 
breeding potential, 23, 30, 35, 36. 
buffers, 237, 238. 
census, 84-85, 1 ... 5-1 ... 7, 148-151. 
dipping cornhusks, 258. 
clutch, seasonal decline in, 363. 
cover: functions, 307; plantings, 313-316; 

restoration, 317. 
and Cooper hawk, 243-244. 
crop-weight ratio, 273. 
density: in early days, 52; limit or satura

tion point, 50-54, 56, 60, 70, 84-85; 
nest, 57. 

diseases, 68, 339, 340. 
drowning, 3#. 
as farm game, 132-133. 
edge-effect, 131. 
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flight limi t, 77, 79. 
flock organization, JJ!)-120. 
fluctuation, 58-61, 68, 87, 297. 
and fOJ[ (ratio), 233. 
feeding characters, 28 I. 
foods, 254--'l55, 256, 2S9, 261, 264, 280, 

281} 284. 
food-weight ratio, 272. 
grit, 265, 266, 267, 268. 
harassment, 23!r'l40. 
increase with settlement, 134, 274. 
irruptions, So, 5!rOO,75. 
kill-ratio, 171-172, 181. 
laws and limits, 215. 
life-equation, 183-185. 
management costs, 400, 401-402. 
maps and range tallies, 375-382. 
matching out factors, 187. 
mating, 102. 
mobility,73...,6, 130, 163, 191, 198. 
nestin~: density, 57; mortality, 344, 350; 

clutch decline, 363; cover, 126· in
cubation, 30-31, 102, 362; habits, 
131; second broods, 100. 

and pheasant, 82. 
and owl (skull in pellet), 268. 
range types, 80, J'l6, 130, 133, 307. 
refuges, 198, 202--'lO3. 
release-kill ratio, 180. 
sex-ratio, 106, 107-108, 163, 339. 
shelters, 318. 
shift between coveys, 75, JJ9, 164. 
shortage of 1930, 297. 
shuffie, JJ6. 
snow and ice prisons, 3.44, 349. 
starvation, 262-264. (See winter loss.) 
traps for, 'lOO, 374. 
transplantation, 60, 90. 
unmated cocks, JJ4, 192. 
water requirements, 288-289, 298. 
weights, 257, 263-264. 
wildness, 3. 
winter loss, 87, 344, 349. 
woods quail, 130. 
yield table, 17!)-180, 181. 

quail, California and valley: 
breeding potential, 30, 35, 99. 
census, 144. 
diseases, 301, 339, 340. 
flock organization, J'll. 
fluctuation, 58. 
food habits, 284. 
gassed in orchards, 345. 
HtmlOproltUs in, 339. 
mobility, 76. 
non-breedmg, II4. 
second broods, 99, 100. 
sex-ratio, 33~. 
superannuation, 99. 
transplantation, 90. 

water requirements, 290, 298, 301 
quail, Chinese, 90. 
quail, Egyptian, 90. 
quail, Gambel: 

abundance table, 233. 
breeding potential, 30, 35. 
communal bands, I'll. 
desert hackberry, ~21. 
double nesting penod, 361. 
fluctuation, 58. 
foods, 255, 258, 284. 
learning to eat grain, 258. 
mating habits, J'll. 
nest mortality, 370. 
non-breeding, 28, II4. 
salt habit, 269. 
sex ratio, 109. 
shade for, 320, 321. 
transplantation, 90. 
traps, 374. 
water requirements, 289--'l90, 298. 

quail, Mearns, 289, 298, 320. 
quail, Mexican, 108, 109, uS, 156, 163, 'lOO, 

289. 
quail, mountain, 90, 290, 298. 
quail, scaled: 

abundance table, 233. 
breeding potential, 30, 35. 
chamisa for,I.9I-192, ;J21. 
diagnosis in New MeXICO, 191-19'l. 
fluctuation 58. 
nest mortility, 370. 
shade for, ~'lO. 
success-ratio, 218. 
transplantation, 90. 
traps, 374. 
water requirements, 289, 298. 

quails: 
census, 140, 142, 158. 
classification of, 133. 
domestication of, 94, 95. 
mobility,73· 
transplantation of, 89. 
success-ratio, 218. 
water requirements, 302. 

QUARLES, 30) 97,104, 121,360,362,368 
quartz grits, 205--'J.66. 
QUEEN, 285. 

rabbit, cottontail: 
abundance table, 234. 
artificial rearing, 94. 
breeding age, 98. 
breeding potential, 32, 34, 35. 36, 38. 
burrows, 320. 
brush piles for, 318. 
census, 154 
cycle, 63, 68. 
densit~ 55. 
edge-ettect, 131. 
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as fann game, 132, 133. 
feeding characters, 281. 
foods, 255, 261. 
ice-prisons, 349. 
increase With setdement, 134. 
killed by burs, 345. 
killed by pheasant, 83. 
refuges, 202-203. 
relation to mice and snow, 338. 
release-kill ratio, 18o. 
roadway accidents, 352. 
transplantation, lII. 

rabbit, snowshoe: Stze of litter, 28; breeding 
potential, 32, 35, 36, 38; as grouse buf
fer, 238. 

rabbits (see aisojacltrabbit): 
accidents, 344, 345, 349· 
in Australia, I17, 338. 
census by driving, I54-ISS. 
crop damage, 283. 
cycles, 58, 61, 65, 66, 71. 
damage to cover plants, 314. 
domestic, 98. 
eftect on heath, 237, 275. 
in Europe, 55, I13, 237. 
litters per year, 32, 101. 
mobility, 73. 
publicatIons on msellSe, 340. 
sex-ratio, 10$, I13, I17, 338. 
transplantation, 91. 
water needs, 298. 

raccoon, 243. 
radius: of feeding stationJ 28I; of mobility 

(see mobility); 0 (reluge (see refuge). 
ragweed, 40, 192, 257, 259, 261, 268, 270, 

278,381• 
rails, 95, :145· 
RAMPOINT,32. 
RANDALL, 30, 360. 
range (see game range). 
raptor: grit in pellets, 267; mice and snow, 

338; migrations, 238; quail ratio, 233. 
rascal 8. 
RASEK, 285. 
rat: control methods, 251; cotton, 238, 275; 

kangaroo, 234; Norway, 2.p, 251; 
wood,234' 

ratios: 140. 
abundance table, 232-233. 
area-kill (see kill). 
average bag, 218-:119. 
breeding index, 37. 
buck-doe,42, II2, II3. 
cock-hen, 109""110, 113. 
cow-jackrabbit, 158. 
cripple-kill, 174-175. 
crop-weight, 273. 
doe-fawn, 28, II2. 
food-weight, 272. 
lame-predator, 231, 233-235, 338. 

kill (see kill). 
legal-illegal kill, 174. 
Lincoln Index, 154-156, 169. 
release-kill, 179-180. 
sex, 105-Il3. (See breeding.) 
shining, 110. 
success, 216-218. 

RAUNKIAER,I57· 
recessive establislunent, 88. 
Records of North-American Big Game, 226 
recreation: values, 391-392; five· theorems, 

393-396. 
red haw, 316, 382. 
redhead, 31, 35, 95, 286. 
refuge: 195-207. 

cost of, 402. 
definition, 195. 
first establishment of, II, 14, IS, 197. 
extending radius of, 198,200. 
future use of, 207. 
mechanism, 196-197, 207. 
pattern, 198, 199, 201, 207. 
radius of, 73. 
sample pheasant, 205-206. 
size of, relation to "mobility, 197. 
species suited for, 200.202-204-, 'lO7. 
itS ~tutes for limiting kill, 213, 223. 
use of term 15. 

refuge cover (see cover, escape). 
reindeer, 249. 
reindeer moss, 320, 321. 
remise, 12. 
renesting (see nesting, breeding). 
rentals on game lands, 399-403. 
reproduction (see breeding). 
research: 

in applied ornithology, 404. 
effect on predator issue, 246-247. 
effect on proscription lists, 9. 
fellowships, 416, 419, 421. 
first industrial, 14. 
formulas, 41. 
in game surveys, 386. 
growth of, 419. 
on inbreeding, II6. 
machinery, 406. 
project map, 421. 
service, 227. 
training for, 415-419. 

rest day, 13, 14,214,223. 
rest period, 362, 365, 367-368. 
restocking costs, 203. 
restrictive controls, 15,207-214. 
Rhode Island, Seagrave journal, 218. 
rhododendron poisoning, 271. 
rickets, 271, 328, 330. 
RILEY, 340' 
ringneck (see pheasant). 
ringneck duck, III, 287. 
roadrunner, 233, 234, 249· 
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roadway accidents, 344, 351-353, 355· 
Robin Hood, 7. 
ROBINSON, 155, 185. 
rodents: as buffers, 134, 137-139; at feeding 

stations, 177; metabolic water, 188; 
water requirements, 196. 

roebuck,6. 
RooSEVFLT, 17, 18, 10,31. 
rose: hips as food, 159, 161; as cover, 313, 

314,315,316. 
roae beetle, 171. 
rose chafer, 171. 
ROUND,374' 
ROWAN, Ins. 
ruddy duck, 187. 
RUSH, 76, 340. 
RUSS 345. 
RUSSE:LL, 374. 
Russia, 61. 
Russian olive, 316. 
rust in cover plants, 315, 316. 
rut, 8, 193, 336, 343. 
RUTLEDGE, 193. 

sagehen, 30, 35, 36, 58, 133,190,198,340. 
salary scale, 408. 
salt: for cattle, 1~, 300, 301; for deer, 170, 

353; for Gambel quail, 169; on high
ways, 353; for trap bait, 374. 

San Jose scale, 315,316. 
SANBORN et al., 148. 
sanctuary, 1~;J5. 
SANDBURG, 55. 
sandgrouse (see grouse). 
sanitary depredation, 144, 145. 
SANS, 195, 196. 
Sarcocystis, 340. 
saturation point (see density). 
scabies, 331, 340. 
scapegoat, 112. 
scaup duck1.31, 35, 95, III, 186. 
SCHIERBI:!.CK, 320. 
SCHMIDT,30,76, 104, 110, 235, 257, 258, 

160,161,276, 180, 281, 290,346, 362, 
368,37°,371,372,371-, 

School of Forestry and Conservation, 416. 
(See also forest.) 

SCHORGER,159. 
SCHWARTZ and SHOOK, 340. 
Scotland, comparison with Wisconsin, 391-

393· 
screw worms, 330. 
SEAGRAVE,118. 
seasons (see game laws). 
SEEHOLM, 363. 
semi.wild rearing, 357. 
Senate Committee on Wild Life, 199. 
SETON, 18,31,64,101,104,1°5,111,159, 

138, 293, 294· 

settlement, effect on game, 134. (See also 
bobwhite, pinnated grouse.) 

SEVERIN, 185· 
sex (see also breeding)l 

bands and packs, 110-111. 
differential migration, I II, 119. 
distinguishing in field, 96. 
in early vs. late broods, 313. 
effect of crowding on, 111. 
in hybrids, 115. 
maturity, 97-99. 
properties, 95-118. 
ratio, 17, 34, 95,105-113,115,111, lSI, 

184,313,31$,338. 
shade for desert ammals, 319""310. 
sheep: sex.ratio in, 105; scabies in, 331. 
sheep, mountain, 17, 31, 35, 36, 38, 76, 81, 

91, 981 133, 134, 194, 196, 198, 301; 
caves lor, 31!r31O, 330, 331, 340, 374. 

sheep sorrel for prairie chicken, 180. 
SHELDON, 144' 
SHIRAS, 31. 
shooting: effect on inbreeding, 116; meth

ods and equipments, 113; preserves,lI, 
113, 110-111. 

shorebirds: breeding age, 97; food habits, 
187; non-breeders, 98, 114; not do
mesticated, 94, 95; range composition, 
133· 

SHOSTAKOVITCH, 347, 348. 
shoveller, 31, 286. 
Siberia, 347. 
SILVER,251• 
SILVER and JARVIS, 151. 
SIMPSON, GENE, 43, 360. 
SIMPSON, W. M., 327, 340. 
skill in predators, 141-145. 
SKINNER, 31, 76, 193, 295, 296, 340. 
skunk, 35, 36, 191,133,134,135,136, 143, 

344; publications on food habits, 149. 
SLAUTTERBACH,171. 
sleets: records of, 349; death by, 344, 349. 
smartweed,261. 
SMITH, C. G., 60. 
SMITH, GLENN, 113. 
snails, 33CT331. 
snake food habits, 249. 
snipe, 31, 35, 36, 38, 98,131,159. (See also 

jacksnipe.) 
snow-prisons, 344, 349, 354, 355· 
soil fertility and game food, 307. 
soil-sickness, 396. (See also erosion.) 
SOLON, 6, 409. 
songbirds, 132,214,175,315,316,354,4°3-

40 5. 
South Carolina: quail sex ratio, 108; 

banded ducks, 156. 
South Dakota pheasants: 

census, 147. 
density, 56, 57. 
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food,285· 
longevity,30. 
productivity, II7. 
relation to prairie chickens, 82. 
sex-ratio, IQ9-IIO. 
spread-rate, 80. 

spermophile, 23'!-, 237. 
sport, sporting: biology and sport, 246-247; 

definition of, 390; nomenclature in 
Europe, 118. 

Sporting Arms and Ammunition Manufac
turers Institute, 416. 

spotted fever, Spotted Fever Laboratory, 
326,334. 

SPRAKE, 56, 101, 103,360, 362, 365, 366, 
368. 

spread-rate, 78, 80, 1l2. 
spruce, 314, 315, 316, 317, 396. 
spruce hen (see grouse). 
squealers, 313, 336, 350. 
squirrel, 32, 34, 35, 36, 38, 91, 101, 105, 132, 

133, 277, 298. 
STAFFORD,396. 
stand (see density). 
Stanislaus National Forest, 113, 15.1, 178, 

234,326. 
starling, 80, 1l2. 
STARR, 59, 289. 
starvation: 25-184; contours of starving 

quail, 263; food, 262-264; relation to 
grit, 267; as type of depredation, 244-
245· 

station (feeding) (see food). 
station (tally), 379. 
STEELE, 339. 
STODDARD, 16,30,40,5[,56,57,59.73, 

74, 75, 76, 83, 98, [00, [02, IO?> 108, 
Iq, 116, [[9, 120, Ill, [3[, [S0, 163, 
[66, 184, [85, 23[, 236, 238, 243, 245, 
247, 250, 254, 256, 257, 260, 261, 265, 
266, 267, 269, 272, 273, 276, 278, 279, 
284, 288, 289, 297,3°5,306,3°8,311, 
319, 32[, 326, 328, 329, 330, 337, 339, 
340 , 346, 347, 350, 358, 359, 360, 362, 
363, 364, 365, 366, 367, 368, 369, 370, 
371/..372, 374, 375· 

STOREK, 284. 
straggling failure, 87, 268. 
strawberry, 280. 
streets (of cover), 310, 318-319. 
success-ratio, 2[6-218. 
succulence, 287-296, 298, 3lO. 
sucker-list depredation, 244, 245. 
SUGDEN, 343. 
sumac, 259, 261, 270. 
sunspots and cycles, 337. 
SUTTON,31. 
swan, 31, 35, 36, 38, 95, 97, 345· 
SWENK, 285· 
symbiotic relationships, 324. 

tag-system, 174, 221. 
TALBOT, 300. 
tallies of range, 375-379. 
tamarisk, 316. 
tapeworm, 332. 
TAVERNER, 5, 83,408. 
taxes on game lands, 399, 400. 
TAYLOR, 1S7, 234· 
teals: 31, 339; bluewing, 57, III, 286; cin-

namon, 286; greenwing, I II, 286. 
Tennessee, quail sex-ratio, [08. 
teosinthe, 3. 
tern, 73, 163· 
TERRILL, 285. 
territory, 56, [03 [04. 
Texas: prairie chicken water, 290; quail 

density, 52, 59; red fox planted, 91; 
screw worms in deer, 330. 

theory (see hypothesis). 
THOMAS and HUXLEY, II5. 
tick: 340; rabbit, 329, 330; wood, 330. 
tiger, 55. 
TITCOMB, 282. 
TODD, 255, 261. 
tolerance: environmental, 47, 8o-h, 1l2; 

interspecies, 47, 82-83, 122; of range 
variation, [29-130; shade tolerance of 
cover, 314, 316; temperature and hu
midity of eggs, 297, 358. 

Toussaint Marsh, 57. 
tractor-strips, 279, 280. 
transplantation: 48. 

of cyclic species, 89. 
history, 87, 90, 92-93. 
of mammals, 9[. 
nutritional hypothesis, 268-269. 
release-kill ratio, [79-180. 
types of response to, 87-88, 90, 122. 

trap, trapping: 371, 373, 374. 
accidental, 344, 354· 
for banding, 16[-164. 
deer, 294. 
to extend radius, [99,200. 
live-traps, 37[. 
mammals, 251. 
nets, 371. 
pheasants, IQ9-IIO. 

pole, 9, 2SI· 
publications on, 374. 
quail, 107-108, 163. 
rodents, 157. 

TRAUTMAN, 28S, 286, 287. 
trefoil, 261. 
trespass, lOS, '1.'1.7, 410. 
Tr;choJlrongy/uJ, 2tO, 331, 332. 
trophies, deterioratton in, 226. 
TRUE, 283, 284, 285. 
TUCKER,59. 
tularemia, 68, 326-327, 328, 330, 332, 335 

340. . 
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turkey: 
blackhead, 330. 
breeding age, 97. 
breeding potential, 30, 35, 36, 38. 
census, 157. 
crop-weight ratio, 273. 
flock organization, 121. 
foods, 261, 273. 
mating, 104. 
Merriam, 30, 291, 298. 
measuring kill, 173. 
nesting, 1°4, 131, 157,362. 
publications on rearing, 360. 
range composition, 133. 
refuges, 198, 199, 201-203. 
release-kill ratio, 18o. 
success-ratio, 217. 
transplantation, 90. 
water requirements, 291-292, 298. 

type, range: 
definition, 127-128. 
edge.effect, 131-132. 
interspersion of, 128-131, 305. 
nature of environmental, 125-127. 
number needed, 80-81. 
maps, 375-377, 398. 
plant succession, 304-305, 322. 
sequence of, 304. 

TYZZER, 327, 330, 340. 

unim~ed increase (see breeding poten
tial). 

universities, the role of, 418-419. 
Utah: aquatic foods, 282; Bear River 

Marshes, 326, 337; pheasant food, 
285; pheasant water, 292; publications 
on duck disease, 340. 

VAN DYKE, 347. 
VAN ROEKEL, 340. 
Vancouver Island, 247. 
vector, 330, 341. 
vermin, 9, 212, 224, 385. (See predator.) 
vitaminl!!.~7, 28, Jl7, 267-269, 328, 332. 
VORHIM, 157, 289. 

WALTER,77· 
wapiti (see elk). 
warden (sec game warden). 
Washington: food of Huns, 255, 285; 

pheasant food, 285; ruffed grouse food, 
285· 

water: 287-303. 
control of, on Westem ranges, 299"""301, 

3°3· 
developments for stock, 299, 303. 
extreme drouth, 297-299, 302. 
factor diagram, 25. 
requirements of birds, 288-293; mam

mals, 293-296. 

radius of cattle, 300. 
relation to crop damage, 283, 284. 
relation to shade, humidity, 319"""320. 
requirements table, 298. 
sources, 287. 

waterfowl: 
accidents, 344, 345. 
average bag, 218, 219, 220. 
census, Lincoln Index, 154-156. 
cripple-loss, 174. 
effect of drouth, 299. 
foods, 28o, 282, 285-287. 
grazing and nests, 312. 
old growth for nesting, 309. 
kill ratio, 154-156, 181. 
nest density, 57. 
non-breeders, 114. 
publications on disease, 340. 
publications on rearing, 360. 
sex maturity, 97, 98. 
sex-ratio, nO-II I. 
trend of seasons and limi ts, 21 S. 

watershed conservation, 322, 397, 416. 
(See also erosion.) 

weasel, 35, 36, 235, 241, 246• 
weather: 

relation to disease, 336-337. 
as an influence, 25, 29, 342. 
frequency of killing winters, 249-350. 
effect on mobility, 73. 
rain-broken nests, 350. 
sleet records, 349. 
sunspots, 337. 

weed, weeds: 
competition with planting., 315, 316. 
food (see food). 
nuisance, effect of game on, 275, 276. 
for streets, 319. 
tallying weed cover, 377-379' 

weights of game: 
crop-weight ratio, 273. 
relation to food, 259. 
food-weight ratto, 272. 
quail contours and weights, 263. 
quail weights in drouth, 298-299, 303. 
weight-age curve of chicks, 371, 372. 

WEST, T. C., 234. 
westem yellow pine as browse, 273. 
WETMORE, 282, 287, 326, 329, 339, 340. 
white pine, 3, 316. 
whitefi~~ yield of, 172. 
WHITMA~ 121. 
widgeon 28b. 
WIGHT, 30, 76, 83, 99, 100, 101, 103. 104, 

JlO, 120, 131, 144, 179, 250, 251, 261, 
281, 292, 306, 309, 310, 319, 361, 362, 
365, 366, "J70, 371, 372, 377· 

Wild Game-Its Legal Status, 408-409. 
wild life, non..game, 40]-405. (See .lso 

songbirds.) 
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wild rice, 282. 
wilderness areas, 14, 397. 
wilderness game, 133, 134, 207, 'lO9. 
William the Conqueror, 10. 
William and Mary, 12. 
WILLIAMS, 24? 
Williamston ProJect, 319, 372, 377. 
willow, 314,315,316. 
WILSON and VREELAND, 248. 
windbreak, 206, 207. 
winter feeding: characteristics of species, 

28I; methods, 276-280; in Mongol 
Empire, 7; stations (see food patch). 

winter losses, 184, 259, 276-280. 
wire-mesh Boors, 359. 
wires, death by, 345, 353, 354' 
Wisconsin: 

average bag, 219. 
combined population density, 82. 
cycle: spread pattern, 333; grouse, 60, 

63, 65, 66, 70. 
duck success-ratio, 218. 
first refuge, IS. 
Grange Plan, 200. 
grouse: food, 255, 258, 284; packs, no; 

range types, 8 I; water, 290. 
Hungarian partridge: spread-rate, 78-

79; water, 292. 
hunters' reports, 174. 
hawks and disease, 245. 
jacksnipe decline, 159-161. 
nest mortality, 370. 
Norway rat, 241-242. 
prairie chicken: Bight limit, 79; para

sites, 340; spread of, 78; weasel 
ratio, 235. 

quail: banding, no; factors, 39, 40; food, 
284; irruptions, 5g-OO; mobility, 75, 
76, 120; relation to Cooper hawk, 
243-244; starvation, 262-264; win
ter loss, 184. 

Riley Game Cooperative, 376. 
shooting preserve law 220. 
weight-age curve of chicks, 372. 
Wood County fire, 346. 

wood duck, III, 286. 
wood thrush, 404. 
woodcock, 31, 95, 97, 133, 164, 287, 344· 
woodpecker, 353. 
wolf, 35, 36, 86, 247, 251. 
WRIGHT, 32, 38, 101. 
Wyoming: antelope water, 295; elk census, 

144; elk disease, 340; moose license, 
16; success-ratio in moose, 217. 

XENOPHON,6. 

YEATTER, 30, 76, 91,164,249,,281,3°9, 
310,311,345,361,362,366,370,371, 
372• 

yew, 320. 
yield: 

definition, 171. 
increases faster than density, 395. 
intensity of management and, 393. 
potential pheasant yield in Iowa, 398. 
small game in Hungary, n. 
tables, 179, 181. 
of weasels, 241. 

YOUNG,25 I • 
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