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PREFACE 

The original o bj ectives of the organizers of this symposium were "to 
provide management biologists, r esear ch biologists , administrators , 
sportsmen's organizations , and int eres ted lay people an oppo r tunity to 
interchange informa tion related to manageme nt of the bobwhite quail; to bri ng 
together available information conce r ning status, research programs , 
rnanagememnt activities , and land use trends affecting bobwhites; to present a 
forum for di scus s i on of interstate and inter-agency pl anni ng for management of 
bobwhites ; and t o focus a ttention on bobwhite quail through release of 
inf ormation to the ge neral publi c in symposium proceedings, news releases , and 
fea ture articles ." We did not reach as many lay people as we would have 
liked; however, plans are already unde rway for a National Quail Symposium, 
which will more act i vely involve laymen . 

Papers in this vo lume address a number of is sues including rapid 
de terioration of bobwhite quail habita t, effects of di sease , effects of 
envi ronmental toxicants , harvest pat terns, effects of land management 
practices , a nd other qua il management techn i q ues . The r e a r e those who believe 
that no more bo bwhite quail r esearch is needed because we already know a ll we 
need t o know about bo bwhite quail management. Howeve r, as some of the 
symposium papers point out, our info rmation is not current. St udies conducted 
20 o r 30 years ago apply only t o conditions of 20 or 30 years ago . Bot h 
environmental and social condit i ons are changing rapidly i n the United States; 
our research t echniq ue s , data base , and management techniques must keep up 
with current condi tions . 

QUAI L HUNTERS' FIELD EVENT 

On September 13 , the first day of the symposium , a Quail Hunters' Field 
Event and Barbecue was held at Lake Carl Blackwell . We would like to thank 
the following individuals for their efforts in making this event a success : 

Chairman--R. W. (Bill) Altman 

Master of Ceremonies - -Fred J . Oliver 

Committee--£. B. Epperson , John Floyd , Howar d Jarrell , and Delmar Smith 

Participants--Delmar Smith , Bill Trabue , John Floyd , E. B. Eppers on , Howard 
Jarrell , Rick Smi th, Tom Smith, Terry Townsend , Mar y Townsend , Dr . Gar y 
Miller , Irvin Bollenbach, and Fred Oliver . 
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BOBWHITE QUAIL AND CHANGING LAND USE 

WILLIAM D. KLIMSTKA, Cooperative Wildlife Research Laboratory, Southern Illinois University, Carbondale, 
IL 62901 

Abstract: The downward trend of bobwhite quail (Colinus vi r ginianus) numbers 
nationally is well established . Generally, this reflects deterioration and 
widespread loss of suitable habitat resulting from changes in land use . Since 
the 1940s research on the quail seems to have dwindled with few indications of 
on-going studies . There is much emphasis on setting aside areas as wilderness 
and natural a r eas and creating special funds , but these activities cannot 
accommodate the special needs of quail except in a general way . The intense 
emphasis on the economics of agriculture , use of chemicals in farming, and the 
activities of government and agricultural colleges have all but eliminated 
wildlife and diversity in many rural settings . Seemingly, a plausible course 
of action includes best l and- use practices in concert with special programs of 
habitat development and preservation, an intensive effort to develop publi c 
awar eness and support, the establishment of continuing long - term studies in 
connection with resear ch- demonstration, a re- emphasis on well - trained field 
biologists with specialty in bobwhite ecology , a greater quail habitat 
management emphasis on public-controlled lands, a vastly improved and 
effective cooperation by various state and federal agencies, and 
carefully-planned and regulated land use for major soil types and/or 
ecosystems. 

According to the geologic record, bobwhite 
quail (Colinus virginianus) have been around 
possibly a million years . However, because of the 
long periods of given dominating vegetation types, 
it is probable that prior to intrusions by man 
numbers were few and populations widely dispersed, 
being asso cia t ed with the boundaries and "breaks" 
in vegetation types of major ecosystems . The 
absence of bobwhites in middens in its probable 
range suggests other forms of animal foods were 
more r eadily available and/o r desirable; possibly 
its small population was an important factor . 
With the activities of the resident Indians, local 
patterns of vegetation were altered; these 
alterat i ons probably represent the first 
enhancement of quail habitat that was not due to 
elements of weather . The story of the settlement 
of our country is well documented; and the 
increment in quail numbers, beginning with vigor 
about 1800, seems a consequence of the settlers ' 
land -use practices . Abundance t hr oughout its 
range seemingly prevailed until the mid-to-late 
1800 's followed by varying degrees of stability 
until the mid - 20th century when declines became 
well documented . One can theorize that this 
pattern of population growth and de c line exhibits 
the bobwhite ' s "fit " in ecosys tems reflecting 
disturbance by man and a n affinity with 
intermediate successional vegetational events 
rather than pre- and post -subclimax stages 

inte rtwined in the mesh of diversity . This 
accommodation to habitat by quail should yield 
unique and productive management possibilities , as 
such vegetat ional condit i ons are more readily 
man-enhanced than are the pre- and post - subclimax 
stages . Unfo rtunately , as we now well know , the 
intermediate phases of succession are likewise the 
most attractive in accommodat ing man's many needs 
for food and fi ber. Efficiency (money, time , and 
energy) of the immediate does not contribute to 
the long term ; but, more important, it does not 
recognize the significance of natural events in an 
ecosystem nor does it identify values not readily 
deposit ed in the bank. 

The trend in quail popula tions nationally, 
recognizing local exceptions , is downward and with 
an eve r-increasing pace . A legitimate ques tion is 
are we at a point of no r ecove r y ; is this bird on 
the way ou t in major portions of its range? To 
what extent can we retard (o r maybe stabilize a t a 
gi ven point) the deterioration of habitat and 
hence t he quail 's demise ? I wish I could be 
optimistic in r esponse to t hese as well as other 
s imilar quest ions for quail anct many other species 
that occupy successional stage habitats . It is my 
intent to examine several aspects, to "crys tal 
ball" a bit , and to offer some thoughts regarding 
the future of the bobwhite . Do know there will 
not be apology for a gloomy picture and the 



c ritical vi e ws expressed ; fac t s of support a r e 

abundant and wide l y known by biologists throughout 
the qua i l r ange . You will note , of course , a 
Midwes t orie nta t ion t hr oughout , but t here is 
r eflected nea r ly 37 years of interes t and study. 

Examination of the lite r atu r e on the bobwhite 
sugge s t s that we have eit her cons ide r ed, by in 
large, that there is no mo r e t o be learned about 
this important bird or we have , in gene ral, give n 
up hope that anything ca n be done t o improve its 
status . The 30 ' s through the 40 's seemed a peak 
in the produc tion of research and management 
papers and bulle tins ; indexes a nd federal aid 
documents sugge s t a r educed emphasis from 19 50 t o 
1970 and that few states are currently studying 
the bobwhite . This seeming apathy is a disgrace 
to our profession ; will we get excited when the 
bobwhite appears on the threatened or endangered 
lists? I recognize possible reasons for this, as 
generally monies are used for the "quick and 
dirty," the short-term effort for answers wanted 
yesterday. Also , there i s a prevailing opinion 
that we can treat management practices generally 
and this will benefit the bobwhite as well as many 
other species. Such is only lip service unless 
the quail is the focus of these effor t s . I 
personally find little comfort in most planned 
land use programs currently practiced on public 
lands as the quail is really not addressed ; 
seemingly, the motivation i s how many people can 
be accommodated. I suspect that it is hoped that 
some good will be contributed ; some may be, but it 
will not be much . 

Activities, as few as they are, in s tudying and 
in managing habitat for quail are too little, 
possibly too late in many cases, for too big a 
problem. States generally are beating "spot 
fires" and not addressing the roaring inferno 
which is consuming habitat everywher e . There is 
much evidence of grasping for any op tion , good or 
bad, hoping for the impossible. We are seemingly 
driven to grasp for any " flicker" to suggest we 
are doing something, but we never re?lly come to 
gri ps with the fundamental issue of habitat loss. 
The identification of publi c or private land as 
wilderness, natural areas, nature preserves, 
special management units, etc ., has its PR values; 
and it reflects an important effort. But we are 
kidding ourselves if we beli eve anything more than 
a 3-inch bandaid is being applied to a 30-inch 
incision. Do we really understand that these are 
largely last-ditch efforts to avoid complete loss 
of components of our environment? Further, that 
which offers hope for one state or region, one 
species or group of species , one habitat type or 
another, may have little utility generally because 
of di fferent types of land uses now and in the 
future; but, more important, the future of such 
efforts may be questionable anywhere. We have 
tunnel vision and have a strong inclination to 
follow (or grasp for) almost anything initiated 
anywhere; Colorado is not Iowa nor is Florida 
Oklahoma. We move to generate a variety of 
special funds for a great many activities, 
requesting the support of legislators and the 
public, because problems will be resolved . Please 
remember that the crisis of the drouth and 
depression of the late 20 ' s and early 30's 
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pr ovided a national s oil conservation program 
which yielde d outstandi ng data on how we could use 
our land fo r a wide range of integrated and 
int e r active interests without serious impact on 
i ts r es ource base. ow 50 ye a rs later and after 
the allocation of 25- 30 bi lli on dollars of 
e nticeme n t s , a much worse situation exists than in 
1932. A large part of that soil erosion problem 
and the enlargement of the State of Louisiana are 
due t o the destruction of bobwhite quail habitat . 
No, I am not opposed to tapping many sources of 
funds or generating new revenue, but let us not be 
lulled into dreaming that this answers the real 
question of statewide habitat loss on private 
holdings. Further , don't reflect on 
accomplishments of the waterfowl stamp when 
thinking about upland species. Much of waterfowl 
management is "barnlot" animal husbandry; the 
bobwhite can be "crowded" only in propagation 
units located in one's backyard or 
government - opera ted game farms . 

Over the years, programs to restrict crop 
production , name l y feed grains in the Midwest, 
have come and gone ; most offered little as habitat 
improvement for quail because of management 
practices designated for such acreages . However, 
should retired acres refle ct a continuing program 
and there be oppo rtunity and encourageme nt for 
wildlife habitat developme nt and management , 
opportunities to "replace" quail habitat in 
certa·in regions a r e a possibility. But the 
likelihood of such occurring in the face of farm 
economics as related to the world markets and the 
GNP syndrome of economic strangulation seems 
remote. Further , even if such a hope became a 
reality, we cannot presume that travel lanes, 
fallow fields, and rotation fa rming will appear in 
those areas regarded as prime and high capability 
farm lands . Hence, banked or retired lands will 
occur only in very limited regions within a great 
portion of the quail range. In many cases , these 
will be "island" populations subject to intense 
pressures if hunted because they have no place to 
escape. But, this is surely better than nothing 
and probably can be appropriately managed if it is 
addressed by responsible administrators . 

Nearly every thought over time, with regard to 
management of quail in an agricultural community, 
is without feasibility today except that there be 
a sacrifice by the farmer . We have not been able 
to sell because generally sales pitches did not 
address the real world. Farming is a business and 
no longer an activity which simply reflects a life 
style of the non-urban setting. To be successf ul, 
it r eflects efficiency , but no lo,ger as a 
self-contained unit , Because farming today is 
totally dependent on an enormous array of 
interactive processes that impact i ts fate as a 
business, it is an inescapable part of an 
entanglement which does not permit much thought 
and concern for wild animals . Appreciate one can 
no longer hear the sounds of wildlife or have time 
to reflect on seeing the first quail chick of the 
season; after all, the tractor is too noisy and 
the operator rides in a sound- proof 
air-conditioned cab , it moves too fast and 
requires one's undivided attent i on, and it shows 
no response t o cur ses , gee and ho, or a loving pat 



when the day is done. What we know to be in the 
best interest of quail today is as unacceptable as 
are unoccupied units in a condominium. To add 
"quality of life" to either setting requires 
higher rents. Increased short-term costs cannot 
be afforded either by the business effort or the 
consumer, and there is no motivation to contribute 
the luxury of diversity because its importance is 
not appreciated. 

One must raise the question as to how and to 
what extent can we retard the deterioration and 
loss of quail habitat . The answer is only to the 
extent that a fluctuating status in land use can 
be accommodated that yields a variety of stages of 
early to mid plant succession, and/or permits 
incorporation of selected habitat management into 
land use programs that will yield profits for the 
farming enterprise. I see but one way to 
accomplish some of this, and that is through a 
variety of activities that focus on identification 
of best land use practices for major soil types. 
But there will be no progress in this direction 
without massive change attainable only through 
direct ed, coordinated efforts. Such progress 
requires the impact and support of continuous 
research and demonstration, educational 
inst i tutions, legislation, elected officials, 
government administrators, professional societies, 
and t he public in general. ls this a "cloud nine" 
perception? Yes, but we have the capability to 
marshal such togetherness as demonstrated by World 
War I and II . Although the nuclear age may prove 
otherwise, no civilization of record has been lost 
because humans could not ge t along. The record 
suggests that abuse of land (soil), and 
environment generally, was the real cause for the 
demise of 20-t- civilizations. What are our excuses 
for not rising above this mentality? There is 
insufficient time for me to develop this issue 
now. 

Let me address in more detail some of the 
matters I've identified and explore , and possibly 
evaluate, a selected few of the partitioned and 
disjunct efforts to enhance our environment. 

(1) There are many ways habitat for quail can 
be improved if we do nothing more than emphasize 
best use and management of land in accordance with 
known prescriptions tried and proven over 50 years 
ago. This emphasis will not result in the "good 
old days," but it will be a major cont ribution 
especially when complemented by those efforts to 
delineate areas through lease, agriculture 
retirement, acquisitions as preserves and 
wilderness, etc . One cannot over-emphasize the 
dangers of isolation and the fragility of island 
populations due to the vicissitudes of weather, 
disease, parasites, predators , or competing 
organisms . 

It is conceivable that the seriousness of soil 
erosion could result in a blessing. However, t his 
will occur only if the public in general and 
government everywhere recognize the disaster of 
the alternative, that is to i gno re the problem. 
Consider the contribution of strip-cropping, 
contouring, windbreaks , developed drainageways , 
retired acreages of permanent cover to protect 
marginal sites, and maybe even some small degree 
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of crop rotation. I see little chance, however, 
to change importantly the trend to larger field 
size, specialty agriculture, and monoculture. 
Clearly, the opportunity for extensive diversity 
reflecting the right vegetational mix is not 
great, but there is offered an opportunity and 
challenge that are in the right direction. 

( 2) Public awareness, but especially 
understanding and undiluted support, are required 
to address the problems at hand if there is to be 
change. The 50 ' s and early 60's reflect a period 
of progress in this direction via training of 
teachers and classroom instruction. But, for a 
variety of reasons, largely related to apathy by 
school administrators, legislators, school boards , 
and teachers , this has dwindled significantly. 
Further, Agricultural Experiment stations, which 
in theory operate at the "cutting edge," have 
become the victims of chemical companies and 
Washing ton bureaucracies. In addition, the U.S. 
Department of Agriculture, with its tentacles in 
essentially every county in the United States , has 
willfully ignored the necessity for best land use , 
including a commitment to fauna and flora , because 
of the tiger it has by the tail, namely GNP as it 
relates to the economic health of agriculture. 
The Soil and Water Conservat ion District, an 
admirable effort at democi:acy and volun teerism , is 
the recipient of this long intestinal tract, 
which originates in Washington and which is 
"tributa ried" largely by those who dare not 
address the real issues or tell it like it is . 
One might rationalize that Agricultural Experiment 
Stations could offer a "freedom road" out ,;if this 
intellectual strangulation. But examine their 
track records via publications , extension 
programs, etc . , the last 25 yeai:s. Do you fi nd 
except i on to the emphasis on chemicals, 
intensified land use , more acres taken from other 
important uses, continued promotion of the 
greatest cause of cancer, etc . , as the way to 
increased crop production? Despiteair-:-Water , 
and soil being our essential life supports, these 
are treated as products of natur e to be exploited; 
or , how much can one get for the least investment 
of time, dollars, and energy in the shortest time 
span. ls it any wonder that wildlife such as the 
bobwhite has been i gnored , considered irrelevant 
in the scheme of things? 

(3) We have no alternative but to re- establish 
essential habitat if thei:e is to be maintenance 
and /or increase in quail numbers and their 
distribution. The widespread loss of premier 
habitat has had an insidious effect because 
previ ously less important facto rs now are 
critical . Individually and/or collectively 
factors such as severe weather, predators , crop 
harvesting, hunting seasons, chemicals, etc . , once 
easily absorbed by quail populations, are now 
readily identified as seriously reducing 
populations . Often recovery from these problems 
is slow at best, if at all. As a result of these 
factors being identified as suspect, we lose 
proper perspective of the annual needs of quail 
and now focus on the individual items for 
resolution. Never befo re has the necessity fo r 
long - term studies, research-demonstration a reas , 
and organized efforts of well - trained quail 



biologists been so important. We monitor annual 
harvest levels and hunter success and bemoan the 
plight of those who buy a license. And we 
continue our presumption that we know all that 
needs to be understood regarding quail. How many 
state departments have on-going research that will 
identify the situation today? By default, we 
imply satisfac.tion that the invaluable work of 
Herbert Stoddard and several others representing a 
3-decade period (1930-60) is in total applicable 
to current problems in the quail range. Does this 
represent an appropriate sensitivity for a 
r esearch or management biologist? 

Generally, we have no real understanding of the 
subtle happenings because we have not followed in 
detail leads identified years ago. Do appreciate 
the minuscule factors of yesteryear are the 
determinants today. We are no longer "living high 
on the hog"; the opportunity to endure risks with 
this unique bird is long past . Because of 
recognition of the importance of bits and pieces 
of biology as they apply to the whole, we 
developed the systems approach . Unfortunately, 
most of us are "hungover" with blackboard diagrams 
and have not been able to really sell the end 
product. 

(4) Neve r before has there been such a 
necessity for the organized efforts of 
well-trained quail biologists to study and manage 
this outstanding bird . '.Che true quail hunter can 
identify quality quail habitat and is reasonably 
successful in hunting because of this . I would 
judge that many biologists who have been employed 
in the last 15-20 years do not have an equivalent 
perception. This is in part because many states 
and universities have not focused on quail because 
of a lack of available support for and interest in 
its research. But, in large part, pressures of 
the new approaches to research, data analysis, and 
management sermonized in governmental and academic 
circles (program management systems [PMS] , 
management by objectives [MHO] , habitat evaluation 
procedures (HEP], etc . ) have yielded prospective 
employees who are in large part mechanics , 
engineers, or technicians . Disgraceful as it may 
seem , thinking, philosophizing , and theorizing are 
passe unless the thoughts can be put through a 
computer and to the test of elaborate formulae 
that are readily fabricated if they don ' t fit. 
Unfortunately, in our efforts to be "definitive" 
and "sophis t icated," both very noble and 
worthwhil e objectives , we have forgotten that 
these a r e simply gi mmicks, tools if you will, and 
will not , cannot, help us "thinK like a quail." 
Please, I am not negating the value of 
sophisticated methods in research and management. 
But I am truly ashamed and thoroughly embarrassed 
when our students and members of our profession 
can spout all sorts of technological terms , cover 
blackboards with formulae, and discuss all sorts 
of "packages" for computer analysis, yet not have 
the sli ghtest notion of what it means in terms of 
quail biology. We must have both the highly 
qual i fied field biologists and the technical 
ge nius; but if I could have but one , it would be 
the former, who could think, whistle, and enjoy 
springtime like a quail . 
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(5) I believe there is opportunity to improve 
greatly bobwhite management practices on 
public-owned lands; however, public-owned lands 
suitable for bobwhite habitat range from little to 
few in terms of acreages in different states. 
Also, they usually show maldistribution on a 
statewide basis and hence are often considered 
unimportant and not useful to segments of the 
human population. More important, the fact that 
individual holdings are often too small to be 
effective as management units needs to be 
reconciled. A greater effort by federal agencies, 
especially in national forests and refuges, could 
yield important returns in given states. But 
there must be attitudinal changes to accomplish a 
more responding climate and responsible action, as 
many such holdings tend to focus on either a 
singular or multiple mission, neither of which has 
much to offer high-quality quail habitat . 

Also associated with public holdings is the 
question of opportunities to hunt quail. Even if 
maximum habitat management is exercised, number 
of hunters benefited is often small at best. 
Further, to provide a good experience is immensely 
difficult unless hunting is restricted so as to 
avoid disruption of routine quail behavior 
patterns . This offers little in the long run, may 
be a questionable use of funds, and will not 
generate much hunter support. As unpalatable as 
it appears to many here, i n some states 
particularily, production of high-quality birds 
and their release at well- planned intervals on 
properly-managed sites (habitat and hunter) may be 
justified. Obviously the cost of such an effort 
cannot be adequately subsidized by conventional 
hunting license fees . 

(6) Although not significant in providing 
acres for quail , full and effective cooperation 
between state and state , state and federal, and 
federal and federal agencies can contribute much 
to public interest and understanding of proper 
resource management generally and the plight of 
the bobwhite quail in particular. Currently, much 
collaboration is lip- service and more times than 
not reflects indifference to antagonism. Although 
much of this is nothing more than "defense of 
turf ," it is surely not in the best interest of 
the public dollar or the bobwhite . The 
opportunities to work with private interests and 
enterprises are structured in almost every 
government program, and few segments of the public 
are immune t o the impact of one or more of these . 
Yet, one fails to see much that suggests 
coordinated coe rcion and leadership by responsible 
government agencies to ensure the best for the 
land resource and its occupants . Is there not a 
common ground and interest? 

(7) Finally, I wish to address the question as 
to whether there will ever be accepted 
philosophically regulated land use in the rural 
setting . Will we ever establish by policy 
required practices for handling major soil types 
and ecosystems? Many believe this the only 
appro~ch that will provide oppo rtunity for 
diversity in our life and, in turn, enhance the 
bobwhite quail . But at what level will success in 



our efforts occur when there seems to be no 
exception to the bobwhite being a dispensable 
"by-product" of all other dominant or primary uses 
of land? If it's the "meat market" we wish to 
contribute to, appreciate the quail is but a 
delicacy and its rearing is easily accomplished in 
1-2 acres of space. 
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LAND USE AND BOBWHITE POPULATIONS IN AN AGRICULTURAL SYSTEM IN 
WEST TENNESSEE 

JAY H. EXUM, Department of Forestry, Wildlife, and Fisheries, The University of Tennessee, Knoxville, T~ 
3 7 90 11 

KALPH W. DIM.NIC K, !Jepartment of Forestry , Wildli f e, and Fisheries , The University of Tennessee, 
Knoxville , TN 37901 

bOYD L. DEARDr. , Departme nt of Forestry, Wildlife , and Fisheries, The University of Tennessee, 
Knoxville , TN 379 01 

Abstract: The efficacy of a computer assisted habitat evaluation system 
(lMGRID: Information Management on a GRID cell system) was tested on Ames 
Plantation in west Tennessee . Habitat characteristics and bobwhite (Colinus 
virginiana) population size were compared to delineate the effect of land use 
changes on bobwhites . Significant changes in land use occurred . Pastures 
decreased f rom 120. 4 ha in 1966 to 35. 0 ha in 1980 , while soybeans increased 
from 102. 4 to 193. l ha . Idle land decreased from 212. 9 ha to 178. 6 between 
1966 and 1980. Bobwhite population size was negatively co rrela t ed with the 
area maintained in soybeans (r = - 0. 63) and positively co rrelated with 
pastures (r = O. 76) and idle land (r = O. 76) . Multiple component analyses 
indicated highest use by bobwhites of (1) areas where idle land , forests , and 
agriculture came withi n close proximity, (2) areas near food plots , and (3) 
idle land a l one . Sing l e component analyses identified high use by bobwhites 
of idle land, wild he rbaceous vegetation , and food plots . Wi t hin forests or 
i dle l and , bobwhi t es preferred areas containi ng honeysuckle . 

The quality of habitat is one of the most 
important facto rs influencing the fate of many 
wildlife populations t oday . The importance of 
habitat necessitates deve l oping a suitable, 
compr ehensive sys tem of habitat evaluation. Such 
a system should be capable of ident ifying 
c ritical components of habitat and fo r ecasting 
the effect s of manipula ting these components. It 
would be usef ul fo r de termining a site ' s 
potential for wi ldli fe as well as be ing a 
predictive tool fo r wildlife manage r s . 

Originally , analyses of habitat features were 
fa cilitated through obs e r vation of aerial 
photogr aphs or cover maps (Dalke 1937, Gr aham 
1945 , Ar nold 1946) . Recent r esearch has 
broadened the scope of the se early works with 
some s uccess (Hanson and Mille r 1961 , Burger and 
Linduska 1967, Baxter a nd Wolfe 1972, Schuerholz 
1974) . Comput er technology has enhanced the 
sophistication with whi ch habitat and population 
data can be sto r ed and analyzed. 

Many computerized geographical systems are 
currently available that could accommoda t e 
diverse t ypes of wildlife data (Wilcott and Gates 

1Present Address: Alabama Cooperative Wildlife 
Research Unit, Auburn Unive rs ity , AL 36849 . 
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1977, brooks and Pease 19 78) . One such system, 
IM.GRID, has been t ested by the Tennessee Valley 
Authority (TVA) and the Tennessee Wildli fe 
Resources Agency (TwRA) on the Catoosa Wild life 
Management Ar ea (CWMA) (Davis 1980) . Although 
ext ensive work has been done on the CwMA , with a 
promising ou t look for IM.GRID, t he majority of the 
habitat analyses have been for relatively large , 
wide ranging species such as whi t e-tailed deer 
(Odocoi leus vi r ginia nus ) , European wild hogs (Sus 
s c rofa) , and eastern wild turkeys (M.eleagris -
gaTI"cipavo silvestris) . 

IMGRID appeared appropriate for use on the 
Ames Plantation in west Tennessee . During 15 
years of quail research , bobwhite densities and 
concurrent habitat conditions have been recorded . 
This pr oject investigated the merits of using 
IM.GRID for delineating relationships between 
various charact eristics and bobwhite populations. 

We would like t o thank the s taff of t he Ames 
Plantation for thei r assistance, particularly 
Dr. James Ande rson and Alan and Becky Houston. 
We also appreciate the support and assistance of 
certain TVA st aff , particularly Stanford Davis . 
Significant financial support was provided 
through McInti re-St ennis funds . We also 
acknowledge the use of The Un iversity of 
Tennessee Computing Center, Knoxville , Tennessee. 



STUDY AREA 

Ames Plantation is the site of the National 
Field Trial for pointing bird dogs, An 832.5 ha 
tract within the plantation, designated as the 
Morning Field Trial Course (MFTC), was used for 
the study, Loess soils, consisting of the 
Loring, Grenada, and Calloway series, averaging 
1-3 min depth and overlying Coastal Plain marine 
sediment , predominate on the area (Flowers 1964), 
Topography is moderately dissected to gently 
rolling ; average al t itude is 135 m (Flowers 
1964). The growing season averages 210 days. 
Average annual precipitation is about 135 cm. 
The yearly average temperature calculated by 
Eubanks (1972) from U. S. Weather Bureau (1966, 
1967, 1968, 1969) data is 16. 4 C. 

The MFTC is highl y agr icultural, with 
extensive areas planted to soybeans . It is 
intensively managed for bobwhites . Since 1966, 
bobwhite populations have fluctuated greatly, 
from 3. 8 birds/ha in December 1972 to 1.4 
birds/ha in March 1980 (Table 1). 

Table 1. Census data from December and March 
censuses , 1966-1980, on Ames Plantation in west 
Tennessee . 

Month Year Number 
of Coveys 

March (Pre-breeding) 
19 67 76 
1968 81 
1969 82 
19 70 66 
1971 77 
1972 95 
1973 85 
1974 62 
197 5 61 
1979a 61 
1980 50 

Mean 72 . 4 

December (Post-breeding) 
1966 90 
19 67 101 
1968 108 
1969 73 
1970 89 
1971 111 
1972 111 
1973 93 
1974 66 
1976a 72 
1977 83 
1978 65 
1979 62 

Mean 86. 5 

Februaryb 
1980 59 

a Populations not censused 
or December 1975. 

x Birds/ Total Numbe r 
Covey Birds Found 

12. 2 925 
13. 2 1,023 
12. 6 1,033 
12. 6 832 
12. 5 964 
13. 0 1, 269 
11. 8 983 
11 . 0 681 
10. 3 637 
10. 9 701 
11. 4 573 
12. 0 879 

13. 1 1,184 
14. 6 1,478 
13. 9 1,505 
13. 8 1,077 
13. 2 1, 179 
12. 0 1,334 
14. 3 1,587 
12. 3 1 , 145 
13. 8 847 
12. 3 897 
13. 3 1, 101 
12 . 0 782 
11 . 9 736 
13. 0 1 , 142 

10. 2 663 
during March 19 76-1978 

bAdditional census made in 1980. 
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METHODS 

Aerial photographs were standardized to 
produce scaled maps of the study area for 1966, 
1971, 1975, and 1980. An acetate grid, with 
grids representing 1. 0 ha, was overlaid on these 
maps. Various components of habitat specifically 
identified with the aid of f i eld maps were 
numerically coded in their respective grid cells 
for use by IMGRID. Bobwhite census data were 
also encoded for correlation with habitat types. 

General land uses were consolidated into 
categories: agriculture, pas ture, wild 
herbaceous vegetation, idle land, and forests . 
The three most abundant cover types in each grid 
cell were encoded, each into a separate data 
element (mutually exclusive sets of information 
that describe a resource or land use unit, e . g . 
soil mapping units, forest types, etc . ) (Beema n 
19 77) . Nume rical values were arbitrarily 
assigned to these components in such a way that 
IMGRID could later detect the various 
combinations of habitats in each gr id cell . 

During 1980, inf ormation on honeysuckle , 
forest types, herbaceous vegetation, and land use 
was collected in the field at a higher resolution 
(grid cells represented 0. 25 ha) for a more 
detailed evalua tion of specific use patterns. 
Samples of honeysuckle were collected, dried, and 
weighed to identify representative stands of 
honeysuckle . Plots were subsequently categorized 
in terms of density as Absent, Low (0. 1-250 
g/m2), Moderate (251-500. 0 g/m2), or AbundJnt 
(more than 500 g/m2) , 

The data collected at t he 0.25 ha grid cell 
size were generally encoded as ranked values 
representing specific data entities . For 
example, the data encoded fo r the forest type 
data element were the following : 

Data code 
00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 

Fores t type 
None present 
Seedling pine 
Seedling bottomland hardwood 
Seedling upland hardwood 
Cedar 
Pole sized pine 
Pole sized bottomland hardwoods 
Pole sized upland hardwoods 
Sawtimber pine 
Sawtimber bo ttomland hardwood 
Sawtimber upland hardwood 

A planimeter was used fo r 1980 data to 
calculate the area maintained in each habitat 
t ype . IMGRID was also used to assess the 
composition of habitats . T-tests we re then used 
to compare IMGRID's estimates to those calculated 
by the planimeter . 

Mean popu l ation estimates were derived for the 
years 1966 , 1971, 19 75 , a nd 1980 (Table 2) . 
Patterns of land use were then regressed with the 
mean populations to correlate land use patterns 
with population size . 



Table 2. Classes of average populations of census 
data from Aines Plantation, surrounding the years 
from which INGRID habitat data were available. 

Category Census 

December 1966 
March 1967 
December 1967 
!1arch 1968 
December 1968 
March 1969 

1966 

December 1969 
March 1970 
December 1970 
March 1971 
December 1971 
March 1972 
December 1973 
March 1973 

1971 

December 1973 
March 1974 
December 1974 
March 1975 
December 1976a 
March 1977b 

197 5 

December 1977 
March 1973b 
December 1973 
March 1979 
December 1979 
Narch 1980 

1980 

Population 
Size 

1,184 
925 

1,478 
1,078 
1,505 
1,033 

1,077 
832 

1,179 
964 

1,334 
1,269 
1,587 

983 

1, 145 
881 
847 
637 
897 
681 . 7 

1, 101 
836. 7 
782 
701 
736 
57 3 

Average 
Population 

1,200.5 

1,152.8 

814. 8 

788. 3 
aDecember 1975 and March 1976 censuses were not 

performed. 
bAverage survival (x = 0. 76) from December to 

March was calculated for all other censuses to 
obtain the estimated March population. 

IMGRID keywords were used to overlay habitat 
fea tures with census data for 19 66 , 1971, 1975 , 
and 1980 to detect trends in habitat use. These 
trends were analyzed using two techniques, 
multiple component analysis and single component 
analysis . 

The multiple component analysis permitted the 
identification and delineation of the interactive 
effects of important combinations of habitats . 
Habitats were categorized as pasture, idle land, 
forests, food plots, and agriculture . The three 
major habitat components of each grid cell were 
recognized; 25 possible combinations of habitats 
existed . The percentage of grid cells with 
coveys was calculated for each of these 
combinations . 

The single component analysis isolated 
individual habitat types, without regard to other 
habitats . For example, all grid cells with 

8 

soybeans were located and those cells also 
containing coveys were delineated . This analysis 
permitted the isolation of all habitat types 
present during each year. 

Chi-square tests were used to detect 
differences in habitat use in every census for 
both analyses. Chi-square tests detected 
differences in use but not the location of these 
differences. For this reason the percentage of 
grid cells that contained coveys was ·calculated 
for each habitat type (Huntsberger and 
Billingsley 1977). Important habitats were 
identified as those exhibiting high percentages 
of use. 

In some instances certain habitats or 
combinations of habitats from the IMGRID analyses 
exhibited an expected chi - square value of less 
than l. These combinations were clumped into 
logical categories for analysis . 

T-tests were used on December and March single 
and multiple component analyses for all years to 
test for a difference in habitat use trends 
between censuses . Since three censuses were 
performed in 1980, analysis of variance was used 
to test for different patterns of use during that 
year . 

IIBSULTS 

IMGRID accurately depicted the composition of 
habitat when compa r ed with the area defined by a 
planimeter. Subsequent 111GRID analyses detected 
major changes in land use between 1966 and 1980 
(Table 3) . Pas ture decreased f r om 120.4 ha ( 14. 4 
percent) in 1966 to 35. 0 ha (4 . 2 percent) in 
1980. Soybean production increased from 102. 4 ha 
(12.3 per cent) in 1966 to 193. 1 ha (23. 2 percent) 
in 1980. The total area maintained in idle land 
decreased from 212.9 ha (25. 5 percent) in 1966 
to 178.6 ha (21 . 4 percent) in 1980. 

No differences in habitat use be tween December 
and March censuses were found f_or most years of 
the study ( P < O. 05) . For t his reason censuses 
for each year-were combined fo r analysis . In 
instances where there were significant 
differences between years , the censuses were 
analyzed separately. 

Multiple component analyses indicated 
consistent use of certain habitat types 
throughout the study. These included grid cells 
with idle land only; grid cells with idle land, 
forest, and agriculture; and grid cells 
containing food plots. Pasture l and was highly 
used during 1966 and 1971 . 

Single component analyses clearly illustrated 
that food plots were highly used . Idle land, 
areas classified as wild herbaceous vegetation, 
and fallow fields were also highly used. 

The intensive multiple component analysis 
performed during 1980 indi cated that edges of 
idle land and wild herbaceous vegetation were 
highly preferred . The intensive single component 



Table 3, Composition of land use for 1966, 1971, 1975, and 1980 on Ames Plantation. 

No . of ha 
Land Use Type in 1966 

Pine 55. 4 
Hardwoods 249. 3 
Fallow Fields 78. 7 
Food Plots 16. 3 
Lespedeza 
Corn 29. 6 
Soybeans 102. 4 
Ponds 4. 8 
Idle Land 129. 4 
Cotton 48. 1 
Pas ture 120. 4 
Milo 
Wheat 
Alfalfa 
Hay 
Fi eld Peas 15. 8 

analysis fo r 1980 a l so defined idle land and wild 
herbaceous vegetation as the most highly used 
habitat types. 

Additional IMGRID anal yses for 1980 data found 
grid cells with honeysuckle to be preferred over 
those without. A moderate (251 g/m2 - 500 g/m2) 
density was favored . Bottomland hardwoods were 
the preferred fores t type, and idle land or 
forest types with honeysuckle were preferred 
covey locations . 

The area maintained in row crops was not 
highly correlated with bobwhite populations . 
However , as soybean acreage increased, bobwhite 
numbers declined (r = -0. 63) . The amount of idle 
land (r = O. 76) and the amount of pas tureland (r 
= 0. 76) were positively correlated with t he 
number of bobwhites on the study area . 

DISCUSSION 

Soybeans are a preferred food source on Ames 
Plantation, and they provide excellent habitat 
for bobwhites throughout much of the year 
(Eubanks and Dimmick 1974) . However, har vested 
soybean fields provide no protection for 
bobwhites during critical winter periods . Use of 
soybean habitat was highest during the two years 
in which acreage was lowest . During the two 
years in which soybean acreage was greatest, the 
most highly used habitats were those supplying 
cover, such as fallow fields, wild herbaceous 
vegetat ion, and idle land . By 1980 , 23. 2 
percent of the MFTC was planted in soybeans, much 
of this in large f i elds . These large expanses of 
soybeans replaced l a r ge idle fields and permanent 
pastures, perhaps creating shortages of necessary 
winte r cover . 

Idl e land was consis tently one of the most 
highly used habitat types. Idle land 

No . 
in 
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of ha No . of ha No. of ha 
1971 in 1975 in 1980 

53. 8 68. 8 64. 2 
243. 0 237 . 8 243. 9 

20. 9 10. 8 
14. 9 19. 8 9. 2 
23. 3 2. 2 38. 3 
25. 0 11. 6 70. 1 

181. 7 168. 0 193. 1 
3. 8 3. 3 4.3 

189. 2 169. 5 163. 5 
29 . 3 30. 8 
56. 5 52. 3 35. 0 

3. 8 6. 1 
16. 5 17 . 6 

5. 3 2. 2 
4. 3 

characteris tical ly contained herbaceous 
vegetation often accompanied by di spersed 
hardwoods . These conditions provide ideal 
situations for quail (Klirnstra and Roseberry 
1975 , Roseberry et al. 1979). Idl e land and 
forests were major sources of winter cover . The 
decline in idle land has resulted in fewer 
favorable covey headquarters as defined by Yoho 
and Dimmick ( 19 72) . As a result, bobwhite~ have 
shifted to forests for wi nte r cover . Forests 
were not highly used by bobwhites for food on 
Ames Plantation (Eubanks and Dimmick 1974), and 
the widespr ead use of fores ts is nontraditional 
(Stoddard 1931:404 , Murphy and Baskett 1952 , 
Kabat and Thompson 1963 : 55 , Casey 19 65) . High 
use of hardwo ods indicates a s hift in impo r tance 
f r om traditional early successional he rbaceous 
vegetation t o c l osed oversto r y f orests . Use of 
these marginal habitats is unfavorable for 
bobwhites . 

high pos itive correlation of bobwhite 
populations with pasture is not normally 
expected . However, the pastures maintained on 
the MFTC i n 1966 and 19 71 were lightly grazed 
and , t herefo re, r esemble old field habitat . High 
use i n those yea r s reflected adequate densit i e s 
of herbaceous vege t a tion i nterspersed in some 
cases with food plots . Perhaps also important , 
but not derived from this study , these pastures 
provided excellent nesting habita t. 

Food plots , although comprising a relative l y 
few hectares, were important t o bo bwhites 
throughout the study. These plots were 
establi shed in pastures that originally provided 
a lush growth of broomsedge (Andropogon 
virginicus) but were otherwise relatively poor 
sources of winter foods . These food plots were 
planted with soybeans but a lso contained 
vegetation that could have been classified as 
idle , As pastures we r e conve rted to soybeans, 
the importance of unharvested food plots 



persisted , but their usefulness was likely 
related to their provision of cover as well as 
for food . tor these reasons, habitats containing 
food plots were represented as one of the most 
highly used habitats in every multiple component 
analysis . 

The intensive multiple component analysis in 
1980 showed idle land to be a part of the three 
most highly used habitat types. The intensive 
single component analysis showed wild herbaceous 
vegetation to be the most highly used habitat 
type; idle land was second . The importance of 
idle land has been discussed; its reduced acreage 
has increased its relative value . Wild 
herbaceous vegetation was identified only for the 
intensive 1980 analysis. It was used to describe 
areas of wild vegetation free from woody 
invasion. In other analyses, this category of 
vegetation was classified as idle or fallow. 
Because of the shift of importance to soybeans, 
wild herbaceous vegetation may become 
increasingly important. 

The nature of the walk flush census may 
introduce bias into the interpretation of habitat 
use trends. The cens uses may push birds into 
heavy cover and overest imate the importance of 
honeysucKle or dense cover . However, it is 
believed that increasing scarcity of these areas 
is limiting the quail population on the MFTC. 

Use trends may not accura t e ly portray the 
significance of some habitat types . Soybeans are 
obviously important to bobwhites on the MFTC, yet 
little time is spent feeding in soybean fields 
due to the ease in obtaining seeds . Therefore, 
walk flush cens uses may underestimate the 
importance of soybeans . The various IMGRID 
techniques used fo r analysis minimize these kinds 
of biases. 

MANAGEMENT IMPLICATIONS 

Extrapolation of data on the r e lative 
composition of land use and trends in habitat use 
yielded obvious management implications. The 
most obvious change in land use was an overall 
shift to increased acreage planted to soybeans . 
In early years of the study , when populations 
were high, lightly grazed pastureland afforded 
excellent herbaceous cover, and a diversity of 
r ow crops was maintained. Subsequent changes in 
land use patterns were accompanied by marked 
declines in bobwhite numbers . Transit i on lanes 
between soybeans and hardwoods have been shown to 
buffer shortages of adeq uate cover and to be 
beneficial for bobwhites (Rosene 1969) . 
Increasing borders of herbaceous vegetation on 
the periphery of strategic soybean fields should 
greatly improve overall conditions for bobwhites. 
Optimum vegetation density and composition of 
these borders would be maintained through 
periodic burning or plowing . 

Divers ity, the key to bobwhite management 
(Fimlott 1969), may be encouraged through 
establishing smaller irregularly shaped fields . 
These fields would crea t e an edge effect and 
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allow interspersion of desirable habitats such as 
idle land with herbaceous vegetation and 
hardwoods with honeysuckle . 

The presence of well distributed nesting areas 
is a necessary ingredient of good quail habitat 
(keid et al. 1979) . Broomsedge, the primary 
grass associated with nest const ruction in west 
Tennessee , can be encouraged through timely 
plowing or burning . However, indiscrimi nant 
burning can cause destruction of potential nest 
sites and optimum densities of honeysuckle . Site 
specific management using IMGRID as coordinator 
could approach optimum densities , quantities, and 
the proper juxtaposition of soybeans and idle 
land with herbaceous vegetation and honeysuckle . 

The maintenance of food plots in critical 
areas can supply necessary components of food or 
cover (Robel et al. 1974). Areas deplete of 
winter food supplies may be supplemented by 
productive food plots, while areas lacking winter 
cover will benefit from the prot ection of idle 
land in those food plots. 

CONCLUSIONS 

The IMGRIU approach to habitat analysis 
successfully identified critical changes in 
habitat composit ion with respect to their impa ct 
on bobwhite popul ation numbers. Obvious 
management implications emerged , though no 
revolutionary concepts for bobwhite management 
were developed . 

Perhaps the most instructive (and surprising) 
lesson derived from our analysis was the negative 
impact of expanding soybean acreage on the study 
area, inasmuch as soybeans cons titute the 
principal food of bobwhites on this area during 
winter (Eubanks and Dimmick 19 74) . This negative 
corr e lation, coupled with the positive 
relationships among populations, pastureland, and 
permanent idle lands, suggested to us that 
increasing the potential food supply failed to 
compensate for the corresponding dramatic 
reduction i n securi ty cover and possibly nesting 
cover. During the latter years of our study, 
soybeans were harvested completely, except in the 
fenced food plots, often as early as l a t e October 
and early November, leaving large fields 
essentially barren of cover to the edge . The 
critical need for late winter food and permanent 
idle land for cover was highlighted in March 
1981, when the population was a t its l owest ebb 
in 15 years . Roughly 25 percent of the 
population was located in and adjacent to 10 food 
plots that occupied about 1 percent of the total 
area. 

The usefulness of IMGRID for evaluating 
habitat quality on our a rea was limited by the 
large amount of manpower necessary to encode 
appropriate data. Technology now exists t o 
moderate this problem, but significant habitat 
characteristi cs such as the presence and density 
of honeysuckle can not be encoded from aerial 
photos, requiring laborious fie ld checking . 
Additionally, the nature of grid cell encoding 



limits the degree of specificity that can be 
used. This can reduce the accuracy of habitat 
evaluation for species with diverse habitat 
requirements, such as bobwhites. Small grid 
cells, while partially alleviating this problem, 
place additional demands on field time. Thus, 
for species with biological characteristics 
similar to bobwhites, the IMGRID system's 
usefulness is largely limited to intensive 
research projects. 

We did find the IMGRID system very useful for 
identifying key elements and combinations of 
elements in bobwhite habitat, and for displaying 
these graphically. The system can enable the 
land use planner to pinpoint areas of poor 
habitat as well, and to delineate those habitat 
characteristics that are lacking . 
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ESTIMATING BOBWHITE POPULATION SIZE BY DIRECT COUNTS AND THE 

LINCOLN INDEX 
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FOREST E. KELLOGG, Southeastern Cooperative Wildlife Disease Study, The University of Georgia, Athens, 
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30602 

Abstract: Thirteen paired estimates of bobwhite (Colinus virginianus) 
populations were obtained using the Lincoln Index and a Walk Census on two 
study areas in Florida and one in Tennessee . Population densities ranged from 
1.0 to 7. 6 birds/ha as estimated by the Lincoln Index. Unadjusted estimates 
obtained by the Walk Census averaged 51 percent of those obtained by the 
Lincoln Index. The correlation coefficient (r) for the 13 paired estimates 
was 0.96. The linear relationship between the Walk Census and Lincoln Index 
estimates was defined by y = l.65x + 101.6, where y = Lincoln Index estimate 
and x = Walk Census estimat e . The Lincoln Index gave an unbiased estimate of 
the "true" population; either adjusting the Walk Census estimates by doubling 
the count or using the predictive equation generally produced acceptable 
estimates of the "true" population. 

Assessing the effects of habitat manipulation 
and/or harvest regulations often requires 
measuring the animal popuiation of interest. 
Capture-recapture methods and direct counts are 
two commonly used techniques for estimating the 
number of animals on defined areas (Davis and 
Winstead 1980) . Both of these appr oaches have 
been used to evaluate bobwhite populations over a 
variety of habitat types. Managers and 
researchers continue to use variations of both 
these methods, though neither their accuracy nor 
precision have been clearly defined. 

Capture-recapture estimates have used the 
Lincoln Index estimator in which bobwhites are 
captured in grain-baited live traps, banded, and 
released. A second sample is obtained either by 
shooting or trapping (Lovel~ss 1958, Kellogg et 
al. 1972). Direct counts of bobwhites have 
usually been accomplished by workers 
systematically or randomly traversing an area and 
counting the coveys or individual birds flushed 
(Dimmick and Yoho 1972) . Frequently, pointing 
bird dogs have been used to aid in locating the 
birds (Steen 1950, Robinson 1957, Loveless 1958 , 
Roseberry and Klimstra 1972). Each method has its 
own set of advantages and disadvantages . Direct 
counts of flushed birds can be made comparatively 
quickly and require little equipment or expertise 
beyond simple map-reading and orientation skills. 
However, neither the proportion of the population 
counted nor the variability of this statistic over 
a range of habitat types and popula tion densities 
has been defined . Population estimates based upon 
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capture-recapture methods nust necessarily comply 
with the standard assumptions regarding equal 
probability of capture, minimum recruitment 
mortality, and retention of marks . In addition to 
these constraints, the technique often requires 
large investments of time and eq uipment to sample 
an area adequa tely. This approach, however, 
provides data which can be used to generate 
confidence intervals around the population 
estimate as well as a wealth of other population 
characteristics . 

The primary objective of our study was to 
delineate relationships between the population 
estimate provided by the Lincoln Index and the 
direct count of flushed birds , which we term the 
Walk Census . 

STUDY AREAS 

Three areas were used for this study, a 234 ha 
tract on Ames Plantation, Fayette County , in 
southwest Tennessee and two tracts (204 and 212 
ha) on Tall Timber Research Station, Leon Count y , 
in northwest Florida . The three areas were 
roughly similar in shape and size but encompassed 
two distinct l y diffe r ent habitat types . 

Ames Plantat i on 

The Ames Plantation study a r ea was composed of 
cropland , idle lands, and forested areas . Forests 
Here predominantly hardwoods i n small tracts 
though some small stands of loblolly and short l eaf 



pi nes (Pinu s taeda a nd P. echinata) were present 
also . I d le l ands cont ained mature hardwoods 
scattered thr oughou t extensive areas of br oornsedge 
(And r opogon vi rginicus) , creating the appearance 
of savanna . Fo r es t s cont ai ned moderat e l y dens e t o 
dense gr owt h of J a pa nese honeysuckle (Loni ce r a 
japoni ca ) s cattered abundantly thr oughout t he 
unde rstor y. Cr oplands we r e composed of soybeans 
a nd cotto n ; t hese c r ops were usually ha rve s ted 
prior t o the i nitia tion of census wor k . Idle 
lands we r e burned i n a checkerboard pa tte r n on a 
two- year r ot a t ion , wi th a bout 50 percent being 
burned ea ch yea r . Burning was accomplished after 
f i eld studies were conclude d f o r t he year . 
Topography was f lat t o rolling ; a major e r osion 
ditch trave r sed t he l ong mid - axi s of the s tudy 
are a. Surf a ce vi s ibility r a nged f r om ve ry ope n t o 
heavily obstruc t ed by vegetation. An abunda n t 
wi nter fo od supply based on agriculture r esidue s , 
dense protective cover , and high degree of 
int e r s pe rsion of land uses pr ovi ded excel l en t 
habita t quali ty fo r quail during the study peri od . 

Ta l l fimbe r s Resear ch St a t ion 

The Tall Timbe r s a r ea s we r e composed 
pri ncipally of open , annually-burned, ma ture 
s t a nd s of l oblol ly a nd sho rtleaf pines wi th 
inters pe rs ed live oaks (Quer cu s vi r giniana ). 
Unders tory was open , he rbaceou s plant s domi na t ing 
except for s ca ttered e xpe rimental f ire ecol ogy 
plot s , some of which we r e de nse t hi c kets of 
hardwoods a nd pine . Some l ow we t hammocks were 
occupied by live oak, beech (Fagus gr andi fo li a , 
magnolia (Magnolia gr a ndifloraf:-and ot he r 
hardwoods . Several small fi e lds of irregula r 
s hape were scattered throughout the areas; in s ome 
years they were planted to corn ; in other years 
they were left fallow. Exce lle nt vi s ibility at 
surf ace leve l pr evailed ove r almost all of both 
study areas. Topography was r o lling. An 
a bundance of natural fo ods e nhanced by an a nnual 
pre s c ribed fire program , some agricultural c rop 
residues, and a generally mild winter climate 
provided an excellent environment f.or quail. 
A detailed description of the TTRS area was 
provided by Smith (1980). 

METHODS 

Lincoln Index 

Quail were cap tu red in live traps, banded with 
numbered aluminum leg bands, and released at the 
point of capture. Traps were placed at an average 
density of a bout one trap per two ha, but s pacing 
was irregular a s traps were set only in 
appropriate cover . Traps were baited with whole 
kernel or cracked corn. Trapping was continued 
until a very low percent age of captured birds was 
unbanded . Approxima t ely 15 to 20 calendar days 
were required to cap ture sufficient numbers of 
quail for the estimate. Approximate ly two t o 
three days following the end of trapping , 
systematic intensive shooting was inaugurated t o 
collect a second sample of birds fo r computing the 
Lincoln Index. Shooting was con t inued until 
approximately one- half as many quail were shot on 
the area as had been banded in t hat year. The 
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s t a nda r d Li nco ln I ndex then was applied to t hese 
da ta t o obtain a n es t i mate of the population. 

The second sampl e (shooting) was obtai ned as 
qui ckly as possible f o llowi ng the end of t r a ppi ng 
t o r edu ce pot ential bias that could ac crue f r om 
di f ferential mortality and egr e ss o r ingress of 
banded vs unba nded birds . Some hun t ing and 
live - trappi ng were done on lands adjacent t o the 
s tudy areas t o obt ain a n es timate of bi as 
asso ciated with egr es s of birds f r om t he s t udy 
area , Few ma rked birds were sho t or trapped off 
the study a r eas, leadi ng us t o conclude t ha t 
egress was not s i gnif i cant during the census 
period . Uetail ed infor ma t i on on movement of birds 
at Tal l Timbers i s gi ven by Smi th ( 1980 ) . 

On Ames Plan t at i on , t rapp i ng a nd shoot i ng were 
accomp l is hed dur ing November and December. On 
Tall Ti mbers this wor k was done during Janua r y a nd 
February . 

Wal k Census 

Walk Censuses we r e conducted by t eams of 5-1 0 
persons t ravers ing the entire study a r ea by 
walki ng . Indi vidua ls main t a i ned distances of 
approxi mately 20 m f r om persons on e ach s i de . One 
pe rson served as l e ade r and ma intained direction 
u s i ng a handheld compas s . The t e am worked as a 
unit, walki ng abreast at a mode rate pace a nd 
mainta i ning appropriate s paci ng by visual and 
voice contact . 

When quai l were flu s hed, their numbe r was 
counted a nd their location a nd direction of fli ght 
were not ed on a detailed cover map. Questions 
concerni ng possible dupli cation of observed 
c oveys, or di s parate counts of the number of birds 
in a cove y were answered i mmediately in the f i eld 
at the point of action by consultation with team 
membe rs and / or previously reco rded data. Whe n a 
cove y was f lushed but could not be counted, it was 
assigned a mean value determined at the 
conclusion of the count. 

Wal k Censuses were made duri ng December on Ames 
Plantation and during February on Tall Timbers . A 
team of six pe rsons required about 10-1 2 hours to 
comple t e the count on the Ames Plantation study 
a rea, and a t e am of 10 persons required about 8-10 
hours for each of the Tall Timbers areas . Counts 
were made immediately following the end of a 
Lincoln Index trapping session and immediately 
prior to the initiation of s hooting. 

RESULTS 

On the three study a reas, 13 pairs of 
population estimates were achieved. In each case, 
the Lincoln Index estimate of population size was 
greater than its companion estimate made by the 
Walk Census (Table 1). 

Lincoln I nde x Estimate s 

Lincol n Index e stimates of popula tion densi t i e s 
encountered on the study areas ranged from a l ow 
of 1. 0 birds / ha on Tall Timbers South to 7. 6 



Table 1. Population estimation derived by Walk Censuses and the Lincoln Index on 
three study areas in Florida and Tennessee, 1972-1980. 

Walk Cens us Lincoln Index 
No . Percent No . Standard 95% Proportion of 

Ar ea Year Birds Flusheda Birds Error c. I. Population Markedb 

Tall Timbers North 
1972 867 56 1536 83 1370-1 702 52 
1973 414 59 705 38 629-781 66 
1974 337 60 565 47 471- 659 49 
197 5 265 65 409 33 343- 475 64 
19 76 237 51 463 41 381-545 58 
1977 183 48 383 42 299- 467 51 
19 78 226 45 49 7 43 41 1-583 56 
1980 160 28 575 37 401- 649 69 

X 51. 5 

Tal l Timbers Sout h 
1978 138 64 216 31 154- 278 50 
19 79 239 48 496 44 408-584 55 
1980 214 40 535 60 415- 655 48 

X 50. 7 

Ames Plantation 
1972 548 52 1047 137 773-1 321 27 
1973 395 47 848 90 668-1 008 38 

X 49. 5 

Overall X 51. 0 

a Percentage flushed cal culated as proportion of Lincoln Index est i mate of 
populat ion count ed during the Walk Census. 

bPercentage of est imated population ma rked in capture phase of study. 

birds / ha on Tall Timbers North, approximately 
embracing the r ange of densities that could be 
expected on mode rate to excellent quail range i n 
the Southeast (Table 2) . However , the 
exceptionally high density of 7. 6 birds / ha (3 
birds /ac r e) obse rved one yea r on Tal l Timbers 
Nort h likely does not occur often nor for l ong 
periods of time on even the best southeastern 
quail range. 

Table 2. Ranges in density of quail on each study 
area estimated by Walk Census and Lincoln Index. 

Area 

Tall Timbers 
North 

Tall Timbers 
South 

Ame s Plantation 

Birds/ha 
Walk Census 

0. 8 - 4. 3 

o. 7 - 1. 1 

1. 7 - 2. 3 

Lincoln Index 

1.9- 7. 6 

1. 0 - 2. 6 

3. 6 - 4. 5 
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The propor tion of birds ma rked during t he 
capture phase of the estimate was quite high ; on 
the Tal l Timbers study areas it r anged from 48 to 
69 per cent (Table 1). Smaller proportions were 
marked on Ames Plantation, but even on this area 
the estimates of population size were judged 
acceptable . 

Walk Census Estimates 

The Wal k Census pr oduced consistently lower 
count s of quail than were known t o be pr esent on 
all study a reas every year (Tables 1 and 2) . 
Based upon this method of population assessment , 
densities ranged f r om 0. 7 birds / ha on Tall Timbers 
South to 4. 3 birds / ha ( 1. 7 birds / acre) on Tall 
Timbers North. 

Relat i onships between Lincoln Index and 
Walk Census Population Es timates 

Assuming the Lincol n Index is an unbi ased 
e stimato r fo r popula tion numbe rs of bobwhites , we 
decided t hat it would be instructive from a 
manageme nt viewpoint t o delineate the 
relationships between t his labor- intensive met hod 



and the relatively simple Walk Census. Two 
approaches to evaluating this relationship 
appeared feasible, one using the percentage of 
birds estimated by the Lincoln Index flushed on 
its paired Walk Census, and anothe r using more 
sophisticated correlation and regression analyses 
of the relationship between these two sets of 
data. 

The propo r tion of birds flushed by the Walk 
Census averaged 51 percent for the 13 paired 
o bservations, ranging from 28 to 65 percent (Table 
1). Eleven of the values, however, ranged from 45 
to 65 percent; the two values outside t his r ange 
occurred during the same year on the two Tall 
Timbers study areas , suggesting that circumstances 
prevailing during that census period may have been 
substantially different than in the other 11 
censuses , but we can offer no explanation for what 
this difference may have been. Weather and 
personnel were similar to other years . Mean 
percentages of birds flushed were nearly identical 
for all three study areas, i.e., 49 . 5 percent for 
Ames Plantation , 50. 7 percent for Tall Timbers 
South, and 51.5 percent for Tall Timbers North 
(Table l). Thus , within the scope of habitat 
variability in our s tudy, the proportion of birds 
flushed was not a function of habitat type. An 
examination of the relationship between population 
density (LI) and proportion of birds flushed also 
reveal ed no trend or s tatistical relationship (r = 
0. 0) between these statistics. 

Assuming that 51 percent of the population is 
flushed and counted during a Walk Census , one can 
r oughly est imate the "true" population by doubling 

2000 

1800 

1600 

(/) 

"Z) 1400 
L 

.D 

1200 
0 
C 

1000 
X 
w 
0 
z 800 

z 
_J 

6 00 0 
u 
z 
_J 400 

200 

0 
0 

a AME S PLAN TATI ON 

f:::. TA L L T IMBER S NOR TH 

A TAL L TIMBERS SOU TH 

100 200 300 400 

the number counted. When we expanded our Walk 
Census estimate by this method, the adjusted 
population fell within the 95 percent conf idence 
interval of the Lincoln Index estimate 8 of 13 
times. Four estimates were sli gh tly above t he 
upper limit and one was marked ly below the lower 
limit . Only three of the expanded estimates, 
however, deviated more than 25 percent above or 
below the LI estimate . 

kegression and correlation analyses were very 
useful for estimating the degree of bias between 
the two estimators. The correlation coefficient 
for our 13 pai rs of census figures was very high 
(r = 0.96) . The predictive equation for these 
data was y = mx + b, where 

y number of quail est imated by LI , 
x = number of quail counted by WC, 
m l. 65 , and 
b 10 1. 6 . 

Since the estimated slope (m) of 1.65 is 
significantly different from one , the Walk Census 
i s a biased es timate of the population. 

The graphi c representation of this equation is 
depicted by Figure l. The relations hip i s clearly 
linear , and holds reasonably well through the 
range of densit i es me asured in this s tudy. 
Expanding the Walk Census count with this 
predictive equa tion produced very good estimates 
for dense and ve r y dens e populations, but markedl y 
overestimated (52 per cent) a ve ry l ow population. 
Nine of 13 expanded estimates were within the C.I. 

r O. 96 

500 600 700 800 900 

WALK CENSUS lno . b1rds 1 

Fi o . l. Relationships be tween Walk Census es tima t e a nd Lincoln Index estimat e on Tal l 
Timbers and Ames Plantation s tudy areas . 
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of the Lincoln Index estimate; thre e es t ima t e s 
deviated more than 25 percent fr om the LI 
est imate. 

DISCUSSION AND CONCLUSIONS 

We conclude that our methods for applying the 
Lincoln Index provided a close estimate of the 
bobwhite population on our study areas . Most 
germane to this conclusion is the stringency with 
which our study methods and the populations' 
behavior met the assumptions ne cessary for the 
Lincoln Index estimate t o be accurate . 

Our model was essentially a two-sample, 
short -t erm study of a closed population (see 
Pollock 1981) . Our assumption that the 
popula tions were cl osed was greatly strengthened 
by Smith's (1980) detailed analysis of 10 years' 
banding data for the quail population on Tall 
Timbers Research Station. She described this 
population as extremely sedentary with movement so 
limited that it is not a major factor in 
population dynamics. She noted that trapping and 
shooting outside the boundaries of our study areas 
indicated little ingress or egress . The 
assumption of a closed population is further 
strengthened by the brief duration of the time 
over which the census was extended . Nichols et 
al. ( 1981) noted that selecting an appropriate 
time of year fo r sampling and allowing only a 
short period of time between samples will minimize 
violations of c l os ure . On both Tall Timbers 
Research Station and Ames Plantation, the census 
was made when movement and mortality were low and 
natality wa s non- existent . 

The assumption of equal catchability is not so 
clearl y indicated, yet no strong biases were 
apparent in either the first or second sample on 
the basis of sex and age ratios . Pollock ( 19 81) 
noted, however , that meeting the assumption of 
closure permits weakening the assumption of equal 
catchability . The problem of trap response bias 
for the second sample was negated by collecting 
that sample by shooting in a sys t ematic fashion 
rather than live-trapping . 

Hand loss should be negligible for aluminum leg 
bands over a period of one to six weeks, and band 
reporting rate was 100 percent, since all hunting 
was conducted or monitored by researchers . The 
marked sample size was very 0 high, averaging nearly 
50 percent of the population, the lowest being 27 
percent. 

We agree with the evaluation of Nichols et al . 
(1981) that mark recapture studies can be useful 
in assessing other estimation methods and that in 
some situations mark recapture studies may be the 
most practical method for estimating population 
size . We conclude that our two- sample Lincoln 
Index provides the best estimate available for a 
c losed population of bobwhites . By properly 
selecting boundaries fo r a study area, population 
size can readily be converted to population 
densi ty. 
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This method of population estimation carries 
wi th it several advantages accrued from the 
handling of a l arge number of live and dead birds , 
speci f i cal ly the opportunity to obtain sex and age 
rat i os , movemen t da t a , popula tion dynamics, health 
and condition data, e t c . On the negative side of 
t he l e dge r, the heavy cost i n ma npower , eq uipment , 
a nd money r educes the usefulness of this techniq ue 
a s a mea ns f or e va lua t ing pop ulat i on trends in 
most manageme nt situa tions . Roughly 80- 100 
man-days we r e expe nde d obtaining one esti mate on 
one 200 ha area. Se condly , signif i cant though not 
e xces s i ve mortality is i mposed upo n t he popula tion 
through t r ap-related deaths a nd shoot ing the 
second sample . The s tudy me thod imposed r oughly 
25- 30 pe r cent mort ality on the population. 

The Wal k Census appeared to be a r e asonably 
precise , t hough biased, estimator of popul at i on 
numbe rs . It was simple a nd quick to execute . It 
correlated reasonably well with the Linco l n I ndex 
estimate over a range of conditions a nd a pe riod 
of seve r al years; thus we a r e confide nt that it 
can be highly usef ul a s a n indicator of population 
trends . For our s tudy areas , it was a good 
indicator of population size when expanded by 
appropriate computations . We would be 
uncomfortable expanding estimates for Wal k 
Censuses conducted in habitats greatly dissimilar 
from ours , e . g . very open habitats of prairie 
regions, but suggest that such adjustments may be 
acceptable for much of the midwes t, mid s ou t h , and 
deep south quail range . 

Perhaps the great est advantage of the Wal k 
Census is the ease and speed with which it can be 
accomplished . A single estimate for a 200 ha area 
can be obtained with an expenditur e of 8- 10 man 
days, roughly 10 percent of the time required for 
the Lincoln Index. Using the appr opriate number 
of researchers , this can be accomplished in one t o 
two calendar days, in contrast to the 3o+ c alendar 
days r equired for trapping and shooting for the 
Lincoln Index . The Walk Census has an added 
advantage of 
population. 
Census , they 
precautions: 

imposing no mortality on t he 
When r esearchers conduc t a Walk 
should adhere to the following 

1. Select sampling areas that are reasonably 
regular in shape , with boundaries as c lose 
to pe rpendi cular as possible. 

2. Use line- of - sight compasses to control 
direction of traverse , and adhere carefully 
to compass direction, walking through all 
cove r types and densities with equal care 
and consistency of attention. 

3. Avoid using hunting dogs. It adds another 
variable . 

4. Carefully maintain spacing of approximately 
20 m between workers . Using fluorescent 
orange vests and hats greatly enhances this 
aspect, particularly where vi sibility is 
restrict ed. 



5. Maintain accurate records on location of 
coveys flushed and direction of flight . 
Resolve discrepancies between observers in 
counts immediately. 

6. Walk 100 percent of the area to be 
censused . Our attempts at projecting data 
from 20 percent s t rip censuses failed 
utterly. 

Followi ng these guide li nes , pe r sonne l wi th 
lit t le t raining can use t he Walk Census 
effect i vely , pr ovided t he t eam l eader maint a i ns 
cont rol of pe r sonnel . The manager or bi ol ogi s t 
may enli s t t he aid of i n t e r es t ed non- pr ofessional s 
t o de t e rmine and demons trate the r e l a tionship 
be tween habitat conditions on a gi ve n a r ea a nd the 
density of its bobwhite popula tion , r educing cos t s 
f urthe r with little or no s ac rifice in quality of 
t he es timat e . 
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Abstract: Statistical analysis of selected Kansas bobwhite (Colinus 
virgi nianus) population and harvest surveys is presented. Survey techniques 
evaluat ed include roadside counts by rural mail carrie rs (RMCS), Apri l 
roadside counts, whistling cock counts, random summe r brood counts (RSBC), 
interviews of hunters contacted during the hunting season , wing collection 
envelopes distributed to hunters, and a mail questionnaire harvest survey of 
hunters. Significant dif fe rences (P < 0. 05) between years and between survey 
regions existed for the April Rl1CS, April roadside count (coveys / obser ve r ) , 
June whistle count, RSBC (young/adult and young / adult hen) , and July llliCS. 
Correlation tests indi ca ted significant (P < 0. 1 to 0. 001) correlation 
coefficient (r) values be tween many of the population surveys, and between 
many of the population surveys and harvest parameters. The October RHCS is 
the best single predictor of harvest parameters . When the October Rl1CS 
(quail/100 miles) is used in association with adults/observer (RSBC) and total 
quail/observer (RSBC), higher R2 values are obtained as determined by stepwise 
multiple r egression with harvest parameters. 

Numerous bobwhite population monitoring 
techniques have been used in states containing 
significant numbers of this game bird . The most 
common techniques include the use of flush count 
census (Bennett and He ndrickso n 1938), 
standardized roadside count s (Stiles and 
Hendrickson 1946, Fisher e t al. 1947), whistling 
cock counts (Bennett 1951), random observations 
(Stanford 1972) , and rural mail carrier counts 
(Dey 1971 ). In o rder to be of use for detecting 
population change and/or predicting harvest 
rates, any technique used must 1) be of 
sufficient sensitivity to detect significant 
annua l change in bobwhite numbers; 2) cover a 
large enough geographic area in order t o 
represent statewide and/or regional population 
levels; 3) not r equire such extensive manpower 
commitments that it would be rendered financially 
unfeasible ; and 4) display a significant 
relationship t o independent harvest est imates . 

This paper discusses select ed t echniques used 
to monitor Kansas bobwhite popul ations and 
harvest, and the s t a tistical relationships t hat 
exis t between the various methods. The 
inventories considered here fall into 5 general 
categories : 1) those which measure pre-breeding 
bird de nsities; 2) those taken during the 
breeding and brood r earing period; 3) those which 
measure the pre-hunting season population; 4) 
those which measure bobwhite hunter performance; 
and 5) those which measure changes in age and sex 
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ratios through collection of biological 
materials . 

Fo r survey purposes , Kansas is divided into 6 
physiographic r egi ons : West , Northcentral , 
Southcentral, Flint Hills, Northeast , and 
Southeast . The major bobwhite range is in the 
Flint hills, Northeast, and Southeast regi ons 
with slight ly lower densities i n the Northcentral 
and Southcentral regions . The \vest Region has 
generally scattered low density bobwhite 
populations . 

We gratefully acknowledge the assistance of 
the Wildlife Biologists and Game Protectors of 
the Kansas Fish and Game Commission and Kansas ' 
rural mail carriers for t heir efforts in 
collecting field data for this study. 
Appreciation is also extended to Dr . A. Dayton , 
Kansas State University Department of Statisti cs , 
for his guidance i n data analysis. 

METHODS 

Pr e - breeding Inventories 

April rural mail carriers survey (Rl1CS) 

St arting in 1963 , rural mail carriers r ecorded 
all quail seen during their normal deliveries for 
a fo ur-day period during the last full calendar 
week of April . In 1970 , the count peri od was 



extended t o a f ive -da y period . On a postcard 
supplied by t he F'ish and Game Commi s sion, each 
carrier records the post office fr om whic h his 
r oute originates , countie s traveled, and the 
number of mile s traveled each day. Carriers are 
asked not t o record observations on days of heavy 
fo g or rain. An average of 550 carriers 
partic ipate in the count and drive approximate ly 
250 , 000 miles during the survey. A population 
index (quail/1 00 miles) is derived from data 
reported. 

April roadside counts 

Initiated in 1966, the April roadside count 
was designed to collect survey data from a 70 
mile route fo r four days during the second full 
calendar week of April . The survey was i ntended 
to be simila r t o the rura l mail carrie rs survey 
so that comparisons between the two could be 
made . However, after the first year it was 
evident that covey breakup and breeding activity 
affected the birds observability and thus s urvey 
results . It was decided to di scontinue the r oute 
system and run the survey for the enti r e month of 
April and record random quail observations made 
while carr ying out other work as s i gnments. Fi sh 
and Game law enforcement officers and biologis t s 
i n the easte rn two-thirds of the state were asked 
to r ecord, by weekly int e rvals , quail seen as 
coveys if more tha n three birds we re seen, and 
the number of birds in each covey. The number of 
trios , pairs , and s i ngl es were also recorded . 
Indi ces used in thi s ana l ysis were coveys 
seen/obser ver and t o t al quail /obse rver . This 
survey was conducted fo r three years, 196 7-19 69. 

Br eeding and Brood I nventories 

J uly RMCS 

The July RMC S was init i a t ed i n 1962 and i s 
conducted s imila rly to the April RMCS with the 
except ion t hat carriers are asked to 
di ffe r entia t e between young and adult quail seen. 
The indi ces derived from this survey inc lude 
adult s seen/ 100 miles, young seen / 100 miles, 
tota l quail see n/ 100 mile s, and young/ adult . 
This s urvey has been conducted f r om 1962 to 
pr ese nt . 

Whist l ing cock counts 

From 1963-1965 , whistling cock counts were 
conducted during the second week of July . Thirty 
rout es , each 14 miles l ong with 15 stops , were 
run in select ed counties throughout the state . 

In 19 66 , the July whi s tle count survey was 
replaced by two s urvey periods , June 1-10 and 
August 10-20. Twenty - five routes were run in the 
eas t ern two-thirds of Kansas. The r outes were 
nine miles long with 10 listening s t ops (one per 
mile) for each r oute . The count s , conduct ed by 
Fish and Game law enfor cement off i ce r s and 
biologists, started at sunri se on mo r nings with 
winds < 12 mph and no threat of r ain . Listening 
stops lasted three minutes, and the number of 
different males heard calling "bobwhite " was 
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recorded. Observers were instructed not t o 
whistle in order to stimulate calling . 

The index derived f r om the whistling cock 
counts was mal es heard calling/ stop . The J une 
and August counts were conducted from 1966 to 
1971. 

Random summer brood counts (RSBC) 

From 1963 to present, r andom brood counts have 
been conduct ed by Fish and Game pe r sonnel . In 
1963 and 1964, the counts were made during a 
f i ve -week pe riod; July 15- Augus t 18 and July 
20- August 23 , r es pectively. In 1965, the count 
wa s changed to cover a six- week period beginning 
in mid-July; in 1971 only five weeks of data were 
col l ect ed due t o an e rror i n t he instructions . 

Personnel were instructed to r ecord all 
sightings of adult (separating cocks and he ns) 
and young quail whil e conduct ing routine work 
assignments . With the a id of aging pho t ogr aphs , 
young were aged t o the nearest week. Other 
information r ecorded was date , time of day to 
neares t hour, and county or Wildlife Management 
Area whe r e t he o bs e rvations were made . Data 
sheets were sent in on a weekly basis. 

Indi ces calculated f r om the brood count data 
are broods seen /o bse r ver, young seen/observer, 
males seen/ obse rver, females seen/obs e rve r 
adults seen/ obse rve r, t otal quail seen/ observer , 
young / brood, young/adult female , young / adult , and 

· adult males / 100 adult females . Hatch date 
info rmat ion is not presented in this report . 

Pre - Hunting Seaso n _Survey 

October RMCS 

The Oct o ber RMCS survey has been co nducted 
annual l y since 1966. Rural mai l carriers r e cord 
the numbe r of bobwhites o bserved during a 
f ive -day period . The index derived f r om t hi s 
survey i s t otal quail obs e r ved / 100 miles of 
route . 

Hunter Surveys 

Random bag-checks 

The quail hunter bag- check was initiated i n 
1961 a nd cont inued through 1972 . Fish and Game 
law enforcement off i cers and biologists loca t ed 
in the easter n two-thirds of Ka nsas were 

' instructed to contact quail hun t e r ~ i n t he field 
during the season in o rde r to ga the r hunter 
pe rfo r mance and quail harvest da t a . 

Information r ecorded in 19 61 and 1962 for each 
hunte r checked included county in which check was 
made , date , total numbe r of birds bagged (by 
age) , number of c ripples lost , t o t al number of 
hours hunted ( sepa rated by A. M. and P. M. ) , 
whether or not a dog was used , a nd whether or not 
the hunter had compl e t ed his hunt for that day . 
From 1963- 1972 , the followi ng info rmation was 
collect ed fo r each party contact ed: county in 



which check was made, date, number of hunters in 
party, t otal number of birds bagged (by sex), 
numbe r or cri ppl es lost, number of coveys 
flushed, t otal number of hou r s hunted (separated 
by A. M. and P. M. ) , whe the r or not a dog was used, 
and whe the r or not t he party had compl eted its 
hunt f or that day. 

Indices used fo r this analys is we r e coveys 
flushed / party hour, birds bagged /gun hour, 
bag/ hunte r, gun hours / hunter , c ripples lost / 1 00 
birds bagged, and males / 100 females . 

Statewide harvest mail survey 

The sta t ewide harvest mail survey has been 
conducted from 1957 to present. A harves t 
est imate is obtained by sending mail 
ques tionnaires to a five pe r cen t sample of the 
previous year ' s hunting license buyers. These 
persons are contact ed prior t o the hunting 
seasons , and are sent forms for maintaining a 
record of their hunting a c tivity (birds bagged on 
each hunt) . At the close of the hunting seasons , 
they are contacted by mail and as ked t o r e port 
their total hunting activity including county 
hunted most, numbe r of days spent quail hunting 
and total birds bagged. Of the li cense buye rs 
contacted , ge ne rally over 40 percent r e turn 
useable informa tion representing about two 
percent of the curre nt year ' s hunting li cense 
buyers. Indi ces and harves t figures used for 
this anal ys i s include average bag/day per hun t e r, 
season bag/ hun t e r, and es timated statewide 
harvest. 

Wing collections 

In an attempt t o obtain age data for quail 
harves ted, appr oximat ely 3 , 000 pre-addressed 
postage-paid wing envelopes were distributed to 
quail hunte r s by Fish and Game law enforcement 
officers during the quail season from 1962-1970. 
Instructions for r emoving one wing from each bird 
bagged during a hunt and for mailing the wings 
were printed on the enve l ope. The hunter was 
also asked to re co rd on the envelope the county 
where birds were taken, date t aken, and name and 

address of hunter . In addition to wing envelopes 
sent in by hunters, law enforcement officers and 
biologists were provided enve l opes for collecting 
wings from those birds checked during opening 
weekend hunter bag-check interviews . These wings 
were kept separate a ccordi ng to sex . Wings we r e 
aged by the small game staff. Stage of primary 
feathe r molt fo r both young and adult wi ngs we r e 
r ecorded to the nearest one-half feather 
inc rement and later · classified by weeks of age . 

Indi ces calcul ated and used in this analys is 
include young/adult, young / adult female, males/ 
100 females , adult males / 100 adu l t females , young 
males / 100 young females , and percentage young . 

Analysis 

In 1973, one-way and two-way analysis of 
variance tes ts were perfo rmed on statewide and 
regional data a t the Kansas State Un iversity 
(KSU) Stat i s tical laboratory . More recently, 
simple correlation , r egr ession, and stepwise 
regr ession analysis using the Sta tistical 
Analysis System (SAS) compute r package were 
performed at the KSU Statistical Laboratory. 

RESULTS 

Pertinent da ta from the April roadside coun t s ; 
June, July , and August whistle counts ; Apr il , 
July, and Octobe r RMCS; RSBC ; mail harvest 
survey ; r andom bag check , and wing collection are 
summarized in Tables 1- 6. 

In a pr evious analysis of Kansas bobwhite 
surveys (Sexson 1973) , two-way analysis of 
variance tests were performed on all population 
surveys . Si gnificant di ffe rences exi sted 
(P < 0. 05) between survey yea rs and survey 
regions. However, August whistle count indices 
were not significantly dif fe rent among years , the 
RSBC index young/brood (years 1963-1972 only) did 
not vary significantly (P > 0. 05) among years, 
and the wi ng collection i ndices young/ adult 
and percentage young did not vary significantly 
among r egi ons ( P > 0. 05) . 

Table 1. Bobwhite population indices from the April r oads ide count and J une, 
J uly and August whis tle count s in Kansas , 1963- 71. 

Year 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 

X 

Quail/Observe r 
April Road Ct. 

85 
65 
55 

68 . 3 

Coveys/Observe r 
April Road Ct. 

5.9 
5 . 0 
3.8 

4.90 
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Mal es/Stop 
J une W. C. 

4 . 9 
5.3 
4 . 5 
4 . 6 
4 . 4 
3.3 

4 . 50 

Males/Stop 
July W. C. 

2 . 8 
5 .1 
4 . 0 

3.97 

Males/Stop 
Aug . W. C. 

2 .1 
3.0 
2 . 2 
2.9 
1. 5 
2 . 4 

2 . 35 



Table 2 . Bobwhite population indices from rural mail carr ier counts in Kansas , 1962-80. 

Year Quail/ lOOmi. Quail/lOOmi . Young/lOOmi . Adults/ lOOmi. Young/Adult Quail/lOOmi. 
April July July July Jul y Oc t ober 

1962 4 . 80 1. 73 2 . 78 0 . 62 
1963 2 . 81 6 . 49 2 . 63 3 . 52 0 . 75 
1964 2 . 28 5 . 80 1. 75 3 . 88 0 . 45 
1965 1. 93 6 . 29 1.88 4 . 20 0.45 
1966 3 . 05 7 . 35 2 . 71 4 . 50 0 . 60 6 . 52 
1967 3 . 14 7 . 70 1.50 5 . 89 0 . 25 4 . 52 
1968 1. 92 7 . 62 2 . 44 4 . 87 0.50 5.93 
1969 1. 46 8 . 68 2 . 46 6 . 02 0 . 41 4 . 28 
1970 1. 54 5 . 54 1. 65 3 . 73 0 . 44 4 . 85 
1971 1.57 4 . 72 1.4 7 3 . 07 0 . 48 3.47 
1972 1. 56 6 . 95 2.61 4 . 08 0 . 64 3 .34 
1973 1.41 5 .52 1. 65 3 . 60 0 . 46 3 .02 
1974 1. 38 3 . 54 1. 29 2.18 0 . 59 1. 95 
1975 0 . 95 2 . 76 0 . 74 1. 90 0.39 2 . 51 
1976 1.05 2 .92 0 . 90 1. 89 0 . 48 2 . 48 
1977 1.19 3 . 73 1. 29 2.24 0.57 2 . 02 
1978 0 . 98 4.18 1.17 2 . 83 0 . 41 3 . 19 
1979 0.61 1.89 0 .52 1.19 0.44 1.34 
1980 0 . 50 1. 70 0 . 62 0.99 0.63 1. 67 

X 1.63 5 .17 1. 63 3.34 0.50 3.40 

Tabl e 3 . Bobwhite population indices from random brood counts in Kansas , 1963- 80. 

To tal 
Year Broods/ Quail/ Young/ Adults/ Males/ Females/ Young/ Young/ Young/ Males / 100 

Observer Observer Observer Observer Observer Observer Br ood Female Adult Females 

1963 12.78 210 . 4 158 . 5 51. 95 30.32 21 . 63 12. 41 7.33 3 . 05 140 . 2 
1964 13 . 09 226.4 158 . 4 67 . 98 37 . 85 30 . 13 12 . 10 5 . 26 2 . 33 125.6 
1965 12.98 209 . 9 141. 9 67 . 98 39 . 67 28.30 10 . 94 5.01 2 . 09 140 . 2 
1966 16 . 24 248 . 6 184 . 6 63 . 94 35 . 06 28 . 89 11. 37 6 . 39 2.89 121. 3 
1967 6 . 37 118 . 6 62 . 5 56.07 34 .17 21.90 9 . 82 2 . 85 1.11 156 . 0 
1968 7 . 70 124 . 3 83 . 4 40.83 23.89 16.94 10 . 84 4 . 93 2.04 141.0 
1969 11 . 25 181.8 123 . 3 58.42 33 . 21 25 . 22 10 . 97 4.89 2 . 11 131. 7 
1970 8 . 40 125 . 7 91. 7 33.97 18 . 93 15.04 10 . 91 6.10 2 . 70 125 . 8 
1971 3 . 84 62.8 40 . 5 22 . 34 13 . 24 9.11 10 . 53 4 . 44 1. 81 145 . 4 
1972 12 .16 171. 3 130 . 2 41 . 16 23 . 23 17 . 93 10 . 70 7 . 26 3 .16 129 . 6 
1973 9 . 27 133.8 90 . 2 43 . 67 26 . 98 16.69 9. 72 5 . 40 2 . 06 161. 6 
1974 4. 76 69 . 4 49 . 3 20.11 11. 49 8 . 61 10 . 36 5.73 2 . 45 133 . 5 
1975 5 . 26 79 . 4 56 . 6 22.87 13 . 36 9 . 52 10 . 76 5 . 94 2 . 47 140 . 3 
1976 5 . 85 84 . 7 60 . 8 23 . 91 13 . 64 10. 28 10 . 39 5.92 2 . 54 132 . 7 
1977 5 . 23 82 . 7 54 . 4 28 . 34 16 . 83 11.50 10 . 40 4 . 73 1. 92 146 . 4 
1978 4 . 80 78 . 4 52 . 7 25 . 70 15 . 35 10 . 35 10 . 99 5.10 2 . 05 148 . 3 
1979 1. 92 27 . 6 15 . 2 12 . 34 7 . 67 4 . 67 7 . 93 3 . 26 1. 23 146 . 3 
1980 3 . 74 52 . 6 40 . 3 12 . 29 6 . 56 5 . 74 10 . 76 7.02 3 . 28 114 . 3 

x 8 . 09 127 .1 88.5 38 . 55 22 . 30 16 . 25 10 . 66 5 . 41 2 . 30 138 . 8 
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Tabl e 4. Bobwhite population indices f r om wing collec t ions in Kansas , 1963-70 . 

Year Young/ Young/ % Young Males/100 Adult Mal es/ Young Mal es/ 
Adult Ad . Femal e Fema l es 100 Ad. Females 100 Yng. Fema l es 

1963 5 .48 11.92 84 . 57 95 . 50 117 . 40 91. 90 
1964 3 . 20 6 . 67 76 . 19 105.00 108 . 30 104 . 00 
1965 4.98 10.39 83 . 27 105 . 70 108 . 60 105 . 10 
1966 4 . 24 9 . 08 80 . 92 107 . 40 114 . 00 105 . 80 
1967 4.15 8 .95 80 .59 101. 70 115 . 50 98 . 60 
1968 5.65 12 . 67 84 . 97 96 . 50 124 .10 92 . 40 
1969 4.48 9 . 33 81. 75 101. 20 108.20 99.60 
1970 4.64 8 .44 82.28 86 . 50 81. 70 87 . 50 

X 4.60 9 . 68 81.80 99.90 109 .70 98 . 10 

Table 5. Bobwhite harvest data from random hunte r bag checks in Kansas, 1961-1972. 

Coveys Bag/ Bag/ 
Year Flushed/Hour Gun Hour Hunter Day 

1961 o. 72 2. 53 
1962 0. 93 3. 46 
1963 0. 82 1. 11 2. 92 
1964 0. 77 o. 7 5 2. 53 
1965 o. 80 0. 80 2. 79 
1966 0. 93 0. 96 2. 83 
1967 o. 68 o. 74 2. 23 
1968 0. 82 o. 85 2. 70 
1969 0. 87 0. 86 2. 61 
19 70 0. 73 0. 69 2. 16 
1971 o. 67 0. 61 1. 98 
1972 o. 79 0. 64 l. 80 

x o. 79 o. 80 2. 54 

Figure l presents r esult s of correl a tion 
t es ting of select ed i ndices within random bag 
checks , wing col l ection , roadside count s , whistle 
counts, RMCS , and l{SBC surveys . 

There was no significant relationship (P > 
0. 10) be tween the number of males/stop from t he 
June whi s tle count and males / stop from the August 
whistle count , but t he r e were significant 
relationshi ps between April RMCS , July RMCS , and 
Oct ober RMCS. Schwartz (1974b) found a 
s i gnif i cant (P < 0. 05) relationship between quail 
heard i n July and quail obs erved in August . 

Intersurvey Testing 

Significant r elationshi ps existed between the 
April RMCS and various indi ces f r om the RSBC 
(Table 7) . The numbe r of adults/ 100 miles and 
t otal quail / 100 miles f rom the Jul y and October 
RMCS were significantly (P < 0. 10 to O . 0 1) 
relat ed to most RSBC indices . The young/adult 
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Gun Hours / Cri pples / 100 Males / l 00 
Hunte r Birds Bagged Fern. Bagged 

3. 53 11. 46 
3. 7 3 8. 16 
2. 64 13. 90 103. 1 
3. 36 11 . 78 104. 3 
3. 50 10. 91 100. 7 
2.95 12. 03 105. 5 · 
3. 03 11 . 93 103. 8 
3. 19 11 . 68 101 . 6 
3. 02 12. 44 101. 8 
3. 15 13. 66 104. 4 
3. 26 13. 7 5 107. 3 
2. 81 

3. 18 11 . 97 103. 6 

i ndex f r om the July RMCS was significantly (P < 
0. 01) co rrelated with the young/adult i ndex f rom 
the RSBC. Highest r values exi s ted between the 
indices young/100 mil es (July RMCS) and 
broods / obs erver (RSBC) , (r = ~ 83 7, P < 0. 01) 
and between quail / 100 miles ( July RMCS) and 
males / observe r (RSBC) , ( r = O. 835 , P < O. 0 1) . 

Males / stop f r om the June whis tle count was 
signif icantly correlated with males / obs erver 
(RSBC) , ( r = 0. 876 , P < 0. 05) , and adults / 
o bserver (RSBC) , (r = 0. 847 , P < 0. 05) but 
weakly correlated (P < 0. 10 ) with adults / 100 
miles (July RMCS), (r = 0. 779) ; total 
quail / 100 miles (July RMCS) , r = O. 748) ; and 
females / obse rver (RSBC) , (r = 0. 789) . 

Quail / observe r from the April roadside coun t 
was signif i cantly rela t ed to tota l quail / 100 
miles (April RMCS), (r = 0. 99 8 , P < 0. 05) . 
Howeve r, there were only three years ' data 
available fo r analysis . Mal e s / stop (July whistl e 
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Table 6 . Bobwhite harvest 
Kansas, 1961-80. 

Year Avg . Bag/ 
Day 

1961 2. 96 
1962 3. 48 
1963 4.06 
1964 3.59 
1965 3.83 
1966 3. 87 
1967 3.26 
1968 3. 50 
1969 3.59 
1970 3. 04 
1971 2.56 
1972 2. 73 
1973 2.70 
1974 2.06 
1975 2. 27 
1976 2.43 
1977 2. 72 
1978 2.70 
1979 1. 90 
1980 1. 87 

X 2. 96 

RANDOM BAG CHECK 
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Season Bag/ Total 
Hunter Harvest 

10.80 1, 076 ,000 
14.30 1,520,000 
17.66 2 , 126,000 
19.67 2,573 , 000 
19.69 2,631,000 
25 . 07 3,931,000 
15.94 2,426,000 
20 . 09 3 , 050 , 000 
20.68 3 , 301 , 000 
17.06 2 , 733 ,000 
14. 71 2,284 , 000 
16.55 2 , 618 , 000 
15.11 2 , 307 , 000 
11 . 66 1,772,000 
12.90 1,912,000 
13. 91 2 , 068,000 
14 . 86 2,263 , 000 
15. 96 2 , 569 , 000 

9 . 50 1 , 193,000 
9 . 35 1,186 , 000 

15 . 77 2,276 , 950 

Fig . 1 . Correlation coefficients (r) between indices of selected population and h arvest sur veys 
in Kansas , 1961-1980 . 
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Table 7. Correlation coefficients resulting from t ests be tween bobwhite population indices obtained 
from rural mail carriers survey and random summer brood count in Kansas , 1963-1980. 

Q/lOOmi Ad / l OOmi Yng / lOOmi Total Q/ lOOmi Yng/Ad Q/ lOOmi 
April July 

(18) (18) 

Broods /Obs 0.683** o. 635** 

Yng/Obs 0. 691** o. 560** 

Males/Obs o. 798** 0. 826** 

Females/Obs o. 782** 0. 791** 

Adults/Obs 0. 794** 0.815** 

Total Quail/ 
Observer o. 739** 0.675** 

Yng . /Br ood 0. 46QS N. S. 

Yng/Ad Female N. S. N. S. 

Yng/ Adult N. S. N. S. 

Adult Males / 100 
Adult Females N. S. N. S. 

(N) Number of years compared 
s = p < o. 10 
* p < 0. 05 
** P < 0. 01 
N. S. = P > 0.10 

count) was weakly related to broods/observer 
(RSBC), (r = 0. 989 , P < 0.10) , but again, there 
were only three years ' data for analysis . 
Males/stop from the August whistle count showed a 
weak negative relationship to the number of 
young/adult female (RSBC), (r = -0. 783 , P < O. 10 , 
N = 6) . 

The index average bag /day (mail survey) was 
highly correlated with bag /gun hour (r = 0. 872, P 
< 0. 01) and bag/hunter (r = 0.748, P < 0. 01) 
(Table 8) . The best relationship existed between 
the season/bag hunter (mail survey) and coveys 
flushed/party hour (bag check), ( r = 0. 894, 
(P(0. 01). 

Of those whistle count indices with at least 
six yea rs of data for analysis, only males / stop 
f r om the June count showed a significant 
relationship with average bag/day from the mail 
survey (r = O. 734, P < 0. 10) , (Table 9) . No 
significant r elationships existed between August 
whistle count data and mail harvest indices . 

In analysis between whistle counts and random 
bag checks , where at least six years of data were 
available for testing, only males/s top from the 
June whistle count and gun hours / hunter (random 
bag check) showed significant relatfonship (R = 
-0. 810, P = 0.05) . No August whistle count data 
were significantly correlated with random bag 
checks . 

July July July October 
(18 ) (18) (18) (15) 

0.837** 0. 732** N. S . o. 731 ** 

0. 826** 0. 7 02** N. S. o. 7 35** 

o. 726** 0. 835** l . s. o. 775** 

0.754** 0. 816** N. S. 0. 81 9** 

o. 7 42** 0. 830** N. S . o. 799** 

0.825** 0. 757** N. S. 0. 780** 

0. 556* 0. 4Q6S N.S. 0. 51 3s 

N. S. 

N. S. 

N. S. 
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N. S. o. 775** N. S. 

N. S. o. 733** N. S. 

N. S. - 0. 438S ~-s. 

Table 8. Correlation coefficients resulting from 
tests between hunter performance data obtai ned from 
random bag checks and statewide harvest mail sur vey 
in Kansas , 1961-1972. 

Mail Harvest Survey 
Bag Check Avg Bag / Season Bag / Total 

Day Hunter Harves t 

Coveys Flushed / 0. 682* 
Party Hour (10) 

Bag / Gun Hour 

Bag/ Hunter 

o. 372** 
(12) 

o. 748** 
(12) 

(N)=Number of years compared 
s = P < o. 10 
* = P < 0. 05 
** P < 0. 0 1 
N. S. = P > 0.1 0 

0. 894** 
(10) 

N. S. 
(12) 

N. S. 
(12) 

o. 760* 
(10) 

N. S . 
(12) 

N. S . 
(12) 

Studies have shown the use of whistle counts 
as an index to quail populations (Bennett 1951 , 
Brown et al. 1978) . Ellis et al. ( 197 2) 
concluded that carefully standardized call counts 
would pr ovide reliable i ndices to quail relative 



abundance in Illinois; however, Preno and Labisky 
(1971) also working in Illinois , found no 
significant relationship between spring abundance 
as de t ermined f r om whistle counts and fall 
harvest statistics . In an analysis of Iowa quail 
survey data , Schwartz (1974a, 1974b) found 
significant relationships between July whistle 
counts and the mail survey indices of t otal 
harvest (P < 0. 05) and average bag / day 
(P<0. 10) . 

Correlations between RMCS i ndices and bag 
check data showed hi gh r values be tween quail/100 
miles (Octobe r RMCS) and bag/hunter 
( r = 0. 866 , P < 0. 05) ; young/ 100 mi l es (July 
RMCS) and coveys f lushed /party hour (r = 0.855 , P 
< 0. 01); and quail / 100 miles (Octobe r !{MCS) and 
bag/gun hour (r = 0. 832 , P < 0. 05) (Table 10) . 

Quail /100 miles (Oct obe r RMCS) was shown t o be 
the best predictor of the subseque nt harvest as 
measured by the statewide harvest mail survey 
(Table 11) . The best r elationship exists between 
quail / 100 miles (October RMCS) and average 
bag/day (r = ~924 , P < 0. 01) , ( Figure 2) . 
Si gni f i cant relationships existed between each 
harvest parame t e r and all of t he lillCS indices 
except young/ adult in July . Ammann and Rye! 
( 1963) concluded that rural mail carrier sur veys 
were a good i ndex t o ruffed gr ouse popu l at i ons in 
Mi chi gan. In Nebraska , they have been in use 
since 1945 (Dey 1971) . 

The index coveys f lushed/ party hour ( r andom 
bag- check) was significantly co rre l a t ed (P < 
0. 01) wi th broods /obs erver (r = 0. 815) , 
young/observe r ( r = 0. 792) , and t o t al 

Table 9. Correlation coeff i c ient s r esulting f r om tes t s using indi ces 
obtained f rom r andom Apr il observations and whistle count s with 
harvest parameters from the statewide harvest mail s urvey i n Kansas , 
1963-19 71. 

Harvest 
Parameters 

Avg !lag/ 
Day 

Season Bag 

Tot al 
Harvest 

Q/Obs 
April 

(3) 

- 0. 998* 

N. S. 

- 0. 999* 

Covey /Obs 
April 

( 3) 

N. S. 

N. S. 

N. S. 

(N)=Number of yea rs compared 
s = P < o. 10 
* = P < 0. 05 
** P < 0. 0 1 
N. S. = P > 0. 10 

Popula tion Surveys 
Males / St op Males / Stop 

June Jul y 
(6) (3 ) 

0. 7 34s 

N. S. 

N. S. 

- 0. 999* 

N. S. 

N. S. 

Mal es / Stop 
August 

( 6) 

N. S . 

N. S. 

N. S. 

Table 10. Correlation coef fici ents r esulting from t es ting be tween bobwhite population indices 
obtained from rural mail carrier surveys and hunte r performance data from the r andom bag check in 
Kansas, 1962-19 72 . 

Rural Mail Carriers Survey 
Harvest Q/ lOOmi Ad/ l OOmi Yng / l OOmi Total Q/ 1 OOmi Yng / Ad Q/ l OOmi 

Parameters April July July July July October 

Coveys flushed / N. S. N. S. o. 855** 0.565S N. S, N. S. 
Party Hour (10) (10) (10) (10) (10 ) ( 7) 

Bag/ Gun Hour 0, 556S N. S. 0, 546S N. S, 0. 531S 0. 832S 
(10) (11) (1 1) (1 1) (11) ( 7) 

Bag/Hunter N, S. N. S, N. S. N. S. N. S, 0. 866* 
(10) (11) (11) (1 1) ( 11) ( 7) 

(N) Number of years compared 
s = p < 0. 10 
* p < 0. 05 
** P < 0. 01 
N, S. = P > 0.10 
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Table 11. Correlation coefficients r esulting f r om testing between bobwhite population indices 
obtained f r om rural mail carrier surveys and hunter performance data from the statewide harvest 
mail survey in Kansas, 19 62-1980. 

l.{ural Mail Carriers Survey 
Harvest 

Parameters 
Q/ l OOmi Ad / l OOmi Yng / l OOmi Total Q/ l OOmi Yng/Ad Q/ l OOmi 

0, ., 
..0 ., 
0, 

~ ., 
> ., 

April 
(18) 

Avg Bag 0. 812** 

Season o. 71 5** 

Total Harvest 0. 604** 

(N) = Number of years compared 
** P < 0. 01 
N. S. = P > 0. 10 

July 
(19) 

o. 751** 

o. 791** 

o. 783** 

adults/observer -- BROOD COUNT 
4.0 • 

• 
3.0 

y = 1.631 • 0.034(x) 
r = .909 

2.0 n = 18 
p < .001 

1.5 

10 20 30 40 50 60 70 

younq/ observer - BROOD COUNT 
4.0 

• • 
3.0 

• y = 1.864 + 0.012(x) 
r = .849 

2.0 n = 18 

1.5 
p< .001 

20 40 60 80 100 120 140 160 180 200 

July 
(19) 

0. 813** 

0. 83 1** 

o. 743** 

>.., 
> 
0:: 
::, 
<fl 

..J 

O' 

"' ..a ., 
0' 
~ ., 
> 
"' 

4.0 

3.0 

2.0 

1.5 

4.0 

3.0 

July July 
(19) (19) 

0. 816** N. S. 

o. 841** N. S. 

0. 800** N. S. 

q uail/100 mi (Oct.) - RMCS 

1.0 2.0 3 .0 4 .0 5.0 

quail/ 100 mi (July) - RMCS 

•• 
• 

October 
(15) 

o. 924** 

0. 91 2** 

o. 896** 

1.503 + 0.365(x) 
r = .924 
n = 15 
p < .001 

6.0 7.0 

• • 
1.542 • 0.274(x) 

r = .816 
n = 19 

2.0 

l.5L_.1_,_!.._~_.J.....__,JL.......-L:---::':-:-'":"'-::~-:-'.~ 
1.0 2.0 3.0 4 .0 5.0 6.0 7 .0 8.0 9 .0 10.0 

• p < .001 

Fig . 2. Relationships of sel ected random summer brood count a nd rural mail carrier survey indices 
to the mail harvest survey index average baa/day in Kansas, 1962-1980 . 

quail/observer (r = 0. 771) f r om the RSllC, (Table 
12) . Hag/gun hou r was significantly correlated 
with the young/ brood ( r = 0. 637, P < 0. 05) and 
bag/hunter was significantly (P < 0. 05) 
correlated with males/obs e rver ( r = 0. 645) , 
females/o bserve r ( r = 0. 641) , adults / observer ( r 

0. 649) , and total quail/obs erve r (r = O. 641) . 

All of t he brood count indices except 
young / adult female and young/adult were 
correlated with the statewide harvest mail survey 
indices (Table 13) . The best predi ca t o r of 1) 
average bag / day was adults /observer (r = 0.909 , P 
< 0. 01), (Figure 3) ; 2) s eason bag/hunte r was 
fe male s / observe r (r = 0. 875 , P < 0. 01); and 3) 
statewide harvest was female s / obse rver 
(r 0. 740, P < 0. 01); however , broods / observer 
(r 0. 724 , P < 0. 01) and t otal quail / observer 
( r 0. 72 1, P < 0. 01) , (Fi gure 2) also provided 
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high r values . The broods / observer i ndex, whi ch 
is similar t o the production index (PI) described 
by Stanfor d ( 1972) , was signi f i cantly (P < 0. 01) 
cor r elated with t he statewide harvest mail survey 
paramete rs (Figure 2) . 

There were no s i gnificant r elationships 
(P > 0. 10) between the wi ng collection indices 
young/adult, young/adult female , or percentage 
young and April roadside count s ; June, July , o r 
August whistle counts; RMCS ; and mail survey 
harvest indi ces. 

Mul tiple Regr ess i on Anal ysis 

Stepwise maximum R2 i mpr ovement multipl e 
r eg r ession anal ysis was pe r fo rmed be tween the 
statewide mail survey harvest indi ces (average 
bag / day , season bag / hunter , a nd t otal harvest) 



Table 12. Cor relat ion coefficients resulting from testing between bobwhite population i ndices 
obtained from the random summer brood count and hunter performance data from random bag checks in 
Kansas, 1963-1972. 

Random Summer Brood Count 
Harvest 

Parameters 
Broods / 

Obs 
(10) 

Young/ 
Obs 
(10) 

Males/ Females / Adults/ 
Obs 
(10) 

Total Q/ 
Obs 
(10) 

Young / 
Brood Obs Obs 

(10) (10) (10) 

0 
8 
a" 
0 
o. 

Coveys Flushed/ 
Party Hour 

Bag/Gun Hour 

Bag/Hunter 

0. 815** 

0. 564S 

0. 552s 

(N) = Number of years compared 
s= P < 0. 10 
* = P < 0. 05 
** l' < 0. 01 
N. S. = P > 0. 10 

quail/100 mi (Oct.) - RMCS 
4 .0 

• 
3.0 

o. 792** 

0. 617S 

0. 593S 

N. S. 

N. S. 

0. 645* 

2.0 y = 0 .93 1 ... 0 .424(x) 
r = .896 
n = 15 

1.0 
P< .001 

1.0 2.0 3.0 4.0 5.0 6 .0 7.0 

quail/100 mi (July) - RMCS 

4.0 • 

3.0 

• • 
2.0 • y. 0 .969 • 0 .265(x) 

• r: .800 
n • 19 

1.0 p ' .001 

1.0 2.0 3.0 4.0 5 .0 6 .0 7.0 8 .0 9 .0 

0. 608S 

N. S. 

o. 64 l * 

4.0 

>- 3.0 .., 
> a: 
::, 

2.0 en ..., 
< 
" a: l.0 .., 
1--< z 
::, 
:i:: 

0 
0 
0 
0 4.0 () 

o_ 

~ 
., 3.0 
Cl> 

~ 
"' -= 2.0 Cl> 

-0 

i 
Cl> 

~ l.0 ., 

• 

2 

• 

N. S. 

N. S. 

0. 649* 

0. 771 ** 

0. 617S 

o. 641 * 

N. S. 

o. 637* 

0. 581S 

broods/ observer - BROOD COUNT 

• 
• 

• 
• 

• 
y = l.429 + 0.l 18(xl 

r = .724 

• n = 18 
p < .001 

4 6 8 10 12 14 16 18 

total quail/observer - BROOD COUNT 

• 
• • 

• 
• 

y = l.460 • 0.0073(x) 
r = .721 

• n = 18 
p < .001 

40 80 120 160 200 240 280 

Fiq . 3 . Relationships of. selected random summer brood count and rural mail carrier survey indices 
to the mail harvest survey index statewide (total ) harvest in Kansas , 1962- 1980 . 

and JmCS indices ; between the harvest indi ces and 
RSBC indices , and between the harvest indi ces and 
a group composed of sel ected indices from both 
popula tion surveys . In almost every instance t he 
bes t two variable model was accepted . Although 
models with three or more variables provided 
slightl y hi gher R2 va lues , the improvement was 
generally not deemed signi f icant enough to 
warrant further complicat i on of the predicting 
formula . In all i nstances P < 0. 001 . 

When RMCS indices alone were used, the best 
model fo r predicting ave r age bag/day i ncluded 
quail / 100 miles (July) and quail / 100 miles 
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(October), (R2 = O. 91 6 , F = 65. 66) . The best 
mode l fo r predict ing season bag/ hunter included 
young / 100 miles (July) and quai l / 100 miles 
(Octobe r ) , (R2 = 0. 894 , F = 50. 84) . The best 
mode l for predict ing tot al quai l harvest included 
young/ 100 miles (July) and quail /100 miles 
(October) , (R2 = O. 879, F = 43. 42) . 

When RSBC indices alone were tested, the best 
two variable pr edictor for average bag / day 
included males/observer and young/brood 
(R2 = 0. 873 , F = 51 . 44) . The best mode l for 
predict ing season bag/hunter included 
males /observer and females /observer (R2 = 0. 786, 



F = 24. 32) . The best model for predicting total 
quail harvest included females / observer and 
adults/observer (R2 = 0. 570, F = 9. 96) . 

Improved R2 values were achieved when both 
RMCS and RSBC sur vey data were used in the same 
mode l . The r esulting two variable model for 
predicting average bag/day included the indi ces 
quail / 100 miles (October RMCS) and 
adults/observer (RSBC), (R2 = ~940 , F = 94. 08) . 
The index va lues quail/1 00 miles (October RMCS) 
and t otal quail/observer (RSBC) comprised the 
best two variable model for predicting season 
bag/ hunter (R2 = O . 919, F = 68. 36) and total 
quail harves t (R2 O. 896 , F = 51. 56) . 
Predicting fo rmulas for t he above mode ls a re 

ave rage bag/day= 1.415 + 0. 211 (X1) + 
O. 0 18 (X2) 

season bag/hunte r 6.835 + 1. 460 (X1) + 
0 . 034 (X3) 

total harvest 866 ,918 + 243 ,766 (X1) + 
6 , 191 (X3) 

quail / 100 miles (October RMCS) 
adults/observer (RSBC) 
t otal quail /observer (RSBC) 

Substantial improvement in the ability t o 
predi c t bobwhite harvest parame t e r s may be 
r ealized through the use of predic tive formulas 
(Schwartz 1974a). Attempts t o est ima t e harvest 
parame t e rs using long-term means r esulted in 
ave rage annual errors of 20. 0 pe r cent, 18. 5 
percent, a nd 21 . 5 percent . for average bag/day , 
season bag/ hunter and t o tal harves t, 
r espectively. Average annual e rrors of the 
predicted values (using the multipl e regression 
formula s) from the mail survey harvest parame t er 
es timates were 4. 3 percent, 6. 5 percent and 8. 9 
percent for ave r age bag/day, season bag/hunter 
and total harvest, r espectively. Thus an 
improvement of 15. 7, 12.0 and 12. 6 percent is 
achieved fo r es timates of average bag/day , season 
bag/hunter and total harves t, respectively, when 
compared t o use of long-term means for prediction 
purposes . 

CONCLUSION 

Fo r years wildlife manage r s have tried t o 
accura tely monitor quail populations and pr edi c t 
harvest and harves t r ates (Bennett and 
Hendrickson 1938 , Bennett 1951 , Kozi cky et al . 
1956, Preno and Labisky 1971 , Ellis et al. 1972). 
In Kansas, a variety of survey techniques have 
been used both experimentally and on a continuing 
basis . These include April r oadside counts by 
Fish and Game personnel counting coveys and 
individual birds; standardized whistle count 
routes run during June , July, and August; counts 
made by rural mail carrie rs during April , July, 
a nd Octobe r; and random quail obsert ations 
(random summer brood count) made by Fish and Game 
personnel during July and August . Harvest 
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information has been collected using a mail 
survey of hunting license buyers and random field 
bag checks conducted by Fish and Game personnel . 

Of the population surveys tested, the RMCS and 
RSBC provide the best parameters . These two 
techniques have been continued in Kansas because 
of their relationship to harvest statistics and 
their cost efficiency. 

The RMCS involves only a limited numbe r of 
Fish and Game personnel t o perform the mailing of 
sur vey ca r ds and tabulat i on , analysis, and 
repor t ing of the da t a . During each survey pe riod 
520- 550 r ural mail carrier s re turn useable data 
and report on quail seen while drivi ng 
appr oxi ma t e l y 250 , 000 miles a l ong count ry r oads 
du r ing each s urvey pe riod. 

The RSBC survey i s pe rfo rmed by Fi sh and Game 
pe r s onnel who r~cord qua il obser vat i ons during 
the ir normal work activities . The r e i s little 
addi t i onal mile age or pe r s onne l time incurred. 

The s t a tewide mail harve s t survey i s s til l 
perf o rmed by t he Kansas Fi s h and Game Commi ss i on 
and i s prefe rred ove r the r andom bag che ck since 
it too involves few pers onne l a nd has prove n t o 
be capable of colle cting useable harvest 
statistics of dependable preci sion with minimum 
c ost, 

Through this analysis of population and 
harvest statistics, we are now capable of 
accuratel y· predicting and forecasting hunter 
performance and expectations for the subsequent 
hunting s e ason . 
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EFFICIENCY OF DOGS IN LOCATING BOBWHITES1 

FOREST E. KELLOGG, Southeaste rn Cooperative Wildlife Disease Study, Department of Parasitology, College 
of Veterinary Medicine, The Unive rsity of Georgi a , Athen s , GA 30602 

GARY L. DOSTER, Southeastern Cooperative Wildlife Disease Study , Depar tment of Parasitology , College of 
Veterinary Medicine, The University of Georgia , Athens, GA 30602 

WILLIAM R. DAVIDSON, Southeas tern Coopera tive Wildlife Disease Study , Depa rtment of Parasitology , College 
of Veterina r y Medicine, The Univers ity o f Geor gi a , Athen s , GA 30602 

W. MACK MARTIN, Southeastern Cooperative Wildli fe Disease Study , Department of Parasitology , College of 
Veterinary Medicine, The University of Georgia , Athens, GA 30602 

Abstract: The efficiency of dogs in locating bobwhi tes (Colinu s virginia nus) 
was studied on Tall Timbers Research Station, Leon County, florida. Numbers 
of bobwhites present on two study areas were dete rmined in six differe nt years 
with the Lincoln Index me thod. Numbers of bobwhites found on bird dog 
censuses and numbers of bobwhites flushed while methodically hunting the study 
areas were recorded for comparison with Lincoln Index data. Numbers of 
bobwhites found with both methods involving bird dogs were substantially less 
than those numbers determined with the Lincoln Index census techniq ue . 

We examined the efficiency of dogs in locating 
bobwhites (Colinus virginianus) in order to (1) 
evaluate the use of dogs for censusing bobwhites 
and (2) determine the percentages of bobwhites 
found by hunters with dogs in relation to the 
number of bobwhites actually present. Quail 
population levels were estimated using the Lincoln 
Index method (Davis 1963, Kellogg et al. 19 72) . 
These population numbers were used as a base for 
comparison. 

METHODS 

This investigation was conduc ted at Tall 
Timbers Research Station , a 1300 ha area located 
in Leon County, Florida, in t he Tallahassee Red 
Hills sub-region of the Coastal Plain. It is an 
area of rolling hills and open pine woodland , 
scattered fields , and some hardwood thickets i n 
wetter areas . Two study sites, one of 202 ha and 
the other of 210 ha, were used . Almost all of the 
woodland portion of the study areas was burned 

1This study was supported by Tall Timbe rs Research 
Station , Tallahassee, Florida, and by an 
appropriation from the Congress of the United 
States to the Southeastern Cooperative Wildlife 
Disease Study , The University of Georgia . Funds 
were administered and research coordinated under 
the Federal Aid in Wildlife Restoration Act (50 
Stat. 917) and through Contract No . 
14-16-0009-78-024, Fish and Wildlife Service, U. S. 
Department of the Interior . 
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annually in late winter. 
approximately 17 percent 
(average = 0.9 ha each). 
described in more detail 

Smal l cornfields made up 
of the study areas 

The study areas are 
by Smith (1980) . 

Bird dog censuses we r e made in February of 
1976, 1977, and 1979. Each party of two men and 
two dogs was assigned a certain portion 
(approximately 40 ha) of one study site to cover 
and was i nstructed to see that dogs or men went 
within at least 25- 30 rn of al l points on t he 
property . Approximately 15 ha were covered per 
hour by a party. This would be considered 
intensive coverage by most hunters. Personnel 
were instructed to count birds in each covey as 
the covey flushed, to mark the l ocat i on at which 
they landed, and to assure themselves that the 
birds were not counted twice during t he census . 
This was not as difficult as it might seem, since 
a covey t hat has been flushed recently is usually 
spread out and does not flush the second time from 
a small area . There were f ive repetitions of the 
study, gi ving f i ve sets of data for compa rison 
with the Lincoln Index census figures . 

Methodical hunting of both 20o+ ha study areas 
was conducted annually each February from 1976 
through 1982. There were 50 repetitions of hunts 
over the study sites , and in each year each study 
site was hun ted three t o five times . Successive 
hunts over the same gr ound were 24 t o 72 hours 
apart . The information on hunt i ng was gathered 
during the Lincoln Index ce nsus when birds we r e 
shot t o get banded / unhanded ratios . To determine 
the number of birds left on the study area after 



each hunt , all birds in the bag , shot down and 
lost, or feathered were subtracted from the 
Lincoln Index estimate of total population. 

There was very little difference in method 
between the bird dog census studies and hunting 
operations , excep t that hunting parties 
occasional)y had as few as one hunter and as many 
as three . Dogs ranged in numbe r from one to four, 
the usual s ituation being two . Hunters we r e a sked 
to count numbe r of birds on a covey rise and to 
avoid r ecount ing t he same bi rds if t hey we r e 
f lushed the second time . I n this portion of t he 
study , hun t ers often pursued s i ngles after a covey 
rise bu t were requi red t o cover t he ent i re area 
t horoughly . Most of t en hunte r s we r e not pe rmitt ed 
to ki ll more t han two to fou r birds pe r covey. A 
wide va r ie t y of dogs and hunte r s was used, but a t 
leas t one pe r son and one dog i n each party was a n 
experienced quail hunte r. 

RESULTS 

Table 1 compa r e s nu mbe rs of birds found on t he 
bird dog cens us and numbers of birds ac tua lly 
prese nt a s de t e rmined by the Lincoln Index census 
me thod . Numbe rs of quail found on bird dog 
censuses ave r aged 53 pe r cent of Lincoln Inde x 
po pula tion estimates and ranged f r om 46 percent to 
68 pe r cent . 

Table 2 shows the numbe rs of birds found with 
dogs while hunting over the s tudy are as . Numbers 
of quail flushed while hunting a ve rage d 40 percent 
of Lincoln Index population estimates and ranged 
f rom 17 to 71 per cent. The Kruskal - Wallis test on 
the proportion of bobwhites found during first, 
second, third, and fourth / fifth hunt s disclosed 
significa nt di ffe rences (P < 0. OS ) . The 
proportion of birds found de c lined with succe eding 
hunt s . The numbe rs of birds f ound in the morning 
by hunting parties were compared to t he numbers of 
birds located in the afternoon. A paired t test 
disclosed a tendency for finding more bobwhites in 
the afternoon than in the morning (t = 1.944; 
t o. 10 = 1. 943; df = 6) . 

Table 1 . Numbers of bobwhites found during bird 
dog census compared with Lincoln Index estimates 
of populations on t wo study areas . 

Year Site 

19 76 

1977 

1977 

19 79 

1979 

2 

2 

Lincoln 
Index 

Estimate 

461 

335 

134 

501 

502 

Number Pe r centage 
Bobwhites of Bobwhites 

Found Found 

248 

225 

91 

230 

239 

54 

67 

68 

46 

48 
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Table 2 . umbers of bobwhites found by hunters 
compared with Lincoln Index estimates of populations 
on two study areas from 1976 through 1982 . 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

<lJ 
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2 

2 

2 

2 

2 

C 
0 ..... 
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·r< 
w 
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0. 
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1 
2 
3 
4 
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1 
2 
3 

1 
2 
3 
1 
2 
J 

2 
3 

2 
J 

1 
2 
3 
4 

2 
3 
4 

2 
3 

2 
3 
1 
2 
3 
4 
l 
2 
3 
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2 
3 
4 
5 
l 
2 
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co 
C E 
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461 
418 
394 
377 
366 
222 
203 
18 7 

335 
305 
272 
134 
115 
104 

366 
328 
299 
204 
18 7 
168 

501 
467 
429 
403 
502 
4!18 
423 
385 

577 
537 
496 
544 
514 
481 
625 
576 
54 3 
510 
360 
31 7 
286 

303 
26 3 
237 
218 
214 
217 
198 
180 
155 

.,, 
C 
;::! 
0 
~ 

H 
<lJ 

il 
. ::! z 

191 
92 
73 
87 

143 
117 

71 
36 

123 
160 
167 

70 
65 
63 

224 
232 
136 
11 3 

99 
54 

212 
244 
148 

88 
24 7 
193 
17 8 
11 2 

24 1 
184 
194 
134 
202 
137 
278 
21 3 
193 
161 
182 
17 6 
122 

154 
11 2 
86 
37 
84 
92 

103 
109 
82 
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41 
22 
19 
23 
39 
53 
35 
19 

37 
52 
61 
52 
57 
61 

61 
71 
45 
55 
53 
32 

42 
52 
34 
22 
49 
43 
42 
29 

42 
34 
39 
25 
39 
28 
44 
37 
36 
32 
51 
56 
43 

51 
43 
36 
17 
39 
42 
52 
61 
53 



DISCUSSION 

The use of bird dogs for census work a ppears to 
yield more variable results t han does a wal k 
census as described by Dimmic k ( 1982) . We s uggest 
that this is related to (1) adding the dog as 
another variable and (2) the l es s me thodi cal 
coverage of study areas when using dogs . Data 
gathered by actual hunting parties show a n e ve n 
wider range of percentages of birds located in 
relation to numbers present. In this situation we 
added the extra task of shooting and made cove r age 
of the area even less methodical. The percent age 
of birds found by hunters was normally distributed 
about the mean of 40 percent (Figure 1). 

Analysis of information in Table 2 revealed a 
general decline on successive hunts in percentage 
of birds found in relation to numbers of birds 
present . The average percentage of birds found 
declined from 46 percent on first hunts to a 32 
percent average on fourth/fifth hunts over the 
same area . Unpubli shed information from radio
telemetry studies on Tall Timbe rs Research Station 
suggests that bobwhites quickly adopt evasive 
techniques when hunted regularly . In examining 
the success of morning hunts as opposed to 
afternoon hunts, we found that in five of the 
seven years more birds were found per hunting hour 
in the afternoon than in the morning . 
Approximately 20 percent more bobwhites were found 
per party hour afield in the afternoon than in the 
morning . Hours hunted in the morning usually fell 
between 0900 and 1200 , and hours hunted in the 
afternoon fell between 1530 and 1830. 
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In summa r y , dogs are often not as efficient as 
their owners might think in locating birds. When 
hunt i ng an area similar to our study sites in a 
r i go r ous and methodical manner, one should 
probably expect to f i nd approximately 40 percent 
of the coveys ac tually pr esent on the area . In 
compar i ng this t ype of hunti ng to typical hunte r s ' 
methods, we s us pe c t that mos t hunters spend a 
g r ea t pa r t of the i r time hunting only areas t hat 
they think will be most pr oductive . By hunting 
the most pr oductive s po t s t liey pr obably flush more 
birds per hour of hunti ng tl1an one wou ld by 
me t hodically hun ting the entire a r ea. A person 
me thodi cal l y hun ting a n entire a r ea , however , wil l 
find a gr ea t e r pe r cent age of the birds that a r e 
actua lly pr esent on t he a r ea. 
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A 10-YEAR STUDY OF BOBWH ITE QUAIL MOVEMENT PATTERNS1 

GLADYS F. SMITH, 2 School of Forest Resources, The University of Geo r gi a , Athens , GA 30602 
FOREST E. KELLOGG, Southeas t e rn Cooperative Wildlife Di sease Study, Department of Parasitology, 

Coll ege of Veterinary Medicine, The University of Georgia, Athens , GA 30602 
GARY L. DOSTER, Southeastern Cooperative Wildlife Disease Study, Department of Parasitology, College 

of Veterinary Medicine , The University of Geor gia, Athens, GA 30602 
ERNEST E. PROVOST, School of Forest Resources , The University of Geor gia, Athens, GA 30602 

Abstract: The movement patterns of 676 bobwhite quail (Colinus virginianus) 
on t wo study areas on Tall Timbers Research Station in northern Florida were 
studied during a 10-year pe riod. Ei ghty-six percent of the quail moved no 
more than 400 m from their first documented l ocation in a one- to five-year 
period. Ninety-eight percent moved l ess than 800 m. Movements gr eater than 
1, 000 m occurred but were rare . There were no substantial di ffe rences in the 
annual movements of males and females or immatures a nd adults; howeve r, the 
few birds whi ch made longe r movements (>800 m) tended t o be i mmature males . 
The average distance an individual quail moved during a two-week shooting 
period was greater than the distance move d during t he preceding two- we ek 
trapping period, but the average difference was only 82 m and t herefo re 
insignificant from a practical viewpoint. Movements during s hoot i ng ave raged 
150 m and we r e not ext ensive enough to fo rce quail off the study area . Egress 
and ingress were minimal a nd approximately balanced . The popula t ion was much 
less mobile than bobwhite populations in o ther portions of the species ' range . 

Movements of animals can i nfluence a 
population as drast i cally as natality and 
mortali t y . The r efo r e , knowledge of the movement 
patterns of a wildli fe population i s essential to 
the understanding of population dynami cs and has 
practical impli cations for management . 
Management studies of bobwhite quail (Colinus 
virginianus) have been underway at Tall Timbers 
Research Station (TTRS) in Leon County, Florida, 
since 19 70. The purpose of the present study was 

1This study was support ed by Tal l Timbers 
Resea r ch, Inc . , Tallahassee, Flo rida, and by an 
appr opriation from t he Congress of t he Uni t ed 
Stat es t o the Southeastern Coope rative Wil dlife 
Disease Study, The Univers ity of Georgi a . Funds 
were administered and resear ch coordinated under 
the Federal Aid in Wildlife Restoration Act (50 
Stat . 917) and through Contract Numbers 
14-16-0007- 676, 14-16-0008- 2029 , and 
14-16-0009-78-024, Fish and Wildlife Service, U. S. 
Department of the Interior. 

The data herein constitute portions of a Master 
of Science Thesis originally presented by the 
senior author at The University of Georgi a , 
Athens , GA 30602. 

2Present address is 190 Woodrow Street, Athens, GA 
30605. 
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to i nvest i ga te the movement patterns of the TTRS 
bobwhite populations . Specif i cal l y , the 
objectives were to determine (1) year-to-year 
movemen t s , (2) movements during trapping and 
shooting pe riods, and (3) egress and ingress . 

Sincere appreciation is extended t o Dr s . Peter 
Dress and Leon Pienaar for their contributions to 
the statistical anal ysis . Special thanks are due 
to Mari sue Hilliard and Julie Fortson fo r help in 
other aspects of the study. 

STUDY AREAS 

Tall Timbers Research Station consists of 
approximately 1,300 ha in no rthern Leon county , 
Flo rida , ap proximately halfway between 
Tallahassee , Florida , and Thomasville, Geor gia. 
Tall Timbers li es within t he Tallahassee Red 
Hills subregion of the Coastal Pl ain , 
charac t erized by a mature t opogr aphy of r ol l ing 
hills .with gent l e t o modera te slope and hilltop 
elevations of 60 t o 90 m above sea l evel (He ndry 
and Sproul 1966) . Soils are general l y 
well-dra i ned sandy o r sandy l oam topsoils 
overlyi ng loamy subsoils . The climate i s 
temperate with mean annual temperature of 20 C 
a nd annual rainfall be tween 79 and 264 cm (mean 
( x) = 155 cm] . Wi nter and summ=r are typically 



wet seasons, but periods of several weeks without 
rain are common. 

Appr oximately 85 percent of TTRS i s in 
woodland, primarily open s tands of mature 
loblolly (Pinus taeda) and shortleaf pine (P. 
echinata) interspersed with live oak (Quercus 
virginia~). The woodlands a r e burned in 

February or March each .year, and a herbaceous 
cover rich in legumes such as partridge pea 
(Cassia spp.), native lespedezas (Lespedeza 
spp.), and begga rweeds (Desmodium spp.) develops 
in the spring . Fields and fire e co logy plots are 
protected from burning by an extensive network of 
fire lanes plowed each year (Kellogg and Doster 
1971 , Kellogg et al. 1970, 1972). Tall Timbers 
Research Station has not been intentionally 
managed for quail since 1964, but land management 
practices have been r ela tively favorable to 
quail . The bobwhite population is protected from 
all hunting except that associated with the 
management study. 

After a preliminary census of the bobwhite 
population at TTRS in 1969, two study areas were 
selected for comparison of management techniques: 
a North site of 204 ha and a South site of 212 ha 
(Figure 1). The sizes of the areas were dictated 
by the manpower available to conduct the study. 
The sites are separated by a two-lane highway and 
at the nearest point are approximately 75 m 
apart. Based on the 1969 population estimates, 
the study sites had approximately equal densities 
of quail. 

In the springs of 1969, 1970, and 1971, fields 
on the North site were planted i n corn, but no 
planting was done on the South site. In 1972, 
1973, and 1974, corn was planted on the South 
site, but not the North. Thereafter, for the 
duration of the study, fields on both sites were 
planted. Corn was harve s ted with mechanical 
pickers in the fall of each year. No herbicides 
or pesticides were used . Further descriptions of 
the area are available (Beadel 1962, Kellogg and 
Doster 1971, Kellogg et a l. 1970 , 1972 , Smith 
19 80) . 

~lETHODS 

Beginning in 1970 and continuing through 1979, 
bobwhite quail at TTKS were censused annually. 
Quail were trapped and banded in late January or 
early February of each year . The trapping period 
lasted from 6 to 14 days. Funnel-type quail 
traps similar to those described by Stoddard 
(1931) were placed in sites considered to be 
frequently used by quail , Approximately one trap 
per 2- 2.5 ha was used . Traps were weighted with 
bricks and covered with dead vegetation to 
protect captured birds from raptors and other 
predators . Cracked corn was used as bait. There 
was no prebaiting of trap sites. 

Although many trap sites were used repeatedly 
throughout the study , trap sites and total number 
of traps varied somewhat from year to year . When 
trap sites were relocated, traps were moved a 
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maximum of 60 t o 75 m. In 1971 , 1975, and 1976, 
additional traps were placed outside the 
boundaries of the study areas to ascertain the 
extent of movement off the study sites . The 
areas in which extra trapping was conducted are 
indicated on the map in Fi gure 1. Extra trapping 
was concurrent with trapping on the study sites. 

When captured fo r the first time in a give n 
year, quail were sexed, aged, and banded with a 
number-coded size 7 aluminum leg band. The 
identification numbers of any bands from previous 
years were recorded. Adults had completed at 
least one post-nuptial molt and were at least 1. 5 
years old. Juveniles were six to eight months 
old at the time of capture. 

Immediately after banding, all birds were 
released at t he site of capture except duri ng an 
additional trapping period in 1975 when, after 
censusing was completed, birds were trapped and 
removed from the South study site to 
intentionally reduce the population to one bird 
per 4 ha. Trapping was terminated when the 
percentage of recaptured quail was 70-90 percent 
for several days . 

Collection by shooting began within a week 
after trapping ended and lasted from four days to 
two weeks. Collection parties of two or three 
hunters using two or three dogs were assigned a 
portion of the study area to cover each day . 
Both study sites were hunted until approximately 
20 per cent of the population had been collected •. 

Hunters r ecorded the sex and age of all 
collected birds and the identification number of 
any bands . Precise locations at which birds were 
shot were mapped by hunters in 1977, 1978, and 
1979. In several years, parties hunted in areas 
outside the study site (at least 45 m away from 
the boundaries ) to monitor movement of banded 
quail off the study areas . In 1973, 1975, and 
1976, extra shooting was conducted on the areas 
where extra trapping was done outside the 
boundaries. 

Year-to- Year Movements 

Movemen t records were compiled from the 
trapping and banding data for all quail captured 
at least two years during the study. A compsite 
map of all traps enumerated in the movement 
records was constructed using individual maps of 
trap locations from each of the 10 years of t he 
study. An electronic digitizer was used to 
assign Cartesian coordinates to each trap site on 
the composite map . 

The straight-line distance between two traps 
at whic h a bird was captured represented t he 
minimum distance moved (MDM ) during the period 
between winter captures . Actual distance moved 
by a bird could have been much greater. The MDM 
was calculated for all possible combinations of 
trap sites i n an individual r ecord. Thus, the 
movement reco rd of a quail captured four 
consecutive winters yielded t hree 1-year MDM , two 
2- year MDM , and one 3- year MDM (Figur e 2). 
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Fia . 1. Map of Tal l Timbers Research Station showing North Study Site, South Study Site , and off
sit e trapping areas . 
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Pio . 2 . Diaqram and descrirtion of the various 
dis t ances calculated for a quail captured four 
consecutive winters . 

For birds captured three or four consecutive 
winters , s traight-line di stances be tween annual 
cap tures were summed . This cumulative di stance 
(CDIST) represented the best estimate available 
of the actual distance moved by a quail from 
first to last capture (Figure 2). 

Two approaches were used to analyze MDM data. 
In the first approach , all year-to-year movements 
by an individual bird were included when 
calculating descriptive statistics [x, Standard 
Deviation (SD)) . In the second, only one 
movement for each bird, MDM from f irst to last 
trap site, was used in calculations. 

A paired t - test (Ostle and Mensing 1975) was 
used to determine the significance (P < 0.05) of 
the difference between two consecutive -one-year 
movements of an individual quail. One-year 
movements were subjected to an analysis of 
variance (ANOVA) to determine whether significant 
differences (P .s_ 0.05) were attributable to year, 
age, sex, or study site . The design was 
unbalanced, with an unequal and disproportionate 
number of observations in subclasses; therefore, 
a linear least square analysis was used to 
perform the ANOVA (Ostle and Me nsing 1975) . 
Duncan ' s (1955) multiple range t est was used to 
compare means of significant main effects and a 
selected interaction term. 
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Movement during Tr apping and Shooting Periods 

Keco rds of movements within the trappi ng 
period were compiled for all quail trapped a t 
least twice during the trappi ng pe riods in 1977 , 
1978 , and 1979. An individual retrap recor d 
consis t ed of the sequence of t rap sites at which 
a bird was cap tured within a trapping season. 
The distance from f irst t o last trap site in a 
r etrap r eco r d was assumed t o r epresent t he 
distance moved by a bird during the trapping 
pe riod ( TD IST) . 

Distances moved duri ng shooting (SDIST) were 
cal culat ed fo r all banded birds shot during 1977 , 
1978 , and 1979. The straight - line distance 
between the site at which a bird was shot and t he 
trap site at which it was last captured in the 
preceding trapping period was assumed to 
represent SDIST. A paired t -tes t was used t o 
determine the significance (P < 0. 05) of the 
difference be tween SDIST and TDIST for birds 
retrapped and shot within the same census 
period . 

Additional Movement Records 

In addition to the movement records obtained 
from trapping and shooting, o ther records we r e 
col l ected that, while not providing conclusive 
information , provided insight into the egress a nd 
ingr ess patterns of the population. Movements 
were a nalyzed for those banded birds that changed 
from one study site to the other between winters 
or were shot or trapped outside the boundaries . 
Approximate locations at whi ch banded quail were 
recovered on adjacent properties were plotted on 
a Grady County, Georgia, or Leon County, Florida, 
map, and distances moved since last capture were 
measured. 

Population Estimates 

Chapman's ( 1951) modi f ied Lincoln Index was 
used to estimate the quail population on each 
study site at the beginning of winter trapping 
each year, Population sizes after censusing were 
calculated by subtracting all known losses during 
the census from the population estimates derived 
from the banding returns. Pre- and post-census 
densities of quail on each study site each year 
were calculated . Correlation anal yses were used 
to determine the significance ( P < 0. 05) of the 
relationships between mean a nnual-movement and 
quail densities. 

RtSULTS AND DISCUSSI01 

Distances Moved from Year t o Year 

During the 10 years of censusing, 6,033 quail 
were banded one or more times , and of these, 574 
were banded fo r two or more yea rs. The trapping 
records of these 574 TTKS quail yielded 710 MDM 
ranging in duration from one to five years . 
Sample means and frequency dist ribution of MDM 



obtained by using only one movement per bird were 
similar to those obtained whe n all pos s i ble 
year-to- year movements by a bird (Table 1) were 
included in the analysis (Smit h 1980). Further 
discussion of distances moved by TTRS quail is 
based on the total number of MDM r ecorded, 
irrespective of duplication of movements by 
individuals. 

Five hundred eighty - four 1-year MDM were 
obtained from the trapping records of 529 quail 
(Table 1) . Approximately 88 percent of the 
one-year MDM were less than 400 m. Ninety-eight 
percent of the birds moved no more than 800 m 
from their initial trap site in a year's time. 

Data from this study and Simpson ' s (1976) we r e 
obtained in the same general region and on study 
areas of approximately the same size. The 
frequency distributions of one-year MDM were very 
similar, with more than 96 percent of both 
populations moving no more then 800 min a one
year period. A greater percentage of TTRS quail 
r emained within 400 m of the initial trap site, 
which s uggested that the TTRS population was even 
mor e sedentary than Simµson's. 

Differences in winter-to-winter movement s of 
TTRS and Wisconsin quail (Kabat and Thompson 
1963) were substantial. A much greater 
percentage of the Wisconsin quail moved more than 
800 m, and though no statistical test could be 
made, the mean distance s moved were obviously 
different. None of the TTRS annual movements 
recorded in trapping exceeded 1,600 m, although 
33. 6 percent of the Wisconsin movement s did. 
Most birds moving distances greater than 1 , 600 rn 
at TTRS probably would have mo ved off the s tudy 

s i te . Movements between 800 and 1,600 m were 
easily possible on the combined study areas, yet 
only 1. 7 percent of the movements were within 
that category. If so few annual movements at 
TTRS were be t ween 800 and 1 , 600 m, then probably 
even fewer we r e longer than 1,600 m. 
Approximatel y the same percentage of Texas 
(Lehmann 1946) a nd TTRS quail moved no more than 
800 m, but one- year movements in the TTRS 
population wer e more concent r ated in the "less 
t han 400 m" ca t ego r y. Therefore , one-year MDM of 
TTRS quail we r e mo r e limited t han t hose of quail 
in Wiscons i n and Texas . 

Several inves tiga t o r s have obt ained 
year-to- yea r quai l movements incide ntal to 
studies of seasonal movements . Such studies have 
been generally s ho r t - ter m, and the numbe r of 
annua l moveme nts r eco r ded were few. Murphy 
(19 51) reported e i gh t annua l moveme nts for 
Missouri quail r angi ng f r om 400 t o 2 , 640 m, f ive 
of which we r e l ess t han 800 m. I n anot her s tudy 
on t he same area , s even of nine qua il moved l e s s 
than 800 m i n one year (Lewi s 19 52) . Extreme l y 
l ong one- year movement s (x = 8 ,184 m) we r e 
recorded f or two qua i l i n a low de nsity Indi ana 
popula tion (Hoekstra and Ki rkpatrick 19 72) . Most 
of t he Wisconsin quail trapped 10 t o 16 mont hs 
after banding moved l ess than 800 m (Erri ng ton 
1933) . Stoddard's ( 1931) movement a nalys is of 
south Geo rg ia-north Florida quail included 
moveme n ts of variou s dura tions. His r esul ts we r e 
ge ne ral ly simila r t o those of thi s s tudy i n that 
the movements he r e ported were l e ss than t hose of 
quai l i n othe r regi ons . 

Two - yea r movement s fu r the r substantiated the 
s edenta r y na ture of TTRS quail . Eighty per cent 

Table 1 . Summary of 710 winter- to- winter movements of bobwhite quail at Tal l Timbers Research Stati on , 
1970- 1979 . 

Distance moved 1 - Year 

(m) Number(%) 
2 - Year 3 - Ye a r 

Number( %) Numbe r(%) 
4 - Year 5 - Year 

Number(%) Number(%) 
Total 

Number(%) 

0 - 200 335 (5 7. 4) 45 (42 . 9) 2 (11. 1) 1 (50 . 0) 383 (5 3. 9) 

201 - 400 178 (30. 5) 39 (37 .1) 9 (50 . 0 ) 1 (100.0) 227 (32 . 0) 

401 - 600 50 (8 .6) 14 (13 . 3) 4 (22.2) 68 ( 9 . 6) 

601 - 800 11 (1. 9) 6 (5. 7) 1 (5.6) 18 (2 . 5) 

801 - 1,000 3 (0 . 5) 3 (0 . 4) 

1,001 - 1, 200 3 (0 .5 ) 1 (1. 0) 1 (5. 6) 1 (50 . 0) 6 (O. 8) 

1, 201 - 1,400 3 (0 .5) 1 (5 . 6) 4 (0 . 6) 

1,401 - 1,600 1 (0 . 2) 1 (0 . 1) 

TOTAL 584 (100 .1) 105 (100 . 0) 18 (100 . 1) 2 (100 . 0) 1 (100 . 0) 710 (99 . 9) 

Average MDM 214 267 425 630 249 228 

Standard 
Deviation 196 185 290 693 203 

Range 0 - 1,478 0 - 1,069 71 - 1,250 140 - 1,120 0 - 1 ,478 
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of the 2- year movements were less than 400 m, and 
99 percent were less than 800 m (Table 1) . 

The mean of thr ee- year MDM was grea t er t han 
the means of the one- and two- year MDM (Table 1) , 
and 39 percent of t hr ee- year movements we r e 
greate r t han 400 m. However , the number of 
t hr ee- year movements was probably too smal l to 
conclude that t hr ee-ye a r movements were ac t ually 
gr ea t e r. Four-and f i ve - yea r mo vements were even 
fewe r. Two mal es , f irst cap t ured as immatures, 
were r ecaptured four yea r s af t e r initial bandi ng . 
One moved only 140 m f r om the origi nal trap site ; 
the othe r moved 1,1 20 m. A t hi r d male , ba nded as 
a imma t ur e , was r ecove red f i ve years after the 
f irst cap ture only 249 m f r om the original trap 
s i t e . Moveme nts of l ong duration a re interes ting 
but pro ba bly contribute little to the movement 
patte rns of the population as a whole since so 
f ew birds survive to make such movements . 

Dif fere nces in Movement among Yearly Intervals 

Although there was no cle ar patte rn in the 
mea n di f ferences, there was a general tendency 
f o r l onger movements in the later years of the 
study (Table 2). Comparison of sample means 
raised a fundamental question : What magnitude of 
mean difference was biologically or practically 
signi f icant? Average MDM for the first interval, 
[970-1971, was statistically different from all 
other means , yet the difference between means of 
the fi r st two intervals was only 52 m. Such a 
slight difference in the average distance moved 
by quail dur ing those two years was not 
pr actically different . Maximum mean difference 
between years was 227 m. A difference of this 
magnitude probably was indicative of a meaningful 

Til.bl e 2 . Averase one-year movements 

di f fe rence i n t he movement of quail during the 
two i n t e rvals , 19 70-1971 and 1977-1978. 

Change s i n habitat over time might have 
a ff e cted movement, but the only major change i n 
land use a t TTRS during t he yea rs of census was 
the pa tte r n of corn planting. Corn fields are 
apparently beneficial t o quail ( Nevels 1952, 
Kellogg et al. 1972), but we detected no 
r elations hi p between the presence of corn fields 
and movement on a study site . In the years when 
corn was planted on one study area and not the 
other, there was no significant difference 
between mean annual MDM of t he two sites . Quail 
did not mo ve l ong distances toward the corn 
fields. 

Fluctuations in population size could 
influence yearly movements. Several 
investigators have suggested that bobwhite quail 
in more densely populated areas are less mobile 
than birds in less densely populated areas 
(Errington 1941, Errington and Hammerstrom 1936 , 
Urban l97 2) . Others believed population density 
and move ment were dire ctly related; population 
pressure for ced birds to move (Murphy 1951 , 
Loveless 1958) . Present data were sufficient to 
consider only the relationship between annual 
movement and winter density. 

Yearly estimates of the populat i on size and 
de nsity on each study site at the time of 
trapping and after censusing are presented in 
Table 3. Wi nte r de nsities on the two study sites 
differed signi f i cantly (t = 2. 98, P < 0. 02) . 
Therefore , analyses were performed separately for 
the North and South study sites . Si nce only one 
population estimate per year was obt ained f o r 
each study site, the effect s of year and density 

(m ) of bobwhite quail at Tal l Timbers 
Research Station for nine yea r l y i ntervals . 

Average Standard 
Interval Number MDM Deviation Range 

1970- 71 131 142 101 0 - 529 

1971-72 134 194 172 0 - 972 

1972- 73 120 221 230 0 - 1 , 478 

1973- 74 46 244 180 0 - 718 

1974- 75 53 211 160 0 - 519 

1975-76 23 334 309 0 - 1 , 203 

1976- 77 37 292 248 0 - 1, 028 

1977- 78 14 369 315 65 - 1, 391 

1978- 79 26 295 155 0 - 600 

TOTAL 584 
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Tab l e 3 . Population and density estimates (b irds/ ha) of bobwhite a uail on the Nort h and South studv 
sites at Tall Timbers Research Station , 1970- 1979 . 

Number at Density at 
Number a t Standard Density a t end of end of 

Study start of Error start of shooting 
b 

shooting 
Year si t ea trapping period (95% CI) trapping period collection collection 

1970 N 1,158 58 (1,044- 1,272) 5. 6 918 4 . 5 

s 723 70 (586- 860) 3. 4 592 2 . 8 

1971 N 1 , 411 84 (1, 246-1,57 6) 6. 9 1,159 5 . 7 

s 829 59 (713- 945) 3. 9 684 3. 2 

1972 N 1,555 73 (1,412- 1 , 698) 7. 6 1,220 6 . 0 

s 608 39 (532-684) 2. 9 459 2 . 2 

1973 N 713 33 (648- 778) 3. 5 526 2 . 6 

s 742 41 ( 662- 822) 3. 5 543 2 . 5 

1974 N 563 39 (487- 639) 2 . 7 410 2 . 0 

s 426 34 (359-493) 2 . 0 306 1. 4 

1975 N 410 28 (355-465) 2. 0 304 1.5 

s 355 15 (326- 384) 1. 7 136 0.6 

1976 N 463 35 (394- 532) 2. 3 367 1.8 

s 228 27 (175- 281) 1.1 177 0 . 8 

1977 N 343 29 (286- 400) 1.7 261 1.3 

s 138 12 (114-162) 0 . 6 97 0.5 

1978 N 378 35 (309- 44 7) 1.8 295 1. 4 

s 213 26 (162- 264) 1.0 165 0 . 8 

1979 N 501 37 (428- 574) 2. 4 385 1. 9 

s 504 37 (431- 577) 2. 4 385 1. 8 

~=North; S = South. 

bNumber at end of shooting collection Number at s t art of trapp ing period - known l oss es during census. 

could not be separated in the analysis . Any 
conclusions drawn from the r esults of those 
analyses a r e subject to this qualification. 

The relationship between annual movement and 
population density was in~estigated by 
correlating the bobwhite density during a given 
winter with mean annual MDM f r om that winter to 
the next . Density at the time of trapping and 
mean one-yea r MDM were negat ively correlated . 
Correlation of the two measures was highly 
significant on the South study site (r = - 0. 73 , 
P < 0. 02) and not significant on the North 
( r = - 0. 58, P < 0. 10 ) . The correla tions between 
density after censusing and mean annual MDM were 
s imilar (South , r = - 0. 75 , P < 0. 02 ; North, 
r = - 0. 56 , P < 0. 12) . The r elationship be tween 
wint e r population de nsity and movement during the 
preceding yea r was a l so evaluated, but the 
cor relation was not significant . 
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Differences in Movements between Sexes and Age 
Classes 

Some have s ugges t ed that male bobwhit es t e nd 
to move fa rther than females (Hood 1955 , Love l ess 
1958, Kabat and Thompson 1963) , but others found 
no sex dif ferential in movement (S t oddard 1931 , 
Errington 1933 , Murphy 1951 , Simpson 1976) . 
Loveless (1958) reported that the r e was no 
difference in the spring and summer movements of 
adult and immature quail , and Si mpson ( 1976) 
concluded the same about fal l movements . Result s 
of this study disclosed slight sex and age 
differentials in quai l movement . Mean one- ye a r 
MDM was significantly greater for males and 
immatures ( Table 4) . Compa r i sons of mean annua l 
MDM fo r sexes and age cl asses r eveal ed that 
although a statistically significant di fference 
existed , a biological or practical difference did 
not. The data did suggest, however , that those 



few birds making extensive movements will most 
likely be immatures, and probably males . 

Patterns and Directions of Movement 

The cumulative di s tance (CDIST) moved between 
traps fo r 55 quail cap tured three consecutive 
years ranged from 43 to 1 , 219 m and averaged 
415 m (SD= 269 m) . A single female cap tured 
four consecutive years had a CDIST of 465 m. 
There was no consistent pattern of movement for 
bobwhites wit h consecutive yearly captures . Some 
tended to move in a straight line away f r om the 
initial trap site; however, consecutive movements 
of other birds formed a more acute angle, 
resulting in final locations nearer to the 
initial capture site . Forty-one of the 574 birds 
giving movement r ecords were trapped the first 
and last time at the same trap location. 
Similarly, there were no significant differences 
in directional (N, S , E , W) movements . 

Movement during Trapping and Shooting Periods 

Normal movements of TTRS quail might have 
been reduced during trapping because of the 
intensive use of baited trap sites . On the other 
hand , hunting possibly s timulated movement . 
Rosene (1969) contended that coveys flushed too 
frequently would move f r om an area . Errington 
and Hammerstrom (1936) thought that shooting or 
other continuou s disturbance s could cause a covey 
t o reloca t e within its range but would seldom 
drive it out of its range al t ogether . 

Distance moved during trapping and shooting 
periods could be compared for 130 TTRS quail 
which had been r e trap ped and later shot duri ng 
the same cens us period ( 1977-1979) . Quail were 
shot 5 to 14 days after being trapped for the 
las t time . For these 130 quail , mean distance 
moved during trapping (TDIST) was 73 m (SD = 84 
m) , and mean distance moved during shooting was 
155 m (SD = 105 m) . For an i ndi vidual quail, 
SOIST was significantly greater than TDIST 

( t = 7. 56, P < 0. 001) . However , mean difference 
between SDIST and TDIST was only 82 m, which is 
insignificant from a practical standpoint . 

Additional shooting movement records were 
available for 102 banded quail shot but not 
retrapped during the same census period . Thus , 
SDIST was known for a t o tal of 232 banded quail . 
Shooting movements ranged from O t o 544 m, and 
mean SDIST was 150 m (SD = 104 m) . Movements of 
thi s magnitude would have caused few birds t o 
leave the study sites . therefore , movement 
during shooti ng was concluded to be of little 
practical impo rtance. 

Recoveries of banded birds by parties hunting 
outside the boundaries also were indicative of 
the extent to which quail moved off the areas 
after trapping and during shoot ing on study 
areas . Parties hunting in areas more than 45 m 
away from the s tudy site boundaries r ecovered no 
banded birds . However, in 1973 , 1975 , and 1976 , 
when hunting outside the study s ites was more 
intensive and conducted along the boundaries , 
banded birds were collected . Shooting in the 
buffer zone between the study si tes in 1973 
yielded 39 quail, of which 17 had been banded 
that year . In 1975, 18 of 43 birds shot outside 
the study sites we r e banded, but onl y 1 of 17 
birds shot in 1976 was banded . 

Exact shooting locations fo r the birds were 
not recorded, so di s t ances moved f r om l ast trap 
t o s hooting site were not known . However, t he 
maj ority of banded birds shot off the areas were 
l as t captured at tra p si tes located on the 
periphery of the s tudy sites . Movement s of less 
than 90 m would have pl aced all bi rds except two 
out side the boundary. One bird moved a minimum 
of 230 m off the study area , and another, 650 m. 
The distances moved by these birds probably were 
not different f r om those of birds shot on t he 
a r e a . Most likely the covey ranges of t hese 
birds overlapped the boundaries , and these qua il 
were shot within their normal ranges . 

Table 4. Average one-year movements (m) of bobwhite quail at Tall Timbers 
Research Station for s exes and age classes . 

Variable 

Age 

Adult 

Immature 

Sex 

Male 

Female 

Number 

186 

398 

339 

245 

Average 
MDM 

177 

231 

230 

191 

42 

Standard 
Deviat ion 

141 

215 

213 

168 

Range 

0 - 972 

0 - 1, 478 

0 - 1,478 

0 - 1 , 203 



Egress and Ingress 

Information on egress and ingress was provided 
by (1) band returns from birds shot on adjace nt 
properties, (2) shooting outside the boundaries, 
(3) trapping outside the boundaries, and ( 4) 
movements between study sites. During the 10 
years of study, only six banded birds were 
recovered on surrounding properties. The hunting 
on surrounding properties was intensive enough 
that if large numbers of TTRS quail moved long 
distances, then more banded quail would have been 
collected. Shooting parties intensively hunted 
TTRS areas outside the study site boundaries 
several years . Their collections should have 
detected the presence of banded survivors from 
the previous year that had moved and remained 
outside the study sites, but no such birds we re 
collected . Results from trapping outside the 
boundaries disc l osed that very few banded birds 
were trapped outside the study areas in 
succeeding years . Similarly, only 9 of 156 birds 
originally trapped outside the study areas were 
recaptured the following year on the study sites . 
The above data indicate that egress and ingress 
were minimal and generally equivalent. An 
approximately equal number of birds moved from 
one study site to the other, which further 
supported the conclusion of balanced egress and 
ingress. These conclusions are similar to those 
of Simpson (1976), who found a very small number 
of birds moving onto adjacent properties. 

Several studies have attempted to assess 
egress and/or ingress from recapture data. In a 
Wisconsin population, 42 percent of the birds 
emigrated from the study area during spring (lluss 
et al. 1947); in another , 79 percent emigrated 
(Kabat and Thompson 1963). Extensive spring 
di spersal occurred in a Missouri population; half 
the adult birds in a spring population had moved 
onto the study area since winter (Murphy and 
Baskett 1952) . Another study on the same are a 
found considerable ingress during the spring 
(Lewis 1954) . 

Failure to retrap a reasonably high percentage 
of banded birds has been interpreted as 
indicating movement of large numbers from the 
population (Lehmann 1946, Loveless 1958). As 
Lewis (1952) noted, such a conclusion is 
questionable since it fails to take into account 
the high turnover rate in quail. In the present 
study, 86 percent of the 5 , 521 banded birds that 
survived the shooting period at TTRS were never 
recaptured. It is obvious that the majority of 
these banded birds did not move off the study 
sites . 

Considered as a who l e , the r esults of thi s 
study depict a quail population in which very 
little movement occurred . The great majority of 
the population was extremely sedentary. Some 
birds moved long distances, but the number of 
birds making such movements was very small. Eve n 
when disturbed by shooting activities, quail 
moved very little . Movement in and out of the 
study sites occurred but was minimal and 
generally confined to areas along the periphery 
of the study sites . Most likely this was normal 
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movement by birds whose ranges ove r lapped the 
a rtificial boundaries . The concl usion consistent 
with these r esult s is that the banded birds not 
r ecaptured disappear ed not because t hey moved , 
but because they died. Moveme nt of TTRS quail i s 
s o limited tha t movement can be disregarded as a 
ma j o r f a ct o r in population dynamics . 
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HUNTER SUCCESS AND CRIPPLING LOSSES FOR BOBWHITE QUAIL1 
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Abstract: During a two-week period each February from 19 72 through 1981, 
bobwhite quail (Colinu s virginianus) were collected on two study sites 
cons i sting of 202 and 210 hectares (505 and 524 acres , res pe ctively) . 
Bobwhi t es were collected by conventional spo rt hunting techniques , and reco rds 
we r e maintained on several criteria concerning hunter success and crippling 
loss. During the 10-year study, 108 different hunte r s using 112 different 
dogs hunted a total of 3 , 089 man hours , flushed 15 , 576 bobwhites, f ired 6,820 
shots , bagged 2 , 245 bobwhites, shot down and lost 230 bobwhites , and feathered 
an additional 385 bobwhites. Bobwhite density ranged from 0. 6 to 7. 6 
bobwhites per ha (0. 3 to 3. 1/acre) . Crippling loss ranged frorn 15 pe r cent t o 
29 percent (x = 22 percent) of the total annual kill but did not correlate 
with fluctuations in bobwhite density . 

Long-term studies on management and diseases of 
bobwhite quail (Colinus virginianus) have been 
underway at Tall Timbers Research Station in Leon 
County, Flo rida , since 1969. Part of this 
research has involved the annual harvest of 
approximately 25 percent of the bobwhites present 
on each of two study sites consisting of 202 and 
210 ha (505 and 524 acres , respectively). 
Bobwhites were collected by conventional sport 
hunting techniques, and records were maintained on 
a number of criteria, including hunting success 
and crippling loss. Kellogg and Doster (1971) 
reported the r esults of the fi rst three years of 
this aspect of the study. rhis report provides 
information from an additional 10 years ' data and 
compares results at different quail density 
levels. 

1This study was supported by Tall Timbers Research 
Station, Tallahassee , Florida, and by an 
appropriation from the Congress of the United 
States to the Southeastern Coope rative Wildlife 
Disease Study, The University of Georgia . Funds 
were administered and r esearch coordinated under 
the Federa l Aid in Wildli fe Restoral ion Act (50 
Sta t . 917) and through Contract No . 
14- 16-0009- 78-024 , Fish and Wildlife Service, U. S. 
Department of the lnterior. 
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METHODS 

Study s ite des c riptions and collection me thods 
were generally the same as described by Kellogg 
and Doste r (1971). In t he present study , however , 
hunting records were maintained separately fo r the 
two study sites . Further description of the study 
sites, collection techniques, and bobwhite 
densities i s available elsewhere (Kellogg et al. 
1970 , Kellogg et al. 1972 , Smith 19 80) . 

Data fo r this study were collected during a 
two-week period each February from 197 2 through 
1981 . Each study site was divided into sect i ons 
that could be covered t ho r oughly by a hunting 
party in two to four hours . All sec tions of each 
s tudy site were hunted a minimum of three times 
during the two-week period . In order to 
distribute the collection of bobwhit es over each 
study site, hunting parties usually were 
r estricted t o killing only two t o four birds from 
each covey found during a hunt . A hunting party 
normally consisted of two to t hr ee hunters using 
two dogs . During the 10- year i nvestigation , 108 
different hunters using 112 different dogs 
participated . Hunters ranged from novices to 
well - seasoned ve terans, and dogs ranged from 
puppies in training to ol der, well- trained dogs . 
Most hunters used 12 or 20 gauge shotguns , but a 
few used 16 gauge guns . Many of the same hunters 



and dogs participated in both this and the earlier 
study (Kellogg and Doster 1971). 

During each hunt, records were kept pertaining 
to man-hours hunted, number of bobwhites flushed, 
shots fired, bobwhites retrieved, birds shot down 
but lost, and birds feathered that kept flying . 
Crippling loss was the sum of birds shot down but 
lost plus birds that lost feathers but kept flying 
after being shot . These birds, added to those 
actually retrieved, comprised the total kill. 

Pertinent data were encoded , entered on 
computer punch cards, and analyzed using 
statistical procedures from the Statistical 
Analysis System (Helwig and Council 1979) . 
Variables were compared using linear regression 
analyses and correlation coefficients except for 
testing of trends over time (i.e., in succeeding 
years of the study) in which case the runs test 
(Remington and Schork 1970) was used . 

RJ:,SUL'fS AND DISCUSSION 

Information from both study sites for each year 
is given in Table 1. Also included in Table l for 
comparative purposes are data f r om the earlier 
study by Kellogg and Doster (1971). Results of 
t he two studies are similar , i.e., about three 
shots were fired for each bi rd bagged , and one 
bird was lost to crippling for every three to four 
bagged . 

In addition to the basic question of obtaining 
a refe r ence value fo r c rippli ng l oss , data 
obt a i ned during t his study afforded insight on 
seve ral other r e lated questions. First, does the 
percentage of total crippling l oss or either of 
its components (i.e., percentage down and lost o r 
percentage feathered) vary in relation to bobwhite 
population density? Analyses did not indi ca t e any 
r el a tionship between bobwhite de nsity and tot al 
crippling l oss (r = -0.08; P = 0. 74) , birds sho t 
down but lost (r = O. 13; P = 0. 58) , o r birds 
fea thered (r = - 0. 29; P = O. 21). Second, did 
hunters expend more effort (i . e ., were they more 
successful) at locating downed birds when their 
chances of finding new coveys were less (i. ·e . , 
when flus hes per hour were low) ? Analysis 
revealed that the percentage of birds down and 
lost wa s not rel ated to the number of flushes per 
hour (r = 0. 18; P = 0. 45). Third, with accrued 
experience (i.e., in succeeding years) were 
hunters able to reduce the total percentage 
crippling loss or either of its components? 
Analyses indi ca ted that the percentage of birds 
down and lost had a decreasing trend over 
s ucceeding years (P < 0. 05); however , the total 
percentage crippling los s and percentage feathered 
did not exhibit trends over time (P > 0. 05) . 
Four th, did hunters have variable rates of 
shooting success (i . e . , number of shots per bird 
r e trieved) at different bobwhite densities or at 
di fferent hunting difficulties (i.e., flushes per 
hour)? Analyses disclosed that the number of 
shots fired per retrieved bird was not r ela t ed t o 
bobwhite density (r 0. 25 ; P = 0. 29) or f lushes 
per hour (r = 0. 21 ; P = 0. 38 ). 
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The information presented herein should be 
useful to game managers in determining crippling 
loss and total harvest of bobwhites on private and 
public lands . Further, since the data were 
collected in a manner that can be considered 
reasonably representative of bobwhite hunting 
(e . g . , at various bobwhite densities , over a 
number of years , for harvest levels ranging f r om 
19 to 39 percent, and by sport hunting methods), 
the findings should be broadly applicable . 
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Table 1. Harves t data for bobwhite quail collected on Tall Timbers Research ~tation, Leon County, Florida, from 1969 through 1981. 

Crippling Losses 

Bo bwh:Lte Man Total Shots Per 
Density Hours Number Shots Shot Down Crippling Bobwhites Total Bird 

Year Site pe r ha/ac Hunted Flushed Fired But Lost + Feathered = Loss + Collected = Kill Retrieved 

1969 
1970 
1971a 1&2 >2.4/> l. O 572 5,6 91 2, 639 109( l O)b 157(14) 266(24) 846(76) 1, 112 3. 1 

1972 1 7. 6/ 3. 1 246 2, 584 1,013 33(8) 49(12) 82(2 1) 312(79) 394 3. 3 
2 2. 9/ 1. 2 169 1,134 450 24(13) 22( 12) 46(25) 135(75) 181 3. 3 

1973 1 3. 5/1. 4 167 983 519 22 (1 0) 26( 12) 48(22) 17 5(79) 223 3. 0 
2 3. 5/1. 4 183 1,434 563 21(9) 31( 13) 52(22) 181 (78) 233 3. 1 

1974 1 2. 7 I 1. 1 253 1,018 507 14( 7) 31( 16) 45(23) 150(77 ) 19 5 3. 4 
2 2. 0/0. 8 137 527 302 12(8) 19( 13) 31(2 1) 116( 79 ) 147 2. 6 

1975 1 2. 0/0. 8 169 546 253 11(10) 18(16) 29 ( 26) 83(74) 11 2 3. 0 
2 1. 7 / o. 7 165 660 34 1 15( 11) 15(11) 30(22) 109(78) r 139 3. 1 

1976 1 2. 3/0. 9 191 586 285 5(4) 20( 17) 25 (22) 91(78) 116 3. 1 .,_ 
2 1. 1/0. 4 139 333 169 9(14) 10(15) 19( 29) 47(71) 66 3.6 ____, 

19 77 1 1. 7/0. 7 147 476 18 6 3( 4) 15( 19) 18 ( 23 ) 60( 77) 78 3. 1 
2 0. 6/0. 3 99 161 87 3( 7) 6(15) 9(22) 31(78) 40 2. 8 

1978 1 1. 8/0. 7 99 622 222 6( 6) 16( 16) 22(2 1) 81(79) 103 2. 7 
2 1. 0/0. 4 74 27 1 116 1 ( 2) 7( 13) 8(15) 44(85) 52 2. 6 

1979 1 2. 4/ 1. 0 145 765 331 9( 7) 18(13) 27 ( 20) 108(80) 135 3. 1 
2 2. 4/1. 0 141 737 329 13(9) 18( 13) 29(22) 108(78) 139 3. 0 

1980 1 2. 8/ 1.1 146 752 346 13( 8) 24(16) 37 ( 24) 11 6(76) 153 3. 0 
2 2. 6/ 1. 1 144 623 255 2( 2) 15(14) 17( 16) 88(84 ) 105 2. 9 

1981 1 3. 3/ 1. 3 160 884 321 10(6) 14(9) 24 ( 16) 130(84) 154 2. 5 
2 1. 8/0.7 115 480 225 4( 4) 11(11) 15( 15) 82(85) 97 2. 7 

TOTALS (1972-1981) 3 , 089 15, 576 6,820 230(8) 385(13) 615(22) 2, 245(78) 2,860 3. 1 
[2-14]C [9-19] [15- 29] [71 - 85] [2 . 5-3. 6] 

GRAND TOTALS (1969- 1981) 3, 661 21,267 9 , 459 3 39 ( 9) 542( 14) 881(22) 3, 093(78) 3, 974 3. 1 

aReport ed by Kellogg & Doster (1971) 
bNumber in parentheses is % of total kill 
Cnumber in bracke ts equals r a nge 



HARVEST RATES AND EFFORTS OF AVID QUAIL HUNTERS IN EAST CENTRAL 

MISSISSIPPI 

GEORGE A. HURST , Department of Wildlife and Fisheries, Mississippi State University , MississipP-i 
State , M.S 39762 

RANDY c. WARREN, Department of Wildlife and Fisheries , Mississippi State University , Miss issippi 
State, MS 39762 

Abstract: Six avid quail hunters had an average daily harvest rate of 6.39 
(4.97- 8. 55) and average seasonal harvest of 298 (116-530); they averaged 47 
(28-60) hun t s or days afield per year for a period of 2- 10 years. The avid 
hunters averaged three to four hunts per week, and the hunts lasted three to 
four hours . Two hunters often had hunting guests, and the total season 
harvest by guests averaged 117 (63-211) with one hunter and 121 (56-17 8) with 
the othe r hunte r. A seventh avid quail hunter usually had quests , wi th an 
average hunting party of 2.45; they harvested an ave r age of 449 (388-510) 
quail per year over a two year: period. Quail harvested pe r hour of effort 
ranged f rom 0.9 5 to 2.2. Harvest r ates and ef forts of avid quail hun ters were 
much gr ea ter than those of average quail hunters depicted in hunter mail 
questionnaire surveys. 

Wildlife management includes gathering 
information on hunter harvest rates and effort, 
and this information has important bi ological, 
educational , and administrative values (Guynn 
et al. 1977). Several state wildli fe agencies i n 
the Southeast use a mail survey to obtain 
information on hunte r harves t r ates and effort, 
including data on bobwhite quail (Colinus 
virginianus) hunters (Steffen 1981) . Published 
information on quail harvest r ates and efforts 
represents "average" quail hunters. This study 
was undertaken to document the harvest rates and 
efforts of avid quail hunters (bird hunters) in 
east central Mississippi . 

we acknowledge the information contributed by 
the avid quail hunters . We a lso extend our 
gra titude to Mississippi Department of Wildlife 
Conservation personnel who assisted . 

METHODS 

Hunting r e cords were obtained from seven avid 
quail hunte rs, six who have hunted quail for over 
10 years and one who has hunted quail for five 
years. All hunters trained their bird dogs and 
used from two to five dogs . Hunters recorded 
information regarding a hunt immediate ly after 
each hunt . A hunt (effort) was cons idered as any 
part of or all of a day afield . Several hunters 
r eco rded the time (hours) spent on each hunt . 

Most quail hunting was conducted around edges 
of soybean fields and in surrounding old f i e lds 
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and forests in Holmes , Attala , Webster:, Clay, 
Oktibbeha , and Lowndes counties, Mississippi. 
The quail hunting season in Mississ ippi extends 
f rom Thanksgiving Day through the last day i n 
February (about 94 days ), and the daily bag limit 
is 12. 

RESULTS 

The average daily harvest fo r six of the 
hunters was 6. 39 (4.97-8. 55) fo r a period of 2-1 0 
years (Table 1) . Seasonal harves t averaged 298 
(116-530), and these hunters averaged 47 (28-60 ) 
hunts or days afield . During t he season when the 
highest seasonal total fo r an individual (530) 
was attained, t his hunter averaged 10. 7 quail per 
hunt. Avid quail hunte rs made t hree to four 
hunts per week, a nd the -average hunt lasted t hr ee 
to four hours . 

Hunters numbe r 1, 2 , 4 , and 6 usually hunted 
alone , but hunters 3 a nd 5 usually had hun t i ng 
guests. Total quail harvest by al l guests 
combined averaged 117 ( 63- 211) with hunte r: number: 
5 and 121 (56-1 78) with hunt e r number 3. A 
seventh avid quail hun ter: usually had gues t s , and 
duri ng the 1979-1980 season, this hunter and 
guests (average 2. 55 peop le) harves t ed 510 quail 
on 34 hunt s (15 quail per hunt ) . Tot a l effort 
was 86. 7 hours with a harvest rate of 5. 9 quail 
per man-day afield. In the 1980- 1981 season , 
this same hunter a nd guests (average 2. 35 people 
per hunt) made 26 hunts, spe nt 61 . 1 hours af i eld , 



and harvested 388 quail , which was 14.9 quail per 
hunt or 6. 35 quail per man-day afield . 

One hunter harvested 0. 95 quail per hour of 
effort, which was a bout the same harvest rate (1 
quail /hour) estimated by another hunter. A third 
hunter ave raged 2. 2 quail pe r hour of effort in a 
s eason when 432 quail were harvested . This 
hunte r obtained the daily limit (12) of quail on 
14 hunts during the season. 

DISCUSSION 

Many factors affect harvest rates of quail , 
including hunter effort, experience, and shoot ing 
skills; dog training and experience ; number and 
behavior of quail; and hunting conditions 
(vege tation and weather). In this study, sample 
size was small and the information came from only 
one region of Mississippi. However, we beli eve 
the information from seven avid quail hunters , 
who by our definition hunt quail 28+ days and 
harves t 100-t- quail pe r season, represents avid 
quail hunte rs throughout Mississippi and probably 
othe r southern states where t he bobwhite quail is 
common. 

Harvest rates and efforts of avid quail 
hunters varied, but were greate r than the 
"average " quail hunter depicted in mail surveys. 
Mail s urveys in Mississ i ppi in 1973, 1977 , and 
1981 r evealed that the ave rage quail hunter 
bagged 24. 7 quail per season and 3. 18 quail pe r 
hunt (day afield) and hunted an average of 7. 72 
days per year (Quisenberry 1974, Guynn e t al . 
1977, Steffen 1981 ). Data obtained from mail 
surveys in Alabama for the 1979-1980 and 
1980-19 81 seasons were similar: 22. 7 quail 
harves ted per season , 2. 86 quail bagged per day , 
and 7. 91 hunting days per season (Kelly 1980 , 

1981 ) . Five years ' ( 1967-1978) data from mail 
surveys in Louisiana found that quail hunters 
averaged 16. 6 quail per season and 2. 36 per hunt 
(effort) and hunted 6.96 days per season (hun ter 
1981) . In Loui s i ana f r om 1975-1979, Prickett 
(1981) selected and surveyed quail hunters 
associated with quail clubs or field t rial 
groups . These hunters had an average seasonal 
harvest of 13. 1 and a da ily average of 3. 1 a nd 
hunted an average of 4. 4 days per season . 

Avid quail hunters in Mississippi harvested 
about one to two quail per hour of effort . 
Exceptionally high harvest rates of 2. 6 a nd 2. 7 
quail per hour were recorded by hunte rs in 
Mississippi and Alabama on young loblo l ly pine 
(Pinus taeda) plantations (Hurst 1978). Perki ns 
(1952) found that the average quail hunt in 
cut- over longleaf pine (P. palustris) forests of 
southwest Louisiana lasted 4.42 hours, and an 
average of 4. 74 quail was harvested per hunt 
( 1. 07 / hour). A harvest r ate of 3. 6 quail per 
hunter per hour was r e corded on one intensively 
managed quail plantation and 2. 2 on another in 
central Georgia (letter dated 9 May 19 78 from R. 
C. Si mpso n, Georgia Department Natural Resources, 
Al bany , GA). 

Information gathered from mail surveys 
represents harvest rates and efforts of "average" 
quail hunte rs. The results a r e misleading due to 
the gr ea t variat i on and effect s of averaging data 
on effort and harvest . If the questionnaire data 
were plotted by effort, the di ffe r ences in-effort 
and harvest woul d become apparent gi ven a large 
enough sample size . Mail surveys should a ttempt 
to classify quail hunters by effort and harves t. 
Combining avid quail hun ters, who ave rage 100- 500 
quail pe r s eason , with hunters who harvest quail 
while hunting other species distorts t he r esults . 

Table 1. Harvest rates and efforts of avid quail hunters i n east central 
Mississippi. 

Harvest Efforta 
Hunt e r Yrs . Data Daily Seasonal 
Number Collected Avg . Avg. Range Avg . Range 

1 2 (1979-81) 4. 97 288 245- 332 58 56- 60 

2 2·(1979-81) 7. 76 427 424- 430 55 55- 57 

3 3 (1 97 8- 81) 4. 83 191 116- 245 39 34- 44 

4 4 ( 19 77 - 81) 8. 55 424 304-530 52 49-56 

5 10 ( 1971-81) 5. 33 238 168-325 45 36- 52 

6b 10 (1 966-7 6) 6. 88 220 196- 324 32 28- 36 

7c 2 (1979-81) 6. 12d 449 388-51 0 30 26- 34 

a Days hunted (afield), recorded as any part of or all of a day. 
bThis hunter scheduled his efforts through mid-January, then did not hunt 

much thereafter . 
cnata for a hunting party, average 
dHarvest per man-day afield 

2. 45 hunte rs per hunt over 2 seasons . 
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It was apparent that mail surveys do not 
represent avid quail hunters, 

The number of avid quail hunters in 
Mississippi or any other southern state is not 
known, but we think the number is greater than 
most wildlife agencies suspect . Agencies could 
identify avid quail hunters from survey 
information and interviews with little effort . 
We believe that avid quail hunters represent a 
source of valuable information on quail 
populations (sex and age ratios, popula tion 
trends) , food habits , habitat changes, and other 
data . 
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SUSTAINED HARVEST OF BOBWHITE POPULATIONS 

JOHN L. ROSEBERRY , Cooperative Wildlife Research Laboratory, Southern Illinois University , Carbondale , 
IL 62901 

Abstract: Sport hunting is an import ant aspect of wildlife management , yet 
the principles of game harvesting seem not to be particularly well understood 
or accep t ed by many in the wildlife profession . This paper examines the two 
maj o r harvest theories as they appl y t o the bobwhite . The sustained yield 
approach is conside r ed conceptually superior to the popular annual surplus 
theory . Wildlife management admi ttedly involves pr actical as well as 
theore tical cons iderations; neve rthel ess, it is important that harvest policy 
be based on sound scientific pr inciples and guided by clear objectives . To do 
otherwi se puts both the resour ce and our own professional credibili ty at risk . 

Virtually all professional wildlifers agree 
that the r egulated harvest of certain species is 
biologically justifiab l e . In fact , maintenance of 
huntable populations i s often the primary 
objective of management . Despite this emphasis , 
relatively little attention is given t o the 
principles of harvesting . Upland game management 
in particular stresses habitat manipulation rather 
than populat i on theory , the rationale being that 
given adequate food and cover , these proli f ic 
species can usually take care of themselves . 
However, as perspe ctives broaden a nd resour ces 
shrink, wildlife officials are taking a closer 
look at traditional harvest policies . To do this 
requires a valid model or conceptual image of how 
population exploi tation works--and t he r ein lies 
the problem . According to some (Scott 1954, Gross 
1969, Wagne r 1969, Cau ghley 1976, McCullough 
19 79) , the wildlife prof ession has too long 
adhered to a convenient , but simplistic view of 
hunting . 

This pape r examines the two major approaches to 
game harvesting as they apply to the bobwhite 
(Colinus virginianus) . The treatment is purposely 
general and not intended t o provide harvest 
strategies for specif i c situations or l ocali ties . 
W. D. Klimstra, David Joyner , Alan Woolf, and 
Scott Yaich cri tically read the manuscript and 
offered helpful suggestions . 

ANNUAL SURPLUS VS . SUSTAINED YIELD 

The annual surplus concept (Leopold 1933 , 
Errington and Hamerstrom 1935) has traditionally 
served as the biological justifi cation for 
hunting . This argument is based on the pr emise 
that more individuals are produced each yea r than 
can survive . Therefore, it should be possible to 
remove this "already- doomed " sur plus without 
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affecting standing dens ity (Figure 1) . Indeed , 
several s tudies of upland game species, including 
the bobwhite (Baumgartner 1944, Vance and Ellis 
1972) , a ppear to show that hun ting has lit tle i f 
any effect on abundance . However , certain· aspect s 
of the annual sur plus theory are not suppo rted by 
other population data (Wagner 1969 ) . Fo r example , 
the notion t hat numbe rs of breed e rs wil l be about 
the same each year regardless of fall popula tion 
size is not correct . Bobwhit e breeding densities 
are strongly r e lated to pr eviou s fa l l abundance 
and are no l ess variable (Roseberry and Klimstr a 
1983) . Mo r e important, hunting and nonhun ting 
losses do not appear t o be entirely compensa t o r y . 
I concluded from a long - term bobwhite popul ation 
study that fall -to- spring mortality r ates (and 
thus breeding densities ) were influenced by 
hunting (Roseberr y 19 79 , 1981; but see also 
Anderson and Burnham 19 81) . This assertion does 
not imply that hunting is detrimental t o quail as 
a species . On the contrary , given t heir naturally 
high r ate of population turnover, bobwhites a r e 
quite r esilient t o hunting l osses . The point here 
is not that the annual surplus concept is ent irely 
wrong , jus t that it i s i ncomplete . It says 
nothing about the size of the harves table sur plu s , 
or its relation t o populat i on de nsi ty or rate of 
harves t . 

In the opini on of many , a more tenable basis 
for game harvesting is t he sustained yi eld 
approach . This model of expl oi tation , pi oneered 
in f i sheries management , is based on the 
interact i o ns of dens i ty , production, and ra t e of 
increase . Accordi ng to t hi s view, 
density -dependent birth and/or death r ates (Fi gure 
2a ) r esult in the fami liar S- shaped growt h curve 
(Figure 2b ) , which shows generally how a 
popul ation would increase if a few i ndividuals 
we r e placed into a suitab l e but empty habitat. 
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Fig. l. Traditional view of an "annual surplus" . 

Growth is initially s low, but accelerates much 
like compound interest as the breeding stock 
expands . As numbers approach carrying capacity, 
the density-dependent birth and death rates begin 
to converge , thereby slowing and finally halting 
growth . At this point, the population is said to 
be a t its equilibrium level (K), and though 
numbers may continue to fluct-;:;-ate, the r e can be no 
further permanent increase unless living 
condit ions improve. The number of new individuals 
added to the population each year represents net 
production, or the excess of births over deaths . 
If this annual growth increment is plotted against 
numbers already present , a characteristic 
dome-shaped curve results (Figure 2c) , showing 
production l owest at both population extremes and 
highes t at some intermediate density corresponding 
to the steep part of the growth curve . 

Obviously, real populations are not as neat as 
diagrammatic charts . There is always a certain 
amount of variation, random or otherwise . And 
density dependence refers to general tendencies, 
not precise, automatic annual adjustments. 
Neverthel ess , population be havior over time often 
conforms s urprisingly well t o these t extbook 
generalities, whether the population is mealworms 
or white- tailed deer . Furthermore, a knowledge of 
the principles governing population be havior is 
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Fig . 2. Interactions of population density , 
production, and growth. 

necessary before specific performance can be 
interpreted . Be that as it may, some may still be 
wonder ing what all this has t o do with harves ting 
game . 



For one thing , it would s eem that a popula t ion 
at carrying capacity would have little i f any 
harvestable surplus . At K, birt hs a nd deaths a r e 
necessaril y balanced and the average rate of 
increase is zero. Excess annual production is 
charact eristic only of populations that a r e below 
their maximum density; in other words, thos e 
which would normally be increasing . This is t he 
basis for sustained yield harvesting . By 
maintaining breeding densities at a mo r e 
productive level bel ow K, we can in effect induce 
the population to produce a harvestable surpl u s 
year after year (what would otherwise be its 
annual growth increment) . The amount that can be 
taken annually f r om a population without causing 
f urthe r decline is called the sustained yield 
(SY) and corresponds to the ne t production at that 
l eve l . Thus , populations of game animals do not 
have a s ingle harvestable surplus; rather , the 
allowable harvest de pends on where density is in 
r elation t o carrying capacity . Yields can, 
therefore , be manipulated by harvesting to 
mai ntain population density at a particular leve l 
(Figure 3) . Generally, a harvest that holds 
density in the steep part of the growth curve will 
produce the maximum sustained yield (MSY) . 
Permanentl y increasing the numbe r r emoved annually 
from a population already producing MSY would 
ultimately exti rpa t e it . Increasing just the rate 
of harvest though, would simply depress density t o 
the point where adjustments in reproduction a nd 
mortality could again accommodate the increased 
l osses due to hunting. When this occurred, the 
population would stabilize at a new, lower level 
(Fi gure 4). 
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Compute r studies i ndicate that the MSY harvest 
r a t e for one s ou thern Illinois quail popula tion 
migh t be a s high as 55 percent of prehunt 
de nsities (Ros ebe rry 1979) . This simulated annual 
harvest maint ained average spring and fall 
populations at a bout 50 and 70 percent of their 
respective nonhun ted levels . Theoret i cally , the 
s us t ai ned yi e ld from any part i cular dens ity should 
appr oxi mate the expect ed ne t production . In the 
case of t hese s imulat i ons , however , sustained 
yields we r e cons iderabl y gr eat e r than this , mainly 
because the mode l (and pr esumably the real 
popul ation on which i t was based ) achieved most 9f 
its compe nsa tio n t o exp l oi t a tion wi thi n the same 
year a s i t occur red. 

Bo bwhites are able t o absorb a s much hunting a s 
they do because (1) the impact of fall shooting 
on breeding densitie s is numerically l e ss than the 
actua l number of birds r emoved, and ( 2) the los s 
of potential breeders t hat does occur is partially 
compensated by de nsity- dependent rec rui tme nt the 
fol l owing summer. As noted earli e r, t he 
relationship be tween hunt ing and nonhun t ing 
mor t ality does not appear t o be entirely 
compensatory; neither, howeve r, is it entirely 
additive . Fo r example , unhunted midwest e rn quail 
populations normally suffer about 50 pe r cent 
mortality from fall t o s pring . Even r emoving half 
the fal l population by hun ting would likely 
increase this figure t o no more than a bou t 70 
percent . For one thing , some of the birds shot 
would have di ed anyway from natural causes . Thus , 
the numbe r dying naturally i s l ess in a hun ted 
population simply because they are no longe·r 

HARVEST RA TE 

Fig. 3. Relationship of harvest rate to standing density and 
sustained yield . 
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available. In addition, hunting season survivors 
generally suffer a lower percentage of posthunt 
mortality because of density dependence. 
Obviously though, the later in the season that 
hunting losses occur, the more additive they 
become to natural mortality. Furthermore, as the 
percentage of fall-to-spring mortality increases 
linearly, the percentage of summer gain necessary 
to offset it increases exponentially (Roseberry 
1979). For this reason, the density-dependent 
nature of bobwhite recruitment plays an important 
role in the species' ability to absorb hunting. 
It is particularly significant that the positive 
response to reduced breeding density is 
essentially immediate, rather than delayed. This, 
plus the fact that bobwhite offspring are 
recruited into the huntable population their first 
autumn, permits relatively high prehunt densities 
to be maintained even in heavily hunted 
situations. 

SOMt IMPLICATIONS 

We have thus far considered the interactions of 
harvest, density, and yield as if they occurred in 
a vacuum. In reality, habitat con.di tions dictate 
the upper limits of abundance on both hunted and 
nonhunted areas, and short-term fluctuations are 
influenced by weather and possibly even cycles 
(Roseberry and Klimstra 1983). I discussed in a 
previous paper the harvesting of bobwhites in a 
fluctuating environment (Roseberry 1979). There 
are additional reasons why a strictly sustained 
yield ap proach is perhaps not as appropriate for 
quail or other upland game species as it is for 
big game. For one thing, precise harvesting is 
difficult except on controlled shooting areas, and 
hunting pressure itself may vary inversely with 
game abundance. Certainly, quail management 
cannot be based solely on theoretical 
considerations; excellent results are sometimes 
achieved using a purely pragmatic, common sense 
approach. Nevertheless, officials must at least 
be cognizant of the basic principles underlying 
population dynamics and harvesting. To completely 
ignore theory in favor of intuition and tradition 
can lead to some very practical problems (Gross 
1972, Caughley 1977, McCullough 1979). The 
remainder of this paper offers some examples. 

A commonly expressed management goal is to 
maintain target populations at their highest 
possible level, ostensibly to provide maximum 
recreational opportunities. Actually, however, 
these goals are not congruent. Achieving maximum 
sustained yields requires that spring densities be 
held well below carrying capacity. Therefore, 
managers might wish to harvest at a somewhat lower 
rate if non.consumptive use of the resource is also 
a consideration. Of course, improving habitat 
conditions would benefit both types of users. 

Upland game biologists traditionally consider 
high young:adult ratios indicative of thriving, 
productive populations. Owing to density
dependent reproduction, however, such ratios 
are often associated with relatively low breeding 
densities and are not necessarily characteristic 
of high autumn populations (Roseberry 1974). 
Consistently extreme young:adult ratios may be 

 



symptomatic of chronically low breeding densities, 
pos s ibly due to overshooting. 

Another problem involves i n terpretation of 
population status . Stable numbers are generally 
considered evidence that management i s successful 
and/or that hunting is having "no effect " on 
abundance. In r eality though , most populations 
wi ll u l timate ly stabilize at almost any l evel 
under a relatively constant harvest, and this 
density and associated yield may or may not be 
consistent wit h management objectives . 

There is a l so the question of what constitutes 
a "safe" harvest. Early recommendations ranged 
from a bout 30 to 55 per ce nt of prehunt de nsities 
(Erringto n and Hamerstrom 1936 , Baumga rtner 19 44 , 
Hickey 1955) . Later , Vance and Elli s (1972) 
sugges ted that a 70 percent annual take migh t not 
be excessive , whereas Rosene (1969) cautioned that 
winter losses from all causes should not exceed 45 
pe rcent. In my opinion, this lack of consensus 
r ef lects an i nadequacy of the annual s urplus 
mode l , namel y t hat its only cri t erio n for judging 
a particular harvest regime is a s upposed absence 
of population r eduction . The common analogy t ha t 
hunters must take only the "interest" and not 
touch the "princi pal" stems from a misconcep tio n 
that the ha rvestable surplus is a static figure , 
i . e . , that it represents a fixed proportion of 
each popula tion . In r eality, even moderate 
hunting probably affects the "principal" or 
breeding s to ck to some extent. However , unde r a 
sustained yield approach, this i s not necessarily 
undesirable . In summary, the question "How much 
can we hun t a population without ' hurting ' it? " is 
meaningless unless we fi rst establish objectives 
i n t e rms of densities and yields . Under normal 
circumstances , it i s not a matter of what harvest 
is "safe ," but what is consistent with the overall 
plan for use of t he resource . With game 
harvesting , as with any manageme nt program , 
agencies shou ld ident i fy and cons o lidate 
o bj ectives before implementing policy . 

Finally, the r e is a mat t er of publi c image. As 
stated earlie r , most of us suppor t the consumptive 
recreat i onal use of renewable wildlife r esources . 
Not surprisingl y , this support has drawn critici sm 
from anti -hunting groups who publi c ly ques tion 
both our professional competence and integrity . 
As these attacks become more sophisticated (e . g . 
Favre and Olsen 1982) , it is imperative t hat we 
maintain credibility . Too often , however, we fail 
to adequately articulate the scienti fic rationale 
fo r game harvesting , resorting instead to 
paradoxical c liches such as "Hunting has no effect 
on healthy wildlife populations , and besides , if 
we didn ' t hunt them they would ove rpopulate and 
all starve to death . " To offer such half - truths 
and oversimplifications as state- of - the-art 
wildlife manageme nt, or to permit ou tdoor writers 
to do so, does a disse rvice t o our profess i on and, 
in my opinion , plays righ t i nto the hands of t he 
anti - hunt ing groups . 
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AN OVERVIEW OF DISEASE AND PARASITISM IN SOUTHEASTERN BOBWHITE 

QUAIL1 

WILLIAM R. DAVIDSON, Southeastern Cooperative Wildlife Disease Study , Department of Parasitology, 
College of Veterinary Medicine , The University of Georgia , Athens, GA 30602 

FOR~ST E. KELLOGG , Southeastern Cooperative Wildlife Disease Study , Department of Parasitology , 
College of Ve t erinary Medicine , The University of Georgia , Athens , GA 30602 

GARY L. DOSTER, Southeastern Cooperative Wildlife Disease Study, Department of Parasitology , College 
of Veterinary Medicine, The University of Georgia , Athens, GA 30602 

Abstract: Salient information on diseases and parasites of bobwhite q~ail 
(Colinus v i rginianus) in t he southeaster n United States is summarized . Major 
diagnostic findings on 146 bobwhites submitted t o our regional wildlife 
disease l a boratory from 1972 through 1981 included traumatic injuries , various 
toxicoses , and avian pox. Traumatic injuries were diagnos ed f r equently 
throughout the 10-year period , whereas toxicologic problems occurred 
sporadically. Avian pox emerged in outbreak proport ions in the region in 1978 
and thereafter has been prevalent in localized areas . Pr ompted by severe 
aflatoxin contamination in southeastern corn crops in 1977, studies on 
aflatoxi cosis in bobwhites indicated that risks t o wild bobwhite populations 
were minimal . Serologic , pathologic, a nd virus isolation studi es disclosed 
infections of quail bronchitis virus and TR-59 adenovirus i n bobwhites in 
northcentral Flo r ida . Extensive studies have revealed only infrequent minor 
lesions associated with ectoparasites and endoparasites , and it was concluded 
that parasitism is not an important mo rtality factor in wild bobwhites . Two 
diseases encountered in pen-raised bobwhites , avian pox and histomoniasis 
(bl ackhead disease), clearly have potential to produce problems in wild 
bobwhites a nd wild turkey. 

At the First National Bobwhite Quail Symposium 
in 1972 , Kellogg and Doster presented a 
comprehensive review of diseases and parasites 
r eported from bobwhites . These authors listed 21 
infectious agents and 10 1 parasi t es that had been 
reported in -163 published articles . As was noted , 
most of the information dealt with pen-raised 
bobwhites, experimental infec tions, or general 
reviews of diseases and was relatively limited 
with regard to specific or detailed information on 
diseases and parasites of wild bobwhites . Despite 
these limitations, this revi ew and a companion 
review (Kellogg and Calpin 1971) still remain 
entirely adequate as diagnostic or research 
checklists . 

lThis study was supported by Tall Timbers 
Research Stat i on, Tallahassee, Florida, and by an 
appropriation from the Congress of the United 
St a t es t o t he Southeas t ern Cooperative Wildli fe 
Disease Study , The University of Georgi a. Funds 
were administered and r esear ch coordinated under 
the Federal Aid in Wildlife Restoration Act (50 
Stat . 917 ) and through Contract Nos. 
14-16-0008-676 , 14-16-0008-2029, 
14- 16-0009-78-024 , Fish and Wildlife Service , U. S. 
Department of t he Interior. 
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Thus , the purpose of the present article is not 
to provide an updated checklist but rather to 
provide a synopsis of the most significant o r 
po tentially signif i cant diseases in wi ld bo bwhites 
in the Southeas t and to identify those agents 
which apparently are only rarely the cause of 
morbidity or mortality in wild bobwhites . Al so 
inc luded is an evaluation of major disease 
problems in pen- raised bobwhites and an estima t e 
of the risk from these diseases t o wild bobwhites 
where large numbers of pen-raised bobwhites are 
released into the wild. 

METHODS 

Information discussed herein originated f r om 
three major sources as follows : ( 1) clinical case 
records of bobwhites submitted t o our regi onal 
wildlife di sease laboratory ( SCWDS ) between 1972 
and 1981, (2) interim or preliminary information 
from research projects cond ucted by SCWDS in 
collaboratio n with Tall Timbers Research Station, 
and (3) publi s hed reports . 

Clinical case data were compiled f rom 93 case 
accessions t otaling 127 wild bobwhites and f r om 
nine access i ons totaling 20 known pen- raised 



bobwhites . Data on diseases or parasi t es in these 
clinical case accessions generally were limited to 
those necessary fo r diagnostic efforts . 

Where applicable , data from SL'WDS resear ch 
projects in various stages of comple tion also were 
included . These data, cited as SL'WDS unp ubli shed 
research data, should necessarily be cons idered 
prelimina ry findings . 

Si nce the authors' experiences with diseases 
and parasites of bobwhites have generally been 
limited t o the Southeast, t he published data 
included here have also been r es tricted to the 
Southeast . Disease agents often have ent irely 
different epizootiologi c patterns or differ in 
significance in various geog raphic r egions . 
Extrapolation of fi ndings from outside the 
Southeast could lead to erroneou s conclusions . 

KESULTS AND DISCUSSION 

Clinical Case Data 

Diagnos tic findings on 127 wild bobwhites 
submitted to SCWDS be tween 1972 and 1981 are 
presented in Table 1. At leas t six of the 12 
fundamental causes of wildlife morbidity and 
mortality (Hayes and Prestwood 1969) were 
r epresented in these cases . Trauma and viral 
diseases accounted for 70 percent of the primary 
diagnostic findings . Toxicoses , bacterial 
infections , mycotic infections , parasitism, and 
unclas s ified miscellaneous findings comprised the 
r emainde r. 

Although providing insight on fac t ors 
responsible for annual mortality in bobwhites, 
these data should not be considered an accurate 
represe ntation of the fates of individuals in wild 
bobwhite populat ions. For example , all but one of 
the large number of avian pox cases occurred 
during and subsequent to an outbreak of pox 
( Davidson et al. 1980a , Davidson et al. 1982). 
The increased awareness of disease problems in 
bobwhites as a result of the avian pox outbreak 
stimulated the rate of all clini cal case 
accessions (four /year prior to the outbreak; 
29/year during and afterwards) beyond that 
a ttributable to avian pox. Available information 
suggests that the actual significance of avian pox 
may have been underestimated prior to the outbreak 
and overestimated following the outbreak. 

Although well represented in these data, 
traumatic injuries probably account for a higher 
proportion of annual losses than the data suggest. 
For exampl e , it is illogical to assume higher 
losses to crippling from sport hunting 
(approximately one bird lost to four retrieved
Kellogg and Doster 1971, Doster et al. 1982) than 
from predation. Most bobwhites succumbing to 
predators are immediately eaten and obviously 
would not be accounted for in diagnostic data. 
Similarly, bobwhites weakened by disease are 
exceedingly vulnerable to predation and 
theoretic ally would also be underrepresented. 
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Table 1. Primary and secondary diagnost i c 
findings i n 127 wild bo bwhites submitted t o SCWDS 
for diagnostic purposes between 1972 and 1981 . a 

Category /Agent 
Primary 
Factor 

Trauma 
Gunsho t 
Impact 
Predation 
Penetrating wounds 
Unde rt ermined 

10 
9 
4 
3 

12 
Total 38 ( 30%) 

Toxi coses 
AzodrinR 
Aflatoxicosis 
Unconf irmed 

4 
1 
9 

Total 14 (11 %) 

51 
Viral Infections 

Avian pox 
Total 51 ( 40%) 

Bact erial Infections 
Bumblefoot 

( Bacillus sp.) 
Undetermined 

Total 

1 
0 

1 
1 

(1 %) 

Mycotic Infections 
Aspe r gillos i s 
Airsaculi t is 

(Mucor sp.) 
Undetermined 

Total 3 ( 2%) 

Parasitic Infections 
Toxoplasmos is 
Cyrnea colini, 
~lospirura 

Spinosa, 
Dispharynx nasuta 2 
Total --- 3 (2%) 

Miscellaneous 
Intrathoracic 

Hemorrhage 2 
Crop Impaction 1 
Kidney Dysfunction 1 
Malnutrition, 

Dehydration 1 
Degenerative 

Myopathy 0 
Abdominal hernia 0 
Normal 9 
Undetermined 3 

Total 17 
Grand Total 127 

(13%) 
(100%) 

Secondaryb 
Factor 

24 
0 
0 
0 
0 

24 (19%) 

0 
0 
0 

0 

5 
s (4%) 

0 
4 

4 (3%) 

0 

0 
1 

1 ( 1%) 

0 

0 
0 

0 
0 
0 

1 
1 
0 
0 

3 
37 

( 2%) 
( 29%) 

ain some cases diagnostic findings were multiple 
and were rated as primary or secondary factors. 

bAll secondary gunsho t entries involved 
hunter-ki lled birds that were submitted due to 
external lesions or abnormal behavior; all 
secondary avian pox entries involved detection of 
pox lesions incidental to other diagnostic 
f indings; all secondary entries under bac terial 
mycotic, or miscellaneous headings were a direc~ 
result of prio r traumatic injuries. 



Clinical case data on toxi coses in bobwhites 
reveal sporadic occurrence and a high percentage 
of unconfirmed cases . Generally, poisoning is one 
of the first causes considered when sick or dead 
wildlife are encountered, but as noted by Hayes 
and Prestwood ( 1969), it is not nearly as frequent 
as commonly thought. Furthermore, toxicoses are 
difficult to confirm especially when few specimens 
are found and case histories provide no clues on 
suspected poisons. 

In addi.tion to the 127 wild bobwhites in Table 
1, nine case access i ons totaling 20 pen- raised 
bobwhites we r e examined . The diagnoses for these 
accessions were gunsho t --one accession; 
malnutrit i on--one accession; stress (probably 
suffocation and heat pros t ration) - -one accession; 
avian pox--thr ee accessions; blackhead - -two 
accessions; and pneurnonia / sinusitis-- one 
accession. In addition, one of the blackhead 
cases had a secondary fact or of crop 
capillariasis. With the exception of the 
diagnoses of gunshot and avian pox, the disea ses 
and conditions observed in pen-raised bobwhites 
are mo s t often considered "diseases of 
conf i nement. " They were not encountered in wild 
bo bwhites . 

Avian Pox 

Information on avian pox in wild southeastern 
bobwhites has been summarized in det a il (Davidson 
et al. 1980a, 1982) . Briefly, avi an pox is 
entrenched in wild bo bwhit es i n the Southeast and 
in 1978 occurred in outbreak proportions . 
Following the outbreak , pox has been detected 
annually and has been an important disease of 
bobwhites in local areas . Avian pox i s the only 
infectious disease (Table 2) of wild bobwhites 
that has been direct ly associated with significant 
a nnual mortality . Gr oss l es i ons of pox i nfection 
typically are proliferative lesions on epithelial 
tissues of the skin, nares, and oral cavity . 
Lesions can cause fatalities by impairing vision , 
respiration , or feeding , o r t hey can res ult i n 
death indirectly by increasing vulnerability t o 
predation. 

Table 2. Infectious agents encountered i n wild 
bobwhi tes in the Southeast (compiled fr om Davidson 
et al. 1980 , Wi seman 1979 , King et al. 1981, 
SCWDS, unpubl . data) . 

Viral agentsa 

Bacterial agents 

Mycotic agents 

Quai.l bronchitis virus (QBV) , 
TR- 59 adenovi ru s , avian pox 
virus 

Bacillus sp. 

Aspergillus sp. , Mucor sp. , 
Candida albicans 

aserologic tests for Newcastle disease virus and 
isolation attempts for influenza A viruses were 
uniformly nega tive . 
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Aflatoxicosis 

A three-year study was completed on Tall 
Timbers Research Station (1) to determine whether 
mycotoxi ns occur in grain crops (corn primarily) 
used by wild bobwhites for feed, (2) to determine 
whether these mycotoxins (aflatoxins) were 
ingested by bobwhites, and (3) to evaluate whether 
ingested levels had caused any pathologic changes 
in the animal . Aflatoxins were cyclically present 
in these crops , were ingested by bobwhites, and on 
occasion did produce slight t o moderate pathologic 
processes. A r ange of levels of aflatoxins found 
to normally occur in corn (0. 5 , 1. 0 , 2. 0 , and 4. 0 
ppm) was fed to fourth generation-removed 
pen- raised bobwhi t es , and phys i ochemical and 
pathophysio l ogi c parame t e r s were measured. No 
significant abnormalities wer e noted until the 
level of aflatoxi n in the feed equalled or 
exceeded the highest level f ound to naturally 
occur i n f i e ld corn. Analys is of tissues from 
birds also yielded active af latoxins in various 
forms . The abnormalities noted in physiochemical 
parameters loosely paral l eled those documented in 
other gal li naceous birds (Peckham 1978) . In the 
experimental birds, egg production also was 
significantly affected . The r e lationship between 
aflatoxicosis and protein synthesis inhibition , 
especially in the globulin components, deserves 
f urther study since immunosuppression is a 
consistent effect of aflatoxicosis in commercial 
poultry. This study suggests that aflatoxicosis 
a l one probably is not a regular or majo r mortality 
factor in wild bo bwhites (SCWDS, unpubl . data ). 

Avian Adenoviruses 

Quail bronchitis , caused by an avian adenovirus 
(quail bronchitus virus-QBV ) , is an acute 
res pi r ato ry disease characterized by rap id spread 
and high mortality (DuBose 1978) . Clinical 
disease has been described only in young(< 8 week 
o ld) pen-raised bobwhites, and experimental 
transmission studies most of ten fail t o reproduce 
clinical disease (DuBose 1978) . Recent studies 
suggest that an additional viral agent (avian 
adenovirus-associated virus- -A- AV) may be required 
for the pr oduction of clinical disease (Bagshaw et 
al. 1980) . 

During studi es on di seases and parasites of 
bobwhites at Tall Timbers Research Station in 
February 1975 , intranuclear inclusion bodies were 
de t ect ed in the li vers of ma ny bobwhites . Since 
that time, a series of studies has been conducted 
t o identify the agent (presumed to be a virus) 
r esponsible for these inclusion bodi es . Serologic 
t ests and virus i solation attempt s on bobwhites 
from Tall Timbers and two nearby bobwhite 
populations in Georgia reveal ed infections of 
avi an adenoviruses (Tab l e 2) . Two r ela ted 
viru.ses , QBV and TK- 59 adenovirus , were isolated 
(Wiseman 1979 , Ki ng et al. 1981) . Either one or 
both vi r uses are considered t o be the etiologic 
agent(s) of the inclusion bodies (King e t al . 
1981 ) . 

Histopathologi c studies a l so have revealed 
small , inconspicuous lesions (microfocal necros i s, 
lymphocytic infi l tration , microg r anulomas) in t he 



livers of bobwhites, These lesions, many of which 
are not visible grossly but are detected 
histologically, are associated (P < 0. 05) with the 
presence of viral inclusion bodies (SCWDS, unpubl. 
data). Juvenile birds had higher (P < 0. 01) 
prevalences of inclusion bodies than adults (46 
percent vs 27 percent) (SCWDS, unpubl . data), but 
adult b:irrds more frequently had antibodies (King 
et al. 1981). Differences in the prevalence of 
inclusion bodies or antibodies were not noted 
between sexes (P > 0.05) . Bobwhites sampled 
annually in February from 1975 through 1980 on 
each of two 200 ha study areas on Tall Timbers 
Research Station had identical trends in the 
prevalence of intranuclear inclusion bodies. The 
trend comprised a stead y rise in prevalence 
(except for a slight decline in 1978) from< 10 
percent in 1975 to a peak (45 and 60 percent) in 
1979, then an abrup t decline in 1980 (< 9 
percent) . -

These findings indicate that wild bobwhites i n 
at least some locales are naturally infected with 
QBV and TK-59 adenoviruses ; however, cli ni cal 
disease i n wild bobwhites has not been a t t ributed 
to these infections. Fur ther , the significance of 
int ranuclear inclusion bodi es in hepatocytes i s 
unknown (i . e ., do they r ep r esent active 
inf ections, latent vira l particles, an immune 
host, etc . ) . The potential of these vi ruses to 
produce clini cal disease in wild bobwhites and 
possibly influence bobwhite population l evels 
dese rves clarification . 

Parasitism 

Since 1963 , the SCWDS has conducted various 
research projects on parasitism i n bobwhites on an 
annual bas is, and most of these studies have been 
reported elsewhere (Kellogg and Pres two od 
1968; Kellogg and Reid 1970 ; Palermo and Doster 
1970; Davidson et al. 1978 , 1980b; Doster et al. 
1980) . In addition to the a bove reports, SCWDS 
has monitored pa r asitism in bobwhites (N=600) at 
known densities on two study areas on Tall Timbers 
Research Station for 12 consecutive years 
( 1971-1982) as part of a long-term study of 
bobwhite population dynamics. Species of 
parasites found i n these studies and an assessment 
of the ir pathogenic potentials are summarized in 
Tables 3- 5. 

An overview of these data r eveals that 
parasitism in bobwhites is almost invariably 
subclinical and that parasites which occur 
frequent l y i n wild bobwhites have l imited 
pathoge nicity. These studies suggest that 
parasitism is not an impor tant regulator of 
bobwhite populations . 

Disease Risks f r om Pen-raised Bobwhit es 

The practice of releasing pen- raised bo bwhites 
fo r sporting purposes ( i. e . , hunting, dog 
tra ining, f i e ld trials) i s common in many a r eas 
and often is controversial because of concern for 
disease risks and other reasons . We have had 
numerou s occas ions to study the .potential disease 
problems tha t could a rise fr om t his practice, and 
the fo llowing i s a synopsis of our view on the 
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Table 3. Protozoan parasites found in wild 
bobwhites from the Southeast (compiled f r om 
checklist by Kellogg and Doster 1972) . 

Or ganism/Group 

Coccidia 
Eimeria spp. 
Eimeria dispers a 

Blood Parasites 
Haemoproteus sp. 
Plasmodium spp. 

Flagellates 
Trichomonas spp. 
Histomonas 

meleagridisa 

Location 

Intestine 
Intestine 

Er ythrocytes 
Erythrocytes 

Ceca 

Ceca, Liver 

Pathogeni city 

None reported 
None reported 

None reported 
None r eported 

None reported 

Moderatel y 
severe--30- 70% 
mortality 

aReports in wild bobwhites a re extreme l y 
infrequent; rathe r frequent i n pen-rai sed 
bobwhites. 

disease ri sks from this practice . We realize that 
r el eases of pen-raised bobwhites often are 
mandated by the objectives of some landowners, 
particularly commercial shooting preserves . Our 
position i s that it i s in the best i nterest of the 
landowner from an economic stand point and the 
wildlife resour ces from a biologic sta ndpoint t ha t 
only healthy bobwhites are used . 

Significant diseases and parasites of 
pen-raised bobwhites are tabulated in Table 6. 
Also i ncluded in the t abl e are our assessment s of 
the ri sk each agent poses to wild bo bwhit es or 
other wild game birds. Most of t hese diseases or 
parasites appear t o reach problem leve ls only 
under pen- raised condit i ons and can be categorized 
as "diseases of confinement ," Onl y two diseases , 
avian pox and his tomoniasis (blackhead disease) , 
are presently considered to have substantial risks 
to wild game birds . A high risk r at ing was 
applied to these two diseases because (1) they 
produce hi gh mo cbidity and mortality cates , (2) 
they are capable of pecsisting undec field 
conditions , (3) they have been detected under 
natural conditions , and (4) their occurrence i n 
the wild occasionally has been associ a t ed with 
releases of bobwhites . The cecal worm, He terakis 
gallina rum, a lso is listed as a hi gh risk since it 
i s the vector fo e histomoniasis . 

We have observed instances whe r e both avian pox 
and blackhead disease have been pr esent in 
pen-raised bobwhites destined fo r r e lease , and we 
als o have found both diseases in clinical case 
accessions of pe n-raised bobwhites fr om the field 
fo llowing release . The potential fo r bobwhites to 
serve as disseminators of blackhead disease among 
wild turkeys (Meleagris gallopavo) has been 
eval uated by variou s researchers (Davidson et al . 
1978 , Kellogg and Reid 19 70 , Lund and Chute 1971) . 
Clearly pen-raised bo bwhites pose a gr eater ri sk 
as blackhead cacriers than wild bobwhites 



Table 4. Helminth parasites found in 937 wild bobwhites f r om the Southeast (compiled from Davidson 
et al. 1980b, Kellogg and Pres twood 1968, Palermo and Doster 1970 , and SC,'WDS, unpubl. data),a 

Group/ Location 

Trematodes 
Intestine 
Liver 

Cestodes 
Intestine 

Acanthocephalans 
Intestine 

Nematodes 
Eye 
Air sacs 
Crop 
Esophagus 
Proventriculus 

Gizzard 
Intestine 

Ceca 

Species 

Brachylaima sp. 
Brachylecithum nanum 

Hymenolepis sp., 
Raillietina cesticillus , 
R. colinia, 
Rhabdometra odiosa 

Mediorhynchus papillosis 

Oxyspirura matogrosensis 
Aproctella stoddardi 
Capillaria contorta 
Gongylonema ingluvicola 
Cyrnea colini , 
Dispharynxna s u ta, 
Tetrameres pattersoni 
Cheilospirura spinosa 
Ascaridia lineata, 
Capillaria sp. , 
Strongyloides avium, 
Heterakis bonasae-;--
H. gallinarum, 
Subulura sp., S. brumpti, 
Trichostrongylus tenuis 

Pathogenici ty 

None reported 
None reported 

Mild-occasional 
intestinal obstruc tion 

None reported 

None reported 
Mild inflammation 
None reported 
None reported 

Mild inflammation 
Mild inflammation 

None reported 

None reported 

ascWDS unpublished data include bobwhites from the following locations: 500--Tall Timbers Research 
Station, Leon Co., FL; 62-Corbett Wildlife Management Area, Palm Beach Co., FL; 44- Catfish Point. 
Bolivar Co., MS; 25-Quantico Marine Corps Base Prince William/Stafford counties, VA ; 20- Pulaski, 
Prairie, and Lonoke counties , AR; and 10-Charlotte Co., FL. 

Table 5. Arthropod parasites collected from 481 wild bobwhites 
from the Southeast (adapted from Doster et al. 1980)a 

Ticks 

Chiggers 

Nasal mites 

Feather mites 

Shaft mites 

Skin mites 

Lice 

Amblyomma americanum, A. maculatum, Haemaphysalis 
chordeilis , ~.leporispalustris, Ixodes minor 

Eutrombicula alfreddugesi, Neoschoengast i a 
americana, Neotrombicula whartoni 

Boydaia colini, Colinoptes cubanensis 

Pterolichus sp., Megninia sp. 

Coliniphilus wilsoni, Dermoglyphus sp., 
Apionacarus wilsoni 

Microlichus sp. , Rivoltasia sp. 

Menacanthus pricei, Colinicola numidiana, 
Gonoides ort~Oxylipeurus clavatus 

asignificant lesions were not associated with any species . 
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Table 6. Important infectious agents and parasites often encountered in pen-raised 
bobwhites and their significance to wild bobwhites and other game birds.a 

Etiologic Agent Disease Produced Risks to Wild Bobwhites 

Infectious Agents 

Quail bronchitis virus 
( QBV) 

Avian pox virus 

Cl os tridium colini 

Quail bronchitis 

Avian pox 

Ulce r a tive enteritis 

Unknown--occurs na tura lly in 
wild bobwhites in some areas 

Hi gh risk--can init i ate or 
exacerbate the occurre nce of 
pox in wild bobwhites and 
poss ibly other game birds 

Apparently low risk- -never 
reported from wild bobwhites 

Aspergillus fumigatus Aspergillosis Low risk---organism is 
ubiquitous 

Candida albicans Cr op mycosis Low risk--organism i s 
ubiquitous 

Paras ites 

Histomonas meleagridis Histomoniasis 
(blackhead disease) 

High risk--pathoge nic to 
wild bobwhites and wild 
turkeys 

Capillaria cont ort a Crop capillariasis Low risk--ext remely r are i n 
wild birds 

Dispharynx nasu t a Dispharynxosis Low risk--parasite is 
ubiquitous 

Heterakis gallinarum None 
(bla ckhead vector) 

High risk--important as 
vector for blackhead disease 

ainfo rmation in this table is derived f r om the au thors ' expe r iences with bobwhite 
di seases , and conclusions are based on their assessments of disease risks . 

(Davidson et al. 1978). Initiation or 
exace rbation of avian pox problems by the release 
of pen-raised bobwhites has not been def inite l y 
proved, but we have not ed situations where this 
was st r ongly s uspected. 

The bes t precaution for minimizing risks f r om 
these diseas es is t o examine by necr opsy a sample 
of bobwhites prior t o r el ease . The re are 
prevention and control measures ( bas i cally 
sanita tion and the judicious use of vaccination 
and medica tion) available to producers of 
pen- r aised bobwhites that wil l help ensure minimal 
disease problems . These pr ocedures should be 
conducted with the supervision of a poultry 
diagnos tic laboratory or other qualified 
professional. 
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AVIAN POX INFECTIONS IN SOUTHEASTERN BOBWHITES: HISTORICAL AND 

RECENT INFORMATION1 
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College of Veterinary Medicine, The University of Georgia , Athens, GA 30602 
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Abstract : Hi s t oric and recent information on the occurrence of avian pox , an 
infectious viral disease, in southeastern bobwhite quail (Colinus virginianus) 
is summarized . An apparent long-term(> 50 year) low- level(< 2 percent) rate 
of infection occurred prior to an outbreak with a 12-fold increase in 
prevalence in 1978-1979. Post-outbreak monitoring during the two succeeding 
years disclosed that the regional prevalence of infection declined to near the 
pre- ou tbreak rate. The significance of avian pox as a regional and local 
mortality factor is discussed . 

Avian pox is a viral infec tion of birds, 
charact e rized by discrete proliferative 
(wart-like) l es i ons on the skin and/or mucous 
membranes of the mouth and upper respiratory 
tract. There are several strains of avian pox 
viruses, many of which are of varying virulence, 
but all of which are infective only to birds. 
Some strains of the virus are host specific and 
infect only certain species of birds, whereas 
other strains are less host specific and may 
infect many species . The virus may be transmitted 
by several routes, including (1) contact with or 
ingestion of infectious scabs, (2) inhalation of 
viral particles in dust, or (3) by blood-feeding 
arthropods , particularly mosquitoes (Cunningham 
1978). Mosquito-borne infection is generally 
considered to be the most important means of 
transmission among wild birds, and several.species 
of mosquitoes have been shown to be na tural 
vectors of pox viruses in wild game birds in the 
Southeast (Akey et al. 1981 ) . Avian pox may 
occur in two forms . The cutaneous form involves 
lesions which develop primarily on the unf eathered 
portions of the skin (legs , feet, eyelids, head) 
and , unless vision is impaired , is not usually a 
serious disease . The moist or wet form involves 
lesions which develop on the mucous membranes of 

l This s tudy was supported by Tall Timbers 
Research, Inc., Tallahassee, Florida, a nd by an 
appropriation from the Congress of the United 
States . Fund s were administered and research 
coordinated unde r the Federal Aid in Wildlife 
Restoration Act (50 St at . 91 7) and through 
Contract No . 14- 16- 0009-78- 024, Fish and Wildlife 
Service, U. S. Department of the Interior. 
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the mouth, nasal passages , and upper respiratory 
tract and of t en leads to a serious disease due to 
impairment of feeding and/or respiration. In 
birds which survive, avian pox l esions ge ne rally 
regress spontaneously 6 to 12 weeks after 
infection. Mo rbidity and mortality rates f r om pox 
infection are influenced by a variety of factors 
and may range from near zero to over 50 percent of 
a population (Cunningham 1978) . 

Reports of avian pox i n wi ld bobwhite quail 
have been i nfrequent, although this disease has 
been a sporadic problem i n capt ive bobwhites 
(Morley 1933, Shillinger and Mor l ey 1937, Poonacha 
and Wilson 1981) . This s ituation changed abrupt ly 
in 1978-19 79 in the southeastern United States 
when an outbreak of avian pox occurred in wild 
bobwhites (Davidson et al. 1980) . This r eport 
(1) summarizes published accounts of avian pox in 
bobwhites prior to the 1978- 1979 outbreak, (2) 
r eviews the 1978-1979 ou tbreak in the Southeast, 
(3) presents the r esult s of region- wide avian pox 
surveillance conducted duri ng two years following 
the 19 78-19 79 outbreak, (4) evaluates available 

epizootio logi c information, and (5) discusses the 
implications of avi an pox for wild bobwhites in 
the Southeast. 

The authors gratefully acknowledge the 
assistance of the state f ish and wildli fe agencies 
of Arkansas, Florida , Georgia , Louisiana, North 
Car oli na , South Caroli na, Tennessee , Virginia, and 
West Virginia; the International Paper Company ; 
and numerous landowners , their empl oyees , and 
sportsmen. Dr . Mark Dekich and Dr . Pedro 
Villegas, Poult ry Disease Research Cent er , College 



I 

of Veterinary Medicine, The Unive rsity of Georgia, 
graciously assisted with laboratory support . 

METHODS 

Information on the occurrence of avian pox in 
wild bobwhites prior t o the 1978-1979 outbreak wa s 
obtained by a review of the literature and fr om 
unpublished records of the Southeastern 
Cooperative Wildlife Disease Study (SCWDS) . Da t a 
on the 1978- 1979 outbreak were obtained from the 
description of the outbreak (Davidson et al. 1980) 
and were supplemented by additional unpublished 
records of the SCWDS and by a follow-up 
questionnaire distributed by Tall Timbers Research 
Station. 

Post-outbreak surveillance was conducted during 
bobwhit e hunting seasons in 1979-1980 and 
1980-1981 . Requests for assistance with 
surveillance were channelled through state fish 
and wildlife agencies in Alabama, Arkansas, 
Florida, Georgia , Kentucky, Louisiana, Maryland , 
Mississippi, North Carolina, South Carolina, 
Tennessee , Virginia, and West Virginia and through 
Tall Timbers Research Station, Tallahassee , 
Florida . Via this system, hunters were asked to 
retain and freeze the head , wings , and the 
unfeathered portion of the legs and feet of 
bobwhites for examination. Additional data 
requested were the specific location, county, 
state, and date of collection. Samples generally 
were limited to < 100 per l ocation. All bobwhites 
handled during bo bwhite manageme nt studies by the 
SCWDS at Tall Timbers Research Station during 
February 1979, 1980 , and 1981 also were examined. 
Age and sex of birds were determined by plumage 
characteristics (Stoddard 1931) . Pox infection of 
these samples was determined on the basis of gross 
l esions and was accompanied by histologic 
confirmation of questionable lesions . 

RESULTS AND DISCUS SION 

Pre- outbreak Data 

A review of the literature r eveal ed onl y four 
published reports of avian pox i n wi ld bobwhites 
prior t o the 19 78-19 79 outbreak (Table 1) . 
Collectively these reports sugges t tha t avi a n pox 
has existed in wild sout heas t ern bobwhi t e 
populations at least s i nce the 1920s a nd pr obably 
prior to tha t time . Such infections ty pi cally 
appeared to be mild and transient with only 
occasional birds r eaching a debilitated condition 
due to pox infection. The singl e report by 
Gallagher (1916) of large scale mortality 
involved wild-caught birds c r owded into cage s . 
The confinement conditions undoubt edly we r e 
r elat ed to inc r eased transmission and high 
infection rates . In the 15 yea rs prior to 19 78 , 
only a single bobwhite with avian pox had been 
submitted to the SCWDS diagnos tic laborato ry. 

Outbreak Data 

The 1978-1979 outb r eak of avi an pox was 
described in de tail by Davidson et al. ( 1980) . 
From July 1978 through March 1979 , 26 s epara t e 
unsolicited clini cal case access ions involving 43 
wild bobwhites from s outheastern 
Georgia/ northcentral Florida were diagnosed as 
avian pox by the SCWDS. A survey of 2 , 586 
hunt e r-killed bobwhites from Florida , Georgi a, 
North Carolina, South Carolina, Tennessee , and 
West Virginia conducted during January and 
February, 1979, disclosed an overall rate of 
infection of 12 percent (312 birds). Most (77 
percent) of the 312 infected birds had only mild 
lesions on the legs and fee t with the remaining 
birds (23 percent) having more extens ive lesions 
of the eyes , nares, and oral cavity . The 
prevalence of infection varied greatly among 

Table 1. Reports of the occurrence of avian pox in wild bobwhites prior to an 
outbreak of pox in 1978-1979. 

Source Date Location 

Gallagher (1916) 1916 Kansas City 

St oddard (1931) 1924-1929 "Southeast" 

Kellogg and Doster ( 1972) 1972 Baker Co., GA 

Davidson et al. (1980) 1969-1978 Leon Co . , FL 

acircumstances from unpublished SCWDS case records . 
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Circumstances 

Severe disease deve loped in a 
g r oup of 400 wild- caught bobwhites 
imported f r om Mexi co ; 85 percent 
mortality 

Pox lesions obs e rved on legs and 
feet of <2 percent of several 
thousand bobwhites; in s ome coveys 
the majority were inf ect ed ; two 
cases with lesions on head reported 
( GA , SC) 

Single sick bird caught by hand ; 
lesions on legs and around nare sa 

~lild pox l es i ons observed on legs 
and feet of less that one percent of 
over 8 , 300 bobwhites; no mortality 
r eported 



Table 2. Results of avian pox surveillance in 
wild bobwhites in the Southeast during three 
success ive hunting seasons , 19 78-1979, 1979- 1980 , 
1980-1981. 

Table 2 . (Cont.) 

Numbe r Infected /Number Examined Number Infected/ Number Examined 
State /County 1978-79 1979-80 1980- 81 State / County 19 78- 79 1979-80 1980- 8 1 

Arkansas Nort h Carolina 
Conway 0/ 8 ( 0 ) Bladen 1/ 21(5) 
Izard 0/ 25( 0) Chatham 0/ 4 ( 0) 
Logan 0/40(0) Craven 0/ 4 ( 0) 1/ 17(6) 
Pope 0/30(0) Cumberland 0/ 11( 0) 
Stone 1/115(1) Edgecombe 0/1( 0) 
Yell 2/53(4) Green/Pitt 1/20(5) 
"Southwest AR"' 2/74(3) Halifax 0/2(0) 

5/345(1) Hoke / Moore 0/ 35(0) 0/ 5 ( 0) 
Harnet 1/ 20(5) 4/ 28(1 4 ) 

Florida Jones 0/8(0) 
Charlotte 5/44( 11) 5/104(5) Lenoir 5/ 53( 9) 
Citru s 0/18(0)a 0/64(0) 0/26(0) l1ontgome ry 1/ 20( 5) 
Jeffe r son 4/114(4) 0/ 13( 0) Northhampton 2/ 32(6) 
Leon 80/ 902( 9) 2/829 ( <l) 21/ 925( 2) Richmond 0/6(0 ) 3/ 29( 10) 
Osceola 0/ 3( 0) 1/ 58( 2) Kobeson 0/ 15(0) 
Santa Rosa 2/23(9) Scotland 0/3(0) 0/ 6( 0) 
Not Given 0/59( 0 ) Wake 0/ 2 ( 0) 

84/ 10 37(8) 8/ 995(1 ) 28/ 1150(2) 9/ 169(5) 6/ 123(5) 4/50(8) 

Georgia South Carolina 
Baker 1/ 63( 2) Allendale 2/1 1 (1 8 ) 
Brooks 6/ 24( 25) 10/68(15) 1/ 53( 2) Berkeley 0/ 20(0) 
Bullock 1/7(14) Hampton 0/23(0) 0/ 56(0) 0/ 98( 0) 
Burke 5/ 50(1 0 ) 0/26(0) Marlboro 0/ 3 ( 0) 
Deca tur 40/ 308(13) 9/ 125(7 ) 7/57 (1 2) Oconee 0/2(0) 
Dou ghe rty 56/ 493(11) 10/ 49(20) Pi ckens 0/21(0) 
Grady 13/ 44(30) \hlliamsburg 4/ 57(7) 0/ 64( 0) 
Jackson 0/ 2( 0) 0/26(0) 6/1 44(4) 0/ 185(0 ) 
Jefferson 3/ 21 (14) 0/ 1 ( 0) 
Lee 0/6 (0) Tennessee 
Mitchell 10/ 68(15) Fayette 1/ 6(17) 
Oglethorpe 0/6(0) 1/ 14(7) Henderson 0/ 9( 0) 
Putnam 0/ 9 ( 0) 1/15(7) 
Screven 13/ 34( 38) 2/ 13(.15) 2/ 52(4) 
Sumpter 0/ 6 ( 0) Virginia 
Thomas 88/ 413(21) 17 / 216(8) 19/ 259(7) Accomack 7/ 39(18) 
Toombs 8/ 23( 35) Caroline 0/ 60(0) 0/40(0) 
Truetlan 7/18(39) 2/7(29) Culpepper 0/1 2(0) 0/ 13(0) 
Washing ton 1/ 12(8) Dinwiddie/ 
Wheeler 6/9(67) 0/6(0) Nottoway 0/ 36(0) 0/68(0) 
Worth 0/ 100( 0 ) Essex 0/32(0) 

219 / 1337(16) 65/ 590(11) 54/735( 7) King and Queen 1/ 28 ( 4) 0/ 16(0) 
King William 0/4(0) 

Louisiana Madison 0/ 2( 0) 
Caldwell 0/ 13( 0) Nelson 0/ 14(0) 
Ca t ahula 0/4(0) Northumberland 2/ 26(8) 0/28(0) 
East Carrol 0/ 6 ( 0) Rappanhannock 0/ 33(0) 0/ 15(0) 
Ouachita 0/ 1 ( 0 ) Richmond 0/ 1 ( 0) 
Union 1/ 38( 3) Southampton 0/4(0) 

1/ 62( 2) Sussex 0/ 38( 0) 
10/ 276(4) 0/233(0) 

West Virginia 
Mason 0/ 4(0) 

0/ 4(0) 

Southeast 
Total 313/ 2588 95/21 28 92/27 60 

(12. l) ( 4. 5) ( 3. 3) 

aPercent infected in parenthesis. 
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speci f ic locales with the highest detected rate 
being 39 percent. The 12 percent prevalence was 
estimated t o represent approximately a 12- fold 
increase in prevale nce. Based on clinical case 
and survey data, morbidity and mortality rates of 
approximately 2 percent and 1 percent, 
respectively, were estimated for a 13, 000 km2 a r ea 
of Georgia and Florida during the interval of 
January and February 1979. No differences in 
infection rates were noted among differe nt age or 
sex categories, and it was concluded that all 
segments of the population were affected equally. 

Post-outbreak Data 

The results of region-wide surveillance 
activities conduct ed during the hunting seasons of 
1979-1980 and 1980-1981 are presented in Table 2 
along with similar information from 1978-1979 fo r 
comparative purposes . On a region-wide basis, 
post-outbreak surveillance showed lower overall 
rates in 1979-1980 (4.5 percent) and 1980-1981 
(3. 3 percent) than during the outbreak (12. 1 
perce nt). Sufficient data were available from 
nine spe cific locations in each of the three years 
for annual comparisons (Table 3). The pr evalence 
of pox on these areas exhibited varying trends, 
although similar trends were detected on five of 
the seven areas where infections occurred. The 
pattern in these cases was a decline in preval ence 
from 1978-1979 to 1979-1980 followed by a slight 
increase in prevalence in 19 80-1981. One of t he 
remaining a reas was highest in 1979-1980 , and the 
othe r declined in both 19 79-1980 and 1980-19 81. 
The annual mean prevalence for data from these 
nine areas (adjusted for unequal sample sizes) was 
highest (13. 2 pec cent) in 1978-19 79 and 
approximately equal in 1979-1980 (5.6 per cent ) and 
1980-1981 (4 . 8 percent). Collectively these data 
indica t e tha t during the two years following t he 
outbreak , the prevalence of pox genecally de clined 
to approximately one-third the rate duri ng the 
outbreak although marked l ocal di ffe rences in 
prevalence existed as were noted during the 
outbreak (Davidson et al. 1980) . 

Fewer accessions of clini cally affected 
bobwhites were received by the SC'WDS in the two 
years followi ng the outbreak. During 1979-1980, 
three accessions involving four bobwhites were 
di agnosed as pox infections, and in 1980- 1981 
there were 12 accessions involving 15 bobwhi tes . 
These data a l so indicate a de cline in the 
occurcence of clinical pox infections especially 
cons idering that gene r al awareness of the disease 
was much gr ea tec than in 1978-1979. 

Related Epizootiol ogi c Data 

A quest i onnaice distributed in Novembec 1979, 
among individuals cooperating in surveillance 
activities provi ded one particulacl y interesting 
fact . In r esponse t o the ques tion of whether they 
had observed avian pox in bobwhites prior to 19 78 , 
two cespondents, one i n Brooks County, Georgia, 
and one in Colquitt County , Georgia, indicated 
that they had observed infect ed bobwhites in 197 7. 
These rep orts suggest that avian pox may have 
begun to increase in 1977 , a yeac befo r e the 
outbreak was genecally recognized . 

A widespread and cathec sevece problem due to 
avian pox occurred during t he summer and fal l of 
1978 among pen-raised bobwhite operations in the 
Southeast , includi ng Florida , Geocgia, Sou t h 
Carolina, and Nocth Carolina. Avian pox 
infections also had been noted in a bceeder flock 
of bobwhites in Kentucky ducing the fall of 19 77 
(Poonacha and Wilson 1981) . These occurrences 
raised the question of whether r e l ease of 
pen-raised bobwhites might be related t o t he pox 
situation in wild bobwhites . Review of available 
inf ormation did not provide evidence that t he 
region-wide increase in avian pox i nfections in 
1978 was related direct ly to the avian pox problem 
that occurred simultaneously in captive bobwhites. 
The occurrence of avian pox in inc r ease d levels at 
l ocat i ons where pen-raised birds we r e not present, 
such as Tall Timbers Reseacch Station , indi ca tes 
that the outbreak probably arose from the 
natural ly- occurring low level of pox in wild 

Table 3. Comparison of the prevalence of avian pox i n bobwhites from nine specific locations 
duri ng three success ive hunting seasons . 

Numbe c Infected / Numbe c Examined 
Location No . County/S tate 19 78- 1979 19 79- 1980 1980- 1981 

1 Leon , FL 14/ 90( 16)a 0/24(0) 3/ 105( 3) 
2 Leon, FL 47 / 324(15) 2/ 450( <l) 10/ 508(2) 
3 Leon, FL 4/ 320(1) 0/322(0) 8/ 312(3) 
4 Citrus , FL 0/ 18( O) 0/ 64(0) 0/ 26(0) 
5 Thomas , GA 15/ 58(31) 1/ 46( 2) 5/72( 7) 
6 Thomas ,, GA 10/219(5) 15/60(25) 14/1 15(12) 
7 Decatuc, GA 40/ 308(13) 9/ 125(7) 7/ 57(12) 
8 Screven, GA 13/ 34(38) 2/ 13( 15) 2/ 52( 4) 
9 Hampton , SC 0/23(0) 0/ 56(0) 0/ 98(0) 

Total 146/ 1394( 10. 5) 29/ 1160( 2. 5) 49/ 1345(3. 6) 

Annua l mean prevalenceb 13. 2% 5. 6% 4. 8% 

aPercent infected in parenthesis 
bAdjusted for unequal sample sizes 
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bobwhites , Conversel y , t here was ci r cumstant ial 
evidence tha t in some specific locations rel ease 
of pen-raised bobwhites contributed to and 
intensified pox problems . For example , t he high 
prevalence a t location 6 (Table 3) in 1979-1980 
apparent ly was r elated t o r elease of pen-rais ed 
bobwhi t es . At anot her location , appr oximately 
1, 000 bob\olh i t es we r e known t o have been r e lease d 
whil e ove r SO pe r cent ~e re expe r iencing cli ni cal 
disease due t o avi an pox. Such cases clearly 
could contribute t o the pe r petua tion of pox 
i nfections on t hese localized a r e as . 

An addi tional point of interest with regard to 
the i ncreased occurre nce of avia n pox in bobwhites 
was t he hos t r ange of the virus and its ability to 
pr oduce di sease i n other s pecies s uch as domes tic 
poultry and wild turkeys (Meleagris gallopavo) . A 
s eries of laboratory tests and experimental 
infections were conducted in collaboration with 
the Poultry Dise a se Research Center, College of 
Ve t e rinary Medicine, The University of Georgia 
(Dr. Pedr o Villega s and Dr . Mark Dekich, unpubl. 
data). These studies provided the following basic 
findings : ( 1) viral neutralization and 
va ccination-challenge trials indicated that 
bobwhite isolates were immunologically differe nt 
f rom the fowl pox strain of avian pox viruses; ( 2) 
isolates of pox virus from bobwhite field cases 
(wild and pen-raised) produced transient lesions 
in domestic chickens and turkeys but were not 
infective to coturnix quail (Coturnix coturnix); 
and ( 3) commercial fowl pox vaccines provided 
protection against challenge with bobwhite 
isolates , but bobwhite isolates did not protect 
agains t challenge with the fowl pox strain of 
avian pox virus . 

SUMMARY AND CONCLUSIONS 

Avi an pox infections have occurred naturally in 
wild bobwhites in the Southeast for a long time 
(> 50 years) at a low prevalence(< 2 percent). 
For reasons that are not known, avi an pox 
infections increased approximately 12- fold in the 
southwest Georgi a / northcentral Florida region in 
1978-1979. Mortality due to pox i nfection in this 
region was estimated to be approximately one 
percent during January and February 1979 but 
probably was considerably more during the period 
of July-December 1978, when environmental 
condit ions were more favorable for arthropod 
vect ors, primarily mosquitoes . A similar seasonal 
occurrence of avian pox and mosquito transmission 
of pox viruses have been demonstrated in wild 
turkeys in Florida (Akey et al. 1981 , D. L. 
Forres ter, pers . comm. 1981 ). During the two years 
following the ou tbreak, the regional prevalence of 
infection declined to near the pre-outbreak level . 
On a local basis, the prevalence of infection can 
vary markedly, and mortality in specific locales 
can be much greater or much lower than in the 
region as a whole. Although releases of infected 
pen-raised bobwhi tes were not known to initiate 
the 1978-19 79 outbreak , use of pen-raised birds 
apparently did contribute to pox problems on local 
areas . Where releases are necessary, birds 
vaccinated with commercial f owl pox vaccines e i ght 
to ten weeks prior t o arrival on release 
properties provide minimal risks . The trend that 

68 

avian pox infections i n southeastern bobwhites 
will take in the futur e is entirely speculative; 
however, historical accounts and data obtained 
subsequent t o the outbreak provide considerable 
indications t hat the disease will return to the 
relatively quiescent status maintained prior to 
1978. 
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MODERN PESTICIDES AND BOBWHITE POPULATIONS 

KENNETH L. STROMBORG, U. S. Fish and Wildli fe Service, Patuxent Wildlife Research Center, Laure l, MD 
20708 

Abstract : Bobwhite (Colinus virginianus) are frequently used as test animals 
for wildlife tests of pesticides . The organophosphate and carbamate pesticides 
that have replaced the organochlorines have many desirable properties, but they 
span a wide range of acute toxicities and some of them affect survival, 
reproduction, food consumption, behavior, and nervous system enzymes in 
laboratory tests . Applying these laboratory findings to the field requires 
assumptions about the severity of exposure in the f ield. Direct fie ld 
measurements show that birds may be exposed t o significant amounts of these 
pesticides or even more toxic degradation products under some conditions . 
Adverse population effects may also result from depression of insect 
populations during the seasons when bobwhites rely on insects for food. 

The possible reduction of wildlife populations 
by pesticides has been a concern of wildlife 
biologists since the organic insecticide era 
began in the 1940's . As early as 1945, tests of 
DDT's effect on wildlife were being conducted 
both in the field and laboratory (Coburn and 
Treichler 1946, Cottam and Higgins 1946, Nelson 
and Surber 1947) . It appears that a 1948 test of 
parathion was the first wildlife test of an 
organophosphate (OP) insecticide (Linduska and 
Springer 1951). Bobwhites were used in these 
early controlled investigations because they are 
an important game species and are relatively 
easily maintained in captivity . The bobwhite is 
still freiuently used as a representative 
wildlife species for tests of many OP and 
carbamate (CA) pesticides that are replacing the 
original organochlorine pesticides like DDT. 

Organochlorine insecticides are relatively 
persistent in the enviro1:ffient . This was 
initially thought to be a desirable property of 
these chemicals, but the ecological consequences 
of the buildup of these chemicals in natural 
systems have been a major factor in the 
replacement of the organochlorine insecticides 
with OP and CA insecticides . These replacement 
insecticides are degraded relatively rapidly by 
both chemical and biological processes . They do 
not appear to be concentrated in higher levels of 
food chains and their acute effects on birds and 
mammals seem to be reversible after exposure 
ceases . Despite these favorable propert i es, many 
OP and CA insecticides are extremely toxic and 
have caused problems . In this p~per, I will 
attempt t o provide a practical perspective on the 
potential effects of these chemicals on bobwhite 
populations. Many of the questions about effect s 
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on bobwhite populations are not yet answered and 
I will rely on studies with other species as 
necessary. 

I thank D. R. Clark , B. A. Rattner , E. F. 
Hill, and M. J . Conroy for thoughtful reviews of 
this paper . 

TOXICITY TESTS 

The firs t logical step in testing a pesticide 
for wildlife effects is to determine how much is 
lethal to one or more representative species 
(Turner 1981) . EPA has issued standardized 
guidelines for such tests and the bobwhite is one 
of the species that may be used (Anon. 1978) , 
reflecting many years of expe r ience with t his 
species as a test animal and the accumulation of 
a substantial data base that has been usefully 
summarized by Hill et al. ( 1975) and Kenaga 
(1979) . Testing new chemicals during the 
research and development phase that precedes 
marketing now allows comparisons with pesticides 
already in use. The broad range of avian 
toxicities exhibited by OP and CA insecticides 
allows crude comparisons of potential acute 
hazards, but it does not provide one answer to 
the general question of whether these 
insecticides affect quail popula t ions . That 
answer depends on t he particular pesticide and 
the circumstances under which it is used. 

Wildlife managers , as appl ied population 
biologists, also want to know whether 
insecticides depress reproductive rates . This i s 
a more difficult question to answer because a 
bigger commitment of time and facilities is 



required for a reproductive study than for an 
acute toxicity study. Consequently, few bobwhite 
reproductive studies of OP's or CA ' s have been 
published. Coturnix quail (Coturnix coturnix) 
and ring-necked pheasants (Phasianus colchicus) 
have been used more frequently for t-hese studies , 
and it appears that results with these species 
may be adequate guides for bobwhites. When I 
compared the rep r oductive responses of pheasant s 
and bobwhites to diazinon , the species were 
qualitatively similar (Stromborg 1977 , 1981) . In 
both of those studies , egg laying was inhi bited 
as a function of dietary dose during a thr ee week 
t r ial . Although not exact ly comparable , t he 
results sugges t ed that bobwhites were somewhat 
more sensitive to diaz inon ; t he minimum dose t ha t 
affect ed egg laying was l ower as was t he dos e 
t hat completel y blocked egg l aying ( Strombor g 
1981) . These r ep r oduc t ive effe cts we r e 
r eve r sible and mos t bi r ds r esumed laying within 
several weeks afte r be i ng taken off t he pesticide 
die t. In addition , the hatchability of those 
eggs t hat we r e l a id and the s urvivor s hip of 
chicks ha t ched f r om them was not af f ected. 

A confoundi ng variable was pre s ent in both of 
those s tudies t hat r equires some explanation. 
When di azinon was added to the ir f ood, the birds 
a t e l e s s . This be havio~ is commonly seen in 
avi a n t es ts of highly toxi c OP 's and CA's, and 
seve r al s tudie s have demonstra t ed t hat caged 
bi rds wi l l not eat large qua nties of toxi c f e ed 
i f they have access to othe r food s (Hill 19 72 , 
Bennett and Prince 1981). What this means in the 
fi eld is not c l ear, but it is known that some 
speci es do eat contaminated fo od under some 
circumstances (e. g. , Mendels s ohn and Paz 1977, 
Strombe rg 1979, White et al. 1979) . Reduced 
feeding rate due to pesticide-induced illnes s may 
be one of the effect s of thes e insecticides unde r 
field conditions. This may l e ad to nutritional 
stress, but there is no evidence of any direct 
effect by these pesticides on energy metabolism 
(Watkins et al. 1978). 

The diazinon tests with quail and pheasants 
also demonstrated a reduction in egg laying that 
was not explained by reduced feeding (Stromberg 
1977 , 1981). These effects may have been related 
to hormonal imbalances similar to those reported 
by Rattner et al. ( 1982 a) for quail fed 
parathion. EPA guidelines for registration 
require avian tests for reproductive effects 
under some circumstances (Anon. 1978), and, as in 
the toxicity testing requirements, bobwhites are 
a suggested test species. Therefore, data on 
reproduction should become available as these 
relatively new requirements are imple mented . 
However, applying laboratory results t o field 
conditions req uires many assumptions about 
factors s uch as the availability of the pesticide 
over time, exposure of birds to it, and the 
i nteractions of pesticide effects with natural 
environmental stress (Rattner et al. 1982 b). 

Behavioral alterations caused by OP and CA 
insecticides could reduce birds' ability to 
respond to environmental s t resses. Kreitzer 
(unpublished data) found tha t extremely low 
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dosages of several OP's lowered the ability of 
bobwhites to learn visual disc r imi nation of 
shapes . What this means in a fie l d context is 
unclear , but an altera t ion in learning ability 
might reduce the ability of quail t o cope wi th a 
complex and varyi ng environment . At hi gher 
doses , these chemicals influence behavi or i n 
evident ways that are symptomatic of severe 
poisoning . The toxi c action of these chemi cals 
on the nervous sys t em produces uncoordi nat ed 
muscular activity , pr ostration , regurgita tion , 
and a varie t y of other s i gns all of which would 
int e r fere with a poisoned bird ' s ability t o 
escape f r om potent ial pr edator s . Poisoned 
songbird females tempor a rily aband oned i ncubat i on 
of clu t ches (Grue e t al. 1982) , a nd t hi s might 
adversel y affect embryonic developme nt i f it 
o ccurred duri ng sensitive pe riods . All of t hes e 
behavi oral effe cts were pr oduced by sub-le t hal 
dos es, so detecting their effects on a popula tion 
unde r f i e ld conditions woul d r eq uire de tai led 
s tudies and would not be appa r ent by curso r y 
searches for evidence of poi soning in the fo rm of 
dead birds . 

EXPOSURE OF HIRDS IN THE FI ELD 

The principal que stion t hat mus t be addres sed 
in attempt ing to apply l a bora tory r esults t o 
field condit ions is the ext ent of expos ure , 
including bot h dos e r a t es and duration. The 
u sual me thod of es tablishi ng exposure of birds 
and othe r wildl ife to OP and CA pesticide s us es 
their effect on the enzymes col lectively known a s 
cholinesterases (ChE). In f a ct, the toxi c 
effects of these pesticides are related to these 
enzyme effects; hence the pesticides are commonly 
referred t o as anticholinester ases, or 
cholines terase inhibitors . Appl ying accepted 
c linical prac tice from human medi cine, Bunyan and 
Taylor (1966), in the first of a continuing 
series of studies, adapted biochemical techniques 
for quantifying the amount of enzyme inhibition 
in the brains of birds exposed to cholinestera s e 
inhibitors. Ludke et al. (19 75) and Hill and 
Fleming ( 1982) have given guidelines for 
interpreting field results of ChE measurements . 
At present it is thought that ChE inhibition 
reflects exposure to signi f icant amounts of a ChE 
inhibiting pesticide, but some bi rds with 
severely depressed ChE recover although others 
die with less inhibition. As a diagnostic t ool , 
ChE measurements are most usef ul in determining 
the nature of a chemical in dead birds . It is 
unfortunate that no precise predictive 
relationship between ChE inhibition and overt 
biologi cal effects has been disc overed . I f such 
a r e l a tionship did exist a nd cou l d be measured, 
interpretation of field results like the 
demonstration by Smithson and Sanders (1978 ) that 
wild quail had depressed ChE in areas sprayed 
with parathion might be extended to population 
effects by predictive modelling ( Tipton e t al. 
1980). 

In the absence of this r e l a tionship, it is 
necessa ry to de termine the amount of expos ure by 
more direct techniques if laboratory results are 
to be interpreted and used for predictive 



purposes. Quail are directly exposed to ChE 
inhibitors in a variety of ways. The most 
obvious is by eating seeds or vegetation treated 
directly with one of these pesticides . Several 
of these pesticides are effective seed treatments 
and have been applied to a variety of crop seeds . 
The rates of application are usually high enough 
to kill birds that eat more than a small number 
of treated seeds (Stromberg 1977) . 
Unfortunately , intentional poisoning of 
granivorous birds is also easy and apparently not 
uncommon (Stone 1979 ) . Although this source of 
exposure actually results from misuse (label 
statements include appropriate cautions about 
keeping wildlife and treated seed apart), under 
field conditions, the r e are often treated seeds 
available to birds after normal planting 
operations, and the rapidity of action of these 
chemi cals l ocalizes mortality so tha t even 
intentional poisonings may be undetected . 

Vege tation that has been sprayed can also 
constitute a hazard to birds eating it. A number 
of instances of mort ality, primarily of geese 
(Branta canadensis), have been recorded (Stone 
1~ Wild turkeys (Meleagris gallopavo) have 
also been poisoned by feeding on vege tation 
sprayed with an OP (Ne ttles 1976) . Both of t hese 
species are large and carcasses were usually 
found in the open; these fac t or s combi ne to 
increase the probability of detection of 
poisoning. Simila rly, r eported die-offs of small 
birds are usually extensive (e . g., Seabloom et 
al. 1973) and consequently noticed by the public. 
In the absence of large conspicuous groups of 
casualties , detection of mortality may be 
infrequent (Rosene and Lay 1963) . 

A less easily studied r oute of exposure is 
secondary poisoning . Potentially , this could be 
extremely important to quail duri ng the times 
that their diet is high in animal material 
(Rosene 1969: 108 , Hurst 1972). It is commo nly 
believe d that birds eat poisoned insects (Mills 
1973, Stickel 1974) but few data exist on t he 
amounts of ChE inhibitors such poisoned insects 
mi ght contain. McEwen et al. ( 1972) found 
Guthion in grasshoppers during an operational 
g rasshopper control program. Stromberg et al . 
(In press) found low r es idues of diazinon in an 
experimental application designed specifically to 
determine the feasibility of direct measurements 
of residues in insects . In another grasshopper 
cont r ol operation, biologically significant 
residues of acephate and its more toxi c 
metabolite methamidophos were found (St r omberg, 
McEwen , and Lamont , unpublished data) . Although 
these studies all demonstrate the feasibility of 
direct residue measurements, the practical 
difficulties of obtaining adequate samples have 
precluded widespread use of this technique . 
Direct demonstrations of secondary poisoning of 
birds by insects containing ChE inhibitors are 
equally rare, but White e t al. (1979) reported 
mortality of adult and nestling l a ughing gul ls 
(Larus atricilla) that ate pa r athion-poisoned 
insects~is r oute of expos ure should receive 
much more attention in future studies , 
particularly the possibility that some ChE 
inhibitors may be metabolically transformed to 
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more toxic substances in poisoned insects. This 
process can lead to erroneous interpretations of 
laboratory results whe re only the parent 
insecticide is tested. 

In addition to these oral routes of exposure , 
bobwhites might be exposed through dermal contact 
if they occupy a sprayed area either during or 
after application. Hudson et al. ( 1979) tested a 
variety of ChE inhibitors for dermal toxicity in 
birds and concluded, as did Fowle ( 1972), that 
this is a potentially important route of 
exposure . Labisky (1975) tested this hypothesis 
with pheasants in a simulated application of a 
soil insecticide and observed some mortality and 
evidence of poisoning through dermal contact, but 
only under presumed worst - case conditions where 
he simulated a spill of the actual formulated 
product, During spraying , quail wit hin a field 
might inhale s i gnificant amounts of insecticide . 
Be rteau and Chiles (1978) compared the oral a nd 
inhalation r outes in labora t o-ry tests and 
concluded that there was little di fference in 
t oxicity between the two routes of exposure . 
Most pr obably, thi s is generally true of fie ld 
exposures ; the observed effect will be a result 
of total insecticide exposur e from al l of the 
po t ent ial routes: oral, dermal, and i nhaled . 

ECOLOGICAL EFFECTS 

Although these direct poi soning effects are 
the usual focus of pesticide r esearch with birds , 
under field condi tions , the reduction of insec·t 
populations is probably also quite important to 
bobwhite populations. Field studies often result 
in reports of presumed emigrat i on of birds from 
large spray blocks, but as McEwen et al . 
( 19 72 : 193) point out , emigrants probably ra r e l y 
find suitable unoccupied habitat , and if they are 
actively nesting, emigration results in nest 
abandonment and loss of some r ep r oductive 
po t ential . The i mpact of r educed insect 
populations is a funct i on of the dependence of 
t he quail on insects a t t he time of spray and the 
size of the s pray block. If the sprayed areas 
are small and patchy, suitable foragi ng areas may 
be found close enough t o the nest site that a 
simple shift in home range use may enable birds 
to find adequate insect foods wi thout abandoning 
an active nest. 

These direct and indirect factors act i ng 
simultaneously may constitute a serious po tential 
hazard to populations of an agriculturally 
associated bird like the bobwhite . In fa c t , 
studies of organochlo rine insecticides and quail 
clearly demonstrated severe i mpact on a regional 
bobwhite population (Rosene 1965) . No such 
comprehensive study of ChE inhibiting 
insecticides has been under taken with bobwhites . 
More field data for pheasants and ChE i nhibitors 
are available than for bobwhites . Because these 
species a r e fa irl y similar in thei r food habit s 
and agricultura l associ ation , it seems r easonable 
to expect that r esult s f r om pheasant tests are 
applicable to bobwhites . Wolfe et al. (197 1) 
exposed young pheasants in 5 acre pens to a 
simula t ed parathion spray and found that t hey ate 



large quantities of presumably poisoned insects 
shortly after the field was sprayed. Although 
ChE was depressed, they found no evident 
behavioral effects or mortality. In a similar 
test of young pheasants , Messick et al. ( 1974) 
found behavioral effects that would have 
increased their vulnerability to predators . 
Concurrerrt tests on unconfined wild adults 
indicated no apparent effects on survival or 
reproduction. The pr oportion of insects in the 
diets of wild juvenile pheasants i n sprayed areas 
was drastically reduced when insect populations 
were reduced by pesticides . The significance of 
this reduction of an important protein source for 
growing birds is hard to assess. Potts ( 1977) 
fo und that when pesticides reduced the vital 
insect food sources of young partridges (Perdix 
perdix) , the productivity of partridge --
populations was reduced. Considering the overall 
simila rity of bobwhites and partridge in 
agricultural areas , it would be surpri sing if 
this was not also true for bobwhite populations. 

There a r e many indi cations f r om both fie ld and 
laboratory studies that ChE inhibiting 
insect icides mi ght be influencing bobwhite 
populations . Some of these chemicals are 
extremely toxic to quail, and it is known that 
wild birds are exposed t o biologi cally 
significant quantities under some conditions . 
Whether pesticide-induced mortality or 
reproductive effects depress bobwhi te 
productivity is not known, and how these 
hypothetical limits mi ght r e late to other f actors 
l imi ting populations through habitat destruction 
and degradat i on i s not unders t ood . We need to 
measure the actual exposur e of bobwhites i n the 
field t o fully use the r esult s of labora t or y 
studies . We also need to determine whether other 
influences on mortality and reproduction 
compensa t e fo r pesticide effect s . Ultimately , 
studies of these diverse influences on population 
dynamics will have t o be integrated into a 
compre hensive study of thi s species if we want 
final ly t o a ssess pesticide effects on bobwhite 
populations . 
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ADAPTATIONS OF FEMALE BOBWHITES TO ENERGY DEMANDS OF T HE 

REPRODUCTIVE CYCLE1 

RONALD M. CASE , Departme n t of For e s t ry , Fisheries and \hldli fe , Uni ve rs i ty of Nebraska , Linco l n , NE 
6!l583 

Abstract: The e nergy required by bo bwhites (Colinu s virgini a nus) t o attain 
rep r oductive condit i on was measur ed for 30 indivi dually caged game - f a rm raised 
birds . They were acclimated to an e i gh t-hour pho t oper iod , whi ch t hen was 
inc reased one hour e ach week un t il r eachi ng 15 hours ; it was then kep t 
constant, One hen bega n l ay i ng eggs five weeks af t e r the 15-hour photope riod 
started. However, o nly 75 pe r cent of the bi r ds tha t eventually l ayed were 
l aying afte r 12 weeks a t 15 hours photoperiod. Ave r age body weights increased 
from 194. 2 g seven week s prio r t o egg laying t o 214. 8 g whil e layi ng . 
Me t abolized ene rgy increased 24. 4 percent ( 35. 6 to 44. 3 kcal / bird-day ) during 
the s ix week s prio r t o the onse t of yolk de posit i on, which occurs i n t he week 
prio r t o laying . Me t abolized ene r gy i ncr eased a nother 18.3 pe r cent t o 52.4 
kcal / bird-day whil e t he qua il were layi ng eggs. These results show several 
adapta tions of bo bwhites that permit t hem to mee t t he ene r gy demanding 
a ctivity of achieving r e productive sta t us. This asynchr onous respons e t o 
pho t ostimulation enable s the birds t o optimize their time of lay t o 
unpredic table weathe r conditions pr evalent in spring i n tempera t e clima t e s . 
In addition, the e ne rgy r equired t o achieve r eproductive condi t ion i s spre ad 
over s ix week s ; thus , the impact of inc r eas ed e ne r gy dema nds is minimized. 

Pre vious studie s have quantified the energy 
r equireme nts of egg- laying in bobwhites (Case 
1972). Howeve r, energy demands to achieve 
reproductive status and e nergy r equi r ements of 
incubation have not been r eported. The objective 
of this paper is to quantify the ene rgy 
requirements to achieve reproductive status . In 
addition I will discuss how bobwhites apparently 
cope with the enigma of an assumed short food 
supply during an energetically demanding period . 

I thank R. Johnson , E. Peters, and R. Timm for 
their critical review of the manuscript , J . 
Andelt assisted in data tabulation, and she typed 
numerous drafts as well as the final manuscript. 

METHODS 

Thirty game-farm reared female bobwhites were 
individually caged under controlled photoperiod 
and a constant ambi e nt temperature of 20 C. Food 
(chick star t er , 21 percent protein and 4. 2 
kcal/g) and water were provided ad libitum. 

Birds , feed , and excreta were weighed weekly . 
Approximately 0. 5 hour prior to the onset of the 

1Published as Paper 6881, Journal Series, 
Agricultural Experiment St ation, University of 
Nebraska . 
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photoperiod, feed and wate r were removed fr om the 
cages to ens ure no ingestion of food or water 
immedia tely pri or to weighing birds. Cage s we r e 
cleaned and new feed was pr ovided birds withi n 
0 . 5 hour afte r the photoperiod started . Spilled 
feed and excreta ( egested wastes plus nitrogenous 
wastes) were separated, then placed in individual 
petri dishes, and dried at 65 C for about 10 
hours . Separation of feed and excreta was 
completed by sieving the mixture through a 
10- mesh scre en with gentle brus hing. Separated 
feed and exc r e ta were dried to a constant we i ght 
(usually 3 days). Birds, feed, and excre t a we r e 
weighed to the nearest O. 1 g. 

Feed and exc reta were ground in a Wiley Model 
micro mill using a 20-mesh scree n. Samples were 
weighed to the nearest 0. l mg prior to 
calorimetric analysis in a Parr oxygen-bomb 
calorimeter. 

Gross energy intake, exc reto ry energy, 
metabolized energy, and existence energy, as 
defined by Cox ( 1961), were de termined for each 
experimental bird, When birds maintained a 
constant body weight(+ 1 percent or less of body 
weight duri ng a week),-metabolized ene rgy was 
termed existe nce energy , tha t is, the ene r gy t o 
exist under caged conditions . 

Quail were acclimated to an eight-hour 
photoperiod for four weeks . The photoperiod was 



then increased one hour each week until 15 hours. 
Photoperiod remained constant throughout the 
duration of the experiment. Nes t boxes, provided 
with excelsior, were placed in each cage. The 
onset of weight gain was assumed to represent 
gonadal growth and attendant increased body fat 
associated with the birds becoming reproductively 
active . 

A sampl e of birds was sacrificed at the end of 
the experiment . Oviducts and ovaries were 
weighed to the nearest O. lg immediately after 
r emoval so as t o determine the differences 
between reproductive and nonreproductive birds . 

RESULTS AND DISCUSSION 

Twenty-four of the 30 experimental birds layed 
eggs. One hen commenced egg-layi ng five weeks 
after the 15-hour photoperiod began. However, it 
was not until 12 weeks after the onset of 15 
hours light that 75 percent of the 24 egg-laying 
birds were laying eggs (Figure 1) . Those results 
were unexpected for two reasons. First, since 
bobwhites start laying by l May in Y-ansas and 
Nebraska (Johnsgard 1979), it was anticipated 
that the threshold for photostimulation would be 
less than 15 hours . Second, regardless of a 
possible lower threshold for photostimulation, 
egg laying was expected to begin sooner than it 
did . Wooda rd et al . (1970) kep t chukar 
partridge (Alectoris graeca chukar) on a short 
day, then increased the day length to 16 hours. 
First eggs were laid 21 or 22 days after 
photostimulation. A similar time is noted for 
domestic fowl t o lay eggs following 
photostimulation. 

Although the onset of egg laying was 
asynchronous among birds in this experiment, I 
assumed that the events leading to egg laying 
were time cons tant. Those events were manifest 
in increased body weights , which reflected 
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proliferation of the reproductive tract and 
increased body fat . Thus, the event in common 
was egg laying. Body weights were averaged for 
each week preceding the start of egg laying 
(Figure 2) . 

Body weights averaged 194.2 g until seven 
weeks prior to egg laying . They then increased 
gradually, yet consistently, to an average 214.8 
g. That weight is similar to the predicted body 
weights (216.2 g) of egg- laying bobwhi tes (Case 
and Robel 1974) . 

Metabolized energy was analyzed similarly to 
body weights. Metabolized energy averaged 35. 6 
kcal / bird-day through seven weeks prio r to egg 
laying (Figure 3) . Although metabolized energy 
appeared to increase eight weeks prior to the 
start of egg laying , seven weeks prior was chos en 
to be consistent with the data for body weights. 
Energy requirements for egg laying (52. 4 
kcal / bird-day) again were s imilar to 55. 9 
kcal/bird- day predicted by Case and Robel 
( 1974) . 

King (1973) estimated the rapid phase growth 
(yolk deposition) of ovarian follicles for 
California quail (Lophortyx californicus) to be 
six to seven days . If this stage takes seven 
days for bobwhites, then the six preceding weeks 
represent the time to achieve full reproductive 
status. Average body weights increased 13. 9 g 
over the six-week period. The average weight for 
the ovary and oviduct for nine reproductively 
active hens at the end of the experiment was 9. 1 
g . The average body weight i ncreased only 6.7 g 
during the week prior to egg laying even though 
the average fresh weight of eggs was 8. 7 g . 

Over the six-week period metabolized energy 
increased an average 8. 7 kcal/bird-day, which 
represents the requirement to achieve 
reproductive condition. The increase was 24. 4 
percent over existence energy requirements , yet 
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on a dail y basis, the increase was an average of 
only 0. 85 kcal/bird-day . This inc r ease does not 
reflect the energy cost for go nadal growth alone 
because body weight increased an ave r age 13. 9 g 
yet the average ovary and oviduct weight was only 
9. 1 g . Thus, the energy demand for gonadal 
g rowth is confounded with the energy requirement 
for adding fa t. Metabolized energy in t he week 
preceding egg laying averaged 8. 1 kcal / bird-day 
more than the previous we ek, which repres ents an 
18.3 percent increase. 

Efficiency of egg laying was calculated as 
follows . During 645•bird-days 483 eggs were 
laid. The fi rst five eggs for each bird were 
excluded in this analysis because they occurred 
at erratic intervals. The rate of laying was 
0. 75 egg/ bird-day. Each 8. 7 g egg would contain 
about 16.3 kcal (Case and Robel 19 74) . 
Metabolized (existence) energy for non-laying 
hens averaged 35. 6 kcal / bird-day. The determi ned 
metabolized energy for egg laying was 52.4 
kcal/bird-day, 16.8 kcal / bird-day gr eater than 
for existence . Then 12.2 kcal of egg (0. 75 x 
16. 3 kcal) was formed each day at an additional 
energy expenditure of 16.8 kcal/bird-day, which 
represents 73 percent efficiency of egg 
formation. 

ADAPTIVENESS OF tlOBWHITr~S TO REPRODUCTIVE ENERGY 
DEMANDS 

It is nearly axiomat ic that bird populations 
wintering in temperate regions are limited by 
food during winter (Lack 1966, Hespenheide 1973) . 
Indirect evidence for this phenomenon in 
bobwhites can be inferred from the low survival 
rates of juveniles from September to April (Robel 
1965, Robel and Fre twell 1970) and the decreased 
body weights of bobwhites over winter (Kabat and 
Thompson 1963, Robel and Linderman 1966 , 
Roseberry and Klimstra 1971) . Rosene ( 1969) 
suggested that egg laying and incubating female 
bobwhites experience a greater physical strain 
than males and conseq uently may die faster 
because they are weake r. This conjectur e may be 
supported by studies that demonstrate a nearly 
equal sex ratio of juvenile bobwhites but an 
adult sex ratio in favor of males (Leopold 1945, 
Kabat and Thompson 1963). The energy demands of 
egg laying alone do not appear excessive since 
they are equivalent to existence energy 
requirements at rather moderate winter 
temperatures of - 3. 3 C (Case 1972) . 

However , the additional energy demand of 
attaining reproductive status at the end of 
winter (24 . 4 percent i nc r ease over existence) may 
be stressful since this is occurring prior to egg 
laying when food may be scarce. There appear to 
be two distinct adaptations of bobwhites to cope 
with this apparent enigma. First, the increased 
energy required for the onset of reproduction is 
amortized over a six-week period so that the 
energy needs increase gradually. In fact, the 
most energy demanding stage (yolk deposition) is 
delayed until the week prior to the onset of egg 
laying when food is more likely to be abundant . 
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This time requirement, which is much gr eate r than 
that for chukar partridge and domestic fowl , 
apparently is not an artifact of using game -farm 
reared birds . Anthony ( 1970), in a field study, 
reported that growth of the ovary and oviduct in 
California quail began in late March and egg 
laying in early May. He found that recrudescence 
of the oviduct was 8 to 10 and the ovary 10 t o 12 
weeks. The second adaptat i on is the asynchronous 
response time of bobwhites to photos timula t ion. 
Although bobwhites may start egg laying by 1 May , 
the peak occurs in late May (Johnsgard 1979) . 
The early layers would have a reproductive 
advantage over other birds when wi nters are mild 
or spring weather is favorable and possibly may 
raise two clutches (Stanford 19 72) . Late layers 
would have an advantage fo llowing severe winters 
or lat e spring . This strategy would optimize 
quail r ep r oduction by following the adage of not 
putting all their eggs in one basket . 
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REPRODUCTIVE SUCCESS AND BROOD SURVIVAL OF BOBWH ITE QUAIL AS 

AFFECTED BY GRAZING PRACTICES 

RUBEN CANTU, Caesar Kleberg Wildlife Research Institute, College of Agriculture, Texas A & I 
University, Campus Box 218 , Kingsville, TX 78363 

DANIEL D. EVERETT, Caesar Kleberg Wildlife Research Institute, College of Agriculture, Texas A & I 
University, Campus Box 218, Kingsville, TX 78363 

Abstract: A radio telemetry study of 76 nesting and brood rearing bobwhite 
quail (Colinus virgi nianus texanus) hens was conducted during 1980 and 1981. 
Four study sites wi th different habi tats and cattle grazing intensities were 
used. The 1980 breeding season was hot and droughty . Nine nests were found 
and three clutches of eggs hatched . There was a 1:3 adult to juvenile ratio 
in fall shot birds , and 66 percent hatched after 1 September following the 
rains of Hurricane Allen on 9 August. The 1981 breeding season was wet wi th 
average temperatures. One nest was found and seven broods were known to have 
hatched . Examination of quail wings showed a 1:5 adult to juvenile ratio, 
with 69 percent of the juvenile birds hatched prior t o July 16, 9 percent in 
the latter half of July, 10 percent in August, 9 percent in September , and 2 
percent in October. Seven unsuccessful nests were found. Five were destroyed 
by predators and two were abandoned . Chick mortality was 49 percent within 
the first two weeks of life in nine broods. Thirty-eight of 76 radio tagged 
hens were killed during the reproductive seasons . Repr oductive success was 
highest during the wetter breeding season and highest in pastures that were 
moderately grazed and in good r ange condition. 

South Texas bobwhite quail (Colinus 
virginianus texanus) populations~nstable. 
Wet years producing "bumper" crops of quail 
foll owed by a drought year may result in a low 
population. Variability in yearly population 
sizes is largely dependent upon land management 
practices and weather conditions affecting quail 
prior t o and during the reproductive season 
(Lehmann 19 46 , Kiel 19 76) . Measurements of the 
reproductive capabilities of the bird have not 
accounted for the dramatic increase in population 
size during favorable years . It is difficult to 
get a true picture of summer population dynamics 
from data collected the following winter . The 
difficult parameters to measure are post hatching 
mortality r ates and hen mortality . With the aid 
of radio telemetry, an intensive study of 
individual nesting and brooding hens was 
conducted during the 1980 and 1981 r eproduction 
seasons . The specific objectives of this study 
were 

(1) t o determine rep r oductive success and 
chick survival of the bobwhite quail as 
related to grazing practices and land 
management; 

(2) to determine habitats used by bobwhi te 
hens for brood rearing; 

(3) t o determine the mortality rate of quail 
hens during the nesting season; and 

79 

(4) to document t he occurre nce of quail hens 
hatching a second brood . 

We would like t o thank Ro bert Ki ng , manager of 
the Mariposa Ranch , and Cliff Lincecum, Cameron 
Iron Works ' Hollywood Hunting Camp Manager , for 
their cooperation. We also thank the Caesar 
Kleberg Wildlife Research Insti tute for fundi ng . 

STUDY AREA 

This study was conducted i n Brooks County , 
located within the Rio Grande Plain resour ce 
region in south Texas , on the Miller and Mari posa 
Ranches , 1. 25 km west and 4. 35 km southeast of 
Falfurrias , r espectively. The substrata of 
Brooks County is a sandy loam soil similar to 
many coastal counties of Texas . Soils are 
mode rate to deep , up to 203 cm , and well drained . 
The t opography is nearly level t o moderately 
sloping . 

The average annual tempera ture is 22. 6 C; the 
c limate is a warm, tempera t e , subtropical type 
with dry winters and hot humid s ummers . The 
average rainfall is about 61 . 3 cm , with ext r eme 
fluct uations between years . Rainfall records 
show variat ions f r om 22. 7 cm in 1917 to a high of 
140. 0 cm in 19 67. Of t he yea rs of r ecorded 



rainfall, 33 percent are shown to be draughty 
(Anonymous 1981). Occasional hurricanes, usually 
occurring in August or September, can deluge 
areas with 25.4 cm to 50.8 cm of rain in a matter 
of days, and spring and summer rains do not 
always occur (Kiel 1976). 

Four p?stures, i . e., Fruta, Justo, Rodeo, and 
Pita, with different vegetative composition and 
grazing histories were used as study sites . The 
Fruta pasture (568 ha) has sandy and loamy sand 
range sites, of an open grassland type, dominated 
by threeawns (Aristida spp.) and dotted with 
clumps of mesquite (Prosopis glandulosa) and 
granjeno (Celtis pallida). It has been 
continuously grazed by cattle since 1953 at a 
high stocking rate of 4.3 ha per animal unit and 
was in poor range condition. Range condition 
relates the current condition of the range to the 
potential of which the particular area is capable 
(Stoddart et al. 1975). Stocking rate is the 
area of land that the rancher allotted for each 
animal unit for the extent of the grazing period. 
A light stocking rate allows more hectares of 
grazing land per animal unit than a high stocking 
rate. An animal unit is the amount of forage 
needed to sustain a 1000 lb cow with a calf at 
her side for six months without a downward trend 
in range condition. The Justo pasture (1,380 ha) 
had a combination of sandy flat, sandy , and loamy 
sand range sites in low-fair range condition. 
Range si tes were dominated by dense mesquite and 
mixed brush , threeawns, and gulf cordgrass 
(Spartina spartinae) . The Justo pasture was 
rootplowed in 1975 but not raked. This pasture 
was continually grazed at a high stocking rate of 
3. 3 ha/au. The Rodeo pasture (1575 ha), a loamy 
sand range site, was once dominated by mixed, 
dense brush in poor range condition. 
Root-plowing , raking , and r e -seeding to 
kleing r ass (Panicum coloratura) in 1975 changed 
range condition from poor to good . Thirty 
percent of the brush was removed and the 
remaining 70 percent was left in random 
locations , clumps, drainage areas, and draws as 
cover for wildlife . This area has been 
moderately grazed at 6. 5 ha/au in a continuous 
grazing system. The Pita pasture (894 ha) was a 
sandy hill range site in good condition. The 
plant communi ty was an open grass land dotted with 
clumps of mesquite and live oak (Quercus 
vi rginiana ). Tall and midgrasses were dominant 
a nd included lit tle bluestem (Schizachyrium 
scoparium) , indian grass (Sorghastrum nutans) , 
and thinseed paspalum (Paspalum setace~ 
Prior t o May 1981 gr azing was moderate at a 
stocki ng rate of 5. 5 ha/au. In the summer and 
fall of 1981 the pasture was lightly grazed at 
17. 8 ha/au . 

MATERIALS AND METHODS 

Bobwhite quail were captured before the 
nest i ng season with Stoddard type quail traps 
(Wilbur 1967) . An equal number of quail hens 
were caught on each study site, fitted with six g 
radio transmitters , and tracked daily. During 
t he summer of 1980 , 10 solar powered and 20 
battery powered transmitters were used . In 1981 
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we used 30 solar powered transmitters. Telemetry 
equipment included a vehicle mounted, omni 
directional, whip antenna; a directional three 
element hand held yagi antenna; and a portable 20 
channel radio receiver. All locations of 
radio-tagged hens were plotted on aerial 
photographs of the study area to determine 
movements, ranges, and habitat preferences . When 
a nest of an instrumented hen was found , a 
detailed description of the nest, nest site, and 
surrounding vegetat ion was made. 

Chick loss rates were determined by counting 
the chicks with each instrumented hen weekly or 
more often after hatching until combination of 
broods, or death of the hens or chicks made this 
determination impossible. 

Brooding ranges were determined by the minimum 
area method (Moh r 1947) . Estimates of ranges 
were determined only for those hens that were 
located on at least five different occasions . 

Predators destroying quail nests and preying 
on radio tagged hens were identified from field 
sign left at the nest site or from carcass 
remains. Working transmitters from hens kil led 
by predators were fi tted on other hens to monitor 
a maximum number of birds throughout the 
reproductive season. 

Bobwhite quail wings were obtained from 
hunters on the study areas for determination of 
adult to juvenile ratios and fo r back cal culation 
of hatching dates of juvenile birds (Rosene 
1969). 

l<.ESULTS 

Reproductive Success 

The 1980 breeding season was ho t and droughty, 
with 4 . 4 cm of rain from January through April . 
The first substantial rainfall (5.0 cm) came on 8 
May . Rains between 9 Xay and 8 Augus t tot alled 
14 . 9 cm . Hurricane Allen, 9 August , dumped 32 . 5 
cm of r ainfall. 

Forty-one hens were r adio tagged i n 1980; nine 
nests were found and three clutches of eggs 
hatched, 7 and 11 July and 24 September. Seven 
nests were found in June, one in July, none in 
August, and one in September. Quail wings 
obtained from hun ting camps on the study areas 
showed a 1: 3 adult to juvenile ratio . 
Thirty-four percent of the juvenil e birds were 
over 150 days of age and hatched prior to 
mid-August . Back calculation of hatching dates 
for the remaining juveniles showed that 63 
percent hatched in mid-September, and 3 percent 
in October. The September hatch followed the 
rains of Hurricane Allen on 9 Augus t. 

Five of 10 radio-tagged hens in the Rodeo 
pasturP (moderately grazed , good range condition) 
nested, but only 1 of 14 radio-tagged hens nested 
in the Justo pasture (overgrazed, poor range 
condition) . The Fruta pasture (overgrazed , poor 
range condition) had 3 birds nesting of 12 that 



were radio-tagged . No nests were found after 
Hurricane Allen due to loss of radio-tagged hens 
and failure of battery powered transmitters. 

The 1981 breeding season \.las wet wit l1 
average temperatures . Rainfall from January 
through September 1981 was well above normal with 
2. 6 cm recorded in February and 19.2 cm in 
August. 

Thirty-five hens were radio-tagged in 1981. 
Only one nest was found because the solar powered 
transmitters failed to function while a hen was 
in dense cover, especially while a hen was 
sitting on a nest. Seven broods were known to 
h ave hatched; one in May, three in June, two in 
July, and one in August. The latest hatch was 7 
August. Wings obtained from hunters showed a 1 : 5 
adult to juvenile ratio. Sixty-nine percent of 
the juveniles were over 150 days of age and 
hatched prior to 16 July; 9 percent hatched in 
the latter half of July, 10 percent in August, 9 
percent in September, and 2 percent in October. 
The latest bi rd hatched about 16 October . 

The Rodeo pasture (good range condition) and 
the Justo pasture (poor range condition) were 
used as study sites in both years of the study. 
Twelve hens were monitored in the Rodeo pasture 
and two were found with broods. Ten hens were 
monitored in the Justo pasture and two were found 
with broods. 

The Fruta pasture was not used as a study site 
in 1981. Only two hens were caught during four 
weeks of trapping this pasture. The pasture was 
apparently so overgrazed during the 1980 drought 
and the following winter that there was little 
nesting cover and the quail hens moved elsewhere 
during the spring covey break-up. The Pita 
pasture (lightly grazed, good condition) was 
added in 1981 to replace the Fruta pasture. 
Thirteen hens were radio tagged there and three 
broods were found . 

Nests and Nest Losses 

Eight nests of radio-tagged hens were found in 
which incubation of eggs had begun. Two other 
nests with eggs were found but were destroyed 
before they could be incubated. The eight 
complete clutches averaged 12. 0 eggs and ranged 
from 9 to 18 eggs . One renesting effort was 
noted in which a hen's initial clutch had 15 eggs 
and her second clutch had nine eggs. 

Forty eggs were found in three successful 
nests. Three eggs each in two of the successful 
nets were pipped, but ants (Solepopsis spp. ) 
entered the eggs and killed the chicks . 

Seven unsuccessful nests were noted . Five 
were destroyed by predators and two were 
abandoned . Field sign at the nest sites 
indicated that coyot es (Canis latrans) destroyed 
four nests and a skunk (Mephitis mephitis) 
destroyed another. Lehmann (1946~ r eported that 
most nest predation in south Texas was due to 
coyotes (80-83 percent), skunks (15 percent), and 
snakes (1 percent). 
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The two abandoned nests were in the early 
stages of incubation. One of the abandoned nests 
was a renesting attempt. Neither of the two hens 
attempted to renest after abandoning its nest. 
At the time of abandonment, there had been no 
rainfall for a month and maximum daytime 
temperatures averaged 37 . 4 C. Stoddard (1931) 
believed that few bobwhite nests are voluntarily 
abandoned, but abandonment may be due to some 
environmental disturbance . Klimstra ( 1950) noted 
that during periods of hot weather, incubating 
birds may abandon nests due to the excessive 
heat. 

Chick Survival 

During this study there was a 49 percent chick 
loss within the first two weeks of life . Data on 
chick mortality was collected from nine broods of 
radi o-tagged hens during the summers of 1980 and 
1981. Chick loss rates were recorded for five 
broods from the date of hatch , two broods 
starting at two weeks of age , one brood start ing 
at three weeks of age, and one brood starting at 
six weeks of age . 

During the dry su=er of 1980 , two broods were 
observed from their dates of hatch, One brood of 
10 chicks was l ost entirely before two weeks of 
age; the remaining brood of 11 lost four chicks 
in two weeks and then only one chick up to 30 
days of age, after which the hen was found dead 
and the location and fate of the brood could no 
longer be determined . 

Seven broods were observed and followed during 
the summer of 1981. Thr ee broods of 6 , 12 , and 
16 chicks were lost within one week after 
hatching. The four ot her broods were from two to 
six weeks of age when observation began. After 
two weeks of age, chick loss was minimal with two 
chicks lost from one brood during its third week 
of life, and one chick lost per week after two 
weeks of age for the remaining three broods . 
Causes of chick loss were difficult to determine . 
Two broods, 12 and 16 chicks , were lost at three 
and five days , respectively. Both broods were in 
the Pita pasture (lightly grazed, good range 
condition), hatched during a period of heavy 
rains, and were lost during the same 24- hour 
period. Another brood, five days of age , was 
abandoned by the hen when she was flushed by the 
researcher. 

Chick losses were higher in the Justo pasture 
(overgrazed, poor range condition) than in the 
Rodeo pasture (lightly grazed, good range 
condition) during both years of study. In the 
Justo pasture, one entire brood was lost within 
two weeks of age and two broods lost one or two 
chicks between two and four weeks of age . Three 
broods were tracked in the Rodeo pasture. One 
brood of 11 chicks had lost four chi cks by two 
weeks of age and lost only one from then until 30 
days of age . One brood lost one chick between 
six and seven weeks of age , and there was no 
chick loss from another brood between two weeks 
and 30 days of age . 



Brood Rearing Habitat 

Brood rearing habitat was determined for t wo 
broods in 19 80 and seven broods in 1981 . Cover 
used by broodi ng hens and chicks was dependent on 
the time of da y. Most act ivi t y of hens with 
chicks occur red f r om a bou t 0900-1 100 hr s a nd 
1500--1800 hr s . During these hou rs , hens l e d 
chicks int o grassy , weedy areas of sparse t o 
medi um densi t y with 15-7 0 percent bare ground . 
Ar eas t oo unifor m in t h i ckness(> 85 pe r cent 
pl an t cove r) we r e us ual ly avo i ded . 

Radi o-tagged hens with chicks we r e found i n 
prot ective cove r f r om about 1100 hr s to 1500 hrs . 
Thi s cover was us ually a me s quite and mixed brush 
ove rstory , of fe ring s hade and protection , and an 
understory of short grasses , weeds , and debr is 
with about 80 percent ba r e ground . Thr ee 
brooding he ns used the cover of l arge mesquite 
trees and granjeno sur r ounding natur a l ponds . 
Edge s and breaks i n vege t at i ve pa tte r n were very 
important. All r adio loca t ions of hens with 
br oods were within 10 m of br eaks i n the 
vege t a tive patter n such as ranch roads and ca t tle 
t rails . Activity patte r ns and the struct ur e of 
brood r ear i ng habita t were s imilar on all s tudy 
areas . Brood r a nges averaged about 0. 8 ha . 

Hen Mort ality Duri ng the Nes t i ng Season 

Seventy - s i x quail he ns we r e monito r ed duri ng 
the study period an<l 38 mo r tali t i es not ed. The r e 
were 44 percent and 57 pe r ce nt l osse s of 
radio-t ag ge d he ns during the 19 80 a nd 19 81 
seaso ns , r es pective ly. Three he ns di ed in May , 
17 i n June , five in July , e i ght i n Augu s t, two i n 
Sept embe r, none i n Oct o be r, and one in November. 
Only one he n wa s known t o have been i ncuba ting , 
and two he ns had broods wh en t hey died. 
Pr edation wa s t he major cause of he n mortality . 
Preda t or s impli cated by f i e ld sign and ac tua l 
o bse rvations were coyot es (10 ), hawks (9), and 
Texas Indigo snake (1) (Drymarchon corias 
ere be nnus ) . One he n was killed whenatractor 
a nd mower ran ove r her, and another di ed fr om 
cap ture and handling stres s. Twenty-eight hens 
we r e be ing monito r ed before Hurricane Allen . 
Afte r its pass age , five were found de ad and five 
o thers had disappeared. 

Second Broods 

There was no evidence of second broods during 
the study period. Hens that lost their broods 
entirely did not nest again, and hens with broods 
were not found to leave them and nest again. 
Stanford (1972) documented 19 cases of second 
brood attempts in feral and penned wild 
bobwhites; of these, 14 were successful in 
hatching a second brood . Evi dence of second 
broods in other species of quail has been found 
by Francis (1965) in California quail (Lophortyx 
californicus) and by Gullion (1956) in Gambel's 
quail (.!:_. gambelli) . 

DISCUSSION 

In south Texas, ranges almost devoid of quail 
in dry years have high populations during years 
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of above average rainfall , pr ovi di ng t hat 
pr ot ective cover exi s t s . The challenge f o r t he 
ma nager is t o be able t o create habi tat 
c onditions such t hat huntable quail popula tions 
are produced during drye r year s . Lehmann ( 19 46) 
f irst poi nted out that the keys t o high quail 
r ep r oduction i n this area were r a infal l and 
prope r gr azing ma nagement . Hi s s tudi es showed 
that quail pr e f e rred t o nest i n grasses nine 
i nches tall or hi ghe r, whi ch i ndica t es r ange 
under light to modera t e gr azing act ivi ty . Our 
study indi ca t es t hat pastures with a mode rate 
l evel of ca t t l e gr az i ng have a hi ghe r numbe r of 
bi r ds nesting and better chick survival than 
overgrazed pas tur es in poor range condi t i ons . 
Li mitations of exi sti ng telemetry eq ui pment 
handicapped data gathering espe cial ly f o r nestin'g 
s t udi es . Ba tte r y powe r ed t rans mi tte r s l asted 
only 60--90 days and, the r efo r e , did not span 
enough of t he reproduc t ive season t o f ollow 
i ndivi dua l hens throughou t ; solar powe r ed 
t rans mi t te r s fai led t o f unction while birds we r e 
i n deep shade , a s when on a nest . The so l a r 
powered transmi tte r s worked well in 1980 when 
cove r was thin , but i n 1981 , hi gher rai nfall 
pr oduced dens e r nes ting cover. 

Kaba t and Thompson (19 63) , Fatora et al. 
(1966), and Si mpson ( 1976) found that quail chick 
mo rtality r a t es were highest wi thin the f irs t t wo 
weeks of life and then l evel off to a bout two io 
three percent pe r week into t he f all. The 
present study bo r e this out and i ndica t ed that 
chick survi val was be tte r i n pasture s in good 
range condition than in t hose in poor conditions. 
Vagrancies of the wea ther still come into play , 
even in good brood habita t, as pointed out by the 
loss of chicks less than fi ve days old duri ng 
heavy rain showers. 

In the present study , woody cover for shade 
and protection in cl os e proximity to f e eding 
are as was of paramount importance to broods . In 
addition , a high percentage of bare ground was 
essential for mo vements and f eeding , as was the 
presence of trails and r oads . 

Mortality of hens during t he reproductive 
season was high and may to some extent expl ain 
both the highe r number of adult ma les than 
female s in fall shot bi r ds and t he high numbe rs 
of juveniles per adult hen in fal l shot birds . 
Kiel (1976) reported 10 to 14 young per female in 
south Texas and noted that such ratios could be 
attained by persistent renesting and high 
survival of young . Loss of adult hens would also 
contribute to a high ratio of young per adult 
hen. 

CONCLUSIONS 

Reproductive success of t he bobwhite quail i s 
dependent on t he weather and man's manageme nt of 
rangeland. ~ail in pastures t hat have light t o 
moderate grazing pressure s and a re in good r ange 
condition have be tte r reproductive success 
(numbe rs of hens nesting , succe s sful nests , a nd 
higher chick survival) than do quail in pas ture s 
that are overgrazed and in poor range condition. 
High rainfall during the breeding season tends t o 



offset somewhat the negative effects of 
overg r azing , but r ainfal l in south Texas is 
sporadic; management t o offset drought conditions 
should be prac ticed at all times. 
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STATE AGENCY PROGRAMS FOR BOBWHITE QUAIL MANAGEMENT ON PRIVATE 

LANDS 

ROBERT T. UUMKE, Wisconsin Department of Natural Resources, Madison, WI 53711 

Abstract: State programs to protect and improve wildlife habitat on private 
lands have characteristically provided indirect incentives including plant 
materials, signs, technical advice , and trespass control . Bobwhite quail 
have, no doubt, benefited f r om these programs although Wiscons in had the onl y 
project which specif i cally featured the species. The high level of 
participation in the Wisconsin endeavor suggested that certain cohorts of the 
private sector are willing to work cooperatively with land manage rs to 
improve wildlife resources. An interagency, comprehensive land management 
approach is needed . Wildlife habitat can be benefited by the improved 
management of soil, water , plant, and animal resources . Specific programs for 
quail habitat management on private lands will likely work best under a 
user - pays concept involving hunting recreation. 

The principal range of the bobwhite quail 
(Colinus virginianus) is about 750 mi llion acr es 
(Johnsgard 1973:Fig. 39); approximately 87 
percent of this acreage is rural lands under 
private ownership. The key to improved bobwhite 
habitat and increased hunt ing opportunity is a 
balanced program of incentives and education 
directed at the private landowner. State fish and 
wildlife agencies within the bobwhite's range have 
applied a variety of pr ograms to improve the 
management of wildlife resources on private l ands 
(Table 1). This paper will briefly describe the 
array of state projects , then di scuss the efforts 
underway in Wisconsin, and finally outline the 
implications of these endeavors for fu t ure 
programs . 

Wildlife management programs for private lands 
focu s on (1) wildlife habitat protection and 
enhancement , or (2) access for recreational use of 
wildlife resources , usually hunting. The Acres 
for Wildlife program adopted by several states is 
an example of a wildlife habit at improvement 
program , and Pennsylvania 's Coope r ative Farm Game 
Program and Wisconsin ' s Project Respect are 
examples of access programs . Many programs link 
"habitat deve l opment" and "access for recreation" 
as typified by North Carolina ' s Gamelands Permit 
or Nebraska ' s Habitat Stamp. 

Private-lands wildlife management is applied i n 
t wo basic ways . Programs can be " targe ted" at 
specific wildli fe species or at protecting or 
enhancing particular habitat types. South 
Dakota ' s Pheasant Restoration Program is an 
example of a targe t ed or featured species 
approach. Conversely , projects .may be 
"non-targeted " such as the Acres for Wildlife 
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program, and the resultant habitat improvements or 
accessib l e lands a r e found in a shotgun-patterned 
distribution. 

Programs to pr otect and improve wildlife 
habitat on private lands have been reviewed by 
Gottschalk (1977 ), McConnell (1977 ), Kuperberg 
(1978), Deknatel ( 19 79) , Madsen ( 1981) and Walton 
(1981). State pr ograms characteri s tical l y provide 
indirect incentives- -plant material s , signs, 
technical advice , and trespass control-- t o 
encourage the management of wildlife on private 
lands. Some form of aid for habi t a t development 
on private lands was provided by 44 s t ates in 1979 
(Deknatel 1979 ) . M.ost state agencies within the 
bobwhite's r ange offer programs of potential 
benefit t o quail, but only Wiscons in' s pilot 
project appears to specifically feature the 
species . 

STATE AGENCY PROGRAMS 

Among the oldest and most successful state 
programs within the bobwhite's range are 
Pennyslvania's Cooperative Farm Game Program 
initiated in 1936 and North Carolina's habitat 
improvement project begun in 1946. Cooperators i n 
Pennsylvania ' s program r eceived personal property 
protection i n r e turn fo r public hunting rights for 
at least five years . Habitat improvement is 
encouraged , not required . By 1981 , 18 , 967 
landowners had enrolled nearly 2. 3 million acres 
in the program (Horvath 1982) . Nor th Carolina's 
program provided 174, 000 landowners with 870 , 000 
units of plant mate rials from 1948-19 76 (McConnell 
1977) . Periodic evaluations have shown good 



Table 1. State fish and wildlife agency programs to improve the management of 
wildlife resources on private lands.a 

State Progi:dm 

Habitat Protection and Improvementb 
Arkansas Acres for Wildlife 
Geoi:gia Acres for Wildlife 
Illinois Acres for Wildlife 

Roadsides for Wildlife 
Indiana 

Iowa 
Kansas 

Louisiana 
Minnesota 

Missouri 
Nebraska 

North Carolina 

Ohio 

Oklahoma 
South Carolina 

Tennessee 
Texas 
Vermont 
West Virginia 

Wisconsin 

Refuge Lease 
Classified Wildlife Habitat Act 
Wildlife Habitat Stamp 
Acres for Wildlife 
Wildlife Habitat Improvement 

Acres for Wildlife 
Property Tax Exemption 
Operation Pheasant 
Private Lands Program 
Acres for Wildlife 
Habitat Stamp 
RENEW 

Habitat Planting Stock 
Pi:ivate Lands Wildl . Management 
Acres for Wildlife 
Private Lands Wildlife Program 

TWRA-TVA Coopei:ative Program 
Tax Incentives 
Wildlife Habitat Improvement 
Farm Game Progi:am 

Acres for Wildlife 
Quail Management Progi:am 

Access for Hunting Reci:eationb 

Maryland 
Michigan 

New Jersey 
New York 
No rth Carolina 
Pennsylvania 

Rhode Island 

Texas 
Wisconsin 

Cooperative Management Area 
Public Access Stamp 

Operation Good Neighbor 
Fish and Wildl. Management Act 
Game-lands Permit 
Coopei:ative Farm Game Program 
Safety Zone 
Forest Wildlife Coopei:ator 
Landownei: Coopei:ative Project 

Shooting Presei:ve Law 
Project Respect 

Soui:ce 

Ward and Pierce 1981 
Deknatel 1979 
Deknatel 1979 
Warnei:, in press 
Kirkpatrick 1977 
Russell and Machan 1981 
George et al. 1981 
Deknatel 1979 
B. D. Hlavachick , KS 

FGC, pei:s . commun , c 
Deknatel 1979 
Petei:son and Madsen 1981 
Isley 1971 
Kii:by et al. 1981 
Cowgill 1971 
Edwards 1981 
NC Wildl. Resoui:. Comm. 

1977 
Toepfer 1981 
Toepfer 1981 
Deknatel 1979 
B. McTei:r, SC, WMRD, 

pers. Commun,c 
Mc Connel 1 19 77 
Walton 1981 
Sladyk and Regan 1981 
R, L. Hall, WV, DNR, 

pers . commun . c 
Dumke and Frank 1982 
Dumke 1982 

Pane 1980 
J. Urbain , MI, DNR , pei:s. 

commun. c 
Pane 1980 
Brown 1977 
McConnell 1977 
Deknatel 1979 
Gottschalk 1977 
McConnell 1979 
M. L. Lapisky, RI, DNR , 

pers . commun , c 
McConnell 1977 
Dumke and Frank 1982 

aAll state fish and wildlife agencies within the bobwhite's range pi:ovide some 
degree of technical assistance. 

bPrimary thrust of the programs although other objectives may be involved . 
Cinformation gathered via questionnaires to state fish and wildlife agencies , 

compliance in the use of the planting stock for 
wildli fe habitat improvement . 

The pi:imary thrust of Pennsylvania's 
Cooperative Farm Game Progi:am is public access for 
hunting , Similai: progi:ams are oftered by 
Maryland, New Jersey, New Yoi:k, and Wisconsin with 
Maryland's program unique in providing litter 
i:emoval in addition to the usual landowner 
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services . More dii:ect economic incentives foi: 
hunting access are provided by North Carolina's 
Game Lands Permit, which has opened 2 million 
acres to public hunting since 19 71, and Michigan 's 
Public Access Stamp. 

Nebraska uses a portion of the r evenue from a 
Habitat Stamp t o protect and improve key habitats 
on private lands with a bonus if public hunting is 



allowed. In the initial fours years of this 
program, about 40,000 acres were enrolled under 
1,800 contracts (Edwards 1981). The average 
payment for habitat improvement was about 
$18/acre. Iowa uses about $100,000/year from the 
sale of Wildlife Habitat Stamps to cost-share the 
establishment of switchgrass on private lands 
(George et al. 1981). This practice provides 
nesting cover for upland birds . Less direct 
economic assistance is offered under the 
Acres for Wildlife programs available in at least 
nine states within the bobwhite ' s range (Table 1) . 
Typically, the state fish and wildlife agency 
provides coordination and technical assistance 
with co-sponsoring organizations and youth groups 
spearheading landowner enrollment . Participation 
usually requires protecting at least one acre for 
one year . 

Ohio ' s ambitious Pr i vate Lands Wildlife 
Management Pr ogram was initiated in 1980 with a 
goal to acquire management control of 25 
acres/mile2 in 202 t ownships (Toepfer 1981 ). The 
Ohio Division of Wildli fe ' s contribution t o the 
interagency effort was $1. 5 mil lion i n FY 1981 and 
$3 million was proposed for FY 1982. Six 
practices we r e available to provide nes ting cover ; 
cost-sharing fo r food patches was also offered. 

States have al so used leases, zoning , and tax 
i ncentives to preserve wildlife habitat and 
provide publi c hunting (Walton 1981 ). Indi ana 
l eased small plots (2-1 0 acres) as refuges for 
10--year contracts during the period 19 41-1959 and 
furni s hed plant materials for food and cove r 
developments. Kirkpatrick ( 1977) discovered land 
use at 86 percent of the plots (n=43) favorable 
for wildlife production five years after the last 
lease had expired . Minnesota and Wisconsin use 
zoning to restrict development along waterways, 
and Wisconsin also empl oys a restrictive covenant 
to preserve agricultural and wildlife la nds 
(Walton 1981). Forty-eight states have adopted 
farmland preservation measures , most employing 
preferential property -tax assessment (Council on 
Environmental Quality 1979), but ·the penalties for 
conversion have been questionably effective in 
preserving rural lands (Roe 19 76) . Minnesota and 
Indiana make property-tax exemption and credits 
available for the preservation of key habitat 
components . Texas offers tax incentives where by 
agricultural and forest lands are taxed according 
to expected income and special exemptions are 
available to non-profit organizations holding 
wildlife lands (Walton 1981). 

WISCONSIN PROGRAMS 

Wisconsin is currently evaluating three 
wildlife management assistance programs for 
private lands with implications for bobwhite 
quail--Acres for Wildlife, Project Respect, and 
the Quail Management Program. The 
Acres for Wildlife program is an interagency 
effort involving the Departme nt of Natural 
Resources (DNR), the Cooperative Extension 
Service, and the Department ~f Public Instruction. 
The primary objective of the program is to create 
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an awareness of the need t o conside r wildlife when 
making land use decisions. 

Informational brochures, 4- H project manuals , 
and free shrub packets are the only habitat 
management aids currently provided by the 
cooperating agencies . Participation in the 
program, as gauged by requests for materials , is 
low in the quail range . Enrollees are dedicating 
primarily non- cropland trac t s already important as 
wildlife habitat . Although Acres for Wildlife is 
applied in a non-targeted manner , the pr ogram 
could be promoted by youth groups in selected 
areas t o enhance food and cover r e l ationships fo r 
a featured wildlife species, e . g., bobwhite 
quail. 

The Proj ect Respect program i s designed to 
foster a better relationship between private 
landowners and hunt ers . The DNR supplies hunting 
permission fo rms, arm bands, and s i gns . Wi thin 
the quail range, 181 farms encompassing 42 , 787 
acres were enrolled f r om 1977-1979 for the 
primary purpose of controlli ng trespass associa ted 
with deer hunt ing . Quail hunters may have been 
gi ven access to these lands prio r to enrollment 
had they asked permis s i on. Technical assistance 
and free plant materials for wildlife habitat 
improvement a re offered under the Project Respect 
agreement, but few landowners request ei the r . 
The program could be t a rgeted at opening blocks of 
habitat to quail hunting , and the link between 
"access" and "habitat e nchancement" could be 
s trengthened at these sites . 

The Quail Management Program has two 
objectives: (1) to double premanagement quail 
densities and stabilize popula tion fluctuations , 
and (2) to develop incentive programs for wildlife 
management on privat e l ands . Habitat r es tora tion 
was the prima ry management thrust, and the 
prac tices were applied on a 60 mile2 area in the 
heart of Wisconsin's quail range. DNR personnel 
representing wildlife, forestry, and research 
functions prepared management prescriptions in 
consultation with USDA county officials. 

Hetween 1975 and 1980, 117 landowners were 
contacted to solicit partici pa tion in habitat 
development activities and 100 landowne rs (85 
percent) ultimately participated in the program 
(Dumke 1982) . This high level of cooperation 
exceeded the expectations of local resource 
managers and reflected an adequate incentive 
program and an effective delivery system. The key 
elements in this program that contr ibuted t o i ts 
success were (1) personal contact, (2) early 
support by community leade rs, (3) flexibility in 
cooperative arrangements , (4) an acceptable 
agreement, and (5) interagency cooperat i on. 

Personal contact was perhaps the most impo rtant 
factor in attaining a high leve l of cooperation in 
habitat improvement activities . Newsletters we r e 
used to introduce the program and provide pr ogress 
r eports to management area landowners (317 
ownerships) . Typically , three to four visits 
(about five hours) with the landowner were 
required to fur ther outline the project and 



ultimately negotiate a satisfactory farm pl an. 
These conversations were designed to gain an 
appreciation of the landowners' objectives for the 
property and the constraints that infringe d on our 
cooperative management of the land. 

A USDA report (U.S. Department of Agriculture 
1976) emphasized the importance of interpersonal 
c ontacts in motivating farmers to adopt a 
particular management practice. Printed 
information promoted awareness in the predecision 
period, but adoption of a prac tice was enhanced by 
the presence of an information source that 
interfaced directly with the people involved . The 
report also indi cated that the information source 
must be viewed as highly credi ble by the farmers . 
We found that biases caused by adverse press and 
previ ous experience can be overcome by restoring 
confidence through personal contact. 
Reinforcement of thi s confidence is accomplished 
by having a flexible working arrangement with 
potential coopera tors and local support by 
community leaders and resource managers in other 
agencies . 

Conversations between neighbors at social 
functions and at community gathering places were 
important in spreading the news of a "good" DNR 
project. We developed a good rapport with 
individuals whose opinions were viewed favorably 
in the community. The answers for questions 
regarding DNR's motives were available in the 
community, i.e., from neighbors and com-;;;;::;-nity 
leaders. 

Flexibility was the key word in the approach 
used to solicit coopera tors for habitat 
improvement activities . A signed agreement was 
the only common denominator; all arrangements were 
subject to negotiations. Our assumption was t hat 
a program that emphasizes flexibility may require 
mor e time during the negotiation process , but the 
l evel of cooperation will be greate r and more 
sustained . 

Habitat r es t o ration activities of the Quail 
Management Program were designed t o improve wi nter 
fo od and cover relationships for quail . Bobwhite 
quail were most abundant in Wisconsin during the 
mid-1800 ' s when pioneering farming practices 
provided ample brushy cove r and an abundance of 
waste grain for winter fo od ( Kaba t and Thompson 
1963) . The grazing of woodla nds, more ef fi cient 
harvesting of grains , and i ntensif ication of 
herbicide use r esulted i n the loss of critical 
food and cover component s , The management 
str ategy was to provide secure wintering sites 
connect ed by a network of continuous hedge . 

Within t he 60-section management area , 26 units 
of cont i guous , physiographically similar habitat 
were identified. Traditional and potential 
wintering sites for quail were located and 
prescriptions written to improve food, cover, and 
di spers a l features , The management units were 
prioritized fo r habitat deve l opment based on t he 
potential f or producing a cont inuous web of 
hedgerows encompassing at l eas t three to fou r 
wintering s ites. Within the high priority 
management units the landowners with key e l e ments 
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in the plan were contacted first , If the property 
owner(s ) demonstrated an interest in the program, 
his (thei r) ideas were solicited and incorporated 
into a tentative plan. Subsequent negotiations 
produced a fi nal fa rm plan and a 10-year agreement 
outlining the cooperative arrangement . Most often 
the property owne r s ' contribution was the land 
de voted to wildlife production and DNR's 
contribution was the labor and materials for 
habitat improvement. 

Over 465 , 000 shrubs and conife rs were planted 
to create about 32 miles of new or improved hedge, 
six miles of enhanced riparian corridor, 11 miles 
of improved woodland edge , and 191 plots, The 
plots t o taled 196 ac res and varied from a clump of 
spruce covering about 1,400 ft2 to a 6. 7- acre unit 
with conife rs, shrubs, brush piles, nesting cove r, 
and food patches of l egumes and sorghums . So r ghum 
food patches were planted on 75 plots; 13 of these 
sites had legume patches as an auxiliary food 
source for early winte r. Sorghum patches were 
about 1/4 acre in size . The DNR cost of 
installing habitat improveme nts on the typical 
property was $1,600. 

The targe t spe ci es for t his prog ram was the 
bobwhite quail; nonetheless, the promotional 
strategy featured the total wildlife benef its 
provided by the habitat improvements. Development 
costs could be charged to the production of the 
favored wildlife species, but the economic values 
are difficult to assign . The agreement developed 
fo r this pilot progr am does not r equire the 
coopera t or to allow access for recreational use of 
the wildlife produced. 

IMPLICATIONS 

The high level of participati on in the Quail 
Management Progra m suggests that certain cohorts 
of the priva te sector are willing to work 
cooperatively with land managers t o impr ove our 
wildlife resources , The labor intensive a pproach 
used on the quail project was effective, but not 
practical for rangewide applica tion. An 
interagency, comprehensive land management 
approach is needed . Wildlife habitat can be 
benefited by the improved management of soil, 
water, plant, and animal resources using a 
multi-purpose, integrated approach (Dumke et al. 
1981:544, Karr 1981, McConnell 1981) . 

Federal programs , such as the SCS Smal l 
Wate rs hed Program , pr ovide the bas i c t ools fo r 
better land management; what is needed is better 
leadership in all disciplines and at all levels 
(McConnell 1981) . State fis h and wildli fe 
agencies should encourage interagency, 
multi~disciplinary work g r oups to explore i mproved 
private-lands management with wildlife values 
gi ven equitable treatment , Wildlife resource 
advi so r y c ommittees can pr ovide the needed 
emphasis . 

Specific programs fo r quail habi tat management 
on private lands will likely work best under a 
user- pays concept involving hunting r ecreation. 

/ 



State agencies should encourage landowner 
cooperatives or large corporate ownerships 
practice habitat management for quail with 
benefits offered to hunter cooperatives or 
hunting public on a fee basis. 

to 

the 

The most successful pr ograms will have 
provisions for dealing with important 
di sincentives to program acceptance including 
contr ol of access and hunter numbers , liability 
f or injury, animal damage, and slow results from 
habitat developments. Economic incentives such as 
direct cash subsidies or tax exemptions and 
indirect benefits such as plant mate rials, birds 
for stocking, and technical advice will be 
required; personal and social incentives will also 
be present in the be tter programs (Svoboda 1980) . 

The impetus fo r new programs can originate f r om 
any sector and most often results from the 
persistent efforts of one individual. For 
example, the Minnesota property tax credits for 
wetland preserva t ion resulted largely from the 
efforts of Carl Madsen with the U.S. Fish and 
Wildlife Service . State age ncy personnel (and 
other interes ted persons) must develop proposals 
and seek colleague and agency support, 
interagency endorsement, conservation organizat i on 
interest, legislative action , and fi nally , public 
acceptance i f we are to improve wildlife habitat 
on privat e lands . 
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THE INFLUENCE OF LEASING UPON WILDLIFE MANAGEMENT AND HUNTING 

OPPORTUNITY 

MICHAEL D. PORTER, Noble Foundat i on , Inc., Route One, Ardmore, OK 73401 

Abstract: Leasing can stimulate better wildlife management on private land. 
Thus wildlife professionals should support leasing. Private landowners provide 
most hunting opportunity but r eceive a disproport i onat ely small share of the 
revenue gene rated by hunting . Leasing is a just system that pays the person 
producing wildlife and charges the person using it. Leasing is not always 
detrimental to hunting opportunity . Considerations concerning the effect of 
leasing upon hunting opportunity are less important than conside rations 
concerning the effect of leasing upon wildlife management . 

Leasing of priva te land for hunting is a 
controversial t opic among wildlife pr ofessionals; 
some actively support it, some passively accept 
it , and some aggressively oppose it. Here in 
Oklahoma , I have met several wildlife biologists 
who oppose the concept of leasing fo r hunting. It 
is unfo rtunate t hat wildlife professionals are 
divided on this i ssue . I be lieve leasing promotes 
bet t er management of wildlife species that are 
deemed economical ly valuabl e , especially the game 
species . In an effort to r econcile these 
di f f e r ences of opinion, this paper discusses the 
influence of l easing upon wildlife management and 
hunting opportunity . 

I believe the fundamental relationships betwee n 
leasing, wildlife management, aru:I hunt ing 
opportunity are essentially the same for most game 
species . Therefore, much of the discussion in 
this presentation refers to game species in 
general instead of only bobwhite. 

Leas ing fo r hunting is a common form of the 
broader concept, r ecreational leasing. I define a 
recreational lease as an agreement between a 
property owner or manager and a sportsman whereby 
the right to participate in specified recreation 
on a s pecific trac t of property is granted for a 
certain time and fee . The primary thing that is 
leased in such an agreement is the right to use 
the land for ce rtain activities . Wildli fe cannot 
be l eased by a landowner because it is publicly 
owned by the citizens of a state. 

The relationship be tween ownership of wildlife 
and control of it on private land is a paradox in 
our society . The public owns it , but individual 
landowne rs control it. Priva t e landowners control 
wildlife populat i ons because l a ndowners control 
the exi s t e nce and quality of wildlife habita ts, 
Wildlife cannot exist naturally without pr oper 
habit a t. 

90 

Most land in the United States i s private land 
(Anon. 19 58); therefore , t he greatest potential 
fo r managing wildlife occurs on priva t e land • . One 
of t he primary tasks of wildlife professionals 
should be t o convince landowners that wi ldlife is 
a resource worth conserving and improvi ng . To 
effective l y sell this idea t o landowners , wildlife 
professionals must r ecognize how society 
funct i ons . 

American s ocie ty functions basically as a 
capitalistic economy . McConnell (19 75) explains 
that capitalism is charact erized by the followi ng 
basic features: 1) private property, 2) f reedom 
of enterprise and choice , 3) self -interest as t he 
dominant motive , 4) competition, 5) reliance upon 
the price system, a nd 6) limited role of 
gove rnment. He further states that the price 
system is the basic coordinating me chanism of 
capitalism. In our society, the price sys tem 
strongly influences the fate of resources. I 
believe recognizing this bas i c fac t is an 
important step toward improving the fu ture of 
wildlife on private land. 

The aesthetic and ecologi cal values of wildlife 
are more important to me t han any economic or 
monetary value that could be assigned to it. 
However, I r ealize we do not live in a utopian 
soci e t y . We live and f un ction i n a capitalistic 
society where economic considera tions direct the 
future of resources. We must use t ools that our 
society responds to, such as money. Without 
tangible values for wildlife resources, I doubt we 
will change many landowne r attitudes . The U. S. 
Fish and Wildlife Service has recognized the 
importance of assigning economi c values to 
wildlife . In the 19 75 National Survey of Hunting, 
Fishing and Wildlife-Associated Recreation (Fish 
and Wildlife Service 1977), table s and f i gures 
concerning expenditures of outdoor recreationis ts 



and economi c values of various outdoor activities 
comprise about 18 percent of the data present ed . 

Leasing may somewhat bastardize a few wildlife 
resources, but without leasing , I fear habitat and 
corresponding wildlife will continue t o disappear 
at a high rate in the f uture . Leasing can help 
reduce habitat loss and even encourage habitat 
improvements (Berryman 19 57). So wha t is the 
lesser of the evils, l eas ing o r habitat l oss? 

Wildlife compe t es with livestock, crops, and 
timber for space and food. If wildlife is viewed 
as a liability due to the inconvenience and damage 
caused by hunters, fishermen, trespassers, and 
wild animals , property owners will be inclined to 
destroy wildlife and its habitat. However, if 
property owners see their wildlife as an asset, 
since it can be a source of income, they will be 
encouraged to manage for it . If we expect 
landowners t o sacrifice their time, labor, money, 
property, and agricultural pr oduction efficiency 
to produce wildlife , we should compensat e t hem for 
their efforts. In my opinion, one of the best 
ways t o r eward landowners fo r pr oducing wildlife 
is through r ecreational l eas i ng . 

Leasing will stimulate better wildlife 
management on private land (Burr 1930 , Trippensee 
1948 , Howard and Longhurst 19 56 , Teer and Forrest 
1969). Whe n landowners r eceive income from a 
product of their l and , they often deve l op the 
desire to f urthe r improve the resource. The 
situation i n Texas supports this statement. 
Recreational leasing is probably be tter 
established in Texas than other states . I have 
met several privat e l andowners in Texas who now 
hire wi ldlife biologists because they r ealize that 
better managed wildlife resources can mean better 
income . 

Wildlife is a product of the land . Therefore , 
it follows that a l andowne r pr oduces wildlife with 
his l and . He owns and controls the habitat which 
allows the very existence of wildlife. Should not 
a landowner be compensated when people t ake his 
product ? If hunters take it for free and cause 
him an inconveni ence by their presence , what 
incentive does a landowner have to produce more 
wildlife? I have met some l andowners who de cided 
t o destroy most of their game habitat to minimize 
trespassing and reduce hunter r ela t ed property 
damage . The same landowners tell me they enjoy 
wildlife, but they cannot t ole rate t he problems 
i t s presence causes . If we expect landowners to 
produce wildlife f or the public benefi t, we should 
provide them an incentive . 

The landowner is producing something that 
automatically belongs to someone else due to 
public ownership of wildlife . Yet , the public 
cannot hunt or observe this wildlife without also 
using his land. The l andowner owns the habitat 
and the right t o use the land. We should not 
expect him t o give hi s rights away fo r nothing . I 
prefer t o hunt for f r ee , rather than pay , but I 
r eal ize the landowner s hould ge t some return for 
providing game habit a t for me to hunt i n. Leasing 
provides a sys tem for the person producing 

91 

wildlife to get paid and the person using it to 
pay for it. 

Leasing will increase the cost of hunting for 
some hunters , bu t it cannot be blamed for 
destroying free hunting . Hunting is not free now. 
Hunters must pay license fees , special excise 
taxes on sporting goods, spe cial stamp fees ( i.e., 
waterfowl stamps , bowhunting stamp , white-winged 
dove stamp, e t c . ), and public hunt ing area permit 
fees . These hunting fees are paid to state and 
federal age ncies t o perform research , gather 
biological data, make and enfo rce regulations , 
educate t he public, and manage some publi c lands; 
however, they can produce only a limited amoun t of 
wildlife without cooperat i on from the pr i vate 
l a nd owners. I feel a landowner is less likely t o 
cooperate when he does not ge t a share of the 
funds . 

According to the 1980 Na tional Survey of 
Fishing , Hunting, and Wildlife-Associa t ed 
Recreation , over $8. 5 billion was spent on hunting 
expenditures in the United States in 1980 , but 
less than 3. 7 percent of this amount was spent for 
leasing hunting land , purchasing hunting land, a nd 
privat e land use fees . Yet, hunt ers pursued their 
sport on private land 68 percent of the days they 
hunted in the United States during 1980 (Fish and 
Wildlife Se rvice and Bureau of the Census 1982) . 
This national average includes all states, even 
those weste rn states that have large acreages of 
public land avail able to sportsmen. Therefore , 
the peop le that produce a l arge percentage of the 
game animals and hunting opportunity get a small 
percentage of the income gene r a ted by wildlife a nd 
hunting . 

It i s f undamental that a resource must exis t 
before it can be used . The primary r esponsibility 
of wildlife professionals should be to t he 
wildlife resources (i . e ., bobwhite popula t ions and 
bobwhite habit a t) . Our responsibility t o t he 
use rs of wildlife r esources ( i. e., quail hunters 
and bird watche rs) should always come second t o 
t his pri mary responsibility . Considerations about 
the effect of leasing upon hunting opportunity are 
import ant , but they are ove rshadowed by 
considerations concerning t he effect of leasing 
upon wildlife r esources . 

Leasing is not as de trimental t o hun ting 
oppo r tunity as many people imagine. Currently, 
most priva t e landowners allow only limited access 
t o their land for hunting in Oklahoma (Tho rwardson 
19 79) . A r eduction i n hunting opportunity caused 
by leasing ( i. e ., landowners who reduce hun ter 
numbers to accommodate lessees ) may be 
counteracted by landowners who open clos ed l a nds 
t o lease hunting . I doubt leasing will decrease 
t he t o tal number of people hun ting on private 
land. However , l easing will probably reapportion 
the hunting pressure ; that is, individual lessees 
would not necessarily hunt on t he same la nds they 
hunt ed fo r free . Also, indi vi dual hunters may not 
have the op portuni ty to hun t on as many private 
l ands as they did when hunting access was f i:ee . 

Leasing may even pi:ovide more hunting 
opportunity than it suppr esses . Leasing should 



help maintain game habitat; with leasing, there 
should be more quali t y places to hunt than there 
would be without it , 

If all land became leased someday, it would 
reduce hunting opportunity--primarily because 
there is a finite quantity of land and a 
continup lly increasing number of hunte rs. 
However , as long as there are open publi c hunting 
lands available in our country , t he re will always 
be opportunity for hunting. In addition , I 
believe there will always be private lands which 
are not leased . There is a place in t his country 
for public hunting land, private land leased f o r 
hunting , private land hunted for f ree, and pr i vate 
and public lands closed to hunting . This country 
can manage many diverse needs . 

Some of my f riends a r gue that l eas i ng will make 
hunting too expensive for the average hunter. 
This would be true if all l and became leased . 
But as l ong as the r e are public hunting lands, 
there will be inexpe ns ive places to hunt . For 
this r eason , I feel that rec reational l easing mus t 
be rest r icted to private land . Also in accordance 
with our res ponsibility to hunters, wildlife 
biologists s hould support the use , maintenance , 
and increase of publi c hunting areas . 

I agr ee that leas ing may make many quality 
hunting places more expe nsive . However, without 
leas ing , there will probably be less quality game 
habita t in the fu ture and therefore fewer quality 
hunting places available . At l eas t, leasing 
should give more hunters a choice of good quali t y 
hunting . 

I believe leasing will benefi t certain wildlife 
species more than othe rs . The primary emphases of 
most hunting lease s that I am familiar with in 
Texas and Oklahoma are white-tailed dee r , 
bobwhite , or wate rfowl . There a l so exist hunting 
l ease s which s tress mule deer , pronghorn antelope , 
pheasant , turkey , mourning dove , fox squirrel, or 
o ther animals ; but in my experience , t hese types 
of l eases are not as common i n Texas and Oklahoma . 
Since bobwhite is one of the "big three" mentioned 
above, the economi c influence of l e asing is likely 
to significantly benefit quail management . 

Ove r all, this di scussion expl a i ns that l eas i ng 
can stimulate be tter wildli fe management on 
private land . Leasing i s not a panacea t o our 
wildlife habitat pr obl ems (Hines 1953) , but it is 
another t ool we can use to maint ain and impr ove 
wildlife habitat . To encourage more landowners t o 
improve their wildlife management , we should 
e ncourage t he pric i ng of wi ldlife resources on 
pr iva t e l and . 

Leasing wil l evolve t o satisfy t he desires of 
the people involved with it . Wildlife 
professional s should become involved now during 
its early stages . 
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A RADIO TRANSMITTER FOR QUAIL1 

L0RVEL J. SHIELDS, Tall Timbers Research Station, Tallahassee , FL 32312 
B. S. MUELLER, Tall Timbers Research Station, Tallahassee , FL 32312 

Abstract : This paper describes a small radio-transmitter that has bee n 
developed specifically for use on quail. The transmitter weighs 5g , is 
disk - shaped (25mm diameter X 7mm thick) and i s worn on the chest . It is kept 
i n place by a harness made from nylon covered, stainless- steel wire that also 
fooctions as the ant enna . Because of the transmitte r ' s ligh t weight , shape , 
and position , quail seem t o tolerate it very well . Also, it cannot be seen by 
aerial predato rs . The nominal signal consists of 30 msec pulses with a 
frequency of l ha . Movement produces one extra 40 msec pulse per cycle , 500 
msec after the 30 msec pulse . These characteristics allow for r elatively 
simple automatic de t ection and recording of activity . The transmissi on range , 
using a commercially available 3- element Yagi and receiver, exceeds one-half 
mile . Life expectancy is about 60 days . Components for the transmitter cost 
about $25. 00 ( 1981 ) . 

1Abstract only . 
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CLOSING REMARKS 

LARRY G. TALENT , Zool ogy Department , Oklahoma St a t e Un i ver sity , Stillwater , OK 74078 

Thi s 8obwhite Qua i l Sympos ium i s primarily the 
pr oduct of one man 's e f fo rt. Fra nk Schito skey 
accep t ed t he chal le nge of putting this meeting 
toge t her a nd assumed the prima ry responsibility 
i n t he pl anni ng , o r ganizatio n, c oo rdi nation , and 
e d i t o r ial p hases tha t ma d e thi s symposium a 
r eali t y . 

In 19 8 1, Dr. Schitoskey asked Tom Sande rs, 
Eliz a be th Schitoskey, and me t o be me mbe r s of the 
S t eering Commi ttee for the sy mposium. 
Subseq uentl y , we determined t he objectives of t he 
sympos ium a nd s e l e cted s e ve r al topics that we 
felt we r e pa rticularly ge rma ne t o bobwhite qua il 
manageme nt in today ' s so ci e ty. We felt tha t the 
pro ble m of rapid deterioration of prime quail 
habitat had t o be addressed. Likewise , an update 
was ne eded o n the e ffects of disease , 
environmental toxi cants , and harvest patterns on 
bobwhite populations. Manuscripts were solicited 
from s e veral of you who are active in resea rch in 
these areas . On behalf of the Steering 
Committee , we thank each of the authors of the 
solicited manuscripts for your time, your effort , 
and your professionalism. You have made a great 
contribution , not only to thi s meeting , but also 
to the profession of wildlife bi o l ogy through 
your years of dedicated wo r k . 

We also want to thank the authors of the 
volunteered papers and those of you who 
participated in the panel discussion . These 
papers have rounded out the cont ent of this 
symposium and addressed several issues tha t are 
currently the focus of r esearch and management of 
bobwhite quail. 

liesides those of you who submitted 
manuscripts, a number of other individuals 
contribut ed greatly to this meeting . 

1. We are g r a teful to Bill Al t man for chairing 
the Quail Hunters Field Events , He, with the 
help of a committee consisting of E , Epperson, 
John Floyd, Howard Jarrell, and Delmar Smith , 
planned and organized those events. We also 
thank Fred Oliver for serving as Master of 
Ceremonies , and we are indebted to each 
individual who participated in specific fi e ld 
events . 

2 . We thank our chairpe rs ons , John Barclay, 
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3 . 

Scot t Shalaway , John Skeen, and Eli zabet h 
Schitoskey , f o r oversee i ng se c tions of the 
pr og ram . And we t hank Billy Te al s for 
s erving as mo derat o r of the pane l di scu ssion 
on p ub li c use of pr ivate land. Each of t hese 
people did a n excelle nt j o b. 

We are also i ndebted t o Okla ho ma Sta t e 
Un i ve rs i t y fo r u se of its facilities , In 
part icu la r, we thank t he Arts a nd Sci ence 
Ext ension Off i ce and the Student Union f o r 
the ir coope r a tion . 

4 . The Okla homa Coope ra t i ve Wild l i fe Resea r ch 
Unit s e rve d as the hos t f or thi s symposium, 
and we t hank all Unit pe rs o nnel involved . 
We e spe ci ally thank Jud y Gray for he r 
e nthusi astic assistance . 

S. The Student Chapter of t he Wildlife Soci e ty 
assi s ted i n pr oviding tr a nsportatio n f o r some 
of you t o and from the airport . Thos e 
students who helped out in this c apacity have 
our sinc e r e thanks. 

6 . Finally, we thank the f o llowing sponso rs for 
financi a l support : 

The Oklahoma Cooperative Wi l dlife Res e ar c h 
Unit 

The Oklahoma Department of Wildlife 
Conservation 

The U. S . Fish and Wildli f e Service 

Okla homa Sta t e University 

Th<" Oklahoma Chapter of the Wildli fe Society 

The Inte rnational Quail Foundation 

The papers presented over the last two days on 
bobwhite quail represent an overview of current 
research and management pr o blems that are being 
addressed in the U.S. today . Dr . Klimstra 
presented an eloquent summation of the state of 
the art of bobwhite quail management and provided 
a great amount of food for thought. 1 hope each 
of us will reflect back on his comments f rom time 
to time. Dr . Klimstra pointed out the urgency of 
the present day s ituation . At one point in his 
presentatio n, he made the following c omment: 



"Exami natio n of the literat ur e on t he bobwhite 
sugge st s that we have e ither cons i de r ed , by i n 
large , that the r e is no mo r e t o be l e a r ned about 
this important bird or we have , in ge ner al, gi ve n 
up hope that anything can be done t o impr ove its 
status . " A r eview of the last 30 year s of the 
Journal of Wildlife Management ce rtainl y s upports 
this statement. But is the literature a good 
indicator of the interests and goals of wild l ife 
researchers ? Probably not . l think wildlife 
researchers are as eager to study bobwhites as 
ever, but funding agencies across the count ry 
presently do not consider the bobwhite a high 
priority species . 1:low do we convince 
administrators that bobwhites a re high prio ri t y ? 
I do not know the answer, but it must be done . 
We certainly do not be lieve there is no more t o 
be l ear ned about bobwhites • . With de s truc tion of 
habit at occurring on a daily basis and quail 
abundance decreasing in most parts of its range, 
there has never been more need for research on 
bobwhites than exists today. The specific areas 
that need additional research are overwhelming . 
As pointed out numerous times, there is a need t o 
conduct rese arch on local popula tions because we 
cannot necessarily use the results of r es e arch 
conducted on a population in one type of habitat 
for managing quail anywhere else where habitat, 
climate, and soil conditions are different. 
There does appear, however, to be a number of 
areas that deserve special consideration for 
future and continuing research that may have wide 
appli cation throughout the species' range, 

Firs t, there is a need t o develop l ow cost 
census methods that are sufficently sensitive to 
monitor small fluctuation in populations in l ocal 
as well as regi onal areas. Without reliable, 
consistent, and accurate census methods, we 
cannot evaluate the effects of specific habitat 
manipulations or harve st methods. In the past, 
determining population tre nds was adequate in 
most cases . After all, we were all taught that 
in r-selected species such as quail, we did not 
have to worry about small fluctuations . lf, 
however, we are t o manage quail in~ professional 
manner a nd avoid sometimes valid criticism by 
anti-hunting groups, we must be able to document 
the effects of specific management tactics. The 
work of Dimmi ck, Wells, Kellogg , and others 
s hould be helpful in this r egard . 

Second, there is a paucity of inf ormation on 
the reproduc tive ecol ogy , particular l y brood 
ecol og y , of bobwhite quail . A real need exists 
for research on the specific habi tat requirements 
(not necessarily preferences but requirements ) of 
quail broods i n relation t o habi tat type, food , 
cove r, a nd s pa ce . Survival patterns need to be 
studi ed in r e l a tion t o s pecif i c habitat 
management practices . Innovative ex periments 
need t o be conducted t o test specific hypotheses , 
Short term studies in so called "natural habitat" 
will pr ovide baseline information from which 
hypotheses can be generated, but only long term 
studies that test multiple hypotheses will 
provide the information necessary for maximizing 
quail production on intensively managed public or 
privat e land. 
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Third , additional research is needed on the 
s ynergi s tic effe ct s of environmental contaminants 
on quail sur vi val and r eproduct i on in natural 
habitat , As Stromberg poi nt ed ou t , l ab studies 
without application t o field condit ions provide 
lit t le insigh t i nto the effect s of suble t hal 
doses of toxi cant s . Innovative expe riments t ha t 
i nvo l ve both l a bor a t o r y and field wor k could 
do much to e lucidate the effects of l ow-level 
doses of contaminants , pa rticu larly pestic ide s 
a nd herbicide s , on quail populat ions . 

Fourth , the pr oblem of compensat o r y vs . 
additive mo rtality of hunting needs fur ther 
inves tiga t ion, As Dr . Ros eberry poi nted out , 
hunting and non-hun ting mo rt ality a r e not 
comple t ely compensat o r y . We need t o know a t wh a t 
l evel of harve st does hunting 100rtality become 
addit i ve and under what t ypes of habitat a nd 
climatic conditions would we expect additive 
mortality t o be most signi fi cant. 

These are certainly not the only areas i n need 
of resea r ch, but I think research i n thes e a r eas 
would be su fficientl y holis t i c t o assure that 
r esults would have wide appli cation throughou t 
many parts of bobwhite range . 

Anot her important t opic di scussed at t his 
meeting was wildlife management on private land . 
This is a controversial t op i c and no easy 
solution appears in sight, However, quail will 
continue t o decrease in abundance if so l ut ions 
a r e not f ound. 

One met hod suggested f o r enhancing, or at 
least maintaining, wildlife habitat on private 
land is providing a financial incentive t o 
landowne rs for maintaining natural habitat . Much 
mo re inf o rmation needs to be available t o land 
owners in regard to cost-benefit ratios if t hese 
prog rams are to succeed in parts of this coun try. 
This type of information is not available for 
many areas . To provide such information, model 
farms that incorporate farming practices, 
ranching practices, and wildlife management into 
a profitable business are needed . These models 
could provide information on habitat management 
costs , wildlife and crop pr oduction, and total 
income derived from each operation, Such areas 
could be used for demonstration and ext ension 
education, 

One specific financial i ncentive that may be 
attractive to some landowners and result in 
preservatio n of habitat is l easing land for 
hunti ng . The question and answer session of the 
Pa nel Discussion on Publi c Use of Private Land 
cert ainly demo nstrated t he controversial na ture 
of t hi s top i c . 

The controversy on the desirability of leas ing 
as a method to preserve wildlife habitats stems , 
I think, from our failure to define our goals . 
If our sole goal is to provide more habitat for 
quail, then wildlife biologists cannot concern 
themselves with cost to hunters. If the price is 
within the reach of a suf ficient number of 
hunters to make a l e asing program cost effective, 



then it is an effective way to manage wildlife 
habitat, 

If, however, our management goal is to provide 
recreation to the maximum number of hunters , then 
we must define success in a different way, These 
two separate but not mutually exclusive goals 
must be defined early in any program. During the 
panel discussion pertaining to leasing private 
land , the s tated goal of the participants was t o 
provide habitat fo r wildlife. They demonstrated 
that in some situations leasing of private land 
is a partial solu tion to preserving habitat. In 
other words, leasing works if the landowne r can 
make a profit . The questions from the audience, 
however, quickly shifted towards an emphasis on 
hunte r recreation, As far as I could determine, 
the obj ections were not becau se l easing pr ovided 
quail habitat but because of the cost to the 
hunt e r, Therefore , we must define our goals. I 
am sure the topic of public use of private land 
will continue to be an important issue for many 
years. I suspect that as both the abundance and 
habitat of bobwhite quail continue to decrease 
due to agricultural practices, leasing in one 
form or another will gain acceptance in many 
parts of the country. Any hunting is be tter than 
no hunting to many quail hunters , and if l easing 
is the only alternative, many hunters will 
support leasing . 

In conclusion, I think this symposium has come 
at a good time. We appear t o be at one of the 
crossroads that occur from time t o time in the 
wildlife profession when we do not know which way 
management is heading in this country. The 
continuing de cline in funding for quail projects 
is affecting and will continue t o affect the 
futur e of bobwhite quail, because fewer and fewer 
quail biologists are being produced by 
universities. This is occurring a t a time wh en 
the need for energetic, innovative, and dedi cated 
quail biologists is at its highest. 

ttowever, quail biologists have a duty to, as 
one oftens hears in political circles, "stay the 
course, The goal of our research should be to 
explain, not simply describe the responses of 
quail populations to habitat changes and 
management tactics. We should collect data that 
will allow us to test alternate hypotheses and, 
in general, make better use of the Scientific 
Method, 
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