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BOBWHITE QUAIL AND CHANGING LAND USE 

•ILLIAM D. KLIMSTM, Cooperative Wildlife Research Laboratory, Southern Illinois University, Carbondale, 
IL 62901 

Abstract: The downward trend of bobwhite quail (Colinus virginianus) 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 areas 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 land-use pr-actices in concert with special programs of 
habitat development and preservation, an intensive effort to develop public 
awareness and support, the establishment of continuing long-term studies in 
connection with research-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 
ail (Colinus virginianus) have been around 
ssibly a million years. However, because of the 
ng periods of given dominating vegetation types, 

is probable that prior to intrusions by man 
nbers were few and populations widely dispersed, 
Lng associated with the boundaries and '·breaks" 
vegetation types of major ecosystems. The 

ience of bobwhites in middens in its probable 
1ge suggests other forms of animal foods were 
:e readily available and/or desirable; possibly 
: small population was an important factor. 
:h the activities of the resident Indians, local 
:terns of vegetation were altered; these 
erations probably represent the first 
ancement of quail habitat that was not due to 
ments of weather. The story of the settlement 
our country is well documented; and the 
rement in quail numbers, beginning with vigor 
ut 1800, seems a consequence of the settlers' 
d-use practices. Abundance throughout its 
ge seemingly prevailed until the mid-to-late 
O's followed by varying degrees of stability 
il the mid-20th century when declines became 
L documented. One can theorize that this 
:ern of population growth and decline exhibits 
bobwhite's "fit" in ecosystems reflecting 

:urbauce by man and an affinity with 
irmediate successional vegetational events 
1er than pre- and post-subclimax stages 

intertwined in the mesh of diversity. This 
accommodation to habitat by quail should yield 
unique and productive management possibilities, as 
such vegetational conditions are more readily 
man-enhanced than are the pre-and post-subclimax 
stages. Unfortunately, as we now well know, the 
intermediate phases of succession are likewise the 
most attractive in accommodating man's many needs 
for food and fiber. 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 
deposited in the bank. 

The trend in quail populations nationally, 
recognizing local exceptions, is downward and with 
an ever-increasing pace. A legitimate question is 
are we at a point of no recovery; is this bird on 
the way out in major portions of its range? To 
what extent can we retard (or maybe stabilize at a 
given point) the deterioration of habitat and 
9ence the quail's demise? I wish I could be 
optimistic in response to these as well as other 
similar questions tor quail anct many other species 
that occupy successional stage habitats. It is my 
intent to examine several aspects, to "crystal 
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 



critical views expressed; facts of support are 
abundant and widely known by biologists throughout 
the quail range. You will note, of course, a 
Midwest orientation throughout, but there is 
reflected nearly 37 years of interest and study. 

Examination of the literature on the bobwhite 
suggests that we have either considered, by in 
large, that there is no more to be learned about 
this important bird or we have, in general, given 
up hope that anything can be done to improve its 
status. The 30's through the 40's seemed a peak 
in the production of research and management 
papers and bulletins; indexes and federal aid 
documents suggest a reduced emphasis from 1950 to 
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 is 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 efforts. i 
personally find little comfort in most planned 
land use programs currently pr;icticed on public 
lands as the quail is really not addressed; 
seemingly, the motivation is 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 studying 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 everywhere. There is 
much evidence of grasping for any option, 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 
grips with the fundamental issue of habitat loss. 
The identification of public 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 believe 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 different 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 

provided a national soil conservation program 
which yielded outstanding data on how we could use 
our land for a wide range of integrated and 
interactive interests without serious impact on 
its resource base. Now 50 years later and after 
the allocation of 25-30 billion dollars of 
enticements, 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 to 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-operated game farms. 

Over the years, programs to restrict crop 
production, namely 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 reflect a continuing program 
and there be opportunity and encouragement for 
wildlife habitat development and management, 
opportunities to "replace" quail habitat in 
certain regions are 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 farming 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 successful, 
it reflects efficiency, but no longer as a 
self-contained unit. Because farming today is 
totally dependent on an enormous array of 
interactive processes that impact its 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 attention, and it shows 
no response to curses, 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 
iccomplish some of this, and that is through a 
,ariety of activities that focus on identification 
>f best land use practices for major soil types. 
iut there will be no progress in this direction 
dthout massive change attainable only through 
lirected, coordinated efforts. Such progress 
:equires the impact and support of continuous 
:esearch and demonstration, educational 
. nstitutions, legislation, elected officials, 
;overnment administrators, professional societies, 
.nd the public in general. ls this a "cloud nine" 
erception? Yes, but we have the capability to 
arshal such togetherness as demonstrated by World 
ar I and II. Although the nuclear age may prove 
therwise, no civilization of record has been lost 
ecau�e humans could not get along. The record 
uggests that abuse of land (soil), and 
nvironment generally, was the real cause for the 
emise of 2o+ civilizations. what are our excuses 
)r not rising above this mentality? There is 
r:tsufficient time for me to develop this issue 
)W. 

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

(1) There are many ways habitat for quail can 
improved if we do nothing more than emphasize 

st use and management of land in accordance with 
own prescriptions tried and proven over 50 years 
o. This emphasis will not result in the "good 
d days, " but it will be a major contribution 
pecially when complemented by those efforts to 
lineate areas through lease, agriculture 
tirement, acquisitions as preserves and 
lderness, etc. One cannot over-emphasize the 
c1gers of isolation and the fragility of island 
>ulations due to the vicissitudes of weather, 
,ease, parasites, predators, or competing 
�anisms. 

It is conceivable that the seriousness of soil 
>Sion could result in a blessing. However, this 
.1 occur only if the public in general and 
·ernment everywhere recognize the disaster of 

alternative, that is to ignore the problem. 
sider the contribution of strip-cropping, 
touring, windbreaks, developed drainageways, 
ired acreages of permanent cover to protect 
ginal 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. Hut, 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 
Washington 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 Conservation District, an 
admirable effort at democracy and volunteerism, is 
the recipient of this long intestinal tract, 
which originates in Washington and which is 
"tributaried" 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 of ·this 
intellectual strangulation. But examine their 
track records via publications, extension 
programs, etc. , the last 25 years. Do you find 
exception 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? Despite air:-Water, 
and soil being our essential life supports, these 
are treated as products of nature 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 ignored, considered irrelevant 
in the scheme of things? 

(3) We have no alternative but to re-establish 
essential habitat if there is to be maintenance 
and/or increase in quail numbers and their 
distribution. The widespread loss of premier 
nabitat has had an insidious effect because 
previously less important factors 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 before has the necessity for 
long-term studies, research-demonstration areas, 
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 
research 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) Never before has there been such a 
necessity for the organized efforts of 
well-trained quail biologists to study and manage 
this outstanding bird. The 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 [MliO], habitat evaluation 
procedures [HE�], 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 "sophisticated," both very noble and 
worthwhile objectives, we have forgotten that 
these are simply gimmicks, 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 slightest notion of what it means in terms of 
quail biology. We must have both the highly 
qualified field biologists and the technical 
genius; 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 segmants of the 
human population. �ore 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, in 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 to the impact of one or more of these. 
Yet, one fails to see much that suggests 
coordinated coercion and leadership by responsible 
government agencies to ensure the best for the 
land resource and its occupants. ls 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? t1any believe this the only 
approPch that will provide opportunity for 
diversity in our life and, in turn, enhance the 
bobwhite quail. But at what level will success in 

I 
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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, TN 
379011 

KALPH W. DIMNICK, lJepartment of Forestry, Wildlife, and Fisheries The University of Tennessee 
Knoxville, TN 37901 

' ' 

bOYD L. DEARDEN, Department of Forestry, Wildlife, and Fisheries, The University of Tennessee, 
Knoxville, TN 37901 

Abstract: The ef ficacy of a computer assisted habitat evaluation system 
(IMGRID: 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 from 120.4 ha in 1966 to 35.0 ha in 1980, while soybeans increased 
from 102.4 to 193. 1 ha. Idle land decreased from 212.9 ha to 178.6 between 
1966 and 1980. Bobwhite population size was negatively correlated with the 
area maintained in soybeans (r = -0.63) and positively correlated with 
pastures (r = 0. 76) and idle land (r = 0. 76). Multiple component analyses 
indicated highest use by bobwhites of ( 1) areas where idle land, forests, and 
agriculture came within close proximity, (2) areas near food plots, and (3) 
idle land alone. Single component analyses identified high use by bobwhites 
of idle land, wild herbaceous vegetation, and food plots. Within forests or 
idle land, bobwhites preferred areas containing honeysuckle. 

The quality of nabitat is one of the most 
important factors influencing the fate of many 
wildlife populations today. The importance of 
habitat necessitates developing a suitable, 
comprehensive system of habitat evaluation. Such 
a system should be capable of identifying 
critical components of habitat and forecasting 
the effects of manipulating these components. It 
would be useful for determining a site's 
potential for wildlife as well as being a 
predictive tool for wildlife managers. 

Originally, analyses of habitat features were 
facilitated through observation of aerial 
photographs or cover maps (Dalke 1937, Graham 
1945, Arnold 1946) . Recent research has 
broadened the scope of these early works with 
some success (Hanson and Miller 1961, Burger and 
Linduska 1967, Baxter and Wolfe 1972, Schuerholz 
1974) . Computer technology has enhanced the 
sophistication with which habitat and population 
data can be stored and analyzed. 

Many computerized geographical systems are 
currently available that could accommodate 
diverse types of wildlife data (Wilcott and Gates 

1Present Address: Alabama Cooperative Wildlife 
Research Unit, Auburn University, AL 36849. 

6 

1977, brooks and Pease 1978) . One such system, 
IMGKID, has been tested by the Tennessee Valley 
Authority (TVA) and the Tennessee Wildlife 
Resources Agency (l�RA) on the Catoosa Wildlife 
Management Area (CWMA) (Davis 1980) . Although 
extensive work has been done on the CwMA, with a 
promising outlook for IMGRID, the majority of the 
habitat analyses have been for relatively large, 
wide ranging species such as white-tailed deer 
(Odocoileus virginianus) , European wild hogs (Sus 
scrofa) , and eastern wild turkeys (Meleagris -­
gallopavo 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 project investigated the merits of using 
IMGRID for delineating relationships between 
various characteristics and bobwhite populations. 

We would like to thank the staff of the Ames 
Plantation for their assistance, particularly 
Dr. James Anderson and Alan and Becky Houston. 
We also appreciate the support and assistance of 
certain TVA staff, particularly Stanford Davis. 
Significant financial support was provided 
through Mcintire-Stennis funds. We also 
acknowled ge the use of The University of 
Tennessee Computing Center, Knoxville, Tennessee. 
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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 m in depth and overlying Coastal Plain marine 
sediment, predominate on the area (Flowers 1964). 
Topography is moderately dissected to gently 
rolling; average altitude is 135 m (Flowers 
1964). The growing season averages 2 10 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 highly agricultural, with 
extensive areas planted to soybeans. It is 
intensively managed for bobwhites. Since 1966, 
bobwhite populations have fluctuated greatly, 
Erom 3.8 birds/ha in December 1972 to 1.4 
)irds/ha in March 1980 (Table 1). 

rable 1. Census data from December and March 
:ensuses, 1966-1980, on Ames Plantation in west 
rennessee. 

1onth Year Number 
of Coveys 

larch (Pre-breeding) 
1967 76 
1968 81 
1969 82 

1970 66 
1971 77 
1972 95 
1973 85 
1974 62 

197 5 61 
197ga 61 
1980 50 

:an 72. 4 

�cember (Post-breeding) 
1966 90 
1967 101 
1968 108 
1969 73 
1970 89 
1971 111 
1972 111 
1973 93-
197 4 66 
1976a 72 

1977 83 
1978 65 
1979 62 

an 86. 5 

bruaryb 
1980 59 

::ipulations not censused 
r- December 19 75. 

x Birds/ Total Number 
Covey Birds Found 

12 .2 925 
13.2 1,023 
12. 6 1,033 
12. 6 832 

12. 5 964 
13. 0 1,2 69 
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 7 6-19 78 

iditional 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 field 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, pasture, wild 
herbaceous vegetation, idle land, and forests. 
The three most abundant cover types in each grid 
cel l 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.) (Beeman 
1977). Numerical values were arbitrarily 
assigned to these components in such a way that 
IMGRID could later detect the various 
combinations of habitats in each grid cell. 

During 1980, information on honeysuckle, 
forest types, herbaceous vegetation, and land use 
was collected in the fiel d at a higher resolution 
(grid cells represented O. 25 ha) for a more 
detailed evaluation 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 ), hoderate (251-500.0 g/m2), or Abundant 
(more than 500 g/m2 ). 

The data collected at the 0.25 ha grid cel l 
size were generally encoded as ranked values 
representing specific data entities. For 
example, the data encoded for the forest type 
data element were the following: 

Data code 
00 
01 
02 

03 
04 
05 
06 
07 
08 
09 
10 

Forest type 
None p·resent 
Seedling pine 
Seedling bottomland hardwood 
Seedling upland hardwood 
Cedar 
Pole sized pine 
Pole sized bottomland hardwoods 
Pole sized upland hardwoods 
Sawtimber pine 
Sawtimber bottomland hardwood 
Sawtimber upland hardwood 

A planimeter was used for 1980 data to 
calculate the area maintained in each habitat 
type. II>fGRID was also used to assess the 
composition of habitats. T-tests were then used 
to compare IMGRIU's estimates to those calculated 
by the planimeter. 

Mean population estimates were derived for the 
years 1966, 1971, 1975, and 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 Ames Plantation, surrounding the years 
from which U!GRID habitat data were available. 

Population Average 
Category Census Size Population 

December 1966 1, 184 
March 1967 �25 
December 196 7 1,478 
I-I.arch 1968 1,078 
December 1968 1,505 
March 1969 1,033 

1966 1,200.5 

December 1969 1,077 
March 1970 832 
December 1970 1, 179 
March 1971 964 
December 1971 1,334 
March 1972 1,269 
December 197 3 1,587 
March 197 3 983 

1971 1,152.8 

December 197 3 1, 145 
March 1974 881 
December 1974 847 
March 197 5 637 
December 1976<1 897 
March 1977b 681.7 

197 5 814.8 

December 1977 1, 101 
March 1978b 836. 7 
December 1973 782 
March 1979 701 
December 1979 736 
I-I.arch 1980 573 

1980 788.3 
AJ)ecember 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 
features with census data for 1966, 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 
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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) . I mportant 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 1. These combinations were c lumped 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 u se 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. 

RESULTS 

IMGRID accurately depicted the composition of 
habitat when compared with the area defined by a 
planimeter. Subsequent IMGRID analyses detected 
major changes in land use between 1966 and 1980 
(Table 3) . Pasture decreased from 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 percent) 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 between December 
and March censuses were found for most years of 
the study (P < 0.05) . For this reason censuses 
for each year-were combined for analysis. In 
instances Where there were significant 
dif ferences 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, 
f orest, and agriculture; and grid cells 
containing food plots. Pastureland was highly 
used during 1966 and 1971. 

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

The intensive multiple component analysis 
performed during 1980 indicated that edges of 
idle land and wild herbaceous vegetation were 
highly preferred. The intensive single component 
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Table 3. Composition of land use for 1966 ,  1971, 1975, and 1980 on Ames Plantation. 

No. of ha No. 
Land Use Type in 1966 

Pine 55. 4 
Rardwoods 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 
Pasture 120. 4 
Milo 
Wheat 
Alfalfa 
Hay 
Field Peas 15. 8 

nalysis for 1980 also defined idle land and wild 
erbaceous vegetation as the most highly used 
abitat types. 

Additional IMGRID analyses for 1980 data found 
rid cells with honeysuckle to be preferred over 
lQse without. A moderate (251 g/m2 - 500 g/m2) 
msity was favored. Bottomland hardwoods we�·e 
le preferred forest type, and idle land or 
,rest types with honeysuckle were preferred 
>vey locations. 

The area maintained in row crops was not 
ghly correlated with bobwhite populations. 

,wever, as soybean acreage increased, bobwhite 
mbers declined (r c -0.63). The amount of idle 
nd (r = 0. 76) and the amount of pastureland (r 
u. 76)  were positively correlated with the 
mber of bobwhites on the study area. 

SCUSSION 

Soybeans are a preferred food source on Ames 
tntation, and they provide excellent habitat 
'. bobwhites throughout much of the year 
1banks and Dimmick 1974). However, harvested 
'bean fields provide no �rotection for 
,whites during critical winter periods. Use of 
·bean habitat was highest during the two years 
which acreage was lowest. During the two 
rs in which soybean acreage was greatest, the 
t highly used habitats were those supplying 
er, such as fallow fields, wild herbaceous 
etation, and idle land. By 1980, 23.2 
cent of the MFTC was planted in soybeans, much 
this in large fields. These large expanses of 
Jeans replaced large idle fields and permanent 
:ures, perhaps creating shortages of necessary 
:er cover. 

ldle land was consistently one of the most 
ily used habitat types. Idle land 

in 
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 16 9. 5 163. 5 
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29.3 30. 8 
56.5 52. 3 35. 0 

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

5. 3 2.2 
4.3 

characteristically contained herbaceous 
vegetation often accompanied by dispersed 
hardwoods. These conditions provide ideal 
situations for quail (Klimstra and Roseberry 
1975, Roseberry et al. 1979). Idle 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 (1972). As a result, bobwhites have 
shifted to forests for winter cover. Forests 
were not highly used by bobwhites for food on 
Ames Plantation (Eubanks and Dimmick 1974), and 
the widespread use of forests is nontraditional 
(Stoddard 1931:404, Murphy and Baskett 1952, 
Kabat and Thompson 1963:55, Casey 1965). High 
use of hardwoods indicates a shift in importance 
from traditional early successional herbaceous 
vegetation to closed overstory forests. Use of 
these marginal habitats is unfavorable for 
bobwhites. 

high positive correlation of bobwhite 
populations with pasture is not normally 
expected. However, the pastures maintained on 
the MFTC in 196 6 and 1971 were lightly grazed 
and, therefore, resemble old field habitat. High 
use in those years reflected adequate densities 
of herbaceous vegetation interspersed in some 
cases with food plots. Perhaps also important, 
but not derived from this study, these pastures 
provided excellent nesting habitat. 

Food plots, although comprising a relatively 
few hectares, were important to bobwhites 
throughout the study. These plots were 
established 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 also contained 
vegetation that could have been classified as 
idle. As pastures were converted to soybeans, 
the importance of unharvested food plots 



pers isted, but their usefulness was likely 
related to their provision of cover as well as 
for food. r'or 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 censuses may push birds into 
heavy cover and overestimate the importance of 
honeysuckle or dense cover. However, it is 
believed that increasing scarcity of these areas 
is limiting the quail population on the MITC. 

Use trends may not accurately 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 censuses may underestimate the 
importance of soybeans. The various IMGRID 
techniques used for analysis minimize these kinds 
of biases. 

MANAGEMENT IMPLICATIONS 

Extrapolation of data on the relative 
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 
row crops was maintained. Subsequent changes in 
land use patterns were accompanied by marked 
declines in bobwhite numbers. Transition lanes 
between soybeans and hardwoods have been shown to 
buffer shortages of adequate cover and to be 
beneficial for bobwhites (Rosene 19 69). 
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. 

Diversity, the key to bobwhite management 
(Pimlott 19 69), may be encouraged through 
establishing smaller irregularly shaped fields. 
These fields would create 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 construction in west 
Tennessee, can be encouraged tnrough timely 
plowing or burning. However, indiscriminant 
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 protection of idle 
land in those food plots. 

CONCLUSIONS 

The IMGRID approach to habitat analysis 
successfully identified critical changes in 
habitat composition with respect to their impact 
on bobwhite population 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 constitute the 
principal food of bobwhites on this area during 
winter (Eubanks and Dimmick 1974). This negative 
correlation, 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 in security 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 late 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 at its lowest 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 area was limited by the 
large amount of manpower necessary to encode 
appropriate data. Technology now exists to 
moderate this problem, but significant habitat 
characteristics such as the presence and density 
of honeysuckle can not be encoded from aerial 
photos, requiring laborious field checking. 
Additionally, the nature of grid cell encoding 



limits the de gree of spe cificity that can be 
use d .  This can red uce the accuracy of habitat 
evaluation for spe cie s with dive rse habi tat 
requireme nts, such as bobwhites. Small grid 
cells, while partially alle vi ating this proble m, 
place ad di ti onal de mand s on field time . Thus, 
for spe cie s wi th biological characte ristics 
similar to bobwhite s, the IMGRID sy stem's 
use fulne ss i s  large ly limite d to inte nsive 
rese arch proj e cts. 

We did find the I MGRID  system ve ry use ful for 
ide ntifying key ele me nts and combinations of 
ele me nts i n  bo bwhite habitat, and for displayi ng 
these graphical ly. The sy stem  can enable the 
land use planne r to pi npoi nt are as of poor 
habitat as we ll, and to de lineate those habitat 
characte ristics that are lacking. 
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ESTIMATING BOBWHITE POPULATION SIZE BY DIRECT COUNTS AND THE 

LINCOL N INDEX 

RALPH W. DIMMICK,  Department of Forestry, Wildlife and Fisheries, The University of Tennessee, 
Knoxvil le,  TN 37901 

FOREST E. KELLOGG , Southeastern Cooperative wildlife Disease Study, The University of Georgia, Athens , 
GA 30602 

GARY L. DOSTER, Southeastern Cooperative W ildlife Disease Study, The University of Ge orgia, Athens, GA 
30602 

Abstract: Thirteen paired estimates of bobwhite (Colinus virginianus) 
populations were obtained using the Lincoln Index and a Walk Census on tw o 
study areas in Florida and one in Tennessee. Population densities ranged f rom 
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 I ndex 
estimates was defined by y = l.65x + 101.6, where y = Lincoln Index estimate 
and x = W alk Census estimate. The Lincoln Index gave an unbiased estimate of 
the "true" population; either adjusting the W alk Census estimates by doubling 
the count or using the predictive eq uation generally produced acceptable 
estimates of the "true" population. 

Assessing the effects of habitat manipulation 
md/or harvest regulations often req uires 
� asuring the animal popui ation of interest. 
: apture-r.ecapture me thods and direct counts are 
wo  commo nly used techniq ues for estimating the 
u mber of animals on defined areas (Davis and 
instead 1980). Both of these approaches have 
een used to evaluate bobwhite populations over a 
ariety of habitat types. Managers and 
esearchers continue to use variations of both 
hese methods, tho ugh neither their accuracy nor 
recision have been clearly defined. 

C apture-recapture estimates have used the 
lncoln Index estimator in which bobwhites are 
tptured in grain-baited live traps, banded , and 
!leased. A second sample is obtained either by 
tooting or trapping (Lovel�ss 1958, Kellogg et 
• 1972). Direct counts of bobwhites have 
ually been accomplished by workers 
·stematically or randomly traversing an area and 
unting the coveys or individual birds flushed 
i mmick and Yoho 1972). Frequently, pointing 
rd dogs have been used to aid in locating the 
rds (Steen 1950, Robinson 1957, Loveless 1958, 
s eberry and Klimstra 1972). E ach method has its 
o set of advantages and disadvantages. Direct 
1nts of flushed birds can be made comparatively 
l ckly and req uire little eq uipment or expertise 
rond simple map-reading and orientation skills. 
�ever, neither the proportion of the population 
m ted nor the variability of this statistic over 
� ange of habitat types and population densities 
, been defined. Population estimates based upon 
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capture-recapture methods must necessarily comply 
with the standard assumptions regarding equal 
probability of capture, minimum recruitment­
mortality,  and retention of marks. In addition to 
these constraints, the techniq ue often req uires 
large investments of time and eq uipment to sample 
an area adeq uately. This appr oa ch,  however, 
provides data which can be used to generate 
confidence intervals around the population 
estimate as well as a wealth o f  other population 
characteristics. 

The primary objective of our study was t o  
delineate relationships betwe en 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 t his study, a 234 ha 
tract on Ames Plantation , Fayette County,  in 
southwest Tennessee and two tr acts (204 and 212 
ha) on Tall Timber Research Station,  Leon County, 
in northwest Florida. The thr ee areas were 
roughly similar in shape and size but encompassed 
two distinctly dif ferent habit at types. 

Ames Plantation 

The Ame s  Plantation study area was composed of 
cropland, idle lands, and forested areas. Forests 
�ere predominantly hardwoods in small tracts 
though some small stands of loblolly and shortleaf 



pines (Pi nus taeda and P, echinata) were present 
also , Idle lands co ntained mature hardwoods 
scattered throughout extensive areas of broo msed ge 
(Andropo go n vi rgi ni cus) , creating the appearance 
of savanna, Forests contai ned mo derately dense to 
dense growth of Japanese ho neysuckle (Lonicera 
j apo nic a) scattered abundantly throughout the 
understory, Croplands were composed of so ybeans 
and cotto n; these crops were usually harvested 
prio r to the i ni ti ation of census work, Idle 
lands were burned i n  a checkerboard pattern on a 
two -year rotation, wi th about 50 percent bei ng 
burned each year. Burni ng was acco mpli shed after 
field studi es were concluded for the year. 
Topo graphy was f lat to ro lli ng; a maj or erosion 
di tch traversed the long mi d-axi s of the study 
area, Surface vi si bili ty ranged from very open to 
heavi ly o bstructed by vegetation, An abundant 
wi nter fo o d  supply based on agri culture resi dues, 
dense protective co ver, and high degree of 
i nterspersio n  of  land uses provided excellent 
habi tat quali ty for quai l duri ng the study perio d, 

Tall Ti mbers Research Statio n 

The Tall Ti mbers areas were composed 
pri nci pally of open, annually-burned, mature 
stands of lo blolly and sho rtleaf pi nes wi th 
i nterspersed li ve o aks (Quercus virgi ni ana), 
Understory was open, herbaceous plants dominati ng 
except fo r scattered experimental fire eco logy 
plots, so me of which were dense thi ckets of 
hardwoods and pi ne, Some lo w wet hammocks were 
occupi ed by li ve oak, beech (Fagus grandi fo li a, 
magno li a (Magno li a grandi floraT;'""and other 
hardwoods. Several small fields of irregular 
shape were scattered throughout the areas; i n  so me 
years they were planted to corn; i n  other years 
they were le ft f allow, Excellent visibili ty at 
surface level prevailed over almo st all of both 
study areas, To po graphy was ro lli ng , An 
abundance of natural foo ds enhanced by an annual 
prescri bed fire pro gram, so me agricultural cro p 
resi dues, and a generally mi ld wi nter cli mate 
pro vi ded an excellent environment f.or quail.  
A detailed descri ption of the TTRS area was 
provi ded by Smith ( 1980) , 

METHODS 

Li nco ln Index 

Quai l  were captured in li ve traps, banded wi th 
numbered aluminum leg bands, and released at the 
poi nt of capture, Traps were placed at an average 
densi ty of about one trap per two ha, but spaci ng 
was irregular as traps were set only i n  
appro pri ate co ver, Traps were bai ted wi th who le 
kernel or cracked corn, Trapping was conti nued 
until a very lo w percentage of captured bi rds was 
unhanded, Appro ximately 15 to 20 calendar days 
were requi red to capture suffici ent numbers of 
quail fo r the esti mate, Appro ximately two to 
three days following the end of trappi ng, 
systematic i ntensive shooting was inaugurated to 
collect a second sample of birds fo r co mputing the 
Lincoln Index, Shooti ng was continued until 
appro xi mately o ne-half as many quai l were sho t on 
the area as had been banded in that year, The 
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s tandard Linco ln Index then was appli ed to these 
data to obtain an estimate of the population, 

The second sample (shooti ng) was o btai ned as 
qui ckly as possible fo llowi ng the end of trappi ng 
to reduce potential bi as that coul d accrue from 
di fferential mortali ty and egress or i ngress of 
banded vs unhanded bi rds, So me hunti ng and 
li ve-trappi ng were done on  lands adj acent to the 
s tudy areas to obtai n an esti mate of bi as 
asso ci ated wi th egress of bi rds from the study 
area. Few marked bi rds were sho t or trapped off  
the study areas, leadi ng us to conclude that 
egress was not si gni fi cant duri ng the census 
perio d, De tailed info rmation on movement of bi rds 
at Tall Timbers is given by Smith (19 80) , 

On Ames Plantatio n, trappi ng and shooting were 
accompli shed duri ng No vember and December. On 
Tall Ti mbers this work was done duri ng January and 
February, 

Walk Census 

Walk Censuses were co nducted by teams of 5-10 
persons traversi ng the entire study area by 
walki ng. Indi vi duals mai ntai ned di stances of 
approxi mately 20 m from perso ns on each si de, One 
person served as leader and maintai ned di rection 
usi ng a handheld compass, The team worked as a 
uni t, walki ng abreast at a mo derate pace and 
mai ntai ning appropri ate spaci ng by vi sual and 
voice contact, 

When quail were flushed, thei r number was 
counted and thei r location and direction of fli ght 
were noted on a detailed co ver map, Questions 
concerning possi ble dupli cation of o bserved 
coveys, or disparate counts of the number of bi rds 
i n  a covey were answered i mme diately i n  the fi eld 
at the poi nt of action by co nsult ation wi th team 
members and/or previously reco rded data, When a 
covey was flushed but could not be counted, i t  was 
assi gned a me an value determined at the 
conclusion of the count. 

Wal k Censuses were made during December on Ames 
Plantation and duri ng F ebruary o n  Tall Timbers, A 
team of six persons requi red about 10-12 ho urs to 
complete the count on the Ames Plantatio n study 
area, and a team of 10 perso ns req uired about 8-10 
hours fo r each of the Tall Ti mbers areas, Counts 
were made imme di ately fo llo wi ng the end of a 
Li nco ln Index trappi ng session and imme di ately 
prior to the i ni tiation of shooti ng. 

RESULTS 

On the three study areas, 13 pairs of 
po pulation estimates were achi eved, In each case, 
the Linco ln Index esti ma te of popu lation size was 
greater than i ts companion estimat e made by the 
Walk Census (Table 1) , 

Lincoln Index Esti mates 

Lincoln Index esti mates of po pulation densi ties 
encountered on the study areas ranged from a lo w 
of 1. 0 bi rds/ha on Tall Ti mbers South to 7 . 6 



Table 1. Population estimation derived by Walk Censuses and the Lincoln Index on 
three study areas in Florida and Tennessee , 19 72- 1980. 

Walk Census Lincoln Index 
No, Percent No, Standard 95 % Proportion of 

Area Year Birds Flusheda Birds Error C, I, Population Markedb 

Tall Timbers N orth 
19 72 8 6 7  5 6  15 36  83  1 370- 1 702 52 
19 73 4 14 59 705 38 629-78 1 66 
19 74 3 3 7  60 5 65 4 7  4 7 1- 659 49 
19 75 2 65 65 409 3 3  34 3-475 64 
19 76 2 3 7  5 1  4 6 3  4 1  38 1-545 58 
19 7 7  18 3 48 38 3 42 299-4 6 7  5 1  
19 78 226 45 49 7 4 3  4 1 1-58 3 5 6  
1980 1 60 28 5 75 37 40 1-649 69 

x 5 1. 5 

Tall Timbers South 
19 78 1 38 64 2 1 6  3 1  154-2 78 50 
19 79 2 39 48 49 6 44 408-584 55 
1980 2 14 40 5 35 60 4 15-655 48 

x 50. 7 

Ames Plantation 
1972 548 52 104 7 1 37 7 7 3- 1 32 1  2 7  
19 73  395 4 7  848 90 6 68- 1008 38 

x 49. 5 

Overall X 5 1. 0 

a Percentage flushed calculated as proportion of Lincoln Index estimate of 
population counted during the Walk Census, 

bPercentage of estimated population marked in capture phase of study, 

.rds/ha on Tall Timbers North , approximately 
1bracing the range of densities that could be 
:pected on moderate to excellent quail range in 
1e Southeast (Table 2), However , the 
:ceptionally high density of 7 , 6 birds /ha ( 3  
.rds/acre) observed one year on Tall Timbers 
,rth likely does not occur often nor for long 
riods of time on even the best southeastern 
iail range, 

ble 2, Ranges in density of quail on each study 
ea estimated by Walk Census and Lincoln Index, 

Area 

11 Timbers 
North 

Ll Timbers 
South 

::s Plantation 

Birds/ha 
Walk Census 

o. 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 

1 5  

The proportion of birds marked during the 
capture phase of the estimate was quite high ; on 
the Tall Timbers study areas it ranged from 48 to 
69 percent (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 Walk Census produced consistently lower 
counts of quail than were known to be present on 
all study areas every year (Tables 1 and 2), 
Based upon this method of population assessment , 
densities ranged from 0, 7 birds/ha on Tall Timbers 
South to 4 , 3 birds/ha ( 1 , 7 birds/acre) on Tall 
Timbers North, 

Relationships between Lincoln Index and 
Walk Census Population Estimates 

Assuming the Lincoln Index is an un biased 
estimator for population numbers of bobwhites , we 
decided that it woul d be instructive from a 
management viewpoint to delineate the 
relationships between this labor-intensive method 
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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 another using more 
sophisticated correlation and regression analyses 
of the relationship between these two sets of 
data. 

The proportion of birds flushed by the Walk 
Census averaged 5 1  percent for the 1 3  paired 
observations, ranging from 28 to 65 percent (Table 
1). Eleven of the values, however, ranged from 45 
to 65 percent; the two values outside this range 
o ccurred 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 1 1  
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, SO. 7 percent for Tall Timbers 
South, and 5 1. 5  percent for Tall Timbers North 
(Table 1). Thus, within the scope of habitat 
variability in our study, 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 
revealed no trend or statistical relationship (r = 
0.0) between these statistics. 

Assuming that 5 1  percent of the population is 
flushed and counted during a Walk Census, one can 
roughly estimate the "true" population by doubling 
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the number counted. When we expanded our Walk 
Census estimate by this method, the adjusted 
population fell within the 95 percent confidence 
interval of the Lincoln Index estimate 8 of 1 3  
times. Four estimates were slightly above the 
upper limit and one was markedly 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 1 3  pairs of census figures was very high 
(r • 0. 9 6). The predictive equation for these 
data was y = mx + b, where 

y = number of quail estimated by LI, 
x m number of quail counted by WC, 
m = 1. 65, and 
b = lO l. 6. 

Since the estimated slope (m) of 1. 65  is 
significantly different from one, the Walk Census 
is a biased estimate of the population. 

The graphic representation of this equation is 
depicted by Figure 1. The relationship is clearly 
linear, and holds reasonably well through the 
range of densities measured in this study. 
Expanding the Walk Census count with this 
predictive equation produced very good estimates 
for dense and very dense populations , but markedly 
overestimated (52 percent) a very low population. 
Nine of 1 3  expanded estimates were within the C. I. 

5 0 0  6 0 0  7 0 0  800 900 

W A L K  C E N S U S  I n o . b I r d s  I 

Fia .  1 .  Relationships between Walk Census estimate and Lincoln Index estimate on Tall 
Timbers and Ames Plantation study areas . 
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)f the Lincoln Index estimate; three estimates 
ieviated more than 25 percent from the LI 
� stimate. 

)ISCUSSION AND CONCLUSIONS 

We conclude that our me thods for applying the 
.incoln Index provided a close estimate of the 
,obwhite population on our study areas. Most 
�ermane to this conclusion is the stringency with 
1hich our study methods and the populations' 
i ehavior met the assumptions necessary for the 
,incoln Index estimate to be accurate. 

Our mo del was essentially a two-sample, 
; hort-term study of a closed population ( see 
>ollock 1981).  Our assumption that the 
,opulations were closed was greatly strengthened 
,y Smith' s ( 1980) detailed analysis of 10 years ' 
, anding da ta for the quail population on Tall 
.'imbers Research Station. She described this 
,opulation as extremely sedentary With mo veme nt so 
.imited that it is not a maj or factor in 
, opulation dynamics. She noted that trapping and 
hooting outside the boundaries of our study areas 
ndicated little ingress or egress. The 
. ssumption of a closed population is further 
treng thened by the brief duration of the time 
ver which the census was extended. Nichols et 
1 .  ( 19 81) noted that selecting an appropriate 
ime of year for sampling and allowing only a 
hort period of time between samples Will minimize 
iolations of closure. On both Tall Timbers 
.esearch Station and Ame s  Plantation, the census 
as made when movement and mo rtali ty were low and 
atality was non-existent. 

The assumption of equal catchability is not so 
learly indicated, yet no strong ·bi ases were 
pparent in either the first or second sample on 
he basis of sex and age ratios. Pollock ( 19 81) 
oted, however, that meeting the assumption of 
losure permits weakening the assumption of equal 
atchability.  The problem of trap response bias 
)r the second sample was negated by collecting 
nat sample by shooting in a sy stematic fashion 
ather than live-trapping. 

H and loss should be negligible for aluminum leg 
indS over a period of one to six weeks, and band 
aporting rate was 100 percent, since all hunting 
iS conducted or monitored by researchers. The 
irked sample size was very' high, averaging nearly 
� percent of the population, the lowest being 27 
!.rcent. 

We agree with the evaluation of Nichols et al. 
l 981) that mark recapture studies can be useful 
1 assessing other estimation me thods and that in 
, me situations mark recapture studies may be the 
, st practical me thod for estimating population 
.ze. We conclude that our two-sample Lincoln 
1dex provides the best estimate available for a 
.osed population of bobwhites. By properly 
ilecting boundaries for a study area, population 
.ze can readily be converted to population 
msity. 
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This method of population estimation carries 
with it several advantages accrued from the 
handling of a large number of li ve and dead birds, 
specifically the opportunity to obtain sex and age 
ratios, movement data, population dynamics, health 
and condition data, etc. On the negative side of 
the ledger, the heavy cost in manpower, equipme nt, 
and mo ney reduces the use fulness of this technique 
as a means for evaluating population trends in 
most management situations. Roughly 80-100 
man-d ays were expended obtaining one estimate on 
one 200 ha area. Secondly, significant though not 
excessive mo rtality is imposed upon the population 
through trap-related deaths and shooting the 
second sample. The study method imposed roughly 
25-30 percent mortality on the population. 

The Walk Census appeared to be a reasonably 
precise, though biased, estimator of population 
numbers. It was simple and quick to execute. It 
correlated reasonably well With the Lincoln Index 
estimate over a range of conditions and a period 
of several y ears; thus we are confident that it 
can be highly useful as an indicator of population 
trends. For our study areas, it was a good 
indicator of popula-tion size when expanded by 
appropriate computations. We would be 
uncomf ortable expanding estimates for Walk 
Censuses conducted in habitats greatly dissimilar 
from ours, e. g. very open habitats of prairie 
regions, but suggest that such adj ustme nts may be 
acceptable for much of the midwest, midsouth, and 
deep south quail range. 

Perhaps the greatest advantage of the Walk 
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 expenditure of 8-10 man 
days, roughly 10 percent of the time required for 
the Lincoln Index. Using the appropriate number 
of researchers, this can be accomplished in one to 
two calendar days, in contrast to the 30+- calendar 
day s  required for trapping and shooting for the 
Lincoln Index. The W alk Census has an added 
advantage of imposing no mortality on the 
population. When rese archers conduct a Walk 
Census, they should adhere to the folloWing 
precautions: 

1 .  

2. 

3. 

4. 

Select sampling areas that are reasonably 
regular in shape, with boundaries as close 
to perpendicular as possible. 

U se line-of-sight compasses to control 
direction of traverse, and adhere carefully 
to compass direction, walking through all 
cover ty pes and densities With equal care 
and consistency of attention. 

Avoid using hunting dogs. 
variable. 

It adds another 

Carefully maintain spacing of approximately 
20 m between workers. Using fluorescent 
orange vests and hats greatly enhances this 
aspect, particularly where visibility is 
restricted. 



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

6. W alk 100 percent of the area to be 
censused. Our attempts at projecting data 
from 20 percent strip censuses failed 
utterly. 

F ollowing these guidelines, personnel with 
little training can use the W alk Census 
effectively, provided the team leader maintains 
control of personnel. The manager or biologist 
may enlist the aid of interested non-professionals 
to determine and demonstrate the relationship 
between habitat conditions on a given area and the 
density of its bobwhite population, reducing costs 
further with little or no sacrifice in quality of 
the estimate. 
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Abstract: Statistical analysis of  selected Kansas bo bwhite ( Colinus 
virginiatn1s) po pulatio n and harvest survey s is presented. Survey techniq ues 
evaluated include ro adside counts by rural mail carriers (RMCS) , April 
ro adside counts, whistling cock counts, random summer brood counts ( RSBC) , 
interviews of hunters contacted during the hunting seaso n,  wing collection 
envelopes distributed to hunters, and a mail q uestionnaire harvest survey of  
hunters. Significant differences ( P  < 0. 05) between years and between survey 
regions existed for the April RMCS, April roadside count (covey s/o bserver) , 
June whistle count, RSBC ( you ng/ adult and young/adult hen) , and July kMCS. 
Correlation tests indicated significant ( P  < 0. 1 to 0. 001 ) correlation 
coefficient ( r) values between many o f  the po pulation surveys,  and between 
many of  the population survey s and harvest parameters. The Octo ber RMCS is 
the best single predicto r of  harvest parameters. When the Octo ber RMCS 
(qu ail/100 miles) is used in associatio n with adults/o bserver ( RSBC) and to tal 
quail/o bserver ( RSBC ) ,  higher R2 values are o btained as determined by stepwise 
multiple regression with harvest parameters. 

N umerous bo bwhite populatio n mo nito ring 
techniq ues have been used in states containing 
significant numbers of this game bird. The mo st 
commo n techniq ues include the use of flush count 
census ( Bennett and Hendrick so n  1938) , 
standardized ro adside counts ( Stiles and 
Hendrickso n 1946 , Fisher et al. 1947 ) ,  whistling 
cock counts ( Bennett 1951) , random o bservations 
( Stanford 197 2 ) , and rural mail carrier counts 
(Dey 197 1 ) .  In order to be of use for detecting 
po pulatio n change and/or predicting harvest 
rates, any techniq ue used must 1) be of  
sufficient sensitivity to detect si gnificant 
antn1 al change in bo bwhite numbers; 2)  co ver a 
large enou gh geo graphic area in order to 
r epresent statewide and/or regional po pulation 
l evels; 3) not req uire such extensive manpower 
:ommitments that it would be rendered financially 
infeasible; and 4) display a significant 
relatio nship to independent harvest estimates. 

This paper discusses selected techniq ues used 
: o  mo nito r  Kansas bo bwhite po pulatio ns and 
1 arvest, and the statistical relationships that 
� xist between the various metho ds. The 
l nvento ries co nsidered here fall i nto 5 general 
! atego ries: 1) tho se which measure pre-breeding 
,ird densities; 2 )  tho se taken during the 
,reeding and broo d rearing perio d;  3) tho se which 
� asure the pre-hunting seaso n  po pulation; 4) 
; ho se which measure bo bwhite hunter performance; 
1 nd 5) tho se which measure changes in age and sex 
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ratios through collectio n  of biolo gical 
materials. 

For survey purposes, Kansas is divided into 6 
physiographic regio ns: West, No rthcentral , 
Southcentral, Flint Hills,  Northeast, and 
Southeast. The maj or bobwhite range is in the 
Flint hills, Northeast, and Sou theast regions 
with slightly lo wer densities i n  the Northcentral 
and Southcentral regions. The West Region has 
generally scattered lo w density bo bwhite 
po pulatio ns. 

We gratefully ackno wledge the assistance of  
the Wildlife Biologists and Game Protectors of  
the Kansas Fi sh and Game Commission and Ka nsas' 
rural mail carriers for their efforts in 
collecting field data fo r this study. 
Appreciatio n is also extended to Dr. A. Day to n, 
Kansas State University Department of Statistics, 
for his guidance in data analysis. 

METHODS 

Pre-breeding Inventories 

April rural mail carriers survey (RMC S) 

Starting in 1963, rural mail carriers recorded 
all q uail seen during their no rmal deli veries for 
a four-day perio d during the last full calendar 
week of April. In 197 0, the co unt perio d was 



extended to a five-day period. On a postcard 
supplied by the Fish and Game Commi. ssion, each 
carrier records the post office from which his 
route originates, counties traveled, and the 
number of miles traveled each day. Carriers are 
asked not to record observations on days of heavy 
fog or rain. An average of 550 carriers 
participate in the count and drive approxi mately 
250, 000 miles during the survey. A population 
index (quail/100 miles) is derived from data 
reported. 

April roadside counts 

Initiated in 1966, the April roadside c ount 
was designed to collect survey data from a 7 0  
mi le route for four days during the second full 
cal endar week of April. The survey was intended 
to be similar to the rural mail carriers 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 survey 
results. It  was decided to discontinue the route 
system and run the survey for the entire month of 
April and record random quail observations made 
while carrying out other work assignments. Fish 
and G ame law enforcement officers and biologists 
in the eastern two-thirds of the state were asked 
to record, by weekly intervals, quail seen as 
coveys if more than three birds were seen, and 
the number of birds in each covey. The number of 
trios, pairs, and singles were also recorded. 
Indices used in this analysis were coveys 
seen/observer and total quail/observer. This 
survey was conducted for three years, 1967-1969. 

Breeding and Brood Inventories 

July RMCS 

The July RMCS was initiated in 1962 and is 
conducted similarly to the April RMCS with the 
exception that carriers are asked to 
differentiate between young and adult quail seen. 
The indices derived from this survey include 
adults seen/100 miles, young seen/100 mi les, 
total quail seen/100 miles, and young/adult. 
This survey has been conducted from 1962 to 
present. 

Whi stling cock counts 

From 1963-1965, whistling cock counts were 
conducted during the second week of July. Thirty 
routes, each 14 miles long with 15 stops, were 
run in selected counties throughout the state. 

In 1966, the July whistle count survey was 
replaced by two survey periods, June 1-10 and 
Au gust 10-20. Twenty-five routes were run in the 
eastern tw o-thirds of Kansas. The routes were 
nine miles long with 10 listening stops (one per 
mi le) for each route. The counts, conducted by 
F ish and G ame law enforcement officers and 
biologists, started at sunrise on mornings with 
winds < 12 mph and no threat of rain. Listening 
stops lasted three mi nutes, and the number of 
di fferent males heard calling "" bobwhite"" was 
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recorded. Observers were instructed not to 
whistle in order to stimulate calling. 

The index derived from the whi stling cock 
counts was males heard calling/stop. The June 
and August counts were conducted from 1966 to 
1971. 

Random summer brood counts (RSBC) 

From 1963 to present, random brood counts have 
been conducted by Fish and Game personnel. In 
1963 and 1964, the counts were made during a 
five-week period; July 15-August 18 and July 
20-August 23, respectively. In 1 965, the count 
was changed to cover a six-week period beginning 
in mi d-July; in 197 1 only five weeks of data were 
collected due to an error in the instructions. 

Personnel were instructed to r ecord all 
sightings of adult (separating cocks and hens) 
and young quail while conducting routine work 
assignments. With the aid of aging photographs, 
young were aged to the nearest week. Other 
information rec orded was date, time of day to 
nearest hour, and county or Wildli fe Management 
Area where the observations were made. Data 
sheets were sent in on a weekly basis. 

Indices calculated from the brood count data 
are broods seen/observer, young seen/observer, 
males seen/observer, females seen/observer 
adults seen/observer, total quail seen/observer, 
young/brood, young/adult female, young/adult, and 
adult males/100 adult females. Hatch date 
information is not presented in this report. 

Pre-Hunting Season Survey 

October RMCS 

The October RMCS survey has been conducted 
annually since 1966. Rural mail carriers record 
the number of bobwhites observed during a 
five-day period. The index derived from this 
survey is total quail observed/1 00 miles of 
route. 

Hunter Surveys 

Random bag-checks 

The quail hunt er bag-check was initiated in 
1961 and continued through 1972. Fish and Game 
law enforcement officers and biologists located 
in the eastern two-thirds of Kansas were 
instructed to contact quail hunters in the field 
during the season in order to gather hunter 
performance and q uail harvest data. 

Information recorded in 1961 and 1962 for each 
hunter checked included county in which check w as 
made, date, total number of birds bagged (by 
age) , number of cripples lost, total number of 
hours hunted (separated by A.M. and P.M.) , 
whether or not a dog was used, and whether or not 
the hunter had completed his hunt for that day. 
From 1963-1972, the following inf ormation was 
collected for each party contacted: county in 



Nhich check was made, date, number of hunters in 
party , total number of birds bagged ( by sex) , 
1umber of cripples lost, number of coveys 
f lushed, total number of hours hunted ( separated 
lly A.H. and P.M.) , whether or not a dog was used, 
�nd whether or not the party had completed its 
;1unt for that day . 

I ndices used for this analysis were coveys 
flushed/party hour, birds bagged/gun hour, 
Jag/hunter, gun hours/hunter, cripples lost/1 00 
Jirds bagged, and males/100 females. 

5 tatewide harvest mail survey 

The statewide harvest mail survey has been 
: onducted from 1957 to present. A harvest 
� stimate is obtained by sending mail 
1uestionnaires to a five percent sample of the 
>revious year' s hunting license buy ers. These 
1ersons are contacted prior to the hunting 
1 easons, and are sent forms for maintaining a 
: ecord of their hunting activity ( birds bagged on 
! ach hunt) . At the close of the hunting seasons, 
: hey are contacted by mail and asked to report 
: heir total hunting activity including county 
tunted mo st, number of day s spent quail hunting 
end total birds bagged. Of the license buy ers 
: ontacted, generally over 40 percent return 
c seable information representing about two 
•ercent of the current year' s hunting license 
,uyers. Indices and harvest figures used for 
his analysis include average bag/day per hunter, 
eason bag/hunter, and estimated statewide 
. arvest. 

ling collections 

I n  an attempt to obtain age data for quail 
tarvested, approxi mately 3, 000 pre-addressed 
,ostage-paid wing envelopes were distributed to 
1 uail hunters by Fish and Game law enforcement 
,fficers during the quail season from 1962-1970. 
:nstructions for removing one wing from each bird 
,agged during a hunt and for mailing the wings 
rere printed on the envelope. The hunter was 
,lso asked to record on the envelope the county 
rhere birds were taken, date taken, and name and 

address of hunter. In addition to wing envelopes 
sent in by hunters, law enforcement officers and 
biologists were provided envelopes for collecting 
wings from those birds checked during opening 
weekend hunter bag-check interviews. These wings 
were kept separate according to se�. Wings were 
aged by the small game staff. Stage of primary 
feather molt for both y oung and adult wings were 
recorded to the nearest one-half feather 
increment and later classified by weeks of age. 

I ndices calculated and used in this analy sis 
include y oung/adult, y oung/adult female, males/ 
100 females, adult males/100 adult females, y oung 
males/100 y oung females, and percentage young. 

Analysis 

In 1973, one-way and two-way analysis of 
variance tests were performed on statewide and 
regional data at the Kansas State University 
( KSU ) Statistical laboratory. M ore recently , 
simple correlation, regression, and stepwise 
regression analysis using the Statistical 
Analysis System ( SAS) computer package were 
p erformed at the KSU Statistical Laboratory. 

RESULTS 

Pertinent data from the April roadside counts; 
June, J uly , and August whistle counts; April, 
J uly , and October RMCS ; RSBC ; mail harvest 
survey ; random bag check, and wing collection are 
summarized in Tables 1-6 . 

In  a previous analysis of Kansas bobwhite 
survey s ( Sexson 1973) , two- way analysis of 
variance tests were performed on all population 
surveys. Significant differences existed 
( P  < 0.05) between survey years and survey 
regions. However, August whistle count indices 
were not significantly di fferent among years, the 
RSBC index y oung/brood (y ears 196 3-1972 only ) did 
not vary significantly ( P  > 0.05) among years, 
and the wing collection indices y oung/ adult 
and percentage y oung did not vary significantly 
among regions ( P  > 0.05) .  

Table 1 .  Bobwhite population indices from the April roadside count and J une, 
J uly and August whistle counts in Kansas, 196 3-71 . 

Year 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 

X 

Quail/Observer 
April Road Ct . 

85 
65 
55 

68. 3 

C ovey s/Observer 
April Road C t. 

5 . 9  
5 .0 
3.8 

4. 90 
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Males/ Stop 
J une W . C .  

4 . 9 
5 . 3  
4 .5  
4. 6 
4 . 4 
3 . 3  

4 .50  

Males/Stop 
J uly W . C .  

2 . 8  
5 . 1  
4. 0 

3. 97 

Males/ Stop 
Au g. W . C .  

2 . 1  
3. 0 
2 . 2  
2 . 9  
1 . 5  
2 .4 

2 . 35 



Tabl e 2 .  Bobwhite population indices from rural mail carrier c ounts in Kansas, 1962-80. 

Y ear Q uail/ l00mi. Quail/l00mi. Young/l00mi. Adults/l00mi. Young/Adui t Quail/ l00mi. 
April July J uly J uly J uly October 

1962 4 . 80 1 .  7 3  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 . 2 9  1 . 88 4 . 20 0 . 45 
1966 3. 05 7 . 35 2 .  71 4 .50  0 . 6 0  6 .52 
196 7  3. 14 7 . 70 1 . 50 5 . 89 0 . 25 4 .52  
1968 1 . 92 7 . 62 2 . 44 4 . 87 0 . 5 0  5 . 93 
1969  1 . 46 8 . 6 8  2 . 46 6 . 02 0 . 41 4 . 28 
1970  1 .54 5 .54 1 . 65 3 . 73 0 . 44 4 . 85 
1971 1 . 5 7  4 .  72  1 . 47 3. 07 0 . 48 3 . 47 
1972 1 .56 6 . 95 2 . 61 4 . 08 0 . 64 3 . 34 
197 3  1 . 41 5 . 52 1 . 65 3 . 6 0  0 . 46 3 . 02 
1974 1 . 38 3.54 1 . 29 2 . 18 0 . 5 9  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 . 7 3  1 . 29 2 . 24 0 . 5 7  2 . 02 
1978 0. 98 4 . 18 1 . 17 2 . 83 0 . 41 3 .19  
197 9  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 indic es from random brood counts in Kansas, 1963-80. 

Total 
Y ear Broods/ Quail/ Young/ Adults/ Males/ Females/ Young/ Y oung/ Young/ Males/ 100 

Observer Observer Observer Observer Observer Observer Brood Female Adul t Females 

1963  12 . 78 210. 4 158 . 5  5 1 . 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. 7 0  7 . 26 3 . 16 129. 6 
1973 9 . 27 133. 8 90. 2  43. 67  26 . 98 16 . 6 9 9. 7 2  5 . 40 2 . 06 161 . 6  
1974 4 . 76 69 .4  49. 3 20 . 11 11 . 49 8 . 6 1  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  
197 7  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 . 6 7  7 . 93 3. 26 1 . 23 146 . 3  
1980 3. 74 52 . 6  40. 3  12 . 2 9 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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T ab le 4 .  Bobwhite populati on i ndices from wing collections in Kansas, 196 3-70 . 

Year Young / Young/ % Y oung M ales/100 Adult Males/ Y oung Males /  
Adult Ad. Female Females 100 Ad. Females 100 Y ng .  Females 

196 3 5 . 48 11. 92 84 .57 95 .50  117. 40 91 . 90 
1 964 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 
1 96 6  4 . 24 9. 08 80. 92 107. 40 114. 00 105 . 80 
196 7  4 . 15 8. 95 80.59 101 .  70 115.50 98 . 60 
1 96 8  5 . 65 12. 67 84 . 97 96 .50  124 .10 92 . 40 
196 9 4 . 48 9. 33 81 . 75 101 . 20 108. 20 99 . 6 0  
1 970 4 . 64 8. 44 82. 28 86 . SO 81. 70 87 .50  

x 4. 60 9. 68  81 . 80 99. 90 109. 70 98 . 10 

Table 5. Bobwhit e harvest dat a from random hunt er bag checks in Kansas, 1 961-1 972. 

C oveys Bag/ B ag/ 
Year Flus hed/Hour Gun Hour Hunt er Day 

1961 o. 72 2. 53 
1962 0.93 3. 46 
1963 o. 82 1. 11 2. 92 
1964 0.77 o. 75 2. 5 3  
1965 o. 80 0.80 2.79 
1966 o. 93 o. 96 2.83 
1967 0.68 o. 74 2. 23 
1968 o. 82 o. 85 2. 70 
1969 o. 87 o. 86 2. 61 
1970 o. 73 o. 69  2.  16 
1971 o. 67 o. 61 1.98 
1972 o. 79 o. 64 1. 80 

,r o. 79 o. 80 2. 54 

Figure 1 present s result s of correlation 
: est ing of select ed indices wit hin random bag 
, hecks, wing coll ect ion, roadside count s, whi stle 
,cunt s, RMCS,  and RSBC surveys. 

There was no s ignificant relat ionship (P > 

l.10) between t h e  number of males/stop from t he 
fune whi stle count and males/stop from t he August 
rhistle count ,  but t here were significant 
· elat ionships bet ween April RMCS, July RMCS,  and 
ict ober RMCS. Schwartz ( 1974b ) found a 
ignificant ( P  < 0.05 ) relat ionship between quail 
.eard in July and quail observed in August . 

nt ersurvey Test ing 

Significant relat ionships exist ed bet ween t he 
pril RMCS and various indices from t he RSBC 
Table 7) . The number of adult s/100 mi les and 
ot al quail/100 miles from t he July and Oct ober 
MCS were significantly ( P  < 0.10 to  O .01) 
elat ed to  mo st RSBC indi ces. The y oung/adult 
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Gun Hours/ Cripples/ 100 Males/100 
Hunt er Birds Bagged Fem. Bagged 

3. 53 11. 46 
3. 73 8. 16 
2. 64 13. 90 103. 1 
3. 36 11. 78 104.3 
3. so 10. 91 100. 7 
2.95 12. 03 105. 5 
3. 03 11. 93 103. 8 
3. 19 11. 6 8  101. 6 
3. 02 12. 44 101. 8 
3. 15 13.66 104.4 
3. 26 13. 75 107. 3 
2. 81 

3. 18 11. 97 103. 6 

i ndex from t he July RMCS was sign if ic antly ( P  < 

0.01) correlat ed with t he y oung/adult index from 
t he RSBC. Highest r values exist ed bet ween t he 
indices y oung/100 miles (July RMCS) and 
broods/observer (RSBC),, (r ., O. 837, P < O. 01) 
and bet ween quail/100 mi les (July RMCS) and 
males/observer (RSBC) ,  (r = o. 835, P < O. 01) . 

Males/st op from t he June whi stle c ount was 
sign ificantly correlat ed wit h  males/observer 
(RSBC) ,  (r = 0.876, P < 0.05) , and adult s/ 
observer (KSBC) , (r = O. 847, P < O. OS)  but 
weakly correlat ed (P < 0.10) wit h adult s/100 
miles ( July RMCS) ,  (r = O. 779) ; t ot al 
quail/100 miles (July RMCS) , r = O. 748) ; and 
females/observer (RSBC) ,  (r = O. 789) . 

Quail/observer from t he April roadside count 
was significantly related to  t ot al quail/100 
mi les (April RMCS) , (r 2 O. 998, P < O. OS).  
However , t here were only t hree years ' dat a 
available for analysis. Males/st op (July whistle 

I 
! ' 

I 
I ' 

I 
I 
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Table 6 .  Bobwh ite h arvest 
Kansas, 1961-80 . 

Year Avg . Bag/ 
Day 

1961 2 . 96 
1 962  3 . 48 
1963  4 . 06 
1964 3.59 
1965 3 . 83 
1966 3. 87 
1967  3 . 26 
196 8  3.50 
196 9  3 .59  
1970 3 .04 
197 1  2 .56  
197 2  2 . 73 
197 3  2 . 70 
197 4  2 . 06 
1975 2 . 27 
197 6  2 . 43 
197 7  2 .  7 2  
197 8  2 . 70 
1 97 9  1 . 90 
1980 1 . 87 

X 2 . 96 

RANDOM BAG CHECK 

-o. 70ft* 
O i l  , 

-o. sss
H 

( • >  • 

ROADSIDE COUNTS 
and 

COUNTS 

,#. �  

'#� 

data from statewide harvest mail s urvey in 

u. 7Stt** 

( 1 8 )  

o .  l:?S** 
( 1 8) 

11 . hllH** 

( I H) 

x . s .  

( l H I  

.. • I•c. 10 

* • l•c..o·, 

•• • I•c.0I 

Season Bag/ 
Hunter 

10 . 80 
14. 30 
17 . 66 
19. 67  
19. 69  
25 . 07 
15 . 94 
20 . 09 
20 . 6 8  
17 . 06 
14.  71 
16 . 55 
15 . 11 
11 . 66 
12 . 90 
13. 91 
14. 86 
15 . 96 

9 . 50 
9 . 35 

15 . 77 

x . s .  

x . s .  • Xnt S l ,-:n l ( h•ant • r>. 1 0  
( I • \ 

Total 
Harvest 

1 , 07 6 , 000 
1 ,520 , 000 
2 , 126 , 000 
2 ,5 73, 000 
2 , 631 , 000 
3, 931 , 000 
2 , 426 , 000 
3, 050 , 000 
3, 301 , 000 
2 , 7 33, 000 
2 , 284 , 000 
2 , 618, 000 
2 , 307 , 000 
1 , 77 2 , 000 
1 , 91 2 , 000 
2 , 068, 000 
2 , 263, 000 
2 , 56 9, 000 
1 , 193, 000 
1 , 186 , 000 

2 , 276 , 950 

\:. s .  
x . s .  
-...: .s .  

Fig .  1 . Correlat ion coefficients (r) b etween indices of s el ect ed population and harvest surveys 
in Kansas,  1961-1980 .  
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T able 7. Correlat ion co efficient s result ing from t est s between bobwhit e po pulat ion indices o bt ained 
from rural mail carriers survey and random summer broo d count in Kansas, 1 963-1 980. 

Q/lOOmi M./ lOOmi Yng/ lOOmi Tot al Q/ lOOmi Yng/Ad Q/ lOOmi 
April July 

(18) (18) 

Broo ds/Obs o. 683** o. 63s** 

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

M.ales/Obs 0.798** o. 826** 

Females/Ohs o. 782** o. 791** 

Adult s/Obs o. 794** o.s1s** 

Tot al Quail/ 
Observer 0.739** o. 675** 

Yng./Broo d o. 4605 N. S. 

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

Yng/Adult N. S. N. S. 

Adult Mal es/100 
Adult Females N. S. N. S. 

( N )  = Number of years compared 
s = p < o. 10 
* .. p < o.os 
**  = P < 0.01 
N. S. • P > 0.10 

count ) was weakly relat ed to broo ds/o bserver 
(RSBC) ,  (r .. 0.989, P < 0.10) , but again, t here 
were only t hree years' dat a for anal ysis. 
Males/sto p from t he August whistle count sho wed a 
weak negat ive relat ionship to t he number of  
young/adult female (RSBC) ,  (r = -0.783, P < 0.10, 
N • 6) . 

T he index average bag/day (mail survey ) was 
highly correlat ed wit h bag/gun hour ( r  • 0.872, P 
< 0.01) and bag/hunt er (r a 0.748, P < 0.01 ) 
(T able 8) . T he best relatio nship existed between 
t he seaso n/bag hunt er (mail survey ) and covey s 
flushed/party hour (bag check) , (r • 0.894, 
( P < o.01 ) .  

O f  t hose whistle count indices wit h at least 
; ix y ears of  dat a for anal ysis, only males/stop  
f ro m  t he June count sho wed a significant 
r elationship wit h average bag/day from t he mail 
rnrvey (r • O. 734, P < O. 10) , (Table 9) . No 
; ignificant relationships existed between August 
�histle count dat a and mail harvest indices. 

In anal ysis between whistle count s and random 
> ag checks, where at least six y ears of  dat a were 
1 vailable for t est ing, only males/stop from t he 
June whistle count and gun hours/hunter (random 
i ag check) sho wed significant relationship (R = 
-0. 810, P • O. OS ) .  No August whistle count dat a 
1ere significantly correlated wit h random bag 
: hecks. 

July July July Octo ber 
(18) (18) (18) (15 )  

0.837** o. 732** N. S. o. 7 31 ** 

0.826** o. 702** N. S. o. 735** 

0.726** o. 3 35** N. S. o. 775** 

0.754** 0.816** N. S. 0.819** 

0.742** 0.830** N. S .  o. 799** 

o.s2s** 0.757** N. S. 0.7Bo** 

o. 556* 0. 4Q6S N. S. O. 5 13s 

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. 43gs r-.. s. 

T able 8. Correl at io n  coefficients result ing from 
t est s between hunt er performance dat a o bt ained from 
random bag checks and st at ewide harvest mail survey 
in Kansas, 1 961-1 972. 

Mail Harvest Survey 
Bag C heck Avg Bag/ Season Bag/ Tot al 

Co veys Flushed/ 
Part y Hour 

B ag/Gun Hour 

Bag/Hunt er 

Day Hunter Harvest 

o. 682* 0.894** 0.760* 
(10) (10) (10) 

o. 372** N. S. N. S. 
(12) (12) (12) 

o. 748** N.S. N. S. 
(12) (12) (12) 

(N)•Number of years compared 
s = P < o. 10 
* = P < O. 05 
**  = P < 0.01 
N. S. = P > 0. 10 

Studies have shown t he use of  whistle count s 
as an index to quail populat ions (Bennett 1951, 
Brown et al. 1978) . Ellis et al. ( 1972) 
concluded t hat carefully st andardized call count s 
woul d provide reliable indices to quail relat ive 



abundance in Illinois; however, Preno and L abisky 
(1971) also working in Illinois, fo und no 
significant relatio nship between spring abundance 
as determined from whistle counts and fall 
harvest statistics. In an analysis of Iowa quail 
survey data, Schwartz (1974a, 1 974b) found 
significant rel ationships between July whistle 
counts and the mail survey indices of to tal 
harvest (P < 0. 05) and average bag/day 
(P < 0. 10). 

Correlatio ns between RMCS indices and bag 
check data sho wed high r values between quail/100 
miles (Octo ber RMCS) and bag/hunter 
(r = 0. 866 ,  P < 0. 05); young/100 miles (July 
RMCS) and coveys flushed/party hour (r � 0. 855 , P 
< 0. 01); and quail/100 miles (Octo ber RMCS) and 
bag/gun ho ur (r = 0. 832, P < 0. 05) (T able 10). 

Quail/100 miles (Octo ber RMCS) was shown to be 
the best predicto r of  the subsequent harvest as 
measured by the statewide harvest mail survey 
(T able 11). The best relationship exists between 
quail/100 miles (Octo ber RMCS) and average 
bag/day (r = 0. 924, P < 0. 01), (Figure 2). 
Significant relatio nships existed between each 
harvest parameter and all of  the RMCS indices 
except young/adult in July. Am mann and Ryel 
(1963) co ncluded that rural mail carrier surveys 
were a goo d  index to ruffed grouse populations in 
Michigan. In Nebraska, they have b een in use 
since 1945 (Dey 1971). 

The index coveys flushed/party ho ur (random 
bag-check) was significantly correlated (P < 

0. 01) with broods/o bserver (r = 0. 815), 
young/o bserver (r = 0. 792), and to t al 

T able 9. Correlatio n coefficients resulting from tests using indices 
o btained from random April o bservations and whistle counts with 
harvest parameters from the statewide harvest mail survey in Kansas, 
1 963-1971. 

Harvest 
Parameters 

Avg B ag/ 
Day 

Seaso n  B ag 

Total 
Harvest 

Q/Obs 
April 

(3) 

-0. 998* 

N. S. 

-0. 999* 

Covey /Obs 
April 

( 3) 

N. S. 

N. S. 

N. S. 

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

Po pulatio n  Surveys 
Males/Stop  Males/Sto p 

June July 
(6) (3) 

o. 734s 

N. S. 

N. S. 

-0. 999* 

N. S. 

N. S. 

Males/Sto p  
August 

( 6) 

N. S. 

N. S. 

N. S. 

T able 10. Correlatio n  co efficients resulting from testing between bo bwhite po pulatio n indices 
o btained from rural mail carrier surveys and hunter perfo rmance data from the random bag check in 
Kansas, 1 962-1 972. 

Rural Mail Carriers Survey 
Harvest Q/lOClmi Ad/ lOClmi Yng/ lOClmi To tal Q/ l OClmi Yng/Ad Q/ l OClmi 

Parameters April July July July July Octo ber 

Coveys flushed/ N. S. N. S. o. ass** 0. 565S N. S, N. S. 
Party Hour (10) (10) ( 10) (10) (10) ( 7 )  

Bag/Gun Ho ur 0. 556S N. S. 0. 5 46S N. S. o. 5 31 s 0. 832S 

(10) ( 1 1 )  ( 1 1 )  ( 1 1 )  ( 1 1 )  ( 7 )  

Bag/Hunter N. S. N. S. N. S. N. S. N. S. o. 866* 
(10) ( 1 1 )  ( 1 1 )  ( l l )  ( 1 1 )  ( 7 )  

(N) • Number of years compared 
s "' p < 0. 10 
* = p < 0. 05 
**  = P < 0. 01 
N. S. = P > o. 10 
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Table 11. Correlation coefficients resulting from testing between bobwhite population indices 
obtained from rural mail carrier surveys and hunter performance data from the statewide harvest 
mail survey in Kansas, 1962-1980. 

lu!ral Mail Carriers Survey 
Harvest 

Parameters 
Q/ lOOmi Ad/ l O<lni Yng/ l OOmi Total Q/ l OOmi Yng/Ad Q/ l OOmi 

April 
(18) 

Avg Bag 0.812 ** 

Season o. 715** 

Total Harvest 0.604** 

(N) = Number of years compared 
** = P < o. 01 
N.S. = P > 0.10 

adulWobaerver - BROOD COUNT 
4.0 • 

• 

3.0 
y = 

2.0 

1 .5 

10 20 30 40 50 

you.nqlobaerver - BROOD COUNT 
4.0 

• 
• 

3.0 

July 
(19) 

0.751** 

o. 791** 

o. 733** 

1 .631 • 0.034(x) 
r •  .909 
n =  18  
p < .001 

60 70 

• y = 1 .864 + 0.0 1 2(x) 
r = .849 

2.0 D = 1 8 

1 .5 
p < .001 

July 
(19) 

o. 313** 

0.831** 

o.743** 

>­.., 
> 
a: 
::, "' 
.... 
< 
X 

a: .., ... 
z 
::, 
:x: 

"' .. 
..Q .. "' .. 
> .. 

4.0 

3.0 

2.0 
1 .5 

4.0 

3.0 

2.0 

July July Oct ober 
(19) ( 19) (15) 

0.816** N.S. o. 92 4** 

0.841** N. S. o. 912** 

o.s oo** N. S. o. 896** 

quail/ 100 mi (Oct.) - RMCS 

•Y • 1 .503 + 0.365(x) 
r = .924 

1 .0 2.0 3.0 4.0 5.0 

quail/ 1 00  mi (July) - RMCS 
•• 

• 

D = 1 5  
p < .001 

6.0 

• 
• 

7.0 

1 .542 . 0.274(xl 
r = .8 1 6  
D = 1 9  
p < .001 

20 40 60 80 100 1 20 1 40 1 60 1 80  200 

1 .5 L.....i.-..L.-.1.---1..--......1..-::1-:--:=-::--:1:--:-:-::--:-:� 
1 .0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 1 0.0 

F ig.  2 .  Relationships of selected random summer brood count and rura l  mail carr ier survey indices 
to the mai l harvest survey ind ex average baa/day in Kansas, 1962-1980 . 

quail/observer ( r = 0. 771) from the RSBC, (Table 
12) .  Bag/gun hour was significantly correlated 
with the young/brood (r = 0.6 37, P < 0.05) and 
bag/hunter was significantly (P < 0.05) 
correlated with males/observer (r = 0.645) , 
females/observer (r = 0.641) , adults/observer (r 
= 0. 649) , and total quail/obser ver (r = O. 6 41) . 

All of the brood count indices except 
roung/adult female and y oung/adult were 
:orrelated with the statewide harvest mail survey 
L ndices ( Table 13) . The best predicator of 1) 
iverage bag/day was adults/observer (r = O. 909, P 
� 0.01) , ( Figure 3); 2) season bag/hunter was 
: emales/observer (r = 0.875, P < O. 01); and 3) 
1 tatewide harvest was females/observer 
r a 0.740, P < 0.01) ; however, broods/observer 

. r = O. 72 4, P < 0.01) and total quail/observer 
r = 0.72 1, P < 0.01) , (Figure 2 ) also provided 
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h igh r values. The broods/observer index, which 
is simi lar to the production index (PI) described 
by Stanford (1972) ,  was significantly (P < 0.01) 
correlated with the statewide harvest mail survey 
parameters (Figure 2) .  

There were no significant relationships 
(P > 0. 10) between the wing collection indices 
young/adu lt, young/adult female, or percentage 
y oung and April roadside counts; June, J uly, or 
August whistle counts; RMCS; and mail survey 
harvest indices. 

Multiple Regression Analysis 

Stepwise maximum R2 improvement multiple 
regression analysis was performed between the 
statewide mail survey harvest indices (average 
bag/day , season bag/hunter, and total harvest) 
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Table 12 . Correlation coefficients resulting from testing between bobwhite populatio n indices 
obtained from the random summer brood count and hunter performance data from random bag checks in 
Kansas, 1963-1972. 

:,,. 
WI > a:: ::> 
(I.I 

< 
::E 

""' 
:z: ::> 
:c 

-• 

.. ..a 
• 

-0 
i 
.! 
!! 

Harvest 
Parameters 

C oveys F lushed/ 
Party Hour 

Bag/ Gun Hour 

Bag/Hunter 

(N) = Number of 
s .. P < o. 10 
* = P < o. 05 
**  E p < 0� 01 
N. S. = P > 0. 10 

Broods/ 
Obs 
(10) 

o. 81s** 

o. 5646 

o. s s26 

years compared 

qu•il/100 mi (Oct.) - RMCS 
4.0 

• 
3.0 

Young/ Males/ 
Obs Obs 
(10) (10) 

o. 792** N. S. 

0. 6176 N. S. 

0. 5 936 o. 645* 

2.0 y • 0.93 1 .. 0.424(x) 
r = .896 

l.0 
n = 1 5  
P <  .00 1 

l.0 2.0 3.0 4.0 5.0 6.0 7.0 

quul/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 

Random Summer 
Females/ 

Obs 
(10) 

0. 6 088 

N. S. 

0. 641* 

4.0 

3.0 

2.0 

l.0 

4.0 

3.0 

2.0 

1.0 

Brood C ount 
Adults/ Total Q/ Young/ 

Obs Obs Brood 
(10) (10) (10) 

N. S. o. 771 ** N. S. 

N. S. 0. 6176 o. 637* 

0. 649* 0. 641* 0. 5816 

brooda/obaerver - BROOD COUNT 

• 

• 

• • 

2 4 6 

• 

• 

• 
y = l .429 .. 0.l l S<x) 

r s  .724 
n =  1 8  
p � .001 

8 10 12 14 16 18 

tow �obeerver - BROOD COUNT 

• • 

40 

• 

80 

• 

• 
• 

• 
y :  1.460 + 0.0073(x) 

r = .72 1  
n :  1 8  
p < .001 

120 160 200 240 280 

F iq .  3 .  Relationships of selected random summer brood count and rural mail carrier survey ind ices 
to the mail harvest surv ey ind ex stat ewide (total) harvest in Kansas, 1962-1980. 

and RMCS indices; between the harvest indices and 
RSBC indices , and between the harvest indices and 
a group composed of selected indices from both 
population surveys. In almost every instance the 
best two variable mo del was accepted. Although 
mo dels with three or more variables provided 
slightly higher R2 values, the improvement was 
generally not deemed significant enough to 
warrant further com plication of the predicting 
formula. In all inst ances P < O. 001. 

When RMCS indices alone were used , the best 
model for predicting average bag/ d ay included 
quail/ 100 miles (July) and quail/ 100 miles 
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(October) , (R2 = O. 916 , F = 65. 66) .  The best 
model for predicting season bag/hunter included 
youn g/ 100 miles (July) and quail/100 miles 
(October) , (R2 = O. 894, F = 50. 84) . The best 
model for predicting total quail 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 predictor for average bag/ day 
included males/ observer and young/ brood 
(R2 

z 0. 873, F = 51. 44) .  The bes t model for 
predicting season bag/ hunter included 
males/ observer and females/ observer (R2 = O. 786, 



F = 24. 32) .  The best model for predicting total 
quail harvest included females/observer and 
ad ults/observer (R2 = 0.570, F = 9.96) . 

Improved R 2 values were achieved when both 
RMCS and RSBC survey data were used in the same 
model. The resulting two variable model for 
predicting average bag/d ay included the indices 
quail/100 miles (Octo ber RMCS) and 
ad ults/o bserver (RSBC) ,  (R2 = O. 940, F = 94. 08) . 
The index values quail/100 miles (Octo ber RMCS) 
and total quail/o bserver (RSBC ) c omprised the 
best two variable model for predicting season 
bag/hunter (R2 = O .919, F = 68.36) and total 
quail harvest (R2 0.896, F = 51.56) . 
Predicting formulas for the above models are 

average bag/d ay = 1.415 + 0.2 11 (X1) + 
0.018 (X2) 

season bag/hunter = 6.835 + 1.460 (X1) + 
O. 034 (X3) 

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

where: X1 = quail/100 miles (Octo ber RMCS) 
X2 = ad ults/observer (RSBC) 
X3 = total quail/observer (RSBC) 

Substantial improvement in the ability to 
predict bo bwhite harvest parameters may be 
realized through the use of predictive formulas 
(Schwartz 1974a) . Attempts to estimate harvest 
parameters using long-term me ans resulted in 
average annual errors of 20.0 percent, 1 8.5 
percent, and 2 1.5 percent. for average bag/d ay, 
season bag/hunter and total harvest, 
respectively. Average annu al errors of the 
pred icted values (using the multiple regression 
formulas) from the mail survey harvest parameter 
estimates were 4.3 percent, 6.5 percent and 8.9 
percent for average bag/day, season bag/hunter 
and total harvest, respectively. Thus an 
improvement of 15. 7, 12.0 and 12.6 percent is 
achieved for estimates of average bag/d ay, season 
b ag/hunter and total harvest, respectively, when 
c ompared to use of long-term means for prediction 
p urposes. 

:oNCLUSION 

For years wild life managers have tried to 
1 ccurately monitor quail populations and predict 
1 arvest and harvest rates (Bennett and 
iend rickson 1938, Bennett 1951, Kozicky et al. 
l 956, Preno and Labisky 1971, Ellis et al. 1972 ) .  
: n  Ka nsas, a variety of survey techniques have 
, een used both experimentally and on a continuing 
,asis. These include April roadside counts by 
'ish and Game personnel counting coveys and 
ndivid ual bird s;  stand ardized whistle count 

· outes run during June, July, and August; counts 
,ad e by rural mail carriers during April, July, 
nd October; and rand om quail obserr ations 
rand om summe r brood count) mad e by Fis h and Game 
ersonnel d uring July and August. Harvest 
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information has been collected using a mail 
survey of hunting license buyers and random fiel d 
bag checks conducted by Fish and Game personnel . 

Of the popul ation surveys tested, the RMCS and 
KSBC provide the best parameters. These two 
techniq ues have been continued in Ka nsas because 
of their rel ationship to harvest statistics and 
their cost efficiency. 

The RMCS invol ves onl y a limi ted number of 
F ish and Game personnel to perform the mailing of 
survey cards and tabul ation, anal ysis, and 
reporting of the data. During each survey period 
5 20-55 0 rural mail carriers return useable data 
and report on q uail seen whil e driving 
approximatel y 25 0, 000 mil es al ong country roads 
during each survey period. 

The RSBC survey is performed by Fish and Game 
personnel who record q uail observations during 
their normal work activities. There is little 
additional mil eage or personnel time incurred. 

The statewide mail harvest survey is still 
performed by the Kans as Fish and Game Commission 
and is preferred over the random bag check since 
it too involves few personnel and has proven to 
be  capable of collecting useable harvest 
statistics of dependable precision with minimum 
cost. 

Through this analysis of popul ation and 
h arvest statistics, we are now capable of 
accuratel y predicting and forecasting hunter 
performance and expectations for the subseq uent 
hunting season. 
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EFFICIENCY OF DOGS IN LOCATING BOBWHITES1 

FOREST E. KELLOGG, So utheastern Coo perative Wildlife Disease Study, Department o f  P arasitolo gy, Co llege 
of Veterinary Medicine, The University of Georgia, Athens, GA 30602 

GARY L. DOSTER, So utheastern Cooperative Wildlife Disease Study, Department o f  P arasitolo gy, College of  
Veterinary Medicine, The University of Georgia, Athens, GA 306 02 

WILLIAM R. DAVIDSON, So utheastern Coo perative Wildlife Disease Study, Department of P arasitolo gy, College 
of Veterinary Medicine, The University of Georgia, Athens, GA 30602 

W. MACK MARTIN ,  So utheastern Cooperative Wildlife Disease Study, Department o f  P arasitolo gy, College o f  
Veterinary Me dicine, The University of  Geo rgia, Athens, GA 30602 

Abstract: The efficiency of do gs in locating bo bwhites (Colinus virgi nianus) 
was studied on Tall Timbers Research Station, Leon County, Flo rida. Numbers 
of bo bwhites present o n  two study areas were determined in six differe nt years 
with the Lincoln Index me tho d. Numbers of bobwhites fo und on bird do g 
censuses and numbers of bo bwhites flushed while me tho dically hunting the study 
areas were recorded fo r co mpariso n with Lincoln Index data. Numbers of 
bobwhites fo und with both me tho ds invo lving bird do gs were substantially less 
than those numbers determined with the Lincoln Index census techniq ue. 

We  examined the efficiency of do gs in lo cating 
bo bwhites (Colinus virginianus) in order to (1) 
evaluate the use of do gs for censusing bo bwhites 
and ( 2) determine the percentages of bo bwhites 
fo und by hunters with do gs in relation to the 
number of bo bwhites actually present. Quail 
po pulatio n  levels were estimated using the Lincoln 
Index me tho d ( Davis 1963, Ke llogg et al. 1972 ) .  
These po pulatio n  numbers were used as a base for 
compariso n. 

METHODS 

This investigatio n was conducted at Tall 
Timbers Research Statio n, a 1300 ha area lo cated 
in Leo n  Co unty, Florida, in the Tallahassee Red 
Hills sub-regio n of the Co astal Plain. It is an 
area of ro lling hills and open pine woo dland, 
s cattered fiel ds, and so me hardwood thickets in 
Netter areas. Two study sites, o ne of 202 ha and 
the other of 210 ha, were used. Almo st all of the 
NOO dland portion of the study areas was burned 

lThis study was supported by Tall Timbers Research 
ltatio n, Tallahassee, Florida, and by an 
, ppropriatio n from the Congress of the United 
, tates to the So utheastern Cooperative W il dlife 
lisease Study, The University of Geo rgia. F unds 
•ere administered and research coordinated under 
he F ederal Aid in Wildlife Restoratio n Act (50 
,tat. 917) and through Contract No . 
4-16-0009-78-024, Fish and Wildlife Service, U. S. 
�partment of the Interior. 

annually in late winter. 
approximately 17 percent 
(average = 0. 9 ha each) . 
described in more detail 

Small cornfields made up 
of the study areas 

The study areas are 
by S mith ( 1980) . 

Bird dog censuses were 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  o ne study site to cover 
and was instructed to see that dogs or men went 
within at least 25-30 m of all points on the 
pro perty. Appro ximately 15 ha were covered per 
ho ur by a party. This would be considered 
intensive coverage by most hunters. Perso nnel 
were instructed to count birds in each covey as 
the covey f lushed, to mark the lo cation at which 
they landed, and to assure themselves that the 
birds were not counted twice during the census. 
This was not as difficult as it might seem, since 
a covey that has been flushed recently is usually 
spread out and do es not flush the second time fro m 
a small area. There were five rep etitions of the 
study, giving five sets of da ta for compariso n 
with the Linco ln Index census figures. 

Metho dical hunting of both 2 0o+ ha stu dy areas 
was co nducted annually each February from 1976 
through 1982. There were 50  rep etitions of hunts 
o ver the study sites, and in each year each study 
site was hunted three to five times. Successive 
hunts over the same ground were 24 to 72 ho urs 
apart. The informatio n  o n  hunting was gathered 
during the Lincoln Index census when birds were 
sho t  to get banded/unhanded ratios. To determi ne 
the number of birds left o n  the study area after 
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each hunt, all birds in the bag , shot down and 
lost, or feathered were s ubtracted from the 
Lincoln Index estimate of total population. 

There was very little difference in method 
between the bird dog census studies and hunting 
operations, except that hunting parties 
occasional). y had as few as one hunter and as many 
as three. Dogs ranged in number from one to four, 
the usual situation being two. Hunters were asked 
to count number of birds on a covey rise and to 
avoid rec ounting the same birds if they were 
flushed the second time. In this portion of the 
study, hunters often pursued singles after a covey 
rise but were required to cover the entire area 
thoroughly. Most often hunters were not permitted 
to kill mo re than two to four birds per covey. A 
wide variety of dogs and hunters was used , but at 
least one pe rson and one dog in each party was an 
experienced quail hunter. 

RESULTS 

Table 1 compares numbers of birds found on the 
bird dog census and nu mbers of birds actually 
present as determined by the Lincoln Index census 
method. Numbers of quail found on bird dog 
censuses averaged 53 percent of Lincoln Index 
populatio n estima tes and ranged from 46 percent to 
68  percent. 

Table 2 shows the numbers of birds found with 
dogs while hunting over the study areas. Numbers 
of quail flushed while hunting averaged 40 percent 
of Lincoln Index population estima tes and ranged 
from 17 to 71 percent. The Kruskal-Wallis test on 
the proportion of bobwhites found during first, 
second, third, and fourth/ fifth hunts disclosed 
significant differences ( P  < 0. 05) . The 
proportion of birds found declined with succeeding 
hunts. The nu mbers of birds found in the morning 
by hunting parties were compared to the numbers of 
birds located in the afternoon. A paired t test 
disclosed a tendency for finding more bo bwhites in 
the af ternoon than in the morning ( t  c 1. 944; 
to. 10 - 1. 943 ; df = 6) .  

Table 1.  Numbers of bobwhites found during bird 
dog census compared with Lincoln Index estima tes 
of populations on two study areas. 

Year Site 

1976 

1977 

1977 

1979 

1979 

2 

1 

2 

Lincoln 
Index 

Estimate 

461 

335 

134 

501 

502 

Number Percentage 
Bobwhites of Bobwhites 

Found 

248 

225 

91 

230 

239 

F ound 

54 

67 

68 

46 

48 

T able 2. Numbers of bobwhi t es f ound hy hunt ers 
c ompar ed with Lincoln Index est imates of populati ons 
on two s t udy areas fr om 1976 t hrough 1982. 
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32 
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36 
17 
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DISCUSSION 

The use of bird dogs for census work appears to 
yield more variable results than does a walk 
census as described by Dimmick ( 1982). We suggest 
that this is related to ( 1) adding the dog as 
another variable and ( 2) the less methodical 
coverage of study areas when using dogs. Data 
gathered by actual hunting parties show an even 
wider range of percentages of birds located in 
relation to numbers present. In this situation we 
added the extra task of shooting and made coverage 
of the area even less methodical. The perce ntage 
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. Unpublished information from radio­
teleme try studies on Tall Timbers 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 DK) rning. 
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 
a fternoon fell between 1530 and 1830 . 
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In summary, dogs are often not as efficient as 
their owners might think in locating birds. When 
hunting an area similar to our study sites in a 
rigorous and methodical manner, one should 
probably expect to find approximately 40 percent 
of the coveys actually present on the area. In 
comparing this type of hunting to typical hunters' 
me thods, we suspect that most hunters spend a 
great part of their time hunting only areas that 
they think will be DK)S t product ive. By hunting 
the most productive spo ts they probably flush more 
birds per hour of hunting than one would by 
me thodically hunting the entire area. A person 
me thodically hunting an entire area, however, will 
find a greater percentage of the birds that are 
actually present on the area. 
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A 1 0-YEAR STUDY OF BOBWHI TE QUAIL MOVEMENT PATTERNS1 

GLADYS F. SMITH , 2 Schoo l  of Forest Resources, T he University of Georgia, At hens, GA 30602 
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Abstract : T he mo vement patt erns of 676 bo bwhit e quail (Colinus virginianus) 
on t wo study areas on T all Timbers Research Station in nort hern Flo rid a were 
studied during a 10-year perio d. Eig hty-six percent of t he quail mo ved no 
more t han 400 m from t heir first document ed locat io n in a one- to five-year 
perio d. Ninety-eight percent mo ved less t han 800 m. Movement s great er than 
1, 000 m occurred but were rare. T here were no subst ant ial differences in t he 
annual mo vements of males and females or immatures and adult s ;  ho wever, t he 
few birds which made longer mo vement s (>800 m) t ended to be immature males. 
T he average dist ance an individua l  quail mo ved during a t wo-week shoot ing 
perio d was great er t han t he distance mo ved during t he preceding t wo-week 
trapping perio d, but t he average difference was only 82 m and t herefo re 
insignificant from a pract ical vi ewpoint .  Movement s during shoot ing averaged 
150 m and were not ext ensive enough to fo rce quail off t he study area. Egress 
and ing ress were minimal and appro ximat ely balanced. T he po pulat io n was · much 
less mo bile t han bo bwhit e po pulat ions in ot her po rt io ns of t he species ' range. 

Movement s of animals can influence a 
po pulatio n  as drast ically as nat ality and 
mort ality. T herefo re, knowledge of t he movement 
pat terns of a wildlife populat ion is essent ial to 
t he underst anding of po pulat ion dynamics and has 
pract ical implicatio ns for manageme nt .  
Management studies o f  bo bwhite quail (Colinus 
virg inianus) have been underway at T all Timbers 
Research St at io n (TTRS) in Leon County ,  Florida, 
s ince 1970. T he purpose of t he present study was 

1This study was suppo rt ed by T all Timbers 
Research, Inc. , T allahassee, Florida , and by an 
appro priat ion from t he Congress of t he Unit ed 
St at es to t he Sout heast ern Cooperat ive Wildlife 
Disease Study, T he University of Georg ia. F unds 
were administ ered and research coordinat ed under 
t he F ederal Aid in Wildlife Resto ratio n Act (SO 
St at . 917) and t hrough Contract Numbers 
14-16-0007-676, 14- 16-0008-2029 , and 
14-16-0009-78-024, Fish and Wildlife Service, U. S. 
Depart ment of t he Int erior. 

The dat a herein const itut e portions of a Mast er 
of Science T hesis originally present ed by t he 
senio r aut hor at T he University of Georg ia, 
At hens, GA 30602. 

2Present address is 19 0 Woodro w  Street , At hens , GA 
30605. 
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to investigat e t he mo vement patt erns of t he TTRS 
bo bwhit e populat io ns. Specifically, t he 
o bject ives were to det ermine ( 1) year-to-year 
mo vement s, (2) mo vement s during trapping and 
shoot ing perio ds, and (3) egress and ingress. 

Sincere appreciatio n is ext ended to Ors. Pet er 
Dress and Leon Pienaar fo r t heir co ntribut io ns to 
t he stdt istical analysis. Special t hanks are due 
to Marisue Hilliard and Julie Fort so n for help in 
ot her aspect s of t he st udy. 

STUDY AREAS 

T all Timbers Research St at ion co nsi sts of 
approximat ely 1, 300 ha in no rt hern Leon county, 
Flo rida, approximat ely halfway bet ween 
T allahassee, Florida , and T ho masville, Georgia. 
T all Timbers lies wit hin t he T allahassee Red 
Hills subregion of t he Co ast al Plain, 
charact erized by a mature to pography of rolling 
hills wit h gentle to mo derat e slope and hilltop 
elevat io ns of 60 to 90  m abo ve sea level (Hendry 
and Sproul 1966) . Soils are generally 
well-drained sandy or sandy lo am to psoils 
o verlying loamy subsoils. T he climate is 
t emperat e wit h me an annual temperat ure of 20 C 
and annual rainf all between 79 and 264 cm [ mean 
(x) • 155 cm ] .  Wint er and summe r are typically 
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wet seasons , but periods of several weeks without 
rain are commo n. 

Approximately 85 percent of TTRS is in 
woodland , primarily open stands of mature 
loblolly (Pinus taeda) and shortleaf pine (P. 
echinata) interspersed with live oak (Quercus 
virginian,.). The woodlands are burned in 
F ebru ary or March each . year, and a herbaceous 
cover rich in legumes such as partridge pea 
(Cassia spp. ) ,  native lespedezas (Lespedeza 
spp. ) ,  and beggarwe eds (Destoo dium spp. ) develops 
in the spring. Fields and f ire ecology plots are 
protect ed from burning by an extens ive network of 
fire lanes plowed each year (Kellogg and Doster 
197 1 ,  Kellogg et al. 1 970 ,  1972). Tall Timbers 
Research Station has not been intentionally 
managed for quail since 1964, but land management 
practices have been relatively favorable to 
quail. The bo bwhite population is protected from 
all hunting except that associated with the 
management study. 

After a preliminary census of the bobwhite 
population at TTRS in 1 969, 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 t he 1 969  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 in corn, but no 
planting was done on the South site. In 1 972 , 
1 973, and 1 974 , 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 harvested 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 1 97 1 , Kellogg et al. 1 970, 1 972, Smith 
1 980). 

METHODS 

Beginning in 1 970 and continuing through 1 979,  
bobwh ite quail at TTRS were censu sed annually. 
Quail were trapped and banded in late J anuary or 
early Febru ary of each year. The trapping period 
lasted f rom 6 to 14 days. Funnel-type quail 
t raps similar to those described by Stoddard 
( 1 93 1 )  were placed in sites considered to be 
frequently used by quail. Approximately one trap 
per 2-2. 5 h a  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 u sed 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 6 0  to 75 m. In 1 971 , 1 975, 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 F igure 1 .  Extra trapping 
was concurrent with trapping on the study sites. 

When captured for the first time in a given 
year, quail were sexed , aged , and banded with a 
number-coded size 7 aluminu m leg band. The 
ide ntification numbers of any b ands from previ ous 
years were recorded. Adults had completed at 
least one post-nuptial mo lt 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 the site of capture except during an 
additional trapping perio d in 1 975 when, after 
censusing was completed , birds were trapped and 
remo ved from the South study site to 
intentionally reduce the po pulation to one bird 
per 4 ha. Trapping was terminated w hen the 
percentage of recaptured quail w as 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 percent of the population had been collected . .  

Hun ters recorded the sex and age of all 
collected birds and the identific ation number of 
any bands. Precise locatio ns at which birds were 
sho t were mapped by hunters in 1977 ,  1978, and 
1 979. In several years, parties hunted in areas 
outside the study site (at least 45 m away from 
the boundaries) to mo nitor mo vement of banded 
quail off the study areas. In 1 973 ,  1975, and 
1 976 , extra shooting was conducted on the areas 
where extra trapping was done out side the 
boundaries. 

Year-to-Year Moveme nts 

Movement records were compiled from the 
t rapping and banding data for all quail captured 
at least two years during the stu dy. A compsite 
map of all trap s enumerated in the movement 
records was constructed using individual maps of 
trap locations from each of the 1 0  years of the 
study. An electronic digitizer w as used to 
assign C artesian coordinates to each trap sit e on 
the composite map. 

The straight-line distance bet ween two traps 
at which a bird was captured repr esented the 
mi nimum distance mo ved (MDM) during the period 
between winter captures. Actual distance moved 
by a bird could have been much gr eater. The MDM 
was calculated for all possible combinations of 
trap sites in an individual record. Thus, the 
movement record of a quail captur ed four 
consecutive winters yielded three 1-year MDM, two 
2-year MDM, and one 3-year MDM (Figure 2). 
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Pia .  1 .  Map of Tall Timbers Research Station showing North Study Site , South Study Site , and off­
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• 1st Trap 

A 2nd Trap 

• 3rd Trap 

0 4t h Trap 

Site 1-year 

Site 2-year 

Site · - · - 3-year 

Sit e 

1-year MDM: A, B ,  C 

2- year MDM: D, E 

3-year MDM: F 

CDIST = A + B + C 

Movement 

Mov ement 

Movement 

Fia.  2 .  Diagram and d escript ion of the vario us 
d istances calc ulat ed for a quail captur ed four 
consecutive wint er s .  

F or birds capt ured t hree or four consecut ive 
wint ers, straight-line dist ances between annual 
captures were summe d. T his cumulat ive dist ance 
(CDIST) represent ed t he best est imat e available 
of t he act ual dist ance moved by a q uail from 
first to  last capt ure (F igure 2 ) ,  

Two approaches were used to  analyze MllM dat a. 
In t he first approach, all year-t o-year movement s 
by an individual bird were included when 
calculat ing descriptive st at ist ics [ x ,  St andard 
Deviation (SD) ) .  In t he second, only one 
1110 vement for each bird, MDM from first t o  last 
trap sit e, was used in calculat ions. 

A paired t-t est (Ostle and Mensing 1975) was 
used t o  det ermine t he significance (P < 0. 05) of 
t he difference between t wo consecut ive-one-year 
movement s of an individual quail. One-year 
movement s were subject ed to  an analysis of 
variance (ANOVA) t o  det ermine whet her significant 
differences (P < 0. 05) were att ribut able t o  year, 
age, sex, or study sit e. The design was 
unbalanced, wit h an unequal and disproport ionat e 
number of observat ions in subclasses; t herefore, 
a linear least square analysis was used t o  
perform t he ANOVA (Ostle and Mensing 1975) .  
Duncan's (1955) mult iple range t est was used t o  
compare means of significant main effect s and a 
select ed int eract ion t erm. 
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Movement during Trapping and Shoot ing Periods 

Records of movements wit hin t h e t rapping 
period were compiled for all quail trapped at 
least twice during the t rapping periods in 1977, 
1978, and 1979. An individual retrap record 
consist ed of t he sequence of trap sit es at which 
a bird was captured wit hin a t rapping season. 
T he dist ance from first to  last t rap sit e in a 
retrap record was assumed t o  represent t he 
dist ance moved by a bird during t he t rapping 
period (TDIST). 

Dist ances moved during shoot ing (SDIST) were 
calculat ed for all banded birds shot during 1977, 
1978, and 1979. The straight-line dist ance 
between t he sit e at which a bird was shot and t he 
t rap sit e at which it was last capt ured in t he 
preceding trapping period was assume d t o  
represent SDIST. A paired t-t est was used t o  
det ermine t he significance (P < 0. 05) of t he 
difference between SDIST and TDIST for birds 
retrapped and shot wit hin t he same census 
period. 

Addit ional Movement Records 

In addit ion t o  t he movement records obt ained 
from t rapping and shoot ing, ot her records were 
collect ed t hat , while not providing conclusive 
informat ion, provided insight into t he egress and 
ingress patt erns of t he populat ion. Movement s 
were analyzed for t hose banded birds t hat changed 
from one st udy sit e t o  t he ot her between wint ers 
or were shot or t rapped out side t he boundaries. 
Approximat e locat ions at which banded quail were 
recovered on adj acent propert ies were plotted on 
a Grady County ,  Georgia, or Leon County, Florida, 
map, and dist ances mo ved since last capture were 
me asured. 

Populat ion Est ima t es 

C hapman's (1951) 1110 dified Lincoln Index was 
used to est imat e t he quail populat ion on each 
study sit e at t he beginning of wint er t rapping 
each year. Populat ion sizes aft er censusing were 
calculat ed by subt ract ing all known losses during 
t he census from t he population est imat es derived 
from t he banding r eturns. Pre- and post-census 
densit ies of quail on each study sit e each year 
were calculat ed. Correlat ion analyses were used 
to det ermine t he significance (P < 0. 05) of t he 
relat ionships between mean annual-mo veme nt and 
qua il densit ies. 

lU.SULTS AND DISCUSSION 

Dist ances Moved from Year to Year 

During t he 1 0  years of censusing,  6 , 033 quail 
were banded one or more t imes, and of t hese, 574 
were banded for two or more years. T he t rapping 
records of t hese 574 TTRS quail yielded 7 10 MDM 
ranging in durat ion from one to  five years. 
Sample means and frequency distribut ion of MDM 



o btained by using o nly o ne movement per bird were 
similar to tho se o btained when all possible 
year-to -year movements by a bird ( Table 1) were 
included in the analysis ( Smith 1980) . Further 
discussio n of  distances mo ved by TTRS quail is 
based o n  the to tal number of  NDM recorded, 
irrespective of duplicatio n of mo vements by 
individuals. 

Five hundred eighty-four !-year MDM were 
o btained from the trapping records of 529 quail 
(Table l ) .  Ap-proximately 88 percent of  the 
o ne-year MDM were less than 400 m. Ninety-eight 
percent of the birds mo ved no more than 800 m 
from their initial trap site in a year' s time. 

Data from this study and Simpson' s ( 1976 ) were 
o btained in the same general regio n and on study 
areas of appro ximately the same size. The 
frequency distributio ns of  o ne-year MDM were very 
similar, with more than 96 percent of both 
po pulatio ns moving no more then 800 m in a one­
year perio d. A greater percentage of TTRS quail 
remained within 400 m o f  the initial trap site, 
which suggested that the TTRS po pulatio n was even 
more sedentary than S impso n' s. 

Differences in winter-to -winter mo vements of  
TTRS and W isco nsin quail ( Kab at and Tho mpso n 
196'3) were substantial. A much greater 
percentage of the Wisco nsin quail moved more than 
800 m, and though no statistical test could be 
made , the mean distances mo ved were obviously 
different. None of  the TTRS annual movements 
recorded in trapping exceeded 1 , 6 00 m, although 
33. 6 percent of the Wisco nsin movements did. 
Most birds moving distances greater than 1, 6 00 m 
at TTRS pro bably would have moved off the study 

site. 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 between 800 and 1 , 6 00 m, then probably 
even fewer were longer than 1 , 6 00 m. 
Appro ximately the same percentage o f  Texas 
( Lehmann 1946 ) and TTRS quail moved no mo re than 
800 m, but o ne-year movements in the TTRS 
po pulation were more co ncentrated in the "'less 
than 400 m" category. Therefore, o ne-year MDM o f  
TTRS quail were more li mi ted than those  of  quail 
in Wisco nsin and Texas. 

Several investigato rs have o btained 
year-to -year quail movements incidental to 
studies of seaso nal movements. Such studies have 
been generally short-term, and the number of  
annual movements recorded were few. Murphy 
( 1951) reported eight annual movements fo r 
Missouri quail ranging from 400 to 2, 640 m, five 
of  which were less than 800 m. In another study 
o n  the same area, seven of nine quail moved less 
than 800 m in one year ( Lewis 1952) .  Extremely 
long one-year movements (x  m 8, 184 m) were 
recorded fo r two quail in a low density Indiana 
po pulatio n  ( Hoekstra and Kirk patrick 1972) .  Most 
of the Wisco nsin quail trapped 10 to 16 mo nths 
after banding moved less than 800 m ( Erringto n  
1933) . Sto ddard ' .s ( 1931) movement analysis of  
so uth Georgia-north Florida quail included 
mo vements of  various duratio ns. His results were 
generally similar to those of this study in that 
the movements he repo rted were less than tho se of 
quail in other regions. 

Two-year mo vements further substantiated the 
sedentary nature of TTRS quail. Eighty percent 

Table 1 .  Summary of 710 winter-to-winter movements of bobwh ite qua il at Tall Timb ers Res earch Stat ion, 
1970-1979 . 

Distance moved 1 - Y ear 
( m) N umb er(%) 

2 - Year 3 - Year 
Number(%) Number(%) 

4 - Year 5 - Year 
Number(%) Numb er(%) 

To tal 
N umber(%) 

0 - 200 335 (5 7. 4) 45 (42. 9) 2 (11 . 1) 1 (50.0) 383 (53.  9) 

201 - 400 178 ( 30.5 )  39 (37. 1) 9 (50.0) 1 (100. 0) 22 7 ( 32. 0) 

401 - 6 00 5 0  ( 8.6 ) 14 (13. 3) 4 (22. 2) 6 8  ( 9. 6) 

601 - 800 11 ( 1 . 9) 6 (5 . 7) 1 (5 . 6 ) 1 8  (2 .5)  

801 - 1 , 000 3 (0.5 )  3 (0 . 4) 

1 , 001 - 1 , 200 3 ( 0 . 5 )  1 (L O) 1 (5 . 6) 1 (50. 0) 6 (0.8) 

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

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

TOTAL 5 84 (100.1) 105 (100. 0) 18  (100.1) 2 (100. 0) 1 ( 1 00. 0) 710 ( 99. 9) 

Average MDM 214 267 425 630 249 228 

Stan dard 
Deviation 1 96 185 290 6 93 203 

Ran ge 0 - 1 , 478 0 - 1 , 069 71 - 1 , 25 0  140 - 1 , 120 0 - 1 , 478 
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of the 2-year movements were less than 400 m, and 
9 9  percent were less than 800 m (Table 1). 

The mean of three-year MOM was greater than 
the means of the one-and two-year M.DM (Table 1), 
and 39 percent of three-year movements were 
greater than 400 m. However, the number of 
three-year movements was probably too small to 
conclude that three-year movements were actually 
greater. Four-and five-year movements were even 
fewer. Two males, first captured as immatures, 
were recaptured four years after initial banding. 
One moved only 140 m from the original trap site; 
the other moved 1, 120 m. A third male, banded as 
a imma ture, was recovered five years after the 
first capture only 249 m from the original trap 
site. Movements of long duration are interesting 
but probably contribute little to the movement 
patterns of the population as a whole since so 
few birds survive to make such movements. 

Differences in Movement among Yearly I ntervals 

Although there was no clear pattern in the 
mean differences, there was a general tendency 

, for longer ioo vements in the later years of the 
study (Table 2). Comparison of sample me ans 
raised a fundamental question: What magnitude of 
mean difference was biologically or practically 
significant? Average MDM for the first interval, 
1970-19 71, was statistically different from all 
other means, yet the difference between means of 
the first two interv als w as only 52 m. Such a 
slight difference in the average distance mo ved 
by quail during those two years was not 
practically different. Maximum mean difference 
between years was 227 m. A difference of this 
magnitude probably was indicative of a meaningful 

difference in the movement of quail during the 
two interv als, 1970-1971 and 19 77-1978. 

C hanges in habitat over time might have 
affected mo vement, but the only major change in 
land use at TTRS during the years of census was 
the pattern of corn planting. Corn fields are 
apparently beneficial to quail (Nevels 1952, 
Ke llog g et al. 1972), but we detected no 
relationship between the presence of corn fields 
and movement on a study s ite. In  the years when 
corn was planted on one study area and not the 
other, there was no significant dif ference 
between mean annual MDM of the two sites. Quail 
did not mo ve long distances toward the corn 
fields. 

Fluctuations in population size could 
inf luence yearly movements. Several 
investigators have suggested that b obwhite quail 
in mo re densely populated areas are less mobile 
than birds in less densely popula ted areas 
(Errington 1941, Errington and Hammerstrom 1936, 
Urban 1972). Others believed population density 
and movement were directly related; population 
pressure forced 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 population size and 
density on each study site at the time of 
trapping and after censusing are pr esented in 
Table 3. Winter densities on the two study sites 
differed significantly ( t  • 2 . 9 8, P < 0. 02). 
Therefore, analyses were performed separately for 
the N orth and South study sites .  Since only one 
population estimate per year was obtained for 
each study site, the effects of y ear and density 

Table 2 .  Avera�e one-y ear movem ents (ml of  bobwhite quail at Tall Timb ers 
Res earch Station for nine y early int ervals . 

Average Standard 
Int erval N umber MDM Deviation Range 

19 70-71 131 142 101 0 - 529 

19 71-72 134 194 172 0 - 9 7 2  

1972-73 120 221 230 0 - 1 , 47 8  

1973-74 46 244 180 0 - 718 

19 74-75 53 211 160 0 - 519 

1975-76 23 334 309 0 - 1 , 203 

1976-77 37 292 248 0 - 1 , 028 

1977 -78 14 36 9 315 65 - 1 , 391 

1978-79 26 295 155 0 - 6 00 

TOTAL 584 
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Table 3 .  Population and dens ity estimates (birds/ha )  of bobwhite quail on the North and South study 
sites at Tall  Timb ers Research Station , 1970-197 9 .  

Number at Density at 
N umber at Standa rd Density at end of end of 

Study start of Error start of shooting b shooting 
Year sitea trapping period ( 95%  CI)  trapping period collection  collection 

1970 N 1 , 158 5 8  (1, 044-1, 272) 5 . 6  918 4. 5 

s 723 70 (586-860) 3. 4 5 92 2 . 8  

1 971 N 1, 411 84 (1, 246-1,576)  6 . 9 _ 1, 159 5 . 7  

s 829 5 9  ( 713- 945) 3. 9 6 84 3 . 2  

1972 N 1,555 73 (1, 412-1, 6 98) 7. 6 1 , 22 0  6. 0 

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

1 973 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 ( 35 9-493) 2. 0 306 1 . 4  

1 975 N 410 28 ( 355-465) 2. 0 304 1.5 

s 355 15 ( 326- 384) 1 . 7  1 36 0 . 6  

1976 N 463 35 ( 394-5 32) 2. 3 367 1. 8 

s 228 27 (175-281) 1 . 1  1 77 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 ( 309-447) 1 . 8  295 1 .4  

s 213 26 (162-264) 1 . 0  165 0. 8 

1 979 N 501 37 ( 428-574) 2. 4 385 1. 9 

s 5 04 37 ( 431-577) 2. 4 385 1. 8 

� .,  North ;  S = South. 

bNumber at end of shooting collection = Number at start of trapping period - known losses during census. 

could not be separated in the analysis. Any 
conclusions drawn from the results of those 
analyses are subject to this qualification. 

The rela tionship between annual movement and 
popula tion density was inxestiga ted by 
correla ting the bobwhite density during a given 
winter with mean annual MDM from that winter to 
the next. Density at the time of trapping and 
mean one-year MDM were negatively correla ted. 
Correla tion of the two measures was highly 
sign ificant on the South study site ( r  m -0. 73, 
P < 0. 02) a nd not sign ificant on the North 
( r  • -0. 5 8, P < 0. 10) . The correla tions between 
density af ter censusing a nd mean annua l MDM were 
similar ( South, r m -0. 75, P < 0. 02; North, 
r • -0. 56,  P < 0. 12) .  The relationship between 
winter popula tion density and movement during the 
preceding year wa s also eva luated, but the 
correla tion wa s not significant. 
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Differences in Movements between Sexe s and Age 
Classes 

Some have suggested that male bobwhit es tend 
to move farther than females ( Hood 1955, Loveless 
1958, Kabat and Thompson 1963) , but others found 
no sex differential in movement (Stoddard 1931, 
Errington 1933, Murphy 1951, Simpson 1976). 
Loveless ( 1958) reported that there was no 
difference in the spring a nd summer movements of 
adult and immature quail, and Simpson ( 1976) 
concluded the sa me about fa ll movements. Results 
of this study disclosed slight sex and age 
differentials in qua il movement. Mean one-yea r 
MDM was significantly grea ter for males and 
immatures ( Table 4) . Comparisons of me an annual 
MDM for sexes and age cla sses revealed that 
although a statistically sign ificant difference 
existed, a biological or practical difference did 
not. The data did suggest, however, that those 
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few birds making extensive movements will most 
likely be immatures, and probably males. 

Patterns and Directions of Movement 

The cumulative distance (CDIST) moved between 
trap s for 55 quail captured three consecutive 
years ranged from 43 to 1, 2 19 m and averaged 
415 m (SD = 269 m). A single female captured 
four consecutive years had a CDIST of 465 m. 
There was no consistent pattern of movement for 
bobwhites with conse cutive yearly captures. Some 
tended to move in a straight line away from the 
initial trap site; however, consecutive movements 
of other birds formed a more acute angle, 
resulting in final locations near er to the 
initial capture site. F orty-one of the 574· birds 
giving movement records 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 h ave 
been reduced during trap ping because of the 
intensive use of baited trap sites. On the other 
hand, hunting possibly stimulated movement. 
Rosene (1969) contended that coveys flushed too 
frequently would move from an area. Errington 
and Hammerstrom (1936) thought that shooting or 
other continuous disturbances coul d cause a covey 
to relocate within its range but would seldom 
drive it out of its range altogether. 

Distance mo ved during tr apping and shooting 
periods could be compared for 130 TTRS quail 
which had been retrapped and later shot during 
the same census period (1977-1979). Quail were 
shot 5 to 14 days after being trapped for the 
last time. F or these 130 quail, mean distance 
moved during trapping (TDIST) was 73 m (SD = 84 
m), and mean distance mo ved dur ing shooting was 
155 m (SD � 105 m). F or an individual quail , 
SDIST was significantly greater than TDIST 

(t = 7. 56, P < O. 001). However, me an dif ference 
between SDIST and TDIST was only 82  m, which is 
insignificant from a pr actical standpoint. 

Additional shooting mo vement records were 
available for 102 banded quail shot but not 
retrapped during the same census period. Thus, 
SDIST was known for a total of 232 banded q uail. 
Shooting movements ranged from O to 544 m, and 
mean SDIST was 150 m (SD = 104 m). Movements of 
this magnitude would have caused few birds to 
leave the study sites. therefore, movement 
during shooting was concluded to be of little 
practical importance. 

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 shooting on study 
areas. Parties hunting in areas mo re than 45 m 
away from the study site boundaries recovered no 
banded birds. However , in 1973, 1975, and 1976, 
when hunting outside the study sites was more 
intensive and conducted along the boundaries, 
banded birds were collected. Sho oting in the 
buffer zone between the study sites in 1973 
yielded 39 quail , of which 17 had been banded 
that year. In 197 5, 18 of 43 birds shot outside 
the study sites were banded , but only 1 of 17 
birds shot in 1976 was banded. 

Exact shooting locations for t he birds were 
not recorded, so distances moved from last trap 
to shooting site were not known. However, the 
majority of banded birds shot off the areas were 
l ast captured at trap sites located on the 
periphery of the study sites. Movements of less 
than ·90 m would have placed all birds except two 
outside the boundary. One bird moved a minimum 
of 230 m off the stu dy area, and another, 650 m. 
The distances moved by these birds probably were 
not different from those of birds shot on the 
area. M.ost likely the covey ranges of these 
birds overlapped the boundaries, and these quail 
were shot within their normal ranges. 

Tab le 4 .  Average one-y ear movements (m) of bobwhite qua il at Tall Timbers 
Res earch Station for sexes and ag e classes .  

Variable 

Age 

Adult 

Immature 

Sex 

Male 

Female 

Number 

186 

398 

339 

245 

Average 
MDM 

177 

231 

2 30 

191 

42 

Standard 
Deviation 

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 provid ed 
by (1) band returns from bird s sho t  on  ad jac ent 
pro perties, (2) shooting outsid e the boundaries, 
(3) trapping outsid e the bound aries, and (4) 
mo vements between study sites. During the 10 
years of stud y, only six band ed bird s were 
recovered on surrounding properties. T he hunting 
o n  surrounding properties was intensive enough 
that if large numbers of TTRS quail mo ved long 
distanc es, then mo re band ed quail would have been 
c6llect ed .  Shooting parties intensively hunted 
TTRS areas outsid e  the study site bound aries 
several years. Their collections sho uld have 
detected the presenc e of band ed survivo rs from 
the previous year that had moved and remained 
outside the study sites, but no such birds were 
collected .  Results from trapping outsid e the 
bound aries disc losed that very few band ed birds 
were trapped outside the stud y areas in 
succ eeding years. Similarly, o nly 9 o f  156 birds 
o riginally trapped outsid e the stud y areas were 
recaptured the fo llowing year on the stud y sites. 
T he abo ve data indic ate that egress and ingress 
were minimal and generally equivalent. An 
approximately equal number of birds mo ved from 
one stud y site to the other, whic h further 
suppo rted the conc lusion of balanced egress and 
ingress. These conclusio ns are similar to those 
o f  Simpso n  (1976) , who found a very small number 
of  birds moving onto ad jacent properties. 

Seve ral studies have attempted to assess 
egress and/or  ingress from recapture data. In a 
Wisconsin po pulation,  42 percent of the birds 
emigrated from the stud y area during spring (Huss 
et al. 1947) ; in another, 79 percent emigrated 
(Kabat and Thompson  1963) . Extensive spring 
dispersal occurred in a Misso uri po pulation; half 
the ad ult birds in a spring po pulation had moved 
o nto the study area since winter (Murphy and 
Baskett 1952) . Another study on  the same area 
fo und co nsid erable ingress during the spring 
(Lewis 1954) . 

F ailure to retrap a reasonably high percentage 
o f  band ed birds h as been interpreted as 
indic ating movement of  large numbers from the 
po pulatio n (Lehmann 1946, Lo veless 1958) . As 
Lewis (1952) no ted , suc h a co nc lusio n is 
questio nable since it fails to take i nto account 
the high turnover rate in quail. In the present 
stud y, 86 percent of the 5, 521 band ed birds that 
survived the shooting period at TTRS were never 
rec aptured . It is o bvious that the majo rity of  
these band ed birds did not mo ve of f the stud y 
sites. 

Co nsid ered as a who le,  the results of this 
stud y depict a quail po pulatio n in whic h very 0 

little movement occurred .  The great maj o rity of 
the po pulation was extremely sed entary. Some 
bird s mo ved long distances, but the number of  
bird s making such mo vements was very small. Even 
when disturbed by shooting ac tivities, quail 
moved very little. Movement in and o ut of  the 
stud y sites occurred but was minimal and 
generally confined to areas alo ng the periphery 
of the study sites. Most likely this was normal 
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mo vement by birds whose ranges overlapped the 
artificial bound aries. The conclusion consistent 
with these results is that t he banded bird s not 
rec aptured disappeared not because they mo ved , 
but bec ause they died .  Movement of TTRS quail is 
so limi ted that movement can be disregarded as a 
majo r  facto r in po pulation  dynamics. 
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HUNTER SUCCESS AND CRIPPLING LOSSES FOR BOBWHITE Q UAIL1 

GARY L. DOSTER, Sout heast ern Cooperat ive Wil dlife Disease Study, Depart ment of P arasit ol ogy, College 
of Veterinary Medicine , The University of Ge or gia, At hens, GA 3CY602 
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WIL LIAM R. DAVIDSON , Sout heast ern Cooperat ive Wil dlife Disease Study ,  Department of Parasit ol ogy, 
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Abstract : During a two-week period each Fe bruary from 1972 t hrough 19 81, 
bobwhit e quail ( Colinus virginianus) were collect ed on two study sit es 
consisting of 202 and 210 hect ares ( SOS and 524 acres, respect ivel y). 
Bob whit es were collect ed by conventional sport hunting techniques, and records 
were ma int ained on several crit eria concerning hunter success and crippl in g 
l oss. During t he 10-year study, 108 dif ferent hunt ers using 112 different 
dogs hunted a t ot al of 3 , 089 man hours, flushed 15, 576 bobwhit es, fired 6, 82 0 
sho t s, bagged 2 , 245 bobwhit es, shot down and l ost 230 bobwhit es, and feat hered 
an additional 385 bobwhit es. Bobwhit e density ranged from 0. 6  t o  7. 6 
bobwhit es per ha ( 0. 3  to 3. 1/acre). Crippling l oss ran ged from 15 pe rcent to 
29 percent ( x  • 22 percent) of t he tot al annual kill but did not correl at e 
wit h fluctuat ions in bobwhit e density. 

L ong-t er m  studies on management and diseases of 
bobwhit e qua il ( Colinus virginianus) have been 
underway at T al l  Timbers Research St at ion in Le on 
County, Fl orida, since 1969. Part of this 
research has invol ved t he annual harvest of 
approxima t el y  25 percent of t he bobwhit es present 
on each of two study sit es consistin g of 202 and 
210 ha ( SOS and 524 acres, respect ivel y) . 
Bobwhit es were collect ed by convent ional sport 
hunting t echniques, and records were maint ained on 
a number of crit eria, includin g hunting success 
and crippl ing l oss. Kell ogg and Doster ( 1971) 
report ed t he result s of t he first t hree years of 
t his aspect of t he study. !'his report provides 
information from an addit ional 10 years '  dat a and 
compares results at different quail density 
l evel s. 

1T his study was supp ort ed by Tall Timbers Research 
St at ion , T all ahassee, Florida, and by an 
appropriation from t he Congress of t he Unit ed 
St ates t o  t he Sout heast ern Coop erat ive Wil dlife 
Disease St udy, T he University of Georgia. F un ds 
were administ ered and research coordinat ed under 
t he F ederal Aid in Wildlife Rest oraq.i on Act ( SO 
St at. 917) and t hrough Contract No. 
14-16-0009-78-024, F ish and Wil dlife Service, U. S. 
Department of t he Int erior. 
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METHODS 

Study sit e descript ions and collect ion met hods 
were generally  t he same as described by Kellogg 
and Dost er ( 1971). In the present study, however, 
hunting records were ma int ained separat el y for t he 
two study sit es. F urt her de script ion of t he study 
sit es, collect ion t echn iques, and bobwhit e 
densit ies is avail able els ewhere ( Kell ogg  et al . 
1970, Kell ogg et al . 1972 , Smi t h  1980) .  

Dat a for this study were coll ect ed during a 
two-week period each F ebru ary from 1972 t hrough 
1981. Each study sit e was divided int o sections 
t hat coul d be covered t horoughly by a hunting 
party in two to four hours. All sections of each 
study sit e were hunted a minimum of three t ime s  
during t he two-week period. In order to 
distribut e t he collect ion of bobwhites over each 
study sit e, hunting part ies usually were 
restrict ed to killing only two t o  four birds from 
each covey found during a hunt. A hunting part y 
n ormally consist ed of two to t hr ee hunt ers using 
two dogs. During t he 10-yea r investigat ion ,  108 
different hunt ers using 11 2 different dogs 
part icipat ed. Hunt ers ran ged from. novices t o  
well-seasoned veterans, and dogs ranged from 
puppies in training t o  ol de r,  well-tr ained dogs. 
Most hunt ers used 12 or 20 gau ge shot guns, but a 
few used 16 gauge guns. Many of t he same hunt ers 
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and dogs part icip at ed in both this and the earlier 
study (Kellogg and Do st er 19 7 1 ) .  

During each hunt , records were kept pert aining 
t o  man-hours hunt ed ,  number of bobwhit es flu shed , 
shot s f ired , bobwhit es retrieved , birds shot d own 
but lost , and birds feathered that kept flying. 
Crippling loss was the sum of bird s shot d own but 
l ost plus bi rd s that lost feathers but kept fl ying 
aft er being shot . These birds, added to those 
actually retrieved , comprised the t ot al kill. 

Pert inent d ata were encoded ,  ent ered on 
comput er punch cards, and analyzed u sing 
st at ist ical procedures from the St at ist ical 
Analysis Syst em (l:lelwig and C ouncil 1979 ) .  
Variables were compared u sing linear regression 
analyses and correlat ion coefficients except for 
t est ing of trend s  over t ime ( i. e. , in succeedi ng 
years of the stud y)  in which case the runs t est 
(Remingt on and Schork 19 70)  was u sed .  

RESULTS AN D  DISCUSSION 

Inf ormat ion from both study sit es for each year 
is given in T able 1 .  Also included in T able 1 for 
comparat ive purp oses are d at a  from the earlier 
study by Kell ogg and Dost er ( 19 7 1 ) .  Re sults of 
the two studies are similar, i. e. , about three 
shot s were fired for each bird bagged , and one 
bird was lost t o  crippling for every three t o  four 
bagged. 

In addit ion t o  the basic question of obt aining 
a reference value for crippling loss, dat a 
obt ained during this study afford ed ins ight on 
several other rel at ed questions. First , d oes the 
percent age of t ot al crippling loss or either of 
it s component s ( i. e. ,  pe rcent age down and lost or 
percent age feathered ) vary in rel ation t o  bo bwhit e 
populat ion density? Analyses did not indicat e any 
rel at ionship between bobwhit e  density and t ot al 
crippling l oss ( r  • -0. 08 ;  P • 0. 7 4) , bird s shot 
d own but lost ( r  • 0. 1 3 ;  P • 0. 58 ) ,  or birds 
feathered ( r  • -0. 29 ; P • 0. 2 1 ) .  Second , did 
hunt ers expend more effort ( i. e. , were they more 
successful) at locating d owned birds when their 
ch ances of finding new covey s were less ( i. •e. , 
when flushes per hour were low) ? Anal y sis 
reveal ed that the percent age of birds d own· and 
l ost was not rel at ed to the number of flu shes pe r  
hour ( r  • 0. 18 ; P • 0. 45 ) .  Third , with accrued 
experience ( i. e. , in succeeding y ears) were 
hunt ers able t o  reduce the t ot al percent age 
crippling l oss or either of it s component s? 
Analyses indicat ed t hat the percent age of bird s 
d own and lost had a decreasing trend over 
succeeding years ( P  < 0. 05 ) ;  however, the t ot al 
percent age crippling loss and percent age feathered 
did not exhibit t rends over t ime ( P  > 0. 0 5 ) .  
F ourth ,  did hunt ers have variable rat es of 
shooting success ( i. e. , number of shots per bird 
retrieved ) at different bobwhit e dens ities or at 
different hunting difficult ies ( i. e. , flushes per 
hour)? An alyses discl osed that the number of 
shot s fired per retrieved bird was not relat ed t o  
bobwhit e dens ity ( r  • . 0. 2 5 ;  P • 0. 29 ) or flushes 
per hour ( r  .. 0. 2 1 ;  P • 0. 38 ) .  

The inf ormat ion present ed herei n should be 
u seful t o  game managers in det ermi ning crippling 
l oss and t ot al harvest of bobwhite s  on privat e and 
pu blic land s. Further, since t he dat a  were 
collect ed in a ma nner th at can be consid ered 
reasonably represent at ive of bobwhit e hunt ing 
( e. g. , at variou s  bobwhit e densit ies, over a 
number of years, for harvest levels ranging f rom 
19 t o  39 percent , and by sport hunting met hods) , 
t he find ings should be broad ly applicable. 
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Table 1 .  Harve s t  data  for bobwhite quail col lected on Tall Timbers Research �tat ion , Leon County , Florida , from 1969 through 198 1 , 

----
Crippling Losses 

Bobwhite Man Total Shots  Pe r 
Dens ity Hours Number Sho ts  Shot Down Crippling Bobwhites Total Bird 

Year  Site  pe r ha/ac Hunted Flushed Fi red llut Los t  + Feathe red 3 Los s  + Collected = Kil l  Retrieved 

1969 
1970 
1 9 7 1  a 1& 2 >2. 4/) 1 , 0 5 7 2  5 , 691 2 , 6 39 1 09 (  l O) b 1 57 ( 1 4 )  266( 24 )  846( 7 6 )  1 , 1 1 2 3. 1 

1 9 7 2  1 7 .  6/ 3, 1 246 2 , 5 84 1 , 01 3  33( 8)  49( 1 2 )  82( 2 1 )  3 1 2( 7 9 )  394 3. 3 
2 2. 9/1.  2 169 1 , 1 34 450  24 (13 )  2 2 ( 1 2 )  46( 25 )  1 35( 7 5 )  1 8 1  3. 3 

1 9 7 3  1 3. 5/1.  4 167  983 51 9 22( 10)  26( 1 2 )  48 ( 22 )  1 7 5 ( 79)  223 3, 0 
2 3. 5/1 . 4 183  1 , 4 34 563  2 1 ( 9 )  3 1 ( 1 3 )  52( 22 )  1 8 1 ( 78 )  233  3. 1 

1 9 7 4  1 2. 7/ 1 ,  1 253  1 , 0 1 8  507 14 (  7 )  3 1 ( 1 6 )  4 5  ( 2 3 )  150( 7 7 )  195  3. 4 
2 2. 0/0. 8 1 3 7  5 2 7  302 1 2 ( 8 )  1 9 (1 3 )  3 1 ( 2 1 )  1 16 ( 79 )  1 4 7  2. 6 

1 9 7 5 1 2. 0/0. 8 169 546 253  1 1 ( 1 0) 18( 1 6 )  29 ( 26)  83( 7 4 )  1 1 2  3 . 0 
2 1. 7 / o. 7 1 65  660 34 1 15 ( 1 1 )  1 5 ( 1 1 )  30( 22 )  1 09( 78)  1 39 3, 1 

1 9 7 6  1 2. 3/ 0. 9 19 1 586  285  5 ( 4 )  2 0( 1 7 )  25 ( 22 )  9 1 ( 78 )  1 1 6  3 ,  1 
.p. 2 1. 1 / 0. 4 139  333  169  9( 1 4 )  1 0( 1 5 )  1 9 (  29)  4 7 ( 7 1 )  66 3, 6 -.J 

1 9 7 7  1 1. 7 / o. 7 1 4 7  4 7 6  1 86  3( 4)  1 5 ( 1 9 )  18 ( 23 )  60( 7 7 )  78 3, 1 
2 0. 6/ 0. 3 99  16 1  87  3 (  7 )  6( 1 5 )  9 ( 22 )  3 1 ( 7 8 )  40 2, 8 

1 9 78  1 1 . 8/ 0, 7 99 622  222  6(  6) 1 6 ( 1 6 )  22( 2 1 )  8 1 ( 79 )  103  2, 7 
2 1, 0/0. 4 7 4  27 1 1 16 1 ( 2 )  7 ( 1 3 ) 8( 1 5 )  4 4 ( 8 5 )  5 2  2, 6 

1 9 79  1 2. 4/ 1 .  0 1 4 5  7 6 5  33 1  9( 7 )  18 ( 1 3 )  27 ( 20 )  1 08 ( 80) 1 35 3, 1 
2 2. 4/ 1 . 0 1 4 1  7 3 7  329 1 3 ( 9) 1 8 (  1 3 )  29( 22 )  1 08 ( 78 )  1 39 3. 0 

1 980 1 2. 8/ 1 .  1 1 46  75'1.  346 1 3 ( 8) 24( 1 6 )  37 ( 24 )  1 1 6 ( 76 )  1 5 3  3 ,  0 
2 2. 6/ 1 , 1 1 44  62 3 255 2 ( 2 )  1 5 ( 1 4 )  1 7 ( 1 6 )  88( 84 )  105 2. 9 

198 1  1 3. 3/ 1 ,  3 160  884 3 2 1  1 0( 6)  1 4 ( 9) 24( 16 )  1 30( 84 ) 1 54 2. 5 
2 1 . 8/ 0. 7 1 1 5  480 225 4(  4)  1 1 ( 1 1 )  15 ( 1 5 )  82( 85) 97 2. 7 

TOTALS ( 1 9 7 2 - 1 98 1 )  3 , 089 1 5 , 5 7 6  6 , 820  2 30( 8) 385(  1 3 )  6 1 5 ( 22)  2 , 245 ( 78 )  2 , 860 3, 1 
[ 2- 1 4  ) C  ( 9- 1 9 ]  [ 1 5-29 ] ( 7 1 -85 ] ( 2. 5-3. 6 ]  

GRAND TOTALS ( 1 9 69-198 1 )  3 , 6 6 1  2 1 , 267  9 , 459 339( 9 )  542( 1 4 )  881 ( 22 )  3 , 093 ( 78 )  3 , 974  3 ,  1 

n:Reported by Kellogg & Dos ter  (19 7 1 )  
bNumbe r i n  pa rentheses is % of total ki l l  
Cnumbe r in  bracke t s  equals range 

""-"""""""'_"'_"-"''""'-"'"'"'•'-""'"'""' ______ v,__ _ _,.,,,,""-""'""�"'-' 



HARVEST RATES AND EFFORTS OF AVI D  QUAIL HUNTERS I N  EAST CENTRAL 

MISSISS I P PI 

GEORGE A. HURST ,  Departme nt of Wildlif e and Fis heries , Mississ ippi St at e Univers ity ,  Mis s iss ippi 
Stat e,  MS 39 7 62 

RANDY C� WARR.EN , Department of Wildlife and F is heries , Miss iss ippi Stat e Univers ity ,  Mis s iss ippi 
St ate,  MS 397 62 

Abs tract : Six avid quail hunt ers had an average daily harves t rat e  of 6. 39 
( 4. 9 7-8. 55) and average s easo nal harvest of 298 ( 1 16-530) ; t hey averaged 47 
( 28-60)  hunts or days af ield per y ear  for a period of 2- 1 0  years . The avid 
hunt ers averaged t hree to four hunts per week , and t he hunts las t ed t hree to 
four hou rs .  Two hunt ers of t en had hunt ing guests , and t he total s easo n 
harves t by guests averaged 1 1 7  ( 63-2 1 1 )  wit h o ne hunter and 121  ( 56- 1 7 8 )  wit h 
t he ot her hunt er. A s event h avid quail hunt er usually had ques t s , wit h an 
average hunt ing party of 2. 45 ; t hey harves t ed an average of 449 ( 388-5 1 0) 
quail per year over a two year perio d. Quail harvest ed per hou r  of ef fo rt 
ranged f rom 0. 95 to 2. 2 .  Harves t rat es and ef fo rt s  of avid quail hunt ers were 
muc h  great er t han those of average quail hunt ers depict ed in hunter mail 
ques t io nnaire surveys . 

Wildlif e manageme nt includes gat hering 
inf ormat io n  on hunt er harvest rat es and ef fort ,  
and t his informa t ion has import ant biological , 
educat ional , and a dministrat ive values ( Guynn 
et al. 1 9 7 7 ) .  Several st at e  wildlife agencies in 
t he Sout heast use  a mail survey to obt ain 
informat io n  on hunt er harvest rat es and ef fo rt , 
inclu ding data on bobwhit e quail ( Colinus 
virginianu s )  hunt ers ( St ef f en 19 81 ) .  Publis hed 
informat io n  o n  qua il harves t rat es and effort s  
represents ,.average .. quail hunters .  This stu dy 
was undertaken to document t he harvest rat es and 
ef fo rt s  of avid quail hunt ers (bird hunt ers ) in 
eas t  central Mis s iss ippi. 

w e  acknowledge t he informat ion contribut ed by 
t he avid quail hunt ers . We also ext end our 
gratitu de to Mis s is sippi Department of Wildlif e 
Cons erva t io n  personnel who ass isted. 

ME THODS 

Hunt ing reco rds were obtained f rom s even avid 
quail hunt ers , s ix who have hunted quail for over 
1 0  y ears and one w ho has hunt ed quail for f ive 
years .  All hunt ers t rained t heir bird dogs and 
used f rom two to f ive dogs . Hunt ers recorded 
inf ormat io n  regarding a hunt imme diat ely af t er 
each hunt . A hunt ( effort )  was cons idered as any 
part of or all of a day af ield. Several hunt ers 
, �corded t he t ime ( hours )  s pent on each hunt . 

Mos t quail hunt ing was conduct ed around edges 
of soybean f ields and in surrounding old f ields 
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and fo rests in Holmes , At tala , Webs ter, Clay , 
Okt ibbeha ,  and Lowndes cou nt ies , Miss iss ippi. 
T he qua il hunt ing s easo n in Miss iss ippi ext ends 
f rom Thanksgiving Day t hrough t he last day in 
F ebruary ( about 94 days ) ,  and t he daily bag limit 
is 1 2. 

RESULTS 

The average daily harves t for  s ix of t he 
hunt ers was 6. 39 ( 4. 9 7-8. SS)  for a period of 2- 1 0  
yea rs ( Table 1 ) .  Seasonal harves t averaged 298 
( 1 16-530) , and t hes e hunt ers averaged 47 ( 28-60) 
hunt s or days af ield. During t he season when t he 
highes t s easonal tot al fo r a n  individual (530) 
was attained ,  this hunt er averaged 10. 7 quail per 
hunt . Avid quail hunt ers made t hree to four 
hunt s per week , and t he average hunt last ed three 
to four hours . 

Hunters number 1 ,  2 ,  4 ,  and 6 usually hunted 
alo ne, but hunt ers 3 and 5 usually had hunt ing 
gues t s .  Total quail harves t by all guests 
combined averaged 1 17 ( 63-2 1 1 ) wit h hunter number 
5 and 1 2 1  (56- 1 7 8) wit h hunt er number 3. A 
s event h avid quail hunt er usually had guests , and 
during t he 1979- 1980  s eason ,  t his hunt er and 
gues ts (average 2. 55 people) harvest ed 5 1 0  quail 
on 34 hunts ( 15 qua il per hunt ) .  Tot al effo rt 
was 86. 7 hou rs wit h a harves t rat e  of 5. 9 quail 
per man-da y  af ield. In t he 1980- 198 1  s easo n, 
this same hunt er and guests  ( average 2. 35 people 
per hunt )  made 26 hunts , s pent 61 . l  hours af ield, 



and harvest ed 388 quail, which was 1 4. 9 quail per 
hunt or 6. 35 quail per man-day afi eld. 

O ne hunter harvest ed 0. 95 quail per hour of 
effort , which was about t he same harvest rat e ( 1  
quail/hour) es timated by anot her hunt er. A t hi rd 
hunt er averaged 2. 2 quail per hour  of effort in a 
season when 432 quail were harvest ed. This 
hunt er obt ai ned t he daily li mit ( 12) of quail on 
1 4  hunt s during t he season. 

DISCUSSION 

Many fact ors affect harvest rates of quail, 
i nclu di ng hunt er effort , experi ence, and shooting 
skills; dog trai ni ng and experi ence; nu mber and 
behavi or of quail ;  and hunti ng condi ti ons 
( veget ation and weat her) . In t hi s  study, sample 
size was small and t he i nformati on came from only 
one regi on of Mi ssissi ppi . However, we beli eve 
t he information from seven avi d quail hunt ers, 
who by our definition hunt quail 28+ days and 
harvest l Oo+- quail per season, represent s avi d 
quail hunt ers t hroug hout Mi ssi ssi ppi and probably 
ot her sout hern st at es where t he bobwhite quail i s  
commo n. 

Harvest rat es and effort s of avi d quail 
hunt ers vari ed, but were great er t han t he 
" average" quai l hunter depict ed i n  mail surveys. 
Mail surveys i n  Mississi ppi in 1973, 1 977, and 
1 981 revealed t hat t he average quail hunter 
bagged 24. 7 quail per season and 3. 1 8  quail per 
hunt ( day afield) and hunt ed an average of 7. 72 
days per year ( Quisenberry 1 974, Guy nn et al. 
1 977, St effen 1 981 ) .  Dat a obt ai ned from mail 
surveys in Alabama for the 1 979-1 980 and 
1980-1 981 seasons were si milar: 22. 7 quail 
harvest ed per season, 2. 86 quail bagged per day,  
and 7. 91 hunti ng days per season ( Kelly 1 980, 

1981 ) .  Fi ve years' ( 1 967-1 978) data from mail 
surveys in Louisi ana found t hat quail hunt ers 
averaged 16 . 6 quail per seaso n and 2. 36 per hunt 
( effort ) and hunted 6. 96 day s per se ason (ttunt er 
1 981 ) .  In Loui si ana from 1975- 1 979, Pricket t  
( 1981 ) select ed and surveyed quail hunt ers 
associ at ed wi t h  quail clubs o r  fi eld t ri al 
grou ps. These hunt ers had an average seasonal 
harvest of 1 3. 1  and a daily average of 3. 1 and 
hunt ed an average of 4. 4 day s  per season. 

Avi d  quail hunt ers in Missi ssip pi harvest ed 
about one t o  two quail per hour of effort . 
Excepti onally high harvest rat es of 2. 6 and 2. 7 
quail per hour  were recorde d by hunters i n  
Missi ssi ppi and Alabama on young loblolly pi ne 
( Pinu s  t aeda) plant ations ( Hurst 1 978) . Perki ns 
( 1 952) fou nd t hat t he averag e quail hunt in 
cut -over longleaf pine (P. palust ri s) forest s of 
sout hw est Louisi ana lasted 4. 42 hours, and an 
average of 4. 74 quail was harvested per hunt 
( 1 . 07/ hour) . A harvest rat e of 3. 6 quail per 
hunt er per hour was recorded on one i nt ensi vely 
managed quail plant ati on and 2. 2 on anot her i n  
cent ral Georgi a ( letter dated 9 May 1 978 from R. 
C. Si mpson, Georgi a Departme nt N atural Resources, 
Albany, GA) .  

Informati on gat hered from mail surveys 
represents harvest rat es and effort s of " average" 
quail hunters. The result s are misleadi ng due t o  
t he great vari ati on and effect s of averagi ng dat a 
on ef fort and harvest. If the questi onnaire dat a 
were plot t ed by effort, t he di fferences i n  effort 
and harvest would become ap parent gi ven a large 
enou gh sample size. Mail survey s  should att empt 
t o  classi fy quail hunt ers by effort and harvest . 
Combi ni ng avi d quail hunters, who average 1 00-5 00 
quail per season, wit h hunt ers who harvest qu ai l 
while hunting other speci es dist ort s t he result s. 

Table 1. Harvest rat es and effort s of avi d quail hunt ers in east central 
Missi ssi ppi .  

Harvest Effort a 
Hunt er Yrs. Dat a Daily Seasonal 
Number C ollect ed Avg. Avg. Range Avg. Range 

1 2 ( 1 979-81 ) 4. 97 288 245-332 58 56-60 

2 2 • ( 1 979-81 ) 7. 76 427 424-430 55 55-57 

3 3 ( 1 978-81 ) 4. 83 191  1 16-245 39 34-44 

4 4 ( 1 977-81 ) 8. 55 424 304-5 30 52 49-56 

5 1 0  ( 1 971-81 ) 5. 33 238 1 6 8-325 45 36-52 

6b 1 0  (1 966-76 ) 6. 88 220 1 96-324 32 28-36 

7c 2 ( 1 979-81 ) 6. 1 2d 449 388-5 1 0  30 26-34 

ADays hunted ( afi eld) , recorded as any part of or all of a day. 
bThi s hunt er scheduled his effort s t hrough mi d-Janu ary, t hen di d not hunt 

much t hereaft er. 
coat a  for a hunti ng party , average 2. 45 hunt ers per hunt over 2 seasons. 
dHarvest per man-day afi eld 
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It was apparent that mail surveys do not 
represent avid quail hunters. 

The number of avid quail hunt ers 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 , population 
t rends), food habits, habit at changes, and other 
dat a. 
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SUSTAINED HARVEST OF BOBWHITE POPULATIONS 

JOHN L. ROSEBERRY, Coope rat ive Wil dlife Re se arch Laboratory, Sout he rn Illinois University, Carbondale , 
IL 62901 

Abstract: Sport hunting is an important aspe ct of wil dlife manage me nt, ye t 
the principle s of game harve sting see m  not to be part icularly well unde rstood 
or accepted by many in the wil dlife profe ssion. This paper e xami nes the two 
major harve st the ories as the y apply to the bobwhite . The sustaine d y ield 
approach is considered conceptual ly supe rior to the popular annual surplus 
the ory. Wil dlife manage me nt admittedly involve s practical as well as 
the ore tical considerations; neve rt he le ss, it is important that harve st policy 
be base d on sound scie ntific principle s and guide d by cle ar obje ctive s. To do 
othe rwise puts both the resource and our own profe ssional credibility at risk. 

Virtually all profe ssional wildlife rs agree 
that the regulated harve st of certain spe cies is 
biological ly justifiable . In fact, mainte nance of 
huntable populations is ofte n t he primary 
obje ctive of manage me nt. Despite this e mphasis, 
relatively little attention is give n to the 
principle s of harve sting . Upland game manage me nt 
in particular stresse s  habitat manipulation rather 
than population the ory, the rationale being that 
give n ade quate food and cove r, these prolific 
spe cies can usually take care of the mselve s. 
Howeve r, as pe rspe ctive s broade n and re source s 
shrink, wildlife of ficials are taking a closer 
look at traditional harve st policies. To do this 
req uires a valid ioo de l  or conceptual image of how 
population e xploitation works--and therein lies 
the proble m. According to some (Scott 1954, Gross 
196 9, Wagner 196 9, Caughley 1976, McCullough 
1979) , the wil dlife profe ssion has too long 
adhe red to a conve nie nt, but simplistic view of 
hun ting . 

This paper e xamine s  the two maj or approaches to 
game harve sting as they apply to the bobwhite 
(Colinus virginianus) . The tre atme nt is purposely 
general and not intended to provide harve st 
strate gie s  for spe cific situations or localitie s. 
W. D. Klimstra, David Joy ner, Alan Woolf, and 
Scott Yaich critical ly read the manuscript and 
offe red helpf ul sugge stions. 

ANNUAL SURPLUS VS. SUSTAINED YIELD 

The anrrual surplus concept (Le opold 1933, 
Errington and Hame rstrom 1935) has traditional ly 
serve d as the biological justification for 
hun ting . This argument is based on the premise 
that mo re individuals are produced each ye ar than 
can survive . There fore , it shoul d be possible to 
remove this "already-doome d" surp lus without 
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affe cting standing de nsity ( F igure 1) . Indeed, 
seve ral studies of upland game spe cies, including 
the bobwhite (Baumgartner 1944, Vance and El lis 
1972) , appe ar to show that hunting has little if 
any ef fe ct on abundance . Howe ve r, certain aspe cts 
of the anrru al surplus the ory are not supporte d by 
other population data (Wagne r 196 9) . For e xample, 
the notion that numbers of breeders will be about 
the same each ye ar regardless of fall populati on 
size is not corre ct. Bobwhite breeding de nsities 
are st rongly related to previous fall abundance 
and are no le ss variable ( Rose be rry and Klimstra 
1983) . More important, hunting and nonhunting 
losse s  do not appe ar to be e ntirely compensatory. 
I conclude d from a long-term bobwhite population 
study that fall-to-spring ioo rtality rates (and 
thus breeding de nsities) were influe nced by 
hun ting (Rose berry 1979, 1981 ; but see also 
Ande rson and Burnham 1981) . This assertion does 
not imply that hunting is de trime ntal to quail as 
a spe cies. On the contrary, give n their naturally 
high rate of population turnove r, bobwhites are 
quite re silie nt to hunting losse s. The point here 
is not that the annual surplus concept is e ntirely 
wrong, j ust that it is incomple te .  It says 
nothing about the size of the harve stable surplus, 
or its relation to populati on de nsity or rate of 
harve st. 

In the opi ni on of many, a mo re tenable basis 
for game harve st ing is the sustained yield 
approach. This mode l of e xploitation, pioneered 
in fisheries manage me nt, is base d on the 
interactions of de nsity, product ion, and rate of 
increase . According to this view, 
de nsity-de pe nde nt birth and/ or death rate s (Figure 
2a) result in the familiar S-shape d growth curve 
(Figure 2b ) ,  which shows ge neral ly how a 
population would increase if a fe w individuals 
were placed into a suitable but e mpty habitat. 
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POPULATION 

FALL SPRING 
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POPULATION 

I I I ANNUAL SURPLUS 

FALL SPRING 

Fi g .  l .  Tradi ti onal v i ew of an "annual s urpl us " .  

Growth is initially slow, 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 f inal ly halting 
growth. At this point, the population is said to 
be at its equilibrium level (K) ,  and though 
numbers may continue to f luctuate, there can be no 
further permanent increase unless living 
conditions improve. The number of new individuals 
added to the population each year r epresents net 
production, or the excess of births over deaths. 
If this annual growth increment is plotted against 
numbers already present, a characteristic 
d ome-shaped curve r esults (Figure 2c) ,  showing 
production lowest at both population extremes and 
highest 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 
dens ity dependence ref ers to general tendencies, 
not precise, automatic annual adjustments. 
Nevert heless, population behavior over time of ten 
conf orms surprisingly well to these textbook 
generalities, whether the population is mealworms 
or white-tailed deer. Furthermore, a knowled ge of 
the principles governing population behavior is 
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necessary bef ore specific perf ormance can be 
interp reted . Be that as it may, some may stil l be 
wo ndering what al l this has to do with harvesting 
game. 



For one thing, it would seem that a population 
at carrying capacity would have little if any 
harvestable surplus. At K, births and deaths are 
necessarily balanced and the average rate of 
increase is zero. Excess annual production is 
characteristic only of populations that are below 
their maximum density; in other words, those 
which would normally be increasing. This is the 
basis for sustained yield harvesting. By 
ma intaining breeding densities at a more 
productive level below K, we can in effect induce 
the populati--on- to---protluc'E?- a h-arvestab-l e  surp lus 
yea r af ter ye ar � (what would otherwise be its 
annu al growth increment) . The amount that can be 
taken annu ally from a population without causing 
further decline is called the sustained yiel d 
(SY) and corresponds to the net productionat that 
level. Thus, populations of game animals do not 
have a single harvestable surplus; rather, the 
allowable harvest depends on where density is in 
relation to carrying capacity. Yields can, 
therefore, be manipulated by harvesting to 
ma intain population density at a particular level 
(Figure 3) . Generally, a harvest that holds 
density in the steep part of the growth curve will 
produce the maximum sustained yield (MSY) .  
Permanently increasing the numberremoved annually 
fr om a population already producing MSY would 
ultima t ely extirp ate it. Increasing just the � 
of harvest though, would simply depress density to 
the point where adjustme nts in reproduct ion and 
mo rt ality could again accommo date the increased 
losses due to hunting. Whe n this occurred, the 
population would stabilize at a new, lower level 
(Figure 4) . 
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Computer studies indicate that the MSY harvest 
rate for one southern Illinois quail population 
might be as high as 55 percent of prehunt 
densities (Roseberry 1979) . This simula ted annual 
harvest maintained average spring and fall 
populations at about 50 and 70 percent of their 
respective nonhunted levels . Theoretically, the 
sustained yield from any particular density should 
approximate the expected net production. In the 
case of these simulations, however, sustained 
yields were considerably greater than this, mainly 
because the moool {and pr es umably the real 
population on which it was based) achieved most of 
its compensation to exploi tation within the same 
year as it occurred. 

Bobwhites are able to absorb as much hunting as 
they do because (1) the impact of fall shooting 
on breeding densities is numerically l ess than the 
actual number of birds removed, and (2) the loss 
of potential breeders that does occur is partially 
compensated by density-depend ent recrui tment the 
following summe r. As noted earlier, the 
relationship between hunti ng and nonhunting 
mortality d-0 es not appear to be entirely 
compensatory; neither, however, is it entirely 
additi ve. For example, unhunted midwe stern quail 
populations normal ly suffer about 50 percent 
mortality from fall to spring . Even removing half 
the fall population by hunting woul d likely 
increase this figure to no more than about 70 
percent. For one thing, some of the birds shot 
would have died anyway from natural causes. Thus, 
the number dying natural ly is less in a hunted 
popu'Iaticin simply because they are no longer 

HARVEST RA TE 

Fi g .  3 .  Rel ations h i p  of harvest rate to stand i ng dens i ty and 

sustai ned yie l d .  
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Fig .  4 .  D iagrammat ic pop ulat ion response 
to incr eased harvest r at e: 

A - hunt ed populat ion st abil ized at 
density J ;  

B - increase-in harvest r at e  t emporar ily 
exceeds net pro duct ion; 

C - populat ion declines to and st abil izes 
at density H .  
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available. In ad dit ion, hunt ing seaso n  survivor s  
gener ally suffer a lower percent age o f  po sthunt 
mort ality because of density dependence. 
Obviously t ho ugh, t he later in t he season t hat 
hunting losse s occur , t he more addit ive t hey 
become to natural mort ality . Furt hermore , as t he 
percent age of fall-to-spr ing mort ality increases 
linearly , t he percent age of summer gain necessary 
to offset it increases expo nent ially ( Roseberry 
1 979) . For t his reason,  t he density -dependent 
natur e of bo bwhit e recruitment play s an import ant 
role in t he species-' abi-lity to --absorb - hunting , 
It is part icul arly significant t hat the po sit ive 
respo nse to reduced breeding density is 
essent ially imme diat e, r at her t han delayed. This, 
plus t he fact t hat bo bwhit e offspr ing are 
r ecru it ed into t he hunt able po pulation t heir first 
aut umn , permit s relat ively high pr ehunt densit ies 
to be maint ained even in heavily hunted 
situat io ns. 

SOME IMPLICATIONS 

We have t hus far considered t he int eract io ns of 
harvest , density , and yield as if t hey occurred in 
a vacuum. In reality , habit at conditio ns dict at e 
t he upper limit s of abundance on bot h hunt ed and 
nonhunt ed areas, and short-t erm fluct uations are 
influenced by weat her and possibly even cycles 
( Roseberry and Klimstr a 1 983) . I discussed in a 
previous paper t he harvesting of bo bwhites in a 
fluct uat ing environment ( Roseberry 1 979) . There 
are addi t io nal reaso ns why a strictly sust ained 
yield appro ach is perhaps not as appropriat e  for 
quail or ot her upland game species as it is for 
big game. For one t hing , pr ecise harvest ing is 
difficult except on controlled shoot ing areas, and 
hunting pr essur e  it self may vary inversely with 
game abundance. Cert ainly , quail management 
cannot be based so lely on t heoret ical 
consider at io ns ;  excellent res ult s are so metimes 
achieved using a pur ely pr agmat ic, commo n sense 
appro ach. Nevert heless, officials must at least 
be co gnizant of t he basic pr inciples underlying 
po pulat io n  dynamics and harvesting . To complet ely 
ignore t heory in favo r of intuit ion and tr adit io n  
can lead to some very pr act ical problems (Gross 
1 972, Caughley 1 977, McCullough 1 979) . The 
r emainder of t his paper offers so me examples. 

A commo nly expr essed management goal is to 
maint ain t arget po pulat io ns at t heir highest 
possible level, ost ensibly to provide maximum 
r ecreat io nal opport unities. Actually, ho wever , 
t hese go als are not congruent . Achieving maximum 
sust ained yields requires t hat spr ing densities be 
held well below carrying capacity . Therefore,  
managers might wish to harvest at a so mewhat lower 
r at e  if nonco nsumpt ive use of t he resour ce is also 
a co nsider at ion. Of course , improving habit at 
condit io ns would benefit bot h  ty pes of users. 

Upland game bio logist s  tr adit ionally consider 
high young : adult r at ios indicat ive of t hr iving , 
pro duct ive po pulat io ns. Owi ng to density­
dependent repro duct io n, ho wever , such r at ios 
are oft en associat ed wit h  r elat ively low br eeding 
densit ies and are not necessarily char act eristic 
of high aut umn po pulat io ns ( Roseberry 1 974) . 
Co nsistently ext reme young : adult r at ios  may be 



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

Another problem involves interpretation of 
population status. Stable numbers are generally 
considered evidence that management is successful 
and/or that hunting is having "no effect" on 
abundance. In reality though , most populations 
will ultimately stabilize at almost any level 
under a relatively constant harvest , and this 
density and associated yield may or may not be 
consistent with management objectives. 

There is also the question of what constitutes 
a "safe" harvest. Early recommendations ranged 
from about 30 to 55 percent of prehunt densities 
(Errington and Hamerstrom 193 6 ,  Baumgartner 1 9 4 4 ,  
Hickey 1 9 55) . Later , Vance and Ellis ( 1 9 72) 
suggested that a 70 percent annual take might not 
be exces sive , whereas Rosene ( 1 9 6 9) cautioned that 
winter los ses from all causes should not exceed 45 
percent . In myopinion , this lack of consensus 
reflects an inadequacy of the annual surplus 
model , namely that its only criterion for judging 
a particular harvest regime is a supposed absence 
of population reduction . The common analogy that 
hunters must take only the " interest" and not 
touch the "principal " stems from a misconception 
that the harvestable surplus is a static figure , 
i . e . , that it represents a fixed proportion of 
each pop ulation . In reality , even moderate 
hunting probably affects the "principal " or 
breeding stock to some extent . However , under a 
sustained yield approach ,  this is not necessarily 
undesirable . In summary , the question "How much 
can we hunt a population without ' hurting' it ? "  is 
meaningles s unless we first establish objectives 
in terms of densities and yields . Under normal 
circumstances ,  it is not a matter of what harvest 
is " safe , "  but what is consistent with the overall 
plan for use of the resource. With game 
harvesting , as with any management program , 
agencies should identify and consolidate 
objectives before implementing policy . 

Finally , there is a matter of public image . As 
stated earlier , most of us support the consumptive 
recreational use of renewable wildlife resources . 
Not surprisingly , this support has drawn criticism 
from anti-hunting groups who publicly question 
both our profes sional competence and integrity . 
As these attacks become roore sophisticated (e . g .  
Favre and Olsen 1982) , it is imperative that we 
maintain credibility . Too often , however , we fail 
to adequately articulate the scientific rationale 
for game harvesting , resorting instead to 
paradoxical cliches such as " Hunting has no effect 
on healthy wildlife populations , and besides ,  if 
we didn't hunt them they woul d overpopulate and 
all starve to death. "  To offer such half-truths 
and oversimplifications as state-of-the-art 
wildlife management , or to permit outdoor writers 
to do so , does a disservice to our profes sion and , 
in my opinion , plays right into the hands of the 
anti-hunting groups . 
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AN OVERVIEW OF DISEASE AND PARASITISM IN SOUTHEASTERN BOBWHITE 

QUAIL1 
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College of Ve terinary Medicine-, The - Uni-vers ity of Ge orgia, Athens, GA 30602 -

FOREST E. KELLOGG, Southeastern Cooperative Wildlife Disease Study, Department of Parasitol ogy, 
College of Veterinary Medicine, The University of Ge orgia, 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 

A bstract: Salient information on diseases and parasites of bobwhite quail 
(Colinus virginianus) in the southeastern United States is summariz ed. Major 
diagnostic findings on 146 bobwhites submitted to our regional wildlife 
disease laboratory from 1972 through 1981 included traumatic injuries, various 
toxicoses, and avian pox. Traumatic injuries were diagnosed frequent l y  
throughout the 10-year period, whereas toxicologic problems occurred 
sporadicall y. Avian pox emerged in outbreak proportions in the region in 1978 
and thereafter has been prevalent in localiz ed areas. Prompted by severe 
aflatoxin contamination in southeastern corn crops in 1977, studies on 
aflatoxicosis in bobwhites indicated that risks to wild bobwhite popu lations 
were minimal. Serologic, pathologic, and virus isolation studies disclosed 
infections of quail bronchitis virus and TR-59 adenovirus in bobwhites in 
northcentral Florida. Extensive studies have revealed only infrequent minor 
l esions associated with ectoparasites and endoparasites, and it was concluded 
that parasitism is not an important mortality factor in wild bobwhites. Two 
diseases encountered in pen-raised bobwhites, avian pox and histomoniasis 
(blackhead disease) , clearly have potential to produce problems in wild 
bobwhites and wild turkey. 

At the F irst National Bobwhite Quail Symposium 
in 1972, Kellog g  and Doster presented a 
comprehensive review of diseases and parasites 
reported from bobwhites. These authors listed 21 
infectious agents and 101 parasites that had been 
reported in 1 63 published articles. As was noted, 
most of the information dealt with pen-raised 
bobwhites, experimental infections, 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 re�iew and a companion 
review (Kellogg and Calpin 1971) still remain 
entirely adequa te as diagnostic or research 
checklists. 

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 Cooperative Wildlife 
Disease Study, The University of Georgia. Funds 
were administered and research coordinated under 
the Federal Aid in Wildlife Restoration Act (SO 
Stat. 917) and through Contract Nos. 
14-16-0008-676, 1 4-16-0008-2029, 
14-16-0009-78-024, Fish and Wildlife Service, U.S. 
Department of the 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 or 
potentially significant diseases in wild bobwhites 
in the Southeast and to ide nt ify those agents 
which apparently are only r arely the cause of 
morbidity or mo rtality in wild bobwhites. Also 
included is an evaluation of ma jor disease 
problems in pen-raised bobwhites and an estimate 
of the risk from these diseases to  wild bobwhites 
where large numbers of pen-raised bobwhites are 
released into the wild. 

METHODS 

Information discussed herein originated f rom 
three major sources as follows : ( 1) ell ni cal case 
records of bobwhites submitted to our regional 
wildlife disease laboratory (Sao/'DS) between 1972 
and 1981, (2) interim or preliminary information 
from research projects conducted by SCWDS in 
collaboration with Tall Timbers Research Station, 
and (3) published reports. 

Clinical case data were compiled f rom 93 case 
accessions totaling 127 wil d bobwhites and from 
nine accessions totaling 20  known pen-raised 
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bobwhites. Data on diseases or parasites in these 
clinical case accessions generally were limited to 
those necessary for diagnostic efforts. 

Where applicable, data from SL�DS res earch 
projects in various stages of comple tion also were 
included. These data, cited as SCWDS unp ublished 
research data,  should necessarily be considered 
preliminary findings. 

Since the authors ' experiences with diseases 
and par asites of bobwhi tes have genet:ally .been 
limited to the Southeast, the published data 
included here have also be en restricted to the 
Southeast. Disease agents often have entirely 
dif ferent epizootiologic patterns or differ in 
significance in various geographic regions. 
Extrapolation of findings from outside the 
Southeast could lead to erroneous conclusions. 

kESULTS AND DISCUSSION 

Clinical Case Data 

Diagnostic findings on 127 wild bobwhites 
submitted to SCWDS be tween 1972 and 1981 are 
presented in Table 1. At least six of the 12 
fundamental causes of wildlife morbidity and 
mortality (Hay es and Prestwood 1969) were 
represented in these cases_. Trauma and viral 
diseases accounted for 70 percent of the primary 
diagnostic findings. Toxicoses, bacterial 
infections, mycotic infections, parasitism, and 
unclassified miscellaneous findings comprised the 
remainder. 

Although providing insight on factors 
responsible for annual mo rtality in bobwhites, 
these data should not be considered an accurate 
representation of the fates of individuals in wild 
bobwhite populations. F or example, all but one of 
the large number of avian pox cases occurred 
during and subseq ue nt to an outbre ak of pox 
( Davidson et al. 1980a, Davidson et al. 1982).  
The increased awareness of disease problems in 
bobwhites as a r esult of the avian pox outbreak 
stimulated the rate of all clinical case 
accessions ( four/y ear prior to the outbreak ; 
29/year during and afterwards) bey ond that 
attributable to avian pox. Available information 
suggests that the actual significance of avian pox 
may have be en underestima ted prior to the outbreak 
and overestimated following the outbreak. 

Although well represented in these data, 
traumatic inj uries probably account for a higher 
proportion of annual losses than the data suggest. 
For example, 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 succumbi ng to 
predators are imme diately eaten and obviously 
would not be accounted for in diagnostic data. 
Similarly , bobwhites weakened by disease are 
exceedingly vulnerable to predation and 
theoretically would also be underrepresented. 
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Table 1. Primary and secondary diagnostic 
findings in 127 wild bobwhites submitted to SCWDS 
for di agnostic purposes between 1972 and 1981.a 

Category/Agent 
Primary 
Factor 

Trauma 
Gunsho t 
Impact 
Predation 
Penetrating wounds 
Uride rt eruii ned 

10 
9 
4 
3 

I2 
Total 38 ( 30% ) 

Toxicoses 
AzodrinR 

Aflatoxicosis 
Unconf irmed 

4 
1 
9 

Total TT < 11%) 

51 
Viral Infections 

Avian pox 
Total sf ( 40% ) 

B acterial Infections 
Bumblefoot 

( Bacillus sp.) 
Undetermined 

1 
0 

Total 1 ( 1%)  

1 

1 
1 

Mycotic Infections 
Asperg illosis 
Airsaculitis 

(Mucor sp.) 
Undetermined 

Total 3 ( 2%)  

Parasitic Infections 
Toxoplasmosis 
Cyrnea coll ni, 

Cheilospirura 
S pinosa, 

1 

Dispharynx nasuta 2 
Total 3 ( 2% ) 

Miscellaneous 
Intrathoracic 

Hemo r rhage 2 
Crop Impaction 1 
Kidney Dysfunction 1 
Malnutrition, 

De hy dration 1 
Degenerative 

My opathy 0 
Abdominal hernia 0 
Normal 9 
Undetermined 3 

Total IT 
Grand Total 127 

( 13%) 
( 100% ) 

Secondaryb 
Factor 

24 
0 
0 
0 
er 

24 

0 
0 
0 

0 

5 

( 19%) 

s ( 4%) 

0 
4 

4 ( 3%) 

0 

0 
1 

1 ( 1%) 

0 

0 
0 

0 
0 
0 

1 

1 
1 
0 
0 

3 ( 2%) 
37 ( 29% ) 

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

bAll secondary gunshot entries involved 
hunter-killed birds that were submi tted due to 
external lesions or abnormal behavior; all 
secondary avian pox entries involved detection of 
pox lesions incidental to other diagn ostic 
findings ; al l secondary entries under bacterial, 
mycotic, or miscellaneous headings were a direct 
result of prior traumatic inj uries. 



Cli nical ca se da ta on toxi coses in bobwhites 
reveal sporadi c occurrence and a high percentage 
of unconfirmed cases. Generally, poi soni ng i s  one 
of the fi rst causes considered when sick or dead 
wi ldlife are encountered , but as noted by Hayes 
and Prestwood (1969), it i s  not nearly as frequent 
as commonly thought. Furthermore, toxi coses are 
difficult to conf i rm especi ally when few speci mens 
are found and ca se histories provi de no clues on 
suspected poisons. 

In additi on to the 127 wi ld bobwhites in Ta ble 
1, nine ca se accessions totaling 20 pen-ra ised 
bobwhi tes were exa mined. The diagnoses for these 
a ccessions were gunshot--one accessi on; 
malnutrition--one accession; stress (proba bly 
suffoca tion and heat prostra tion)--one accession; 
avi an pox--three accessi ons ; bla ckhead--two 
accessi ons ; and pneumonia/ sinusiti s--one 
a ccession. In addi tion, one of the bla ckhead 
cases had a secondary factor of crop 
capilla riasis. With the excep ti on of the 
di agnoses of gunshot and avi an pox , the di seases 
and conditions observed in pen-raised bobwhites 
are most often consi dered " di seases of 
confi nement." They were not encountered in wild 
bobwhites. 

Avian Pox 

Informa tion on avian pox in wild southeastern 
bobwhi tes has been summarized in  deta il (Davidson 
et al. 1980a, 1982). Briefly, a vian pox is 
entrenched in wild bobwhites in the S outheast and 
i n  1978 occurred in outbreak proportions. 
Followi ng the outbreak , pox has been detected 
annually and has been an important di sease of 
bobwhi tes in local areas. Avian pox is the only 
infectious di sea se (Table 2) of wild bobwhi tes 
that has been directly associa ted wi th significant 
annual mortality. Gross lesions of pox infection 
typi cally are proliferative le sions on epi theli al 
tissues of the skin, na res, a nd oral ca vity. 
Lesions can cause fa talities by impairing visi on, 
respiration, or feeding , or they ca n result in 
death i ndirectly by i ncreasi ng vulnera bili ty to 
preda tion. 

Table 2. Infecti ous agents encountered in  wild 
bobwhites in the S outheast (compiled from Davidson 
et al. 1980, Wiseman 1979, Ki ng et al. 1981, 
SCWDS ,  unpubl. da ta). 

Vi ral agentsa 

Bacteri al agents 

Mycotic agents 

Quai l  bronchi tis vi rus (QBV),  
TR-59 adenovirus, a vian pox 
vi rus 

Baci llus sp. 

As pergillus sp. , � sp. , 
Candi da albi cans 

aserologi c tests for Newcastle di sease virus and 
i sola tion attempts for inf luenza A vi ruses were 
uni formly nega ti ve. 
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Afla toxi cosi s 

A three-year study was completed on Tall 
Ti mbers Research S tation (1) to determi ne whether 
mycotoxins occur in gra in crops (corn pri marily) 
used by wild bobwhites for feed , (2) to determi ne 
whether these mycotoxins (a fla toxins) were 
ingested by bobwhites, and (3) to evalua te whether 
i ngested levels had caused any pathologic changes 
in the a ni mal. Afla toxi ns were cyclically present 
i n  these crops, were i ngested by bobwhites, and on 
occasion did proouce slight to mo<ferat e_p_

a
_tf10l ogic 

processes. A range of levels of afla toxins found 
to normally occur i n  corn ( 0. 5,  1. 0, 2. 0 ,  and 4. 0 
ppm) was fed to fourth genera tion-removed 
pen-rai sed bobwhites, a nd physiochemi cal and 
pathophysiologic parameters were measured. No 
significa nt abnormalities were noted until the 
level of afla toxin i n  the feed equa lled or 
exceeded the highest level found to naturally 
occur in field corn. Analysis of tissues from 
birds also yielded active afla toxins in various 
forms. The abnormalities noted in physiochemical 
parameters loosely paralleled those documented in 
other ga llinaceous bi rds (Peckham 1978). In the 
experime ntal birds ,  egg production al so was 
si gni ficantly affected. The relati onship between 
a fla toxicosi s and protei n synthesis inhi biti on, 
especially in the globulin components, deserves 
further study since immunosup pressi on is a 

consi stent effect of afla toxi cosis in commerci al 
poultry. Thi s study suggests that aflatoxicosis 
a lone proba bly is not a regular or major mortality 
factor i n  wild bobwhites (SCWDS , unpubl. data). 

Avian Adenoviruses 

Quail bronchitis, caused by an a vian adenovi rus 
(quail bronchitus virus-QBV) ,  i s  an acute 
respiratory disease characterized by rapid spread 
and high mortality (DuBose 1978). Clinical 
disease has been described only i n  young (< 8 week 
old) pen-ra ised bobwhites, a nd experi mental 
transmission studies most often fai l  to reproduce 
clinical disease (DuBose 1978). Recent studi es 
suggest that an addi tional viral agent (a vi an 
adenovirus-associ ated virus--A-AV) may be required 
for the production of clinical di sease (Bagshaw et 
al. 1980); 

During studi es on diseases and parasites of 
bobwhi tes at Tall Timbers Research Sta ti on i n  
February 1975, i ntranuclear i nclusi on bodi es were 
detected i n  the li vers of ma ny bobwhites. Si nce 
that time, a seri es of studies has been conducted 
to i dentify the agent (presumed to be a vi rus) 
responsible for these i nclusi on bodi es. Serologi c 
tests and vi rus i sola tion a ttempts on bobwhi tes 
from Tall Ti mbers and two nearby bobwhi te 
popula tions in Ge orgi a re ve al ed infections of 
avian adenov iruses (Table 2). Two related 
vi ru� es ,  QBV and TK-59 adenovi rus, were i sola ted 
(Wiseman 1979, Ki ng et al. 1981). Ei ther one or 
both vi ruses are considered to be the eti ologic 
agent(s) of the i nclusi on bodies (King et al. 
1981 ). 

Histopa thologi c studi es also have revealed 
small,  i nconspicuous lesions (mi crofocal necrosi s, 
lymphocytic infiltra ti on, microgranulomas) i n  the 
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livers of bo bwhites. These lesions, many of whic h 
a re not visible grossly but are detected 
histo logically , are associated ( P  < 0. 05) with the 
presence of viral inclusio n bo dies ( SCWDS, unpubl. 
da ta). Juvenile birds had higher ( P  < O. 01) 
prevalences of inclusion bodies than adults ( 46 
percent vs 27 perc ent) ( SCWDS, unpubl. da ta), but 
adult b:ifrds mo re freq uently had antibodies ( King 
et al. 1 98 1). Differences in the prevalence of 
inclusion bodies or antibo dies were not noted 
betwe�n seJt�s (_f_ � 0. 05)_. }!obwhites sampJ.ed 
annually in Februa ry from 1 9 75 through 1980 on 
each of two 200 ha study areas on Tall Timbers 
Resea rch Statio n had identical trends in the 
prevalence of intranuc lea r inclusion bodies. The 
trend comprised a steady rise in prevalence 
( except for a slight decline in 1978) from < 1 0  
percent in 1 9 75 to a peak ( 45 and 60 percent) in 
1 9 7 9 ,  then an a brupt decline in 1980 (< 9 
percent). -

These finding s indica te that wild bo bwhites in 
a t least some locales are naturally infected with 
QBV and TR-59 a denoviruses; however, clinical 
disease in wild bo bwhites has not been attri but ed 
to these infections . Further, the significance of 
intranuclear inclusio n bo dies in hepatocytes is 
unknown ( i. e. ,  do they represent active 
infections ,  la tent viral particles, an immune 
host, etc . ). The po tential of these viruses to 
pro duce clinical disea se in wild bo bwhites and 
possibly influence bo bwhite popula tion levels 
deserves cla rification. 

Parasitism 

Since 1963 ,  the SCWDS has conducted vario us 
research proj ects on parasitism in bo bwhites on an 
annual ba sis, a nd most of these studies ha ve been 
reported elsewhere ( Ke llog g  and Prestwood 
1968 ; Kellogg and Reid 1 9 7 0; Palermo and Doster 
1 9 7 0; Davidso n  et al. 1 9 7 8 ,  1 980b; Doster et al. 
1 98 0). In addition to the above reports, SCWDS 
has monitored parasitism in bo bwhites ( N=600) at 
known densities o n  two study areas on Tall Timbers 
Research Station for  1 2  consecutive years 
( 19 7 1-1982) a s pa rt of a long-term study of 
bo bwhite po pula tion dynamics. Species of 
parasites fo und in these studies and an assessme nt 
of their pa tho genic po tentials are summarized in 
Tables 3-5 .  

An overview o f  these da ta reveals that 
parasitism in bo bwhites is almo st invariably 
subclinical and that parasites which occur 
frequently in wild bo bwhites have limited 
patho genicity.  These studies suggest that 
para sitism is not an important regula tor of 
bo bwhite popula tions. 

Disea se Risks from Pen-raised Bo bwhites 

The practice of relea sing pen-raised bo bwhites 
for sporting purposes ( i. e. , hunting, do g 
training, field trials) is common in many areas 
and often is controversial because of concern for 
disea se risks and other reasons. We have had 
numerous occa sio ns to study the potential disease 
pro blems that could arise from this practice,  and 
the fo llowing is a synopsis of our view on the 
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Ta ble 3. Protozoa n pa rasites found i n  wild 
bo bwhites from the Southeast ( compiled from 
checklist by Kello gg and Doster 1 9 7 2). 

Orga nism/Group Loca tion 

Coccidia 

Eimeria spp. Intestine 
Eimeria disP!;rsa Intestine 

Blood Parasites 
Haemo proteus sp. 
Pla smodium spp. 

Fla gella tes 
Tric homonas spp. 
Histomonas 

me lea gridisa 

Ery throcytes 
Ery throcy tes 

Ceca 

Ceca , Liver 

Pa tho genicity 

No ne reported 
No ne- reported 

No ne reported 
No ne reported 

No ne reported 

Mo dera tely 
seve re--30-70% 
mortality 

aRepo rts in wild bo bwhites are extremely 
infrequent; rather freq uent in pen-raised 
bo bwhites. 

disea se risks from this prac tice. We realize that 
relea ses of pen-raised bo bwhites often are 
ma nda ted by the o bj ectives of some la ndowners, 
partic ularly commercial shooting pres-erves. Our 
po sition is that it is in the best interest of the 
landowner from an economic standpoint and the 
wildlife reso urc es from a biolo gic standpoint that 
o nly healthy bo bwhites are used. 

Significa nt disea ses and pa ra sites of 
pen-raised bobwhites are tab ulated in Table 6. 
Also inc luded in the table are o ur assessments of 
the risk eac h  a gent poses to wild bo bwhi tes or 
o ther wild game birds. Most of these diseases or 
para sites a ppea r to reach problem levels only 
under pen-raised conditions and can be ca tegorized 
a s " diseases of co nfinement. " Only two diseases , 
a via n po x and histomoniasis (blackhea d disea se), 
a re presently considered to ha ve substantial risks 
to wild game birds. A high risk rating was 
applied to these two diseases beca use ( 1) they 
pro duc e  high mor bidity and mortality ra tes, ( 2) 
they are capa ble of persisting under field 
conditio ns ,  ( 3) they have been detected under 
natural conditions , a nd ( 4) their occurrence in 
the wild occasionally has been associated with 
releases of bo bwhites. The cecal worm, Heterakis 
gallinarum, also is listed as a high risk since it 
is the vector fo r histomo niasis. 

We ha ve o bserved ins tances where both a vian po x 
and blackhead disease ha ve been present in 
pen-raised bo bwhites destined for relea se, and we 
also have found both di seases in clinical case 
accessions of pen-raised bo bwhites from the field 
fo llowing release. The potential fo r bo bwhites to 
serve as dissemina tors of blackhea d disea se among 
wild turkeys ( Melea gris gallopa vo ) has been 
evalua ted by various res earchers ( Davidso n  et al. 
1 9 7 8 ,  Kellogg and Reid 1 9 7 0, Lund and C hute 1 97 1 ). 
Clearly pen-raised bo bwhites pose a greater risk 
a s blac khead carriers tha n wild bo bwhites 



Ta ble 4. Helminth para sites fo und in 937 wild bo bwhites from the Southea st (compiled from Da vidson 
et al. 1980b, Kellogg and Prestwoo d 1968, Palermo and Doster 1970, and SCWDS, unpubl. data) . a 

Gro up/Locat ion 

Trema to des 
Intestine 
Liver 

Cesto des 
Intestine 

Acantho cephalans 
Intestine 

Nemato des 
Eye 
Air sacs 
Crop  
Eso pha gus 
Pro ventriculus-

Gizzard 
Intestine 

Ceca 

Spec:j. es 

Brachylaima sp. 
Brachylecithum nanum 

Hymenolepis s p. , 
Raillietina ces ticillus, 
R. colinia , 
Rhabdo metra o diosa 

Mediorhynchus pa pillosis 

Oxyspirura mato grosensis 
Apro ctella sto ddardi 
Capillaria contorta 

Go ngylonema ingluvico la 

Cyrnea colini, 
Dispharynx na suta , 
Tetrameres pattersoni 
Cheilospirura spinosa 

Ascaridia lineata , 
Capillaria sp. , 
Stro ngy loides a vium, 
Heterakis bo na� 
.!!_. ga llinarum, 
Subulura sp. , S. brumpti, 
Trichostro ngylus tenuis 

Patho geni city 

None reported 
None reported 

Mild-oC:ca·sio na l 
intestinal o bstruction 

None reported 

None reported 
Mild  inf lamma tio n 
None reported 
None reported 

Mild inf lamma tion 
Mild  inf lammation 

None reported 

None reported 

ascwos unpublished da ta include bo bwhites from the fo llo wing loca tio ns: 500--Tall Timbers Research 
Statio n, Leon Co . , F� ; 62-Corbett Wildlife Mana gement Area , Palm Bea ch Co. , FL; 44-Catfish Point. 
Bo livar Co. , MS ; 25-�antico Marine Corps Base Prince Willia m/Stafford counties, VA; 20-- Pu la ski, 
Prairie, and Lonoke counties, AR ; and 1 0--Charlo tte Co. , FL. 

Table S. Arthropo d para sites co llected from 481 wild bo bwhites 
from the Southea st (a da pted from .Doster et al. 1 980) a 

Ticks 

Chiggers 

Nasal mi tes 

Fea ther mites 

Shaft mites 

Skin mites 

Lice 

Amblyomma americanum, A. macula tum, Haemaphysalis 
chordeilis, .!!_. leporispalustris, I xo des minor 

Eutrombicula a lfreddugesi, Neoschoenga stia 

americana , Neotrombicula wharto ni 

Boyda ia colini, Co linoptes cubanensis 

Ptero lichus sp. , Megninia sp. 

Coliniphilus wilso ni, Dermo glyphus sp. , 
Apionacarus wilso ni 

Microlichus sp. , Rivo ltasia sp. 

Menaca nthus pricei, Co linico la numidiana , 
Gonoides ortygis, Oxylipeurus cla va tus • 

asignificant lesio ns were not asso cia ted with any species. 

� 
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T able 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) 

Quail bronchitis Unknown--occurs naturally in 
wild bobwhites in some __ _areas 

Avian pox virus Avian pox High risk--can initiate or 
exacerbate the occurrence of 
pox in wild bobwhites and 
possibly other game birds 

Clostridium colini Ulcerative ent eritis Apparently low risk--never 
reported from wild bobwhites 

Aspe rgillus fumigatus Aspe rgillos is Low risk--o rganism is 
ubiq uitous 

C andid a  albicans Crop mycosis Low risk--o rganism is 
ubiq uitous 

Parasites 

Histomonas meleagrid is Histomoniasis 
( blackhead disease ) 

High risk--pathogenic to 
wild bobwhites and wild 
turkey s 

C apillaria contorta Crop capillariasis Low risk--e xtremely rare in 
wild birds 

Dispharynx nasuta Dispharynxos is Low risk--parasite is 
ubiq uitous 

Heterakis gallinarum No ne 
( blackhead vector) 

High risk--important as 
vector for blackhead disease 

ainformation in this table is derived from the authors '  experiences with bobwhite 
diseases, and conclusions are based on their assessments of disease risks. 

( Davidso n et al. 197 8) .  Initiation or 
exacerbation of avian pox problems by the release 
of pen-raised bobwhites has not been definit ely 
proved , but we have noted situations where this 
was strongly suspected . 

T he best precaution for minimizing risks from 
these diseases is to examine by necropsy a sample 
of bobwhites prior to release. T here are 
prevention and control measures ( basically 
sani tation and the judicious use of vaccination 
and medication) available to producers of 
pen-raised bobwhites that will help ensure minimal 
disease problems. These proced ures should be 
cond ucted with the supervision of a poultry 
diagnostic laboratory or other q ualified 
professional. 
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AVIAN POX INFECTIONS IN SOUTHEASTERN BOBWHITES: HISTORICAL AND 

RECENT INFORMATION1 
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College- of Vet-erinary -Medici:ne, The University -of· Georgi a ,  Athens , GA 30602 

FOREST E. KELLOGG , Southeastern Cooperative Wildlife Disease Study , Department of Parasitology , 
College of Veterinary Medicine, T he University of Georg ia ,  Athens , GA 30602 

GARY L. DOSTER, Southeastern C ooperative Wildlife Disease Study , Department of Parasitolog y ,  College 
of Veterinary Medicine, T he University of Georgia, Athens, GA 30602 

Abstract; Historic and recent inf ormation on the occurrence of avian pox, an 
inf ectious viral disease, in southeastern bobwhite quail (Colinus virginianus) 
is summarized. An apparent long-term (> SO year) low-level (< 2 percent) rate 
of inf ection 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 inf ection declined to near the 
pre-outbreak rate. The significance of avian pox as a regional and local 
mortality factor is discussed. 

Avian pox is a viral infection of birds, 
characterized by discrete pro liferative 
(wart-like) lesions on the skin and/or mucous 
membranes of the mo uth and upper respiratory 
tract. There are several strains of avian pox 
viruses, many of which are of varying virulence , 
but all of which are inf ective only to birds. 
Some strains of the virus are host specific and 
inf ect only certain species of birds, whereas 
other strains are less host specific and may 
inf ect many species. The virus may be transmitted 
by several routes , including (1) contact with or 
ingestio n  of inf ectious scabs, (2) inhalation of 
viral particles in dust, or (3) by blood-feeding 
arthropods, particularly mosquitoes (Cunning ham 
197 8). Mosquito-borne inf ection is generally 
considered to be the most important means of 
transmission among wild birds, and several species 
of mosquitoes have be en shown to be naturai 
vectors of pox viruses in wild game birds in the 
Southeast (Akey et al. 1981) . Avian pox may 
occur in two forms. T he cutaneous form involves 
lesions which devel op primarily on the unfeathered 
portions of the skin (leg s, feet, eyelids, head) 
and , unless vision is impaired , is not usually a 
serious disease. T he moist or wet form involves 
lesions which develop on the mucous membranes of 

1This study was supported by T all Timbers 
Research, Inc., T allahassee, Florida, and by an 
appropriation from the Congress of the United 
States. Funds were administered and research 
coordinated under the F ederal Aid in Wildlife 
Restoration Act (SO Stat. 917 ) and throug h 
Contract No. 14-16-0009-78-024 ,  Fish and Wildlife 
Service, U.S. Department of the Interior. 
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the mo uth, nasal passages, and upper respiratory 
tract and often leads to a serious disease due to 
impairment of feeding and/or respiration. In 
birds which survive , avian pox lesions generally 
regress spontaneously 6 to 12 weeks after 
inf ection. Morbidity and mortality rates from pox 
inf ection are inf luenced by a variety of factors 
and may range from near zero to over SO percent of 
a population (Cunning ham 197 8) . 

Reports of avian pox in wild bobwhite quail 
have be en inf requent, although this disease has 
been a sporadic problem in captive bobwhites 
(Morley 1933, Shillinger and Morley 1937 , Poonacha 
and Wilson 1981) . T his situation changed abruptly 
in 197 8-197 9 in the southeastern United States 
when an outbreak of avian pox occurred in wild 
bobwhites (Davidson et al. 1980 ) .  T his report 
( 1) summarizes published acco.unts of avian pox in 
bobwhites prior to the 197 8-1979 outbreak , (2) 
reviews the 197 8-197 9 outbreak in the Southeast, 
(3) presents the results of region-wide avian pox 
surveillance conducted during two years following 
the 197 8-197 9 outbreak, (4) evaluates available 
epizootiologic inf ormation, and (5) discusses the 
implications of avian pox for wild bobwhites in 
the Southeast. 

T he authors gratefully acknowledge the 
assistance of the state fish and wil dlife agencies 
of Arkansas, Florida ,  Georg ia, Louisiana, North 
C arolina , South C arolina, Tennessee, Virginia , and 
West Virginia; the I nternational Paper Company ; 
and numerous landowners, their employees, and 
sportsmen. Dr. Mark Dekich and Dr. Pedro 
Villeg as, Poultry Disease Research C enter, College 



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

METHODS 

Information on the occurrence of avian pox in 
wild bobwhites prior to the 1978-1979 outbreak was 
obtained by a review of the literature and from 
unpublished records of the Southeastern 
Cooperative Wildlife Disease Study (SCWDS). Data 

on the 1978- 1979 outbreak were obtained from the 
_description of the outllr-aak ( 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 
bobwhite hunting seasons in 1979- 1980 and 
1980- 198 1. Requests for assistance with 
surveillance were channelled through state fish 
and wildlife agencies in Alabama, Arkans as, 
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 < 1 00 per location. All bobwhites 
handled during bobwhite management studies by the 
S CW DS at Tall Timbers Research Station during 
February 1979, 1980, and 198 1  also were examined. 
Age and sex of birds were determined by plumage 
characteristics (Stoddard 19 3 1). Pox infection of 
these samples was determined on the basis of gross 
lesions and was accompanied by histologic 
confirmation of questionable lesions. 

RESULT S AND DISCUS SION 

Pre-outbreak Data 

A review of the literature revealed only four 
published reports of avian pox in wild bobwhites 
prior to the 1978- 19 79 outbreak (Table 1) . 
Collectively these reports suggest that avian pox 
has existed in wild southeastern bobwhite 
populations at least since the 19 20s and probably 
prior to that time. Such infections typically 
appe-a-r-ed to be mild and transient with oriiy 
occasional birds reaching a debilitated condition 
due to pox infection. The single report by 
Gallagher ( 19 16) of large scale mortality 
involved wild-caught birds crowded into cages. 
The confinement conditions undoubtedly were 
related to increased transmiss ion and high 
infection rates. In the 15 years prior to 1978, 
only a single bobwhite with avian pox had been 
submitted to the SCWDS diagnostic laboratory. 

Outbreak Data 

The 1978- 1979 outbreak of avian pox was 
described in detail by Davidson et al .  ( 1980). 
From July 1978 through March 1979, 26  separate 
unsolicited clinical case ac cessions involving 43 
wild bobwhites from southeastern 
Georgia/northcentral Florida were diagnosed as 
avian pox by the SCWDS. A survey of 2,586  
hunter-killed bobwhites from Florida, Georgia, 
North Carolina, South Carolina, Tennessee, and 
West Virginia conducted during January and 
February , 1979, disclosed an overall rate of 
infection of 12 percent ( 3 12 birds). Most ( 77 
percent) of the 3 12 infected birds had only mild 
lesions on the legs and feet with the remaining 
birds (2 3 percent) having more extensive 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 

Gallagher ( 19 1 6) 19 16  

Stoddard ( 19 3 1) 192 4- 1929 

Kellogg and Doster ( 1972) 1972 

Davidson et al. ( 1980) 19 69-1978 

Location 

Kans as City 

"Southeast" 

Baker Co. , GA 

Leon Co. , FL 

a circumstances from unpublished SCWDS c ase records . 
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Circumstances 

Severe disease developed in a 

group of 400 wild-caught bobwhites 
imported from Mexico ; 85 percent 
mortality 

Pox lesions observed on legs and 
feet of <2 percent of several 
thousand bobwhites ; in some coveys 
the majority were infected; two 
cases with lesions on head reported 
( GA, SC) 

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

Mild pox lesions observed on legs 
and feet of less that one percent of 
over 8, 300 bobwhites ; no mortality 
reported 



Table 2. Result s of avian pox surveil lance in 
wi ld bo bwhites in the Southeast during three 
success ive hunting seasons , 1 9 7 8- 1 9 7 9 ,  1 9 7 9- 1980,  

Table 2 .  ( Cont . ) 
1980- 1 9 8 1 .  

Number Infected / Number Examined Number Inf ected / Number Examined 
State/ County 1 9 78-79 1 9 7 9-80 1980- 8 1  State/ County 1 9 78-79 1 9 7 9- 80 1980-81  

Arkansas North Carolina 
Conway 0/ 8( 0 )  Bladen 1/ 2 1 ( 5 )  
lzara 67 25( 0 ) .  Chatham 0/ 4 ( 0 )  
Logan 0/ 40( 0 )  Craven 0/ 4( 0 )  1 / 1 7 ( 6 )  
Pope 0/ 30( 0 )  Cumberland 0/ 1 1 ( 0 ) 
Stone 1 / 1 1 5 ( 1 ) Edgecombe 0/ 1 ( 0 ) 

I Yell 2/ 53( 4 )  Green/ Pitt 1 / 20( 5 )  
" Southwe s t  AR" 2/ 7 4 ( 3 )  Hali fax 0/ 2( 0 )  

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

Florida Jones 0/ 8 ( 0 )  
Charlotte 5/ 44( 1 1 )  5/ 1 04 (  5 )  Lenoir 5/ 5 3 ( 9 )  
Citrus 0/ 1 8 ( 0 ) a 0/ 64( 0 )  0/ 2 6( 0 )  Montgomery 1 / 20( 5 )  
Jef ferson 4/ 1 1 4 ( 4 )  0 /  1 3 ( 0 )  Northhampton 2/ 32( 6) 
Leon 80/ 902( 9 )  2/829 ( < 1 )  2 1 / 9 2 5 ( 2 )  Richmond 0/ 6 ( 0 )  3 / 2 9 ( 1 0 )  
Osceola 0/ 3( 0) 1 / 58( 2 )  llobeson 0/ 1 5 (  0) 
Santa Ros a  2/ 2 3 ( 9 )  Scotland 0/ 3 ( 0 )  0 /  6 (  0 )  
Not Given 0/ 59( 0 )  Wake 0/ 2 (  0 )  

8 4/ 1037 ( 8 )  8/ 995 ( 1 )  28/ 1 1 5 0( 2 )  9/ 169( 5 )  6/ 1 23 ( 5 )  4/ 50( 8 )  

Georgia South Carolina 
Baker 1/ 63( 2 )  Allendale 2/ 1 1 ( 1 8 )  
Brooks 6/ 24 ( 25 )  10/ 68( 1 5 )  1 /  53(  2 )  Berkeley 0/ 2 0( 0 )  
Bul lock 1 / 7 ( 1 4 )  Hampton 0/ 23( 0 )  0/ 56( 0 )  0/ 98( 0 )  
Burke 5/ SO( 1 0 )  0/ 26( 0 )  Marlboro 0/ 3( 0 )  
Decatur 40/ 308 ( 1 3 )  9/ 1 25 ( 7 )  7 / 5 7 ( 1 2 )  Oconee 0/2 ( 0 )  
Dougherty 56/ 493( 1 1 )  1 0 / 49 ( 2 0 )  Pickens 0/ 2 1 ( 0 )  
Grady 1 3/ 4 4 ( 30 )  Williamsburg 4/ 5 7 ( 7 )  0/ 64 ( 0 )  
Jackson 0/ 2( 0 )  0/ 26( 0) 6/1 44( 4) 0/ 1 8 5 ( 0 )  
Jef ferson 3/ 2 1 ( 1 4 )  0 /  1 ( 0 )  
Le e  0/ 6 ( 0 )  Tennessee 
Mitchell 1 0/ 68( 1 5 )  Fayette 1 / 6( 1 7 )  
Oglethorpe 0/ 6( 0) 1/ 1 4 (  7 )  Henderson 0/ 9 ( 0 )  
Putnam 0/ 9 ( 0 )  1 /  1 5 (  7 )  
Screven 1 3/ 34( 38 )  2 /  1 3( 1 5 )  2/ 5 2 ( 4 )  
Sumpter 0/ 6( 0) Virginia 
Thomas 88/ 4 1 3 ( 2 1 )  1 7  / 2 16 ( 8 ) 19/ 2 59 ( 7 )  Accomack 7 / 3 9 ( 1 8 )  
Toombs 8/ 2 3 ( 3 5 )  Caroline 0/ 60( 0 )  0 /  4 0 (  0 )  
Truetlan 7 / 18 ( 39 )  2/ 7 (  29 ) Culpepper 0/ 1 2( 0 )  0/ 1 3 ( 0 )  
Washington 1 / 1 2 ( 8 )  Dinwiddie/ 
Wheeler 6/9( 67 ) 0/ 6( 0 )  Nottoway 0/36( 0 )  0/ 68( 0 )  
Worth 0/ 1 00 ( 0 )  Es sex 0/ 3 2 ( 0 )  

2 19 /  1337(  1 6 )  65/ 590( 1 1 )  5 4/ 7 3 5 ( 7 )  King and Queen 1/ 28 ( 4 )  0/ 1 6 ( 0 )  
King William 0/ 4 ( 0 ) 

Loui siana Madison 0/ 2 ( 0 )  
Caldwell O/ 1 3 ( 0 ) Nelson 0/ 1 4 ( 0 )  
Catahula 0/ 4( 0 )  Northumber land 2/ 2 6 ( 8 )  0/ 28 ( 0 )  
Eas t  Car rol 0/ 6( 0) Rappanhannock 0/ 33( 0 )  0/ 1 5 ( 0 )  
Ouachita 0/ 1 ( 0 )  Richmond 0/ 1 (  0 )  
Union 1/ 38 ( 3 )  Southampton 0/ 4( 0 )  

1 / 62 (  2 )  Sussex 0/ 38( 0 )  
1 0/ 27 6 ( 4 )  0/ 23 3 ( 0) 

Wes t  Virginia 
Mason 0/ 4 ( 0) 

0/4 ( 0) 

Southeast 
Total 3 1 3/ 2 588 9 5/ 2 1 28 92/ 27 60 

( 1 2. 1 )  (4.  5 )  ( 3. 3 )  

aPercent infected in parenthes i s .  
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specific locale s with the highest detected rate 
b eing 39 percent. The 12 percent prevalence was 
estimated to re present appro ximately a 12-fo ld 
increase in pre valence. Based on clinic al case 
and survey data, morbidity and mortality rates of 
approximately 2 percent and 1 percent , 
respectively, were estimated for a 13, 000 km2 area 
of  Georgia and Florida during the interval of 
January and February 1979. No differences in 
infection rates were noted amo ng different age or 
se x categories, and it was concluded that all 
segments of the po pulatio n were affected equally. 

Po st-outbreak Data 

The results of regio n-wide surveillance 
activities conducted during the hunting seaso ns of 
1979-1980 and 1980-1981 are presented in Tab le 2 

alo ng with simi lar info rmatio n from 1978-1979 for 
comparative purposes. On a regio n-wide basis, 
po st-outbreak surveillance showed lower overall 
rates in 1979-1980 (4.5 percent) and 1980-1981 
(3.3 percent) than during the outbreak (12. 1 
percent) . Sufficient data were availab le from 
nine specific locatio ns in eac h of the three years 
for annual compariso ns (Tab le 3) . The prevalence 
of  po x on these areas exhib ited varying trends, 
although similar trends were detected on five of 
the seven areas where infec tio ns occurred. The 
pattern in these c ases was a decline in prevalence 
from 1978-1979 to 1979-19 80 fo llowed by a slight 
increase in prevalence in 1980-1981. One of the 
remaining areas was highest in 1979-1980, and the 
other dec lined in both 1979-1980 and 1980-1981. 
The annual mean prevalenc e for data from these 
nine areas (adj usted for unequal sample sizes) was 
highest (13.2 pe rcent) in 1978-1979 and 
approximately equal in 1979-1980 ( 5.6 percent) and 
1980-1981 (4. 8 percent) . Co llectively these data 
indic ate that during the two years fo llowing the 
outbreak, the prevalenc e of po x generally declined 
to approximately o ne-third the rate during the 
outbreak altho ugh marked loc al differences in 
prevalence existed as were noted during the 
outbreak (Davidso n et al. 1980) . 

Fewer acc essio ns of clinic ally affected 
bobwhites were received by the SCWDS in the two 
years fo llowing the outbreak. During 1979-1980, 
three acc essio ns invo lving four bobwhites were 
diagnosed as po x infections, and in 1980-1981 
there were 12 accessions invo l ving 15 bobwhites. 
These data also indic ate a dec line in the 
occ urrence of c linical po x inf ections especially 
considering that general awareness of the disease 
was much greater than in 1978-1979. 

Related Epizootio lo gic _ Data 

A questio nnaire distrib uted in No vember 1979, 
amo ng individuals cooperating in surveillance 
activities provided one partic ularly interesting 
f act. In response to the question of whether they 
had observed avian po x in bo b whites prior to 1978, 
two respo ndents, one in Brooks Co unty, Georgia, 
and one in Co lquitt County, Georgia, indic ated 
that they had observed infec ted bo bwhites in 1977. 
These reports suggest that avian po x may have 
b egun to increase in 1977, a year before the 
outbreak was generally reco gnized. 

A widespread and rather severe pro blem due to 
avian po x occurred during the summe r  and fall of  
1978 among pen-raised bobwhite operatio ns in the 
So utheast, inc luding F lorida , Georgia, South 
Caro lina, and North Carolina. Avian po x 
infec tio ns also had been noted in a breeder flock 
of bo bwhites in Kentuc ky during the fall of 1977 
(Poo nac ha and Wilson 1981) . These occurrences 
raised the question of whether release of 
pen-raised bobwhites might b e related to the po x 
situatio n in wild bobwhites. Re view of availab le 
information did not provide evidence that the 
regio n-wide increase in avian po x infections in 
1978 was related directly to the avian po x problem 
that occurred simultaneously in captive bobwhites. 
The o cc urrenc e of avian po x in increased levels at 
locatio ns where pen-raised birds were not present, 
suc h  as Tall Timbers Researc h Statio n, indic ates 
that the outbreak probab ly aro se from the 
naturally-occurring low level of po x in wild 

Tab le 3. Co mpariso n of the prevalence of avian po x in bobwhites from nine specific loc atio ns 
during three succ essive hunting seaso ns. 

Locatio n No. Co unty/State 

1 Leon, FL 
2 Leon, FL 
3 Leon, FL 
4 Citrus, FL 
5 Tho mas, GA 
6 Tho mas, , GA 
7 Dec atur, GA 
8 Screven, GA 
9 Hampto n, SC 

Numb er Infected/Number Examined 
1978-1979 1979-1980 1980-1981 

14/ 90(16) a 0/ 2 4(0) 3/ 105(3) 
47/ 32 4(15) 2/ 450( < I )  10/ 508(2) 

4/ 320(1) 0/ 322 (0) 8/ 312 (3) 
0/ 18(0) 0/ 64(0) 0/ 2 6(0) 

15/ 58(31) 1/ 46(2) 5/ 72 ( 7) 
10/ 219(5) 15/ 60(25) 14/ 115(12) 
40/ 308(13) 9/ 125(7) 7/ 57(12 ) 
13/ 34(38) 2/ 13( 15) 2/ 52( 4) 

0/ 2 3(0) 0/ 56 (0) 0/ 98(0) 

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

Annual me an prevale nceb 13. 2% 5. 6% 4.8% 

Perc ent infected in parenthesis 
bAdj usted for unequal sample sizes 
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bobwhit es. Conversely, t here was circumst antial 
evidence t hat in some specific locations release 
of pen-raised bobwhit es contribut ed t o  and 
int ensified pox problems. For example , t he high 
prevalence at location 6 (Table 3) in 197 9-1980 
apparently was related t o  release of pen-raised 
bobwhit es. At anot her location , approximat ely 
1, 000 bobWhit es were known t o  have been released 
while over 50 percent were experiencing clinical 
disease due to avian pox. Such cases clearly 
could contribut e t o  t he perpetuat ion of pox 
infections on t hese localized areas. 

An additional point of int erest wit h regard t o  
t he increased occurrence of avian pox in bobwhit es 
was t he host range of t he virus and it s ability t o  
produce di sease in ot her species such as domest ic 
poult ry and wild t urkeys (Meleagris gallopavo). A 
series of laborat ory t est s and experime nt al 
infect ions were conduct ed in collaborat ion with 
t he Poult ry Disease Research C ent er, C ollege of 
Vet erinary Medicine, The Universit y of Georgia 
(Dr. Pedro Villegas and Dr. Mark Dekich, unpubl. 
dat a). These studies provided the following basic 
findings: (1) viral neutralizat ion and 
vaccinat ion-challenge trials indicated t hat 
bobwhit e isolat es were immunologically different 
from t he fowl pox strain of avian pox viruses; (2) 
isolat es of pox virus from bobwhit e field cases 
(wild and pen-raised) produced t ransient lesions 
in domest ic chickens and t urkeys but were not 
infect ive t o  cot urnix q ua il (C ot urnix cot urnix); 
and (3) commercial fowl pox vaccines provided 
prot ect ion against challenge with  bobwhit e 
isolates, but bobwhit e isolat es did not prot ect 
against challenge wit h t he fowl pox strain of 
avian pox virus. 

SUMMARY AND CONCLUSIONS 

Avian pox infect ions h ave occurred nat urally in 
wild bobwhit es in t he Sout heast for a long time 
(> 50 years) at a low prevalence (< 2 percent ). 
F or reasons that are not known, avian pox 
infect ions increased approximat ely 12-fold in the 
sout hwest Georgia/ nort hcent ral Florida region in 
197 8-1979. Mort alit y due to pox infection in this 
region was est imat ed t o  be approximat ely one 
percent d uring January and F ebruary 197 9  but 
probably was considerably more during the period 
of J uly-Dec ember 197 8, when environment al 
conditions were more favorable for art hropod 
vect ors, primarily mosq uit oes. A similar seasonal 
occurrence of avian pox and mosquit o transmission 
of pox viruses have be en demonstrat ed in wild 
t urkeys in Florida (Akey et al. 1981, D. L. 
F orrest er, pers. comm. 1981). During the t wo years 
following the out break, t he regional prevalence of 
infect ion declined t o  near t he pre-out break level. 
On a local basis, t he prevalence of infect ion can 
vary markedly, and mort ality in specific locales 
can be much great er or much lower t han in the 
region as a whole. Alt hough releases of infect ed 
pen-raised bobwhit es were not known t o  initiat e 
t he 1978-197 9 out break , use of pen-raised birds 
apparently did contribut e t o  pox problems on local 
areas. Where releases are necessary, birds 
vaccinat ed wit h commercial fowl pox vaccines eight 
t o  t en weeks prior t o  arrival on release 
propert ies provide minimal risks. The trend t hat 

68 

avian pox infect ions in sout heast ern bobwhit es 
will t ake in t he fut ure is ent irely speculat ive; 
however, hist orical account s and dat a obt ained 
subseq uent t o  t he out break provide consid erable 
indications that t he disease will return t o  the 
relat ively q uiescent st atus maint ained prior t o  
197 8. 
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MODERN PESTICIDES AND BOBWHITE POPULATIONS 

KENNETH L .  STROMBORG, U.S. Fish and Wildlife Service, Patuxent Wildlife Research Center, L aurel , MD 
20708 

Abstract: Bo bwhite (Co linus virginianus) are frequently used as test a nimals 
fo r wildlife tests of pesticides. The organopho sphate and carbamate pesticides 
that have replaced the organochlorines have many desirable pro perties, but they 
span a wide range of acute toxicities and some of them affect survival, 
repro ductio n, food  consumption, behavior, and nervous system enzymes in 
labo rato ry tests. Applying these laboratory findings to the field requires 
assumptions about the severity of  exposure in the field. Direct field 
me asurements show that birds may be expo sed to significant amo unts of  these 
pesticides or even more toxic degradation  pro ducts under so me conditions. 
Adverse population  effects may also result from depression  of ins ect 
po pulations during the seaso ns when bo bwhites rely on  insects fo r foo d. 

The possible reduction of  wi ldlife. po pul ations 
by pesticides has been a concern of wildlife 
bio logists since the organic insecticide era 
began in the 1940 ' s. As early as 1945, tests o f  
DDT ' s  effect o n  wildlife were being conducted 
both in the field and la boratory (Co burn and 
Treichler 1946, Cottam and Higgins 1946, Nelso n 
and Surber 1947). It appears that a 1948 test of 
parathio n  was the first wildlife test of  an 
organopho sphate (OP) insecticide (Linduska and 
Springer 1951). Bo bwhites were used in these 
early contro lled investigatio ns because they are 
an impo rtant ga me species and are relatively 
easily maintained in captivity. The bo bwhite is 
still freq uently used as a representative 
wildlife species for tests of  many OP and 
carbamate (CA) pesticides that are replacing the 
o riginal organochlorine pesticides like DDT. 

Organochlorine ins ecticides are relatively 
persistent in the enviro1}Illent. This was 
initially thought to be a desirable property o f  
these chemicals, but the eco logical consequences 
o f  the buildup of these chemicals in natural 
systems have be en a majo r factor in the 
replacement of the organochlorine insecticides 
with OP and CA insecticides. These replacement 
ins ecticides are degraded relatively rapidly by 
both chemical and bio logical processes. They do 
not appear to be co ncentrated in higher levels of  
foo d  chains and their acute effects on  birds and 
mammals seem to be reversible after exposure 
ceases. Despite these favo rable properties, many 
OP and CA insecticides are extremely toxic and 
have caused pro blems. In this paper, I will 
attempt to provide a practical perspective on the 
po tential effects of these chemicals on bo bwhite 
po pulatio ns. Many o f  the questio ns about effects 
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o n  bo bwhite po pulations 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. Conro y fo r tho ughtf ul reviews of 
this paper. 

TOXICITY TESTS 

The first logical step in testing a pesticide 
for wi ldli fe effects is to determine how much is 
lethal to one or more representative species 
(Turner 1981) . EPA has issued st andardized 
guidelines fo r such tests and the bo bwhite is one 
of the species that may be used (Ano n. 1978) , 
reflecting many years of experience with this 
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) . Testi ng new chemicals during the 
res·earch and development phase that precedes 
marketing now allows compariso ns with pesticides 
already in use. The bro ad range of avian 
toxicities exhibited by OP and CA insecticides 
allows cru de comparisons of  po tential acute 
hazards, but it do es not pro vide one answer to 
the general question of  whether these 
ins ecticides affect quail po pulatio ns. That 
answer depends on the particular pesticide and 
the circumstances under which it is used. 

Wildlife managers, as applied po pulation 
bio logists, also want to know whe ther 
ins ecticides depress repro ductive rates. This is 
a more difficult questio n to answer because a 
bigger commitme nt of  time and facilities is 



req uired for a reproductive study than for an 
acute toxicity study. C onseq uently , few bobwhite 
reproductive stu dies of OP 's or CA's nave been 
published. C oturnix q uail ( C oturnix coturnix ) 
and ring-necked pheasants ( Phasianus colchicus) 
h ave been used more freq uently for t-bese studies, 
and it appears that results with these species 
may be adeq uate guides for bobwhites. When I 
compared the reproductive responses of pheasants 
and bobwhites to diazinon, the species were 
q ualitatively similar ( Stromborg 1977, 1 981 ) .  In 
both of those studies, egg laying was inhibited 
as a funct i on of - diet ary ·aose during a: tlir-ee week 
trial. Although not exactly comparable, the 
results suggested that bobwhites were somewhat 
more sensitive to diazinon; the minimum dose that 
affected egg laying was lower as was the dose 
that completely blocked egg laying ( Stromborg 
1 981 ) .  These reproductive effects were 
reversible and most birds resumed laying within 
several weeks after being taken off the pe sticide 
diet. In addition, the hatchability of those 
eggs that were laid and the survivorship of 
chicks hatched from them was not affected. 

A confounding variable was present in both of 
those studies that req uires some explanation. 
When diazinon was added to their food, the birds 
ate less. This behavior is commonly seen in 
avian tests of highly toxic OP's and CA's, and 
several studies have demonstrated that caged 
birds will not eat large q uanties of toxic feed 
if they have access to other foods (Hill 1972, 
Bennett and Prince 1 981 ) .  What this means in the 
field is not clear, but it is known that some 
species do eat contaminated food under some 
circumstances ( e. g. , Mendelssohn and Paz 1977, 
Stromborg 1 979, White et al. 1 979) . Reduced 
feeding rate due to pesticide-induced illness may 
be one of the effects of these insecticides under 
field conditions. This may lead to nutr:i,tional 
stress, but t here is no evidence of any direct 
effect by these pesticides on energy metabolism 
(Watkins et al. 1978) . 

The diazinon tests with q uail and pheasants 
also demons trated a reduction in egg laying that 
was not explained by reduced feeding ( Stromborg 
1 977, 1981 ) .  T hese effects may have been related 
to hormonal imbalances similar to those reported 
by Rattner et al. ( 1982 a) for q uail fed 
parathion. EPA guidelines for registration 
req uire avian tests for reproductive effects 
under some circums tances (Anon. 1 978) , and, as in 
the toxicity testing req uirements, bobwhites are 
a suggested test species. Therefore, data on 
reproduction should become available as these 
relatively new req uirements are impleme nted. 
However, applyi ng laboratory res ults to field 
conditions req uires many assumptions about 
factors such as the availability of the pe sticide 
over time , exposure of birds to it, and the 
interactions of pesticide effects with natural 
environmental stress ( Rattner et al. 1 982 b). 

Behavioral alterations caused by OP and CA 
insecticides could reduce birds' ability to 
respond to environmental stresses. Kr eitzer 
( unpublished data) found that extremely low 
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dosages of several OP 's lowered the ability of 
bobwhites to learn visual discrimination of 
shapes. Wh at this means in a field context is 
unclear, but an alteration in learning ability 
might reduce the ability of quail to cope with a 
complex and varying environment. At higher 
doses, these chemicals influence behavior in 
evident ways that are sy mptomatic of severe 
poisoning. The toxic action of t hese chemicals 
on the nervous sy stem produces uncoordinated 
muscular activity , prostration, regurgitation, 
and a variety of oth er signs all of which would __ _ 
interf ere w.L th- a poiso ned. bird 's- abilit y  to 
escape from potential predators. P oisoned 
songbird females temporarily abandoned incubation 
of clutches ( Grue et al. 1982 ) , and this might 
adversely aff ect embry onic developme nt if it 
occurred during sensitive periods. All of these 
behavioral effects were produced by sub-lethal 
doses, so detecting their effects on a population 
under field conditions would req uire detailed 
studies and would not be apparent by cursory 
searches for evidence of poisoning in the form of 
dead birds. 

EXPOSURE OF BIRDS IN THE FIELD 

The principal question that must be addressed 
in attempting to apply laboratory results to 
field conditions is the extent of exposure, 
including both dose rates and duration. The 
usual me thod of establishing exposure of birds 
and other wildlife to OP and CA pesticides uses 
their effect o n  the enzy mes collectively known as 
cholinesterases ( ChE ) .  In fact, the toxic 
effects of these pesticides are related to these 
enzyme effects ; hence the pesticides are commonly 
referred to as anticholinesterases, or 
choli nesterase inhibitors. Applying accepted 
clinical practice from human medicine, Buny an and 
T aylor ( 1966) , in the first of a continuing 
seri es of studies, adapted biochemical techniques 
for quantifyi ng the amount of enzyme inhibition 
in the brains of birds exposed to cholinesterase 
inhibitors. Ludke et al. ( 1975) and Hill and 
Flemi ng ( 1982) have given guidelines for 
interpreting field results of C hE measurements. 
At present it is thought that ChE inhibition 
reflects exposure to significant amounts of a C hE 
inhibiting pesticide, but some birds with 
severely depressed ChE recover although others 
die with less inhibition. As a diagnostic tool, 
ChE measurements are mo st useful i n  determining 
the nature of a chemical in dead birds. I t  is 
unfortunate that no precise predictive 
relationship between C hE inhibition and overt 
biological effects has been discovered. If such 
a relationship did exist and could be measured, 
interpretation of field results like the 
demonstration by Smithson and Sanders ( 1978) that 
wild q uail had depress ed C hE in areas spray ed 
with parathi on might be extended to population 
effects by predictive mo delling ( Tipton et al. 
1 980) .  

In  the absence of this relationship,  i t  is 
necessary to determine the amount of exposure by 
mo re direct techniq ues 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 wit h 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 t hat eat more than a small number 
of treated seeds (Stromborg 1977) . 
Unf ortunately , intentional poisoning of 
granivorous birds is also eas y and apparently not 
uncommo n  (Stone 1979) . Altho11 gh this source of 

- - exposure actually resulE-s f rom misuse - ( la bel 
statements include appropriate cautions about 
keeping wildlife and treated seed apart) , under 
field conditions, there are often treated seeds 
available to birds after normal planting 
operations, and the rapidity of action of these 
chemicals localizes mortality so that even 
intentional poisonings may be undetected. 

Vegetation that has been sprayed can also 
constitute a haz ard to birds eating it. A number 
of ins tances of mortality, primarily of geese 
(Branta canadensis) , have been recorded (Stone 
19 79 ).  Wild turkeys (Meleagris gallopavo) have 
also been poisoned by feeding on vegetation 
sprayed with an OP (Nettles 1976). Both of these 
species are large and carcasses were usually 
found in the open; these factors combine to 
increase the probability of detection of 
poisoning. Similarly, reported die-offs of small 
birds are usually extens ive (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 route of exposure is 
second ary poisoning. Potentially, this could be 
extremely important to quail during the time s 
that their diet is high in animal materi al 
(Rosene 1969: 108, Hurst 1972) . It is commo nly 
believed that birds eat poisoned insects (Mills 
1973, Stickel 1974) but few data exist on the 
amounts of ChE inhibitors such poisoned ins ects 
might contain. hcEwen et al. (1972) found 
Guthion in gras shoppers during an operational 
grasshopper control program. Stromborg et al. 
(In press) found low residues of diazinon in an 
experime ntal application designed specifically to 
determine the feasibility of direct measureme nts 
of residues in insects. In another grasshopper 
control operation, biologically significant 
residues of acephate and its more toxic 
me t abolite methamidophos were found (Stromborg, 
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 et al. ( 1979) reported 
mortality of adult and nestling laughing gulls 
(Larus atricilla) that ate parathion-poisoned 
insects. This route of exposure 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 where only the parent 
ins ecticide 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 F owle (1972) ,  that 
this is a potential ly important route of 
exposure. -Laoisky (T97S) te sted fhi s -hypothe-sis 
with pheasants in a simulated application of a 
soil ins ecticide and observed some mortality and 
evidence of poisoning through dermal contact, but 
only under presume d worst-case conditions where 
he simulated a spill of the actual formulated 
product. During spraying, qua il within a field 
might inhale significant amounts of insecticide. 
Berteau and C hiles (1978) compared the oral and 
inhalation routes in laboratory tests and 
concluded that there was little difference in 
toxicity between the two routes of exposure. 
Most probably, this is generally true of field 
exposures; the observed effect will be a result 
of total ins ecticide exposure from all of the 
potential routes: oral , dermal, and inhaled. 

ECOLOGICAL EFFECTS 

Although these direct poisoning effects are 
the usual focus of pesticide research with birds, 
under field conditions, the reduction of inse ct 
populations is probably also quite important to 
bobwhite populations .  Field studies often result 
in reports of presumed emi gration of birds from 
large spray blocks, but as McEwen et al. 
(1972: 193) point out, emigrants probably rarely 
find suitable unoccupied habitat, and if they are 
actively nesting, emigration results in nest 
abandonment and loss of some reproductive 
potential. The impact of reduced insect 
populations is a function of the dependence of 
the quail on insects at the time of spray and the 
size of the spray block. If the sprayed areas 
are small and patchy, suitable foraging areas may 
be found close enough to the nest site that a 
simple shift in home range use may enable birds 
to find adequate insect foods without abandoning 
an active nest. 

These direct and indirect factors acting 
simultaneously may cons titute a serious potential 
haz ard to populations of an agriculturally 
associated bird like the bobwhite. In fact, 
studies of organochlorine insecticides and quail 
clearly demonstrated severe impact on a regional 
bobwhite population (Rosene 1965). No such 
comprehensive study of ChE inhibiting 
ins ecticides has been undertaken with bobwhites. 
More fiel d data for pheasants and ChE inhibitors 
are available than for bobwhites. Because these 
species are fairly simi lar in their food habits 
and agricultural association, it seems re as onable 
to expect that results from pheasant tests are 
applicable to bobwhites. Wolfe et al. (1971) 
exposed young pheasants in 5 acre pens to a 
simulated parathion spray and found that they ate 
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large quant ities o f  presumably poiso ned insect s 
sho rtly aft er t he field was spray ed. Alt ho ugh 
C hE was depressed, t hey found no evident 
behavioral effect s or mo rt ality .  In a similar 
t est of young pheasant s, Messick et al. (1974) 
fo und behavioral effect s t hat would have 
increased t heir vulnerability to predators. 
Co ncurrell't tests on unco nfined wild adult s 
indicat ed no apparent effect s on survival or 
repro duct ion. The proport ion of  insect s in t he 
diet s o f  wild juvenile pheasant s in spray ed areas 
was drastically reduced when insect po pulations 
were reduced by - pestic±-<ies.- The si:gn±flcance- of- -­
t his reduct ion of an impo rt ant prot ein source for 
gro wing birds is hard to assess. Pot t s  ( 1977) 
fo und t hat when pesticides reduced t he vit al 
insect food  sources of  young partridges (Perdix 
perdix) , t he pro duct ivity of  part ridge 
po pulatio ns was reduced. Considering the overall 
similarity of bo bwhit es and part ridge in 
agricult ural areas, it would be surprising if 
t his  was not also true fo r bo bwhit e po pulat ions. 

There are many indicatio ns from bot h  field and 
laboratory studies t hat C hE inhibit ing 
insect icides might be influencing bo bwhit e 
po pulat io ns. Some of t hese chemicals are 
ext remely to xic to quail, and it is known t hat 
wild birds are exposed to biolo gically 
significant quantities under some condit io ns. 
Whet her pesticide-induced mo rt ality or 
repro ducti ve effect s depress bo bwhit e 
pro ductivity is not known, and how t hese 
hy pot hetical limit s might relat e to ot her factors 
limit ing populat io ns t hrough habit at destruct ion 
and degradat ion is not understood. We need to 
measure t he act ual expo sure of bo bwhit es in t he 
field to fully use t he result s of  labo ratory 
studies. We also need to det ermine whet her ot her 
influences on mo rt ality and repro duct ion 
compensat e for pesticide effect s. Ult imat ely, 
studies of t hese diverse influences on po pulat ion 
dynamics will have to be int egrated into a 
comprehensive study of  t his species if we want 
finally to assess pesticide effect s o n  bo bwhit e 
po pulat io ns. 
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ADAPTATIONS OF FEMALE BOBWH ITES TO E N E RGY DEMANDS OF TH E 

R E PRODUCTIVE CYCLE1 

RONALD M. CASE, Department of Fores try , Fisheries and Wildlife, University of Nebraska , Lincoln,  NE 
68583 

Abstract : The energy req uired by bo bwhites (Colinus virginianus) to attain 
repro ductive co nditio n was measured fo r 30 individually caged game-farm raised 
birds. They were acclimated to an eight-hour pho to perio d,  which then was 
increased o ne hour each week until reaching 15 ho urs ; it was then kept 
constant. One hen beg an laying eggs five weeks after the 15-hour pho toperio d 
started. However, o nly 75 percent of the birds that eventually lay ed were 
laying after 12 weeks at 15 ho urs pho to perio d. Average bo dy weights increased 
from 194. 2 g seven weeks prior to egg laying to 214. 8 g while laying. 
Metabo lized energy increased 24. 4 percent (35. 6 to 44. 3 kcal/ bird-day ) during 
the six weeks prior to the onset of yolk depositio n,  which occurs in the week 
prio r to laying. Metabolized energy increased another 18. 3 percent to 5 2. 4  
kcal/ bird-day while the q uail were laying eggs. These results show several 
adaptatio ns of bo bwhites that permi t them to meet the energy demanding 
activity of achieving reproductive status. This asy nchro nous response to 
photostimulatio n enables the birds to optimize their time of lay to 
unpredictable weather conditions prevalent in spring in temperate climates. 
In addition,  the energy req uired to achieve repro ductive co ndition is spread 
over six weeks; thus, the impact of increased energy demands is minimized. 

Previous studies have q uantified the energy 
req uirements of egg-laying in bo bwhites (Case 
19 72 ) .  However, energy demands to achieve 
repro ductive status and energy req uirements of 
incubation have not been reported. The o bj ective 
of  this paper is to q uantify the energy 
req uirements to achieve repro ductive status. In 
additio n  I will discuss how bo bwhites apparently 
cope with the enigma of an assumed short food  
sup ply during an energetically demanding perio d. 

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

METHODS 

Thirty game-farm reared female bo bwhites were 
i nd ividually caged under controlled pho to perio d 
and a co nstant ambient temperature of 20  C. Foo d 
(chick starter, 21  percent protein and 4. 2 
kcal/ g)  and water were provided ad libitum. 

Birds, feed, and excreta were weighed weekly. 
Appro ximately 0. 5 hour prior to the o nset of the 

1Published as Paper 6881, Journal Series, 
Agricultural Experiment Statio n, University of 
N ebraska. 
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pho to perio d,  feed and water were removed from the 
cages to ensure no ingestion of food or water 
immediately prio r to weighing birds. Cages were 
cleaned and new feed was provided birds within 
0. 5 ho ur after the pho toperio d started. Spilled 
feed and excreta (egested wastes plus nitrogenous 
wastes) were separated, then placed in individual 
petri dishes, and dried at 65 C for abo ut 10 
hours. Separatio n of feed and excreta was 
completed by sieving the mixture through a 
10-mesh screen with gentle brushing. Separated 
f eed and excreta were dried to a constant weight 
(usually 3 days) .  Birds, feed , and excreta were 
weighed to the nearest 0. 1 g. 

Feed and excreta were ground in a Wiley Mo del 
micro mill using a 2 0-mesh screen. Samples were 
weighed to the nearest 0. 1 mg prior to 
calorimetric analysis in a Parr o xygen-bomb 
calorimeter. 

Gross energy intake, excreto ry energy , 
metabolized energy , and existence energy , as 
defined by Co x (1961) , were determi ned for each 
experime ntal bird. When birds maintained a 
constant bo dy weight (+ 1 percent or less of bo dy 
weight during a week) ,-metabolized energ y was 
termed existence energy , that is, the energy to 
exist under caged conditio ns. 

Quail were acclimated to an eight-hour 
pho to perio d fo r fo ur weeks. The pho to perio d was 
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then increased o ne hour each week until 15 hours. 
Photoperiod remained constant throughout the 
duration of the experiment. Nest boxes, provided 
with excelsior, were placed in each cage. The 
o nset of weight gain was assumed to represent 
gonadal growth and attendant increased body fat 
associated with the birds becoming reproductively 
active. 

A sample of birds was sacrificed at the end of 
the ex periment. Oviducts and ovaries were 
weighed to the nearest 0.1 g immediately after 
removal so as to det ermine the dilferences 
between reprod uctive and nonreproductive birds. 

RESULTS AND DISCUSSION 

Twenty-four of the 30 experime ntal birds layed 
eggs. One hen commenced egg-laying 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 (F igure 1) . Those results 
were unexpected for two reasons. First,  since 
bobwhites start laying by 1 May in Y-a nsas 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 
:lid. Woodard et al. ( 1970) kept chukar 
p artridge (Alectoris graeca chukar) on a short 
iay, then increased the day length to 16 hours. 
�irst eggs were laid 21 or 22 days after 
?hotostimulation. A similar time is noted for 
i omestic fowl to lay eggs following 
)hotostimulation. 

Although the onset of egg laying was 
1synchronous among birds in this experiment, I 
1 ssumed that the events leading to eg g laying 
�ere time constant. Those events were. manifest 
L n  increased body weights, which reflected 
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proliferation of the reproduct ive tract and 
increased body fat. Thus, the event in common 
was egg laying. Body weights were averaged fo r 
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 increase d 
gradually, yet consistently, to an average 214.8 
g. That weight is similar to the predicted body 
weights (216.2 g) of eg g-laying bobwhites (Case 
and Robel 1974) . 

Metabolized energy was analyzed similarly to 
body weights. Metabolized energy averaged 35.6 
kcal/bird-day through seven week s  prior to egg 
laying (Figure 3) . Although metabolized energy 
appeared to increase eight weeks prior to the 
start of egg laying , seven weeks prior was chosen 
to be consistent with the data for body weights. 
Energy requirements for eg g laying (52.4 
kcal/bird-day) again were similar to 55.9 
kcal/bird-day predict ed 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 rep roductively 
active· hens at the end of the ex periment was 9. 1 
g. The average body weight increased 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 dai ly basi s, the increase was an average of 
only 0.85 kcal/ bi rd-day. Thi s i ncrease does not 
reflect the energy cost for gonadal growth alone 
because body wei ght incre ased an average 1 3.9 g 
yet the average ovary and ovi duct wei ght was only 
9. 1 g. Thus, the energy demand for gonadal 
growth i s  conf ounded wi th the energy requi rement 
for addi ng f at. Hetaboli zed energy i n  the week 
precedi ng eg g layi ng averaged 8. 1 kcal/ bi rd-day 
more than the previ ous week, whi ch represents an 
18.3 percent increase. 

Effici ency of egg layi ng was calculated as 
:a llows. During 645· bi rd-days 483 eg gs were 
L aid. The fi rst five eggs for each bi rd were 
�xcluded i n  thi s analysis because they occurred 
i t  erratic intervals. The rate of layi ng was 
). 75 egg/ bi rd-day. Each 8. 7 g egg would contain 
1 bout 1 6.3 kcal (Case and Robel 1974) . 
1etabolized (exi stence) energy for non-laying 
1ens averaged 35. 6 kcal/ bi rd-day. The determined 
ie taboli zed energy for egg layi ng was 52. 4 
:cal/ bird-day, 16. 8 kcal/ bi rd-day greater than 
or exi stence. Then 12.2 kcal of eg g (0. 75 x 
6.3 kcal) was formed each day at an addi tional 
nergy expendi ture of 16.8 kcal/ bird-day, which 
eprese-nts 73 percent effici ency of egg 
ormation. 

DAPTIVENESS OF BOBWHITES TO REPRODUCTIVE ENERGY 
EMANDS 

It  i s  nearly axiomatic that bird populati ons 
i ntering i n  tempera� e regions are limited by 
ood during wi nter (Lack 1966 , Hespenheide 1 973) . 
ndi rect evidence for this phenomenon i n  
obwhites can be inferred from the low survival 
ates of juveniles from September to April (Robel 
96 5,  Ro bel and F retwell 1970) and the decreased 
ody weights of bobwhites over winter (Kabat and 
r10 mpson 1 963, Ro bel and Linderman 1 96 6 , 
)S eberry and Klimstra 1971 ) .  Rosene ( 1 969) 
Jggested that egg laying and incubating female 
l bwhi tes experi ence a greater physical strain 
1an males and consequently may di e faster 
�cause they are weaker. This conjecture may be 
1 pported by studies that demonstrate a nearly 
1 ual sex ratio of juvenile bobwhi tes but an 
l ult sex rati o i n  favor of males (Leopold 1945 , 
1bat and Thompson 1 963) . The energy demands of 
; g  layi ng alone do not appear excessi ve si nce 
1ey are equi valent to existence energy 
,quirements at rather moderate wi nter 
,mperatures of -3. 3 C (Case 1 972) . 

However, the additi onal energy demand of 
tai ning reproducti ve status at the end of 
nter (24.4 percent increase over existence) may 

stressful since thi s is occurri ng pri or to egg 
ying when food may be scarce. Th ere appear to 

two di stinct adaptations of bobwhites to cope 
th this apparent enigma. First, the i ncreased 
ergy required for the onset of reproduction i s  
ortized over a six-week peri od so that the 
? rgy needs i ncrease gradually. In fact, the 
, t  energy demanding stage (yolk deposi tion) i s  
L ayed until the week pri or to the onset of eg g 
ring when food i s  more likely to be abundant. 
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Thi s  ti me requi rement, which i s  much greater than 
that for chukar partridge and domes ti c  f owl , 
apparently i s  not an artifact of usi ng game-f arm 
reared birds. Anthony (1 970) , i n  a field study, 
reported that growth of the ovary and oviduct i n  
Calif orni a quai l began i n  late March and egg 
layi ng i n  early May. He found that recrudescence 
of the oviduct was 8 to 1 0  and the ovary 10  to 1 2  
weeks. The second adaptati on i s  the asynchronous 
response ti me of bobwhites to photosti mulati on. 
Although bobwhites may start egg laying by 1 May, 
the peak. c=u-i:--s in late May- - {dohns-ga-rd- 1979-)-.- -
The early layers would have a reproductive 
advantage over other birds when winters are mild 
or spring weather is favorable and possi bly may 
rai se two clutches (Stanf ord 1 972) . Late layers 
would have an advantage following severe winters 
or late spring. This strategy would opti mize 
quail reproduction by following the adage of not 
putti ng all their eggs i n  one basket. 
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REPRODUCTIVE SUCC ESS A N D  BROOD SURVIVAL OF BOBWH ITE QUAI L AS 

AFFECTED BY GRAZ I N G  PRACTICES 

RUBEN CANTU, Caesar Kl eberg Wil dlife Research Institute, C ollege of Agriculture, Texas A & I 
University, Camp us Box 2 18 ,  Kingsville, TX 78363 

fiANIEL 6; EVERETT, · C ae1>ar Kleberg WITdI:ffe Research Institute� College of Agriculture, Texas A & I 
University, Campus Box 2 18, Ki ngsville, TX 78363 

Abstract: A radio tel emetry study of 76 nesting and brood rearing bobwhite 
quail ( C olinus virginianu s  texanus) hens was conducted during 1980 and 1981. 
Four study sites wi th different habi tats and cattl e gr az ing 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 j uvenile ratio 
in fall sho t birds, and 66 percent hatched after 1 Sep tember foll owi ng the 
rai ns of Hurricane Allen on 9 August. The 1981 breeding season was wet with 
average temperatures. One nest was found and seven broods were known to have 
hatched. Examination of quail wings sho wed a 1: 5 adult to j uvenil e ratio, 
with 6 9  percent of the j uvenil e birds hatched prior to July 16, 9 percent in 
the latter hal f  of July, 10 percent in August, 9 percent in Sep tember, and 2 
percent in October. Seven unsuccessful nests were found. Five were destr oyed 
by predators and two were abandoned. Chick mortality was 49 percent wi thin 
the first two weeks of l ife in nine broods. Thirty-eight of 76 radio tagged 
hens were killed during the reproductive seasons. Reproductive success was 
highest during the wetter breeding season and highest in p astures that were 
mo deratel y graz ed and in good range condition. 

South Texas bobwhite quail ( C olinus 
'irginianus texanus) pop ul ations are unstable. 
le t years producing " bumper" crop s of quail 
oll owed by a drought year may result in a low 
o p ulation. Variability in yearly pop ul ation 
iz es is largely dep endent up on land management 
ractices and weather conditions affecting quail 
rior to and during the reproductive season 
Le hmann 1946, Kiel 1976) .  Measureme nts of the 
ep roductive cap abilities of the bird have not 
ccounted for the dramatic increase in pop ulation 
iz e during favorable years. It is difficult to 
et a true picture of summe r p op ulation dynamics 
r om data collected the foll owi ng winter. The 
L fficult parame ters to me asure are p ost hatching 
) rtality rates and hen mortality. With the aid 
f radio teleme try, an intensive study of 
oo ividual nesting and brooding hens was 
)nducted during the 1980 and 1981 reproduction 
2 asons. The specific objectives of this study 
! re 

( 1) to determine reproductive success and 
chick survival of the bobwhite quail as 
rel ated to graz ing practices and l and 
ma nagement; 

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

( 3) to determi ne the mortality rate of quail 
hens during the nesting season; and 
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( 4) to document the occurrence of quail hens 
hatching a second brood. 

We woul d like to thank Robert Ki ng,  manager of 
the M ariposa Ranch, and Cliff Lincecum, Cameron 
Iron W orks' Holl ywo od Hunting C amp Manager, for 
their coop eration. We also thank the C aesar 
Kleberg Wil dlife Research Institute f or funding. 

STUDY AREA 

This study was conducted in Brooks County, 
l ocated within the Rio Grande Pl ain resource 
region in south Texas, on the Miller and Marip osa 
Ranches, 1. 25  km west and 4. 35 km southeast of 
Falfurri as, respectivel y. The substrata of 
Brooks C ounty is a sandy l oam soil similar to 
ma ny coastal counties of Texas. Soils are 
mo derate to deep , up to 203 cm, and well drained. 
The top ograp hy is nearly level to moderately 
sl op ing. 

The average annual temperature is 22. 6 C ;  the 
clima te is a warm, temperate, subtrop ical type 
with dry winters and hot humid summe rs. The 
average rainfall is about 61. 3 cm, wi th extreme 
fl uctuations between years. Rainf all records 
sho w variations from 22. 7 cm in 1917 to a high of 
140. 0 cm in 1967. Of the years of recorded 
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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). 

F our Pj-S tures, i. e. , F ruta, 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 grass land type-, domi nated 
by threeawns (Aristida spp. ) and dotted wi th 
clumps of mesquite ( Prosopis glandulosa) and 
granjeno (Celti s pallida). It has been 
continuously grazed by cattle since 1953 at a 
high stocki ng rate of 4. 3 ha per animal unit and 
was in poor range condition. Ra nge 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 al lotted 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 wi th 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 sites were dominated by dense mesquite and 
mixed brush, three awns, and gulf cordgrass 
( Spartina spartinae). The Justo pasture was 
rootplowed. in 1975 but not raked. This pasture 
was continu ally 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-plowi ng , raking , and re-seeding to 
kleingrass ( Panicum coloratum) 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 community was an open gras sland dotted with 
clumps of mesquite and li ve oak ( Quercus 
virginiana). Tall and midgrasses were dominant 
and included little bluestem ( Schizachyrium 
scoparium), indian grass ( Sorghastrum �), 
and thinseed paspalum ( Paspalum setaceum). 
Prior to M ay 1981 grazing was moderate at a 
stocking 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 
nesting 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 
the 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 
surroundi ng vegetation was made. 

Chick loss rates were determined by counting 
the chicks wi th 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 (Mohr 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 i dentified from field 
sign left at the nest site or from carcass 
remains. Working transmitters from hens killed 
by predators were fitted 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 for back calculation 
of hatching dates of juvenile birds ( Rosene 
196 9). 

RESULTS 

Reproductive Success 

The 1980 breeding season was hot and draughty, 
with 4. 4 cm of rain from January through April . 
The first subs tantial rainfall ( 5.0 cm) came on 8 
May. Rains between 9 May and 8 August totalled 
14. 9 cm. Hurricane Allen, 9 August, dumped 32. 5  
cm of r ainfall.  

F orty-one hens were radio tagged in 1980; nine 
nests were found and three clutches of eg gs 
hatched , 7 and 11 July and 24 September. Seven 
nests were found in June, one in July, none in 
August, and one in September. Quai l wings 
obtained from hunting camps on the study areas 
showed a 1: 3 adult to juvenile ratio. 
Thirty-four percent of the juvenile birds were 
over 150 days of age and hatched prior to 
mi d-Augu st. Back calculation of hatching dates 
for the remaining juveniles showed that 6 3  
percent hatched in mid-September, and 3 percent 
in October. T he September hatch followed the 
rains of Hurricane Allen on 9 August. 

Five of 10 radio-tagged hens in the Rodeo 
pastur@ ( moderately grazed, g ood range condition) 
nes ted , 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 t hat 



were rad io-tagged. No nests were found af ter 
Hurricane Allen due to loss of rad io-tagged hens 
and failure of battery powered transmitters. 

The 1981 breed ing season was wet with 
average temperatures. Rainfall from January 
through September 1981 was well ab ove normal with 
2.6 cm rec orded in Febru ary and 19.2 cm in 
August. 

Thirty -five hens were radio-tagged in 1981 . 
Only one nest was founa- becaI1s-e tlie 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 
have 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 
ad ult to juvenile ratio. Sixty-nine perc ent of 
the juveniles were over 150 day s  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 bird hatched about 16 October. 

The Rodeo pasture (good range c ondition) and 
the Just o pastur e (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 
ad ded in 1981 to replac e the Fruta pasture. 
Thirteen hens were radio tagged there and three 
broods were found . 

�ests and Nest Losse s 

Eight nests of radio-tagged hens were found in 
o1hich incubation of eggs had begun. Two other 
1 ests with eggs were found but were destroyed 
) efore they c ould be incubated .  The eight 
!om plete c lutc hes averaged 12.0 eg gs and ranged 
:rom 9 to 18 eggs. One renesting effort was 
1oted in which a hen' s ini tial clutch had 15 eggs 
1nd her sec ond clutch had nine eggs. 

F orty eggs were found in three successful 
1 ests. Three eggs each in two of the successful 
1ets were pipped , but ants (Solepopsis spp.) 
, ntered the eggs and killed the chicks. 

Seven unsuccessful nests were noted. Five 
rere destroyed by pred ators and two were 
Lband oned .  Field sign at the nest sites 
. ndic ated that coyotes (G anis latrans) destroyed 
our nests and a skunk (Mephitis mephitis) 
,estroy ed another. Le hmann ( 1946� reported that 
� st nest pred ation in south Texas was d ue to 
: oy otes ( 80-83 percent) , skunks (15 percent) , and 
makes (1 perc ent) . 
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The two aband oned nests were in the early 
stages of incubation. One of the abandoned nes ts 
was a renesting attempt. Neither of the two hens 
attempted to renest after aband oning its nest. 
At the time of aband onment, there had been no 
rainfall for a mo nth and maximura daytime 
temperatures averaged 37. 4 C. Stoddard ( 1931) 
believed that f ew bobwhite nests are voluntarily 
aband oned , but aband onment may be due to some 
environmental disturbance. Klimstra ( 1950) noted 
that during periods of hot weather, incubating 
b1. rds may abandon nesEs- aue to- the excess ive 
heat. 

Chic k  Survival 

During this study there was a 49 percent chic k 
loss within the first two weeks of life. Data on 
chic k  mortality was collected from nine broods of 
radio-tagged hens during the summers of 1980 and 
1981 . Chic k loss rates were rec orded for five 
brood s  from the date of hatch,  two broods 
starting at two weeks of age, one brood starting 
at three weeks of age , and one brood starting at 
six weeks of age. 

During the dry summe r of 1980, two broods were 
observed from their dates of hatch. One brood of 
10 chic ks was lost entirely before two weeks of 
age ; the remaining brood of 11 lost four chicks 
in two weeks and then only one chic k  up to 30 
d ay s  of age , after whic h  the hen was found dead 
aRd the loc ation and fate of the brood could no 
1 onge r be de term1. ned. 

Seven broods were observed and followed d uring 
the summe r of 1981. Three brood s of 6 ,  12, and 
16 chic ks were lost within one week after 
hatching. The four other broods were from two to 
six week s  of age when observation began. After 
two week s  of age, chick loss was minimal with two 
chic ks lost from one brood during its third week 
of life, and one chic k lost per week after two 
weeks of age for the remaining three broods. 
Causes of chic k  loss were dif ficult to determine. 
Two broods,  12 and 16 chic ks, were lost at three 
and five days ,  respectively. Both broods were in 
the Pita pasture (lightly grazed , good range 
c ondition) , hatc hed during a period of heavy 
rains, and were lost during the same 24-hour 
period. Another brood , five day s  of age, was 
aband oned by the hen when she was flushed by the 
researcher. 

Chic k  losses were higher in the Justo pasture 
(overgrazed , poor range c ondition) than in the 
Rodeo pasture (lightly grazed , good range 
c ondition) d uring 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 chic ks had lost four chicks by two 
weeks of age and lost only one from then until 30 
d ay s  of age. One brood lost one chick between 
six and seven weeks of age , and there was no 
chic k  loss from another brood between two weeks 
and 30 day s  of age. 



Brood Rearing Habit at 

Brood rearing habit at was det ermined fo r two 

broo ds in 1980 and seven broo ds in 1981. Cov er 
used by broo ding hens and chicks was dependent o n 
t he time of day. Most act ivity of hens wit h 
chicks occurred from about 0900-1100 hrs and 
1500-1800 hrs. During t hese ho urs , hens led 
chicks into grassy, weedy areas of sparse to 

me dium density wit h 15-7 0 percent bare ground. 
Areas too unifo rm in t hickness ( >  85 percent 

plant cove-r) we-re-- usually avoided. -- - - -

Radio -t agged hens wit h chicks were fo und in 
prot ect ive cover fro m abo ut 1100 hrs to 1500 hrs. 
This cover was usually a mesquit e and mixed brush 
o versto ry, o ffering shade and prot ect io n, and an 
understo ry of s ho rt grasses, weeds, and debris 
wit h about 80 percent bare ground. Three 
broo ding hens used t he co ver of large mesquit e 
t rees and granj eno surro unding nat ural po nds. 
Edges and breaks in veget at ive pat t ern were very 
impo rt ant . All radio locat ions of hens wit h 
broo ds were wit hin 10 m of breaks in t he 
veget at ive pat t ern such as ranch ro ads and cattle 
t rails. Act ivit y patt erns and the st ruct ure of 
broo d rearing habit at were similar o n all study 
areas. Bro o d ranges averaged about 0. 8 ha. 

Hen Mort ality During t he Nesting Seaso n 

Seventy-six quail hens were mo nito red during 
t he study perio d and 38 mo rt alities not ed. There 
were 44 percent and 57 percent losses of 
radio -t agged hens during t he 1980 and 1981 
seaso ns, respect ively. Three hens died in May ,  
17 in  June, five in  July, eight in August , two in 
Sept emb er, no ne in Oct o ber, and one in No vemb er. 
Only o ne hen was known to have been incubat i ng ,  
and two hens had broo ds when t hey died. 
Predat io n was t he maj o r cause of hen mort ality. 
Predato rs implicat ed by field sign and act ual 
o bservatio ns were coyot es ( 10) , hawks ( 9) ,  and 
Texas Indigo snake ( 1) (Drymarcho n co rias 
erebennu s) .  One hen was killed when a t ract o r 
and mower ran o ver her, and anot her died from 
capture and handling stress. Twenty-eight hens 
were being 100 nito red befo re Hurricane Allen. 
Aft er it s passage, five were fo und dead and five 
o thers had disappeared. 

Second Broo ds 

There was no evide nce of second broo ds during 
t he st udy perio d. Hens t hat lost t heir broo ds 
ent irely did not nest again, and hens wit h broo ds 
were not fo und to leave t hem and nest again. 
St anfo rd ( 197 2 )  document ed 19 cases of seco nd 
b roo d att empt s in feral and penned wild 
bobwhites; of t hese, 14 were successful in 
hatching a seco nd broo d. Evidence of seco nd 
broo ds in ot her species of quail has been fo und 
b y  Francis ( 1965) in C alifo rnia quail (Lo pho rtyx 
califo rnicus) and by Gullio n ( 1956) in Gambel's 
quail (�. gambelli ) .  

DISCUSSION 

In so ut h Texas, ranges almo st devo id of quail 
in dry years have high po pulat ions during years 
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of abo ve average rainfall ,  pro viding that 

prot ect ive cover exist s. The challenge fo r t he 
manager is to be able to creat e habit at 

condit io ns such t hat hunt ab le qua il po pulat io ns 
are pro duced during dryer years. Le hmann ( 1946) 
first point ed out t hat t he keys to high quail 
repro duct io n in this area were rainf all and 
pro per grazing management . His stu dies sho wed 
t hat quail preferred to nest in gras ses nine 
inches t all o r h igher, which indicat es range 
under light to moderat e grazing activity. Our 
s-EUcl-y ind±-c-ates- that:- ---pastures----with - a-irnnl.e-rate-­
level of cattle grazing have a higher number of 
birds nest ing and bet t er chick survival t han 
o vergrazed pastures in po o r range conditions. 
Limit at io ns of exist ing t elemet ry equipment 

handicapped dat a gat hering especially fo r nest ing 
studies. Bat t ery po wered t rans mit ters last ed 
o nly 6 0-90 days and, t herefo re, did not span 
enough of t he repro duct ive seaso n to fo llo w 
individual hens t hrougho ut ; so lar po wered 
t ransmit t ers failed to funct io n while birds were 
in deep shade, as when o n a nest . The so lar 
po wered trans mit t ers worked well in 1980 when 
cover was thin, but in 1981, higher rainf all 
pro duced denser nest ing co ver. 

Kabat and Tho mpso n ( 1963) , Fato ra et al. 
( 1966) , and Simpso n ( 197 6)-'  fo und t hat quail chick 
mort ality rat es were highest wit hin t he first two 

weeks of life and t hen level o ff to about two ,to 

t hree percent per week into t he fall. The 
present st udy bo re t his o ut and indicat ed t hat 

chick survival was bet t er in past ures in go o d 
range condit io n t han in t ho se in po o r co ndit ions. 
Vagrancies of the weat her st ill come into play, 
even in go o d broo d habit at , as po int ed out by t he 
loss of chicks less t han five days old during 
heavy rain sho wers. 

In t he present st udy, woo dy cover fo r shade 
and prot ect io n in clo se pro ximit y to feeding 
areas was of paramo unt impo rt ance to broo ds. In 
addit io n, a high percent age of bare ground was 
essent ial fo r movement s and feeding , as was t he 
presence of trails and ro ads. 

Mort ality of hens during t he repro duct ive 
seaso n was high and may to some ext ent explain 
bot h t he higher numb er of adult males t han 
females in f all sho t  birds and t he high numb ers 
o f j uveniles per adult hen in fall sho t  bi rds. 
Ki el ( 197 6)  report ed 10 to 14 yo ung per female in 
sou t h Texas and not ed t hat such rat ios could be 
att ained by persist ent renest ing and high 
survival of young. Loss of adult hens would also 

co nt ribut e to a high rat io of yo ung per adult 

hen. 

CONCLUSIONS 

Repro duct ive success of t he bobwhit e quail is 
dependent on t he weat her and man' s  management of 
rang eland. Quail in past ures t hat have light to 

mo derat e grazing pressures and are in goo d range 
co ndit ion have bett er repro duct ive success 
( numbers of hens nest ing , successful nest s, and 
higher chick survival) t han do quail in pastu res 
t hat are o vergrazed and in po o r range condit io n. 
High rainf all during the breeding seaso n t ends to 
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Dffset somewhat the negative effects of 
D vergrazing , but rainfall in south Texas is 
s poradic ; management to offset drought conditions 
s hould be practiced at all times. 
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STATE AGENCY PROGRAMS FOR BOBWHITE QUAIL M ANAGEMENT ON PRIVATE 

LANDS 

ROBERT T. DUMKE, Wisconsin Department of Natural Re sources, Madison, WI 5371 1 

Abstract: State programs to protect and improve wildlife habitat on private 
lands have characteristical ly provided indirect incentives including plant 
materials, signs, technical advice, and trespass control. Bobwhite q uail 
h ave, no doubt, benefited from these programs al though Wisconsin had the only 
project which specifically featured the species. The high level of 
participation in the Wisconsin endeavor suggested that certain cohorts of the 
private sector are willi ng to work cooperatively wi th land managers 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 involvi ng hunting recreation. 

The principal range of the bobwhite q ua il 
(Colinus virginianus) is about 750 mi llion acres 
(Johnsgard 1 973 : Fig. 39); ap proximately 87 
percent of this acreage is rural lands under 
private ownership. The key to improved bobwhite 
habitat and increased hunting opportunity is a 
balanced program of incentives and education 
directed at the private landowner. State fish and 
wi ldlife agencies within the bobwhite' s range have 
applied a variety of programs to improve the 
management of wildlife resources on private lands 
(Table 1 ). This paper will briefly describe the 
array of state projects, then discuss the efforts 
underway in Wisconsin, and finally outline the 
implications of these endeavors for future 
programs. 

Wildli fe management programs for private lands 
focus on (1 ) wildlife habitat protection and 
enhancement, or (2) access for recreational use of 
wildlife resourc es, usually hunting. The Acres 
for Wildlife program adopted by several states is 
an example of a wildlife habitat improvement 
program, and Pennsylvania' s Cooperative Farm Game 
Program and Wisconsin' s Project Respect are 
examples of access programs. Many programs link 
"' habitat development" and "access for recreation" 
as typified by North Carolina' s  Gamelands Permi t 
or Nebraska ' s Habitat Stamp. 

Private-lands wildlife management is applied in 
two basic ways. Programs can be " targeted" at 
specific wildli fe species or at protecting or 
enhancing particular habitat types. South 
Dak ota ' s  Pheasant Restoration Program is an 
example of a targeted 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 improveme nts or 
accessible lands are found in a sho tgun-patterned 
distribution. 

Programs to protect and improve wildlife 
habitat on private lands have been reviewed by 
Gottschalk (1 977), McConnell (1977), Kuperberg 
(1978), Deknatel (1 979), Madsen (1981) and Walton 
( 1981 ). State programs characteristically provide 
indirect incentives--plant materials, signs, 
technical advice, and trespass control--to 
encourage the management of wil dlife on private 
lands. Some form of aid for habitat development 
on private lands was provided by 44 states in 1 97 9  
(Deknatel 1 979). Most state agenci es within the 
bobwhite' s range offer programs of potential 
benefit to quail, but only Wisconsin ' s  pilot 
project appears to spe cifically 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 1 936 and North Caroli na ' s  habitat 
improvement project begun in 1 946. Cooperators in 
Pennsylvania' s program received personal property 
protection in return for public hunting rights for 
at least five years. Habitat improvement is 
encouraged, not req uired. By 1 981 , 1 8, 967 
landowners had enrolled nearly 2. 3 million acres 
in the program (Horvath 1982). North Carolina ' s  
program provided 174, 000 landowners with 870, 000 
units of plant materials from 1 948-1 97 6  (McConnell 
1 977). Periodic evaluations have shown good 



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

State Program 

Habitat Protection and Improvementb 

Arkans as Acres for W il dlife 
Georgia Acre s for Wil dlife 
Illinois Acres for W ildlife 

�oadsides for Wil dlife 
Indi ana 

Iowa 
Kansas 

Louisiana 
Minnesota 

Missouri 
Neb raska 

North C arolina 

Ohio 

Oklahoma 
South Carolina 

Tennessee 
Texas 
Vermont 
West Virginia 

Wisc onsin 

Refuge · Lease 
Classified Wil dlife Habitat Act 
Wildlife Habitat Stamp 
Ac res for Wil dlife 
Wildlife Habitat Improvement 

Acres £ or Wil dlife 
Property Tax Exemption 
Operation Pheasant 
Private Lands Program 
Acres for Wil dlife 
Habitat Stamp 
RENEW 

Habitat Planting Stock 
Private Lands Wildl, M anagement 
Acres for Wildlife 
Private Lands Wil dlife Program 

TWRA-TVA Cooperative Program 
Tax Incentives 
Wildlife Habitat I mprovement 
Farm Game Program 

Acres for Wil dlife 
Quail Management Program 

Access for Hunting Recre ationb 

M aryland 
Michigan 

New Jersey 
New York 
North C arolina 
Pennsylvania 

Rhode Island 

Texas 
Wisc onsin 

Cooperative Management Area 
Public Access Stamp 

Operation Go od Neighbor 
Fish and Wil dl, Management Act 
Game-lands Permit 
Cooperative Farm Game Program 
Safety Zone 
Forest Wil dlife Cooperator 
Landowner Cooperative Project 

Shooting Preserve Law 
Project Respect 

Source 

Ward and Pierce 1981 
Deknatel 1979 
Deknatel 1979 
Warner, in press 

- Ki r£pat rick- i977 
Russell and Machan 1981 
George et al. 1981 
Deknatel 1979 
B. D. Hlavachick ,  KS 

FGC , pers, c ommun , c 

Deknatel 1979 
Peterson and M adsen 1981 
Isley 1971 
Kirby et al. 1981 
Cowgill 1971 
Edwards 1981 
NC Wil dl, Re sour, Comm, 

1977 
Toepfer 1981 
Toepfer 1 981 
Deknatel 1 979 
B. McTerr , SC , WMRD, 

pers, Commun, c 

McConnell 19 77 
Walton 1 981 
Sladyk and Regan 1981 
R. L, Hall,  WV , DNR, 

pers, c ommun, c 

Dumke and Frank 1982 
Dumke 1982 

Pane 1980 
J, Urbain, MI , DNR , pers, 

c ommun, c 

Pane 1980 
Brown 1977 
McConnell 19 77 
Deknatel 1979 
Gottsc halk 19 77 
McConnell 1979 
M, L, Lapisky, RI , DNR , 

pers, c ommun, c 

McConnell 1977 
Dumke and Frank 1982 

aAll state fish and wildlife agencies within the bobwhite's range provide some 
degree of technic al assistance, 

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

ipliance in the use of the planting stock for 
.dlife habitat improvement, 

The primary thrust of Pennsylvania's 
,perative Farm Game Program is public access for 
.ting. Similar programs are offered by 
-yland , New Jersey, New York , and Wisconsin with 
·yland 's program unique in providing litter 
� val in addition to the usual landowner 
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servic es, More direct ec onomic incentives for 
hunting ac cess are provided by North Carolina's 
Game Lands Permit, which has opened 2 million 
acres to public hunting since 197 1 , and Michigan's 
Public Access Stamp, 

Nebraska uses a portion of the revenue from a 
Habitat Stamp to protect and impr ove key habitats 
on private lands with a bonus if public hunting is 
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allowed. In the initial fours years of this 
pro gr am,  about 40, 000 acr es were enrolled under 
1 , 800 contr acts ( Edwards 1981 ). • The aver age 
payment for habitat improvement was about 
$ 1 8/ acr e. Iowa uses about $ 1 00 , 000/y ear from the 
sale of Wildlif e Habitat Stamps to cost-share the 
establishme nt of switch gr ass o n  pr ivate lands 
( George et al. 1981). T his pr actice provides 
nesting cover for upland birds. Les s direct 
eco nomic assistance is of f ered under the 
Acr es for Wildlif e programs available in at least 
nine states wi_thin the bo bwhit:�i r an�_(:rable 1 ) . -
T ypi.c�lly , 

-
the state f ish and wildlif e agency 

provides coordinatio n  and technical assistance 
with co-sponsoring organiz ations and youth groups 
spe ar heading landowner enrollment. Participation 
usually requires protecting at least o ne acre for 
o ne year. 

Ohio ' s  ambitious Private Lands Wildlif e 
Management Pro gr am was initiated in 1980 with a 
go al to acq uir e  manageme nt control of 25 
acr es/mile2 in 202 townships (Toepf er 1981 ). The 
O hio Division of Wildlif e' s co ntributio n  to the 
inter agency ef fort was $ 1 . 5  million in FY 1981 and 
$3 million was proposed for FY 1982. Six 
pr actices wer e available to provide nesting cover ; 
cos t-sharing for foo d patches was also of f ered. 

States have also used leases, zoning , and tax 
incentives to pr eserv e wildlif e habitat and 
provide public hunting (Walton 19 81 ). Indiana 
leased small plots ( 2- 1 0  acr es) as ref uges for 
1 0-y ear contr acts during the perio d 19 41- 1959 and 
f ur nished plant materials for food and cover 
developments. Kirkpatrick ( 1977) discovered land 
use at 86 percent of the plots ( n•43) f avor able 
for wildlif e pro duction f ive years af ter the last 
lease had expired. Minneso ta and Wisconsin use 
zoning to restrict development along waterways ,  
and Wisconsin also employs a restrictive covenant 
to pr eserv e agr icultur al and wildlif e lands 
( Walto n 1981). Forty-eight states have adopted 
f armland pr eserv atio n me asures ,  most emplo ying 
pr ef er ential property-tax assessme nt ( Council on 
Environmental Qu ality 1979), but 'the penalties for 
conversio n have be en questionably ef f ective i n  
preserving rur al lands ( Ro e  1976). Minneso ta and 
Indiana make property-tax exemption and cr edits 
available for the pr eserv ation of key habitat 
compo nents. Texas of f ers tax incentives whereby 
agricultur al and forest lands are taxed accor ding 
to expected income and special exemptio ns are 
available to no n-prof it organiz atio ns ho lding 
wildlif e lands (Walto n 1981 ). 

WISCONSIN PROGRAMS 

Wisconsin is curr ently evaluating thr ee 
wildlif e management assistance progr ams for 
private lands with implications for bo bwhite 
quail--Acr es for Wildlif e, Proj ect Respect,  and 
the Quail Manageme nt Progr am. T he 
Acr es for Wildlif e progr am is an inter agency 
ef fort involving the Departme nt of N atur al 
Reso urces ( DNR), the Cooperative Extension 
Serv ice, and the Depar tment of Public Instruction. 
T he primar y  o bj ective of the pro gr am is to cr eate 
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an awareness of the need to co nsider wildlif e  when 
making land use decisio ns. 

Informational brochures, 4-H proj ect manuals, 
and free shrub packets are the o nly habitat 
manageme nt aids currently provided py the 
cooper ating agencies. Par ticipation in the 
progr am, as gauged by r equests for materials, is 
low in the quail r ange. Enrollees are dedicating 
pr imarily non-cropland tr acts already important as 
wildlif e habitat. Although Acr es for Wildlif e is 
a-ppl± ed--trr a- -rron-.otarget'ed ma nner ; --rhe  progr am -
could be promoted by youth groups in selected 
areas to enhance food and cover relationships for 
a f eatur ed wildlif e species, e. g. , bo bwhite 
quail. 

The Proj ect Respect pro gr am is designed to 
foster a better relatio nship between private 
landowners and hunters. T he DNR supplies hunting 
permissio n forms, arm bands, and signs. Within 
the quail r ange, 181 f arms encompassing 42,787 
acres were enrolled from 1977- 1979 for the 
primary purpos e of controlling trespass associated 
with deer hunting. Quail hunters may have been 
given access to these lands prior to enrollment 
had they asked permissio n. Technical assistance 
and free plant materials for wildlif e habitat 
improvement are of f ered under the Proj ect Respect 
agr eeme nt, but f ew landowners request either. 
T he pro gr am could be tar geted at opening blocks of 
habitat to quail hunting , and the link between 
" access" and " habitat enchancement" could be 
str engthened at these sites. 

The Quail Manageme nt Progr am has two 
o bj ectives : ( 1)  to double pr ema nageme nt quail 
densities and stabiliz e po pulatio n  f luctuations, 
am ( 2) to develop incenti ve pro gr ams for wildlif e 
ma nagement o n  private lands. H abitat r estor ation 
was the primary management thru st, and the 
practices were applied on a 60 mile2 area in the 
heart of Wisco ns in' s quail r ange. DNR perso nnel 
r epr esenting wildlif e, forestr y ,  and r esearch 0 

f unctions prepared manageme nt pr escriptions in 
consultatio n with USDA county of f icials. 

Between 1975 and 1980 ,  1 17 landowners were 
contacted to solicit participatio n  in habitat 
developme nt activities and 1 00 landowners ( 85 
percent) ultimately par ticipated in the progr am 
( Dumke 19 82). T his high level of cooper ation 
exceeded the expectations of local r eso urce 
managers and ref lected an adequa te incentive 
pro gr am and an ef f ective delivery sy stem. T he key 
eleme nts in this progr am that co ntributed to its 
success were ( 1) perso nal co ntact,  ( 2) early 
support by community leaders ,  ( 3) f lexibility in 
cooper ative arrangeme nts, ( 4) an acceptable 
agr eement, and (5) inter agency cooper ation. 

Personal co ntact was per haps the mo st impor tant 
f actor in attaining a high level of coo�r atio n in 
habitat improveme nt activities. Newsletters were 
used to intro duce the pro gr am and provide pro gress 
r eports to management area landowners ( 317 
ownerships). Typically , thr ee to four visits 
( about f ive hours) with the landowner were 
r equired to f urther outline the proj ect and 
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ultimately negotiate a satisfactory farm plan. 
These conversations were designed to gain an 
appreciation of the landowners ' obj ectives for the 
property and the constraints that infringed on our 
cooperative management of the land. 

A USDA report (U.S. Departme nt of Agriculture 
1976) emphasized the importance of interpersonal 
contacts in motivating farmers to adopt a 
particular management practice. Printed 
information promoted awareness in the predecision 
period, but adoption of a practice was enhanced by 
the presence or -an IruormatTo ri--soiirce tnat 
interfaced directly with the people involved. The 
report also indicated that the information source 
must be viewed as highly credible by the farmers. 
We found that biases caused by adverse press and 
previous experience can be overcome by reR toring 
confidence through personal contact. 
Reinforcement of this confidence is accomplished 
by having a flexible working arrangeme nt with 
potential cooperators and local support by 
community leaders and resource managers in other 
agencies. 

Conversations between neighbors at social 
f unctions and at community gathering places were 
l mportant in spreading the news of a "good" DNR 
Jroject. We developed a good rapport with 
l ndividuals whose opinions were viewed favorably 
l n  the community. The answers for questions 
� egarding DNR ' s  motives were available in the 
!ommunity, i.e. , from neighbors and commi:i"nity 
. eaders. 

Flexibility was the key word in the approach 
1 sed to solicit cooperators for habitat 
.mprovement activities. A signed agreement was 
. he only common denominator; all arrangeme nts were 
ubj ect to negotiations. Our as sumption was that 

program that emphasizes flexibility may require 
ore time during the negotiation process, but the 
evel of cooperation will be greater and more 
ustained. 

Habitat restoration activities of the Qu ail 
anagement Program were designed to improve wi nter 
o od and cover relationships for quail. Bobwhite 
uail were most abundant in Wisconsin during the 
l d-1800 ' s  when pioneering farming practices 
� ovided ample bru shy cover and an abundance of 
1 ste grain for winter food (Ka bat and Thompson 
1 63) . The gr azing of woodlands, more efficient 
1rvesting of grains, and intensification of 
irbici de use res ulted in the loss of critical 
, od and cover components. The management 
:rategy was to provide secure winteri ng sites 
,nnected by a network of continuous hedge. 

Within the 6 0-section management area , 26 units 
contiguous, physiographically similar habitat 

re identified. Traditional and potential 
ntering sites for quail were located and 
escriptions written to improve food , cover, and 
spersal features. The management units were 
ioritized for habitat devel opment based on the 
tential for producing a continuous web of 
dgerows encompassing at least three to four 
ntering sites. Within the high priority 
nagement units the landowners with key elements 
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in the plan were contacted firs t. If the property 
owner( s) demonstrated an interest in the program, 
his ( their) ideas were solicited and incorporated 
into a tentative plan. Subseq uent negotiations 
produced a final farm plan and a 10-year agreement 
outlining the cooperative arrangement. Most often 
the property owners ' contributio n was the land 
devoted to wil dlife production a nd DNR ' s 
contribution was the labor and materials for 
habitat improvement. 

Over 465 , 000 shrubs _ and_ con:i,_f�r_i;__,;,.,ere_ planted 
to -cre ate about 32 miles of new or improved hedge , 
six miles of enhanced rip arian corridor, 11 miles 
of improved woodland edge , and 191 plots. The 
plots totaled 196 acres and varied from a clump of 
spruce covering about 1 , 400 ft2 to a 6.7-acre unit 
with conifers , shrubs , brush pil es, nesting cover , 
and food patches of legume s and sorghums. Sorghum 
food patches were planted on 75 plots; 13 of these 
sites had legume patches as an auxiliary food 
source for early winter. Sorghum patches were 
about 1/4 acre in size. The DNR cost of 
installing habitat improvements on the typical 
property was $1 , 6 00. 

The target species for this program was the 
bobwhite quail ; nonethel�ss, the promotional 
strategy featured the total wildlif e benefits 
provided by the habitat improveme nts. De velopment 
costs could be charged to the production of the 
favored wildlife species, but the economic values 
are difficult to assign. The agreement developed 
for this pilot program does not require the 
cooperator to allow access for recreaeional use of 
the wildlife produced. 

IMPLICATIOt-lS 

The high level of participation in the Quail 
Management Program suggests that certain cohorts 
of the private sector are willing to work 
cooperatively with land managers to improve our 
wildlife resources. The labor intensive approach 
used on the quail project was ef fective, but not 
practical for rangewide application. An 
interagency, comprehensive land management 
approach is needed. Wil dlife habitat can be 
benefited by the improved manageme nt of soil , 
water, plant, and animal resources using a 
multi-purpose, integrated approach ( Dumke et al. 
1981: 5 44, Karr 1981 ,  McConnell 19 81) . 

Federal programs, such as the SCS Small 
Watershed Program, provide the basic tools for 
better land management ; what is needed is better 
leadership in all disciplines and at all levels 
(McConnell 1981) . State fish and wildlif e 
agencies should encourage interagency, 
multi.-disciplinary work groups to explore improved 
private-lands management with wil dlife values 
given equitable treatme nt. Wildlife resource 
advisory c ommittees can provide the needed 
emphasis. 

Specific programs for quail habitat management 
on private lands will likely work best under a 
user-pays concept involving hunting recr eation. 
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State agencies shoul d encourage landowner 
cooperatives or l arge corporate ownerships to 
practice habitat management for quail with 
benefits offered to hunter cooperatives or the 
hunting public on a fee basis. 

The most successful programs will have 
provisio�s for dealing with important 
disincentives to program acceptance including 
control of access and hunter numbers , liability 
for injury, animal damage, and sl ow results from 
ha_b1:_taE__ ��ve},o__p�nt�._ Econom:l.c Jo

.
c�nt:i,ve$ such as 

direct cash subsidies or tax exemptions and 
indirect benefits such as plant materials , birds 
for stocking, and technical advice will be 
req uired ; personal and social incentives will also 
be present in the better programs ( Svoboda 1980) . 

The impetus for new programs can originate from 
any sector and ioost often results from the 
persistent efforts of one individual. For 
exampl e, the Minnesota property tax credits for 
wetl and preserv ation resulted largel y from the 
efforts of C arl Madsen with the U. S. Fish and 
Wil dlife Service. State agency personnel ( and 
other interested persons) must develo p  proposal s 
and seek coll eague and agency support, 
interagency endorsement, conservation organization 
interest, l egisl ative action, and finall y, public 
acceptance if we are to improve wil dli fe habitat 
on private lands. 
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THE INFLUENCE OF LEASING UPON WILDLIFE MANAGEMENT AND HUNTING 

OPPORTUNITY 

MI CtlAEL D. PORTEk, Noble Foundation, Inc., Route One, Ardmore, OK 73401 

Abstract: Leasing can stimulate better wildlife management on private land. 
Thus wildlife professional s should support l easing. Private landowners provide 
most hunting opportunity but receive a disproportionately small share of the 
revenue generated by hunting. Leasing is a just system that p ays the person 
producing wildlife and charges the p erson using it. Leasing is not alw ays 
detrimental to hunting opportunity. Considerations concerning the effect of 
leasing upon hunting opportunity are less impo rtant than considerations 
concerning the effect of leasing upon wil dlife management. 

Leasing of private land for hunting is a 
controversial topic among wil dlife professional s ;  
some actively support it, some passively accept 
it, and some aggre ssively oppose it. Here in 
Oklahoma, I have met several wil dlife bi ol ogists 
who oppose the concept of leasing for hunting. It  
is unfortunate that wildli fe professionals are 
divided ,p n this issue. I bel ieve leasing promotes 
better management of wil dlife species that are 
deemed economicall y valuabl e, especially  the game 
species. In an effort to reconcil e these 
differences of opinion, this paper discusses the 
influence of leasing upon wil dli fe management and 
hunti ng opportunity. 

I bel ieve the fundamental relationships between 
leasing, wil dlife management, and hunting 
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 onl y bobwhite. 

Leasing for hunting is a common form of the 
broader concept, recreational 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 spe ci fic tract 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 certain activities. Wil dli fe cannot 
be leased by a landowner because it is publicly 
ow ned by the citizens of a state. 

The rel ationship be tw een ownership of wil dlife 
and control of it on private l and is a paradox in 
our society. The public owns it, but individual 
landowners control it. Private landowners control 
wildlife popul ations because landowners control 
the existence and quality of wil dlife habitats. 
Wil dlife cannot exist naturally without proper 
habitat. 
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Most land in the United States is private land 
(Anon. 1958) ; therefore, the greatest potential 
for managing wil dlife occurs on private l and .. One 
of the primary tasks of wil dlife professionals 
sho ul d  he to convince l andowners that wil dlife is 
a resource worth conserving and improving. To 
effectively sell this idea to l andowners, wil dlife 
professional s must recognize how society 
functions. 

American society functions basical ly as a 
capitalistic economy. McConnel l (1975) explains 
that capitalism is characterized by the foll owing 
basic features: 1 )  pri vate property, 2)  freedom 
of enterprise and choice, 3) self -interest as the 
dominant motive, 4) competition, 5) rel iance upon 
the price system, and 6) limited role of 
government. He further states that the price 
system is the basic co6rdinating mechanism of 
capitalism. In our society, the price system 
strongl y infl uences the fate of resources. I 
believe recognizing this basic fact is an 
important step toward improving the future of 
wil dlife on private land. 

The aesthetic and ecological val ues of wildlife 
are more important to me than any economic or 
monetary value that coul d be assigned to it. 
However, I realize we do not live in a utopian 
society. We  live and function in a capitalistic 
society where economic consideratio ns direct the 
future of resources. We must use tools that our 
society responds to, such as money. Without 
tangible values for wil dlife resources, I doubt we 
will change many l andowner attitu des. The U.S. 
Fish and Wil dlife Service has recognized the 
importance of assigning economic values to 
wildli fe. In the 1975 N ational Survey of Hunting ,  
F ishing and Wil dlife-Associated Recreation (Fish 
and Wildlife Service 1 977), tables and figures 
concerning expenditures of outdoo r recreationists 



nd economic values of various outdoor activities 
omprise about 18 percent of the data presented. 

Leasing may somewhat bastardize a few wildlife 
esources, but wit.hout leasing , I fear habitat and 
orresponding wildlife will continue to disappear 
t a  high rate in the future. Leasing can help 
educe habitat loss and even encourage habitat 
mprovements (Berryman 1957 ). So what is the 
esser of the evils, leasing or habitat loss? 

Wildlife competes with livestock , crop s, and 
imoerTor space arid --foocC - If wil dlife is viewed -­
s a liability due to the inconvenience and damage 
au sed by hunters, fishermen, trespassers, and 
ild animals, property owners will be inclined to 
estroy wildlife and its habitat. However, if 
rop erty owners see their wildlife as an asset, 
ince it can be a source of income , they will be 
ncouraged to manage for it. If we expect 
andowners to sacrifice their time, labor, money, 
r operty , and agricultural production efficiency 
o produce wildlife , we should compensate them for 
heir efforts. In my opinion, one of the best 
ays to reward landowners for producing wildlife 
s through recreational leasing. 

Leasing will stimulate better wildlife 
t nagement on private land (Burr 1930,  Trippensee 
148 ,  Howard and Longhurst 1956 , Teer and F orrest 
169).  When landowners receive income from a 
·oduct of their land , they of ten develop the 
i si re to further improve the resource. The 
_tu ation in Texas supports this statement. 
icreational leasing is probably better 
: tablished in Texas than other states. I have 
t several private landowners in Texas who now 
.r e wildlife biologists because they realize that . 
,tter managed wildlife resources can me an better 
,come. 

Wildlife is a product of the land. Therefore, 
follows that a landowner produces wildlife with 

s land. He owns and contr ols the habitat which 
lows the very exi stence of wi ldlife. Should not 
landowner be compensated when people take his 
od uct? If hunters take it for free and cau se 
m an inconvenience by their presence, what 
centive does a landowner have to produce more 
l dlife? I have met some landowners who decided 

destroy most of their game habitat to minimize 
�spassing and reduce hunter related property 
nage. The same landowners tell me they enjoy 
L dlife, but they cannot tolerate the problems 
; presence causes. If we expect landowners to 
> duce wildli fe for the public benefit, we should 
>vide them an incentive. 

The landowner is producing something that 
: omatically belongs to someone else due to 
>lie ownership of wildlife. Yet, the public 
mot hunt or observe this wildli fe without also 
.ng his land . The land owner owns the habitat 

the right to use the land. We should not 
,ect him to give his rights away for nothing. I 
, fer to hunt for free, rather than pay, but I 
�ize the landowner should get some return for 
, viding game habitat for me to hunt in. Leasing 
, vides a system for the person producing 
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wildlife to get paid and the person using it to 
pay for it. 

Leasing will increase the cost of hunting for 
some hunters, but it cannot be blamed for 
destroying free hunting. Hunting i s  not free now. 
Hunters must pay license fees, special excise 
taxes on sporting goods, special stamp fees (i.e., 
waterf owl stamps, bowhunting stamp, white-winged 
dove stamp, etc.) , and public hunting area permit 
fees. These hunting fees are paid to state and 
federal agenci�s to perform research .. __ ga.ther ___ � -----
bi ol ogical data, make and enforce regulations , 
educate the public , and manage some public lands; 
however, they can produce only a limited amount of 
wildli fe without cooperation from the private 
landowners. I feel a landowner is less likely to 
cooperate when he does not get a share of the 
funds. 

According to the 1980 National Survey of 
Fishing , Hunting,  and Wildlife-Associated 
Recreation, over $8.5 billion was spent on h unting 
expenditures in the United States in 1980 , bu t 
less than 3. 7 percent of this amount was spent for 
leasing hunting land, purchasing hunting land , and 
private land use fees. Yet, hunters pursue d their 
sport on private land 68 percent of the days they 
hunted in the United States during 1980 (F ish and 
Wildlife Service and Bureau of the Census 1982 ). 
This national average includes al l states, even 
those western states that have large acreages of 
public land available to sportsme n. Therefore, 
the people that produce a large percentage of the 
game animals and hunting opportunity get a small 
percentage of the income generated by wildlife and 
hunting. 

It is fundamental that a resource must exist 
before it can be u sed. The primary responsibility 
of wildli fe professionals should be t o  the 
wildlife resources (i.e., bobwhite populations and 
bobwh ite habitat). Our responsibility to the 
users of wi ldlife resources (i.e. , quail hunters 
and bi rd w atchers) should always c ome second to 
this pri mary respo nsibi lity. C onsiderations about 
the effect of leasing upon hunting opportunity are 
important, but they are overshadowed by 
cons iderations concerning the ef fect of leasing 
upon wil dlif e resources. 

Leasing is not as detri mental to hunting 
opportunity as many people imagine. Currently, 
mo st private landowners allow only limited access 
to their land for hunting in Oklahoma (Thorwardson 
197 9). A reduction in hunting opportunity caused 
by leasing (i.e. , landowners who reduce hunter 
numbers to accommo date lessees) may be 
counteracted by landowners who open closed lands 
to lease hunting. I doubt leasing will decrease 
the total number of people hunting on private 
land. However , le asing will probably reapportion 
the hunting pressure; that is, individual le ssees 
would not necessarily hunt on the same lands they 
hunted for free. Also , individual hunters may not 
have the opportunity to hunt on as many private 
lands as they did when hunting access was free. 

Leasing may even provide mo re hunting 
opportunity than it suppresses. Leasing should 



help maintain game habitat; with leasing , there 
should be more quality 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 
continu;i.lly increasing number of hunters. 
However, as long as there are open public hunting 
lands available in our country, there will always 
be opportunity for hunting . In addition, I 
b�lieve _thei:e_ will alwayS_ b_e_ private_ -1ands _whi_ch 
are not leased. There is a place in this country 
for public hunting land, private land leased for 
hunting, private land hunted for free, and private 
and public lands closed to hunting. This country 
can manage many diverse needs. 

Some of my friends argue that leasing will make 
hunting too expensive for the average hunter. 
This would be true if all land became leased. 
But as long as there are public hunting lands, 
there will be inexpensive places to hunt. For 
this reason, I feel that recreational leasing must 
be restricted to private land. Also in accordance 
with our res ponsibility to hunters, wildlife 
biologists should support the use, maintenance, 
and increase of public hunting areas. 

I agree that leasing may make many quality 
hunting places more expensive. However, without 
leasing, there will probably be less quality game 
habitat in the future and therefore fewer quality 
hunting places available. At least, leasing 
should give mo re hunters a choice of good quality 
hunting. 

I believe le asing will benefit certain wil dlife 
species more than others. The primary emphases of 
most hunting leases that I am familiar with in 
Texas and Oklahoma are white-tailed deer, 
bobwhite, or waterfowl. There also exist hunting 
leases which stress mule deer, pronghorn antelope, 
pheasant, turkey, mourning dove, fox squirrel, or 
other animals; but in my experience, these types 
of leases are not as commo n in Texas and Oklahoma. 
Since bobwhite is one of the " big three" mentioned 
above, the economic influence of leasing is likely 
to significantly benefit quail management. 

Overall, this discussion explains that leasing 
can stimula te better wil dlife management on 
private land. Le asing is not a panacea to our 
wildli fe habitat problems (Hines 1953), but it is 
another tool we can use to ma intain and improve 
wildli fe habitat. To encourage more landowners to 
improve their wildlife management, we should 
encourag� the pricing of wil dlife resources on 
private land. 

Leasing will evolve to satisfy the desires of 
the people involved with it. Wildlife 
professionals should become involved now during 
its early stages. 
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A RADIO TRANSMITTER FOR QUAIL1 

.ORVEL J. SHIELDS , Tall Timbers Research Station , Tallahassee , FL 323 12 
t .  s. MUELLER ,  Tall Timbers Research S t.at.ion . Tallahassee , F-L 32 3 1 2  

Abstract : This paper describes a small radio-transmitter that has been 
developed specifical ly for use on quail . The transmitter weighs 5g , is 
disk-shaped (2 5mm diameter X 7mm thick) and is worn on the chest. It is kept 
in place by a harness made from nylon covered , stainless-steel wire that also 
functions as the antenna. Because of the transmitter ' s  light weight, shape , 
and position , quail seem to tolerate it very wel l .  Also , it cannot be seen by 
aerial predators . The ncxninal signal consists of 30 msec pulses with a 
freq uency of l ha. Movement produces one extra 40 msec pulse per cycle , 500 
msec after the 30 msec pulse. These characteristics allow for relatively 
simple automatic detection and recording of activity . The transmission range , 
using a ccxnmercially available 3-element Yagi and receiver , exceeds one-hal f 
mile . Life expectancy is about 60 days.  Components for the transmitter cost 
about $25. 00 ( 1981 ) .  

A.bstract only . 
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CLOSING REMARKS 

LARRY G. TALENT, Z oology Department, Oklahoma State University,  Stillwater, OK 74078 

This Bobwhite Quail Symposiu m  is primarily the 
product of one man' s effort. r'rank Schitoskey 
accepted the challenge of putting this meeting 
together and assume d the primary respons ibility 
in the planning , organizatio n, coordination, and 
editorial phases c hat made this symposiu m  a 
reality. 

In 19 81, Dr. Schitoskey asked Tom Sanders, 
Elizabeth Schitoskey , and me to be members of the 
Steering Committee for the symposiu m. 
Subseque ntly, we determined the objectives of the 
symposiu m  and selected several topics that we 
felt were particularly germane to bobwhite quail 
ma nagement in today ' s  society. We felt that the 
problem of rapid deterioration of prime quail 
habitat had to be ad dressed. Likewise, an u pdate 
was need ed on the effects of disease, 
envirormental toxicants, and harvest patterns on 
bobwhite populations . Manu scripts were solicited 
frcxn several of you who are active in research in 
these areas. On behalf of the Steering 
Ccxnmittee, we thank each of the au thors of the 
solicited manu scripts for your time, your effort, 
and your professionalism. You have made a great 
c ontribution, not only to this meeting , but also 
to the profession of wil dlife biology throu gh 
your years of dedicated work. 

We also want to thank the au tho rs of the 
volunteered papers and those of you who 
participa ted in the panel di scu ssion. These 
papers have rounded ou t  the content of this 
symposiu m  and ad dressed several issues that are 
currently the focu s  of research and management of 
bobwhite quail. 

Besides those of you who submitted 
manu scripts, a nu mber of other individuals 
concribu ted greatly to this meeting. 

1. We are grateful to Bill Altman for chairing 
the Quail litm ters F ield Events. He, with the 
help of a committee cons isting of E. Eppe rson, 
J ohn F loyd, Howard Jarrell, and Delmar Smit h, 
planned and organiz ed tho se events. We also 
thank Fred Oliver for serving as Master of 
Ceremonies, and we are indebted to each 
individual who participated in specific field 
event s. 

2. We thank our chairpersons , John Barclay, 
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Scott Shalaway , John Skeen, and Elizabeth 
Schitoskey, for overseeing sections of the 
program. And we thank B illy T eals for 
serving as moderator of the panel discu ssion 
on public use of private land.  Each of these 
people did an excellent job. 

3. We are also indebted to Oklahoma State 
University for u se of its facilities. In 
particu lar, we thank the Arts and Science 
Extens ion Office and the Student Union for 
their cooperation. 

4. The Oklahoma Cooperative Wil dlife Research 
Unit. served as the host for this symposiu m, 
and we thank all Unit personnel involved. 
We espe cial ly thank Judy Gray for her 
enthu siastic assistance. 

5. The Student Chapter of the Wildlife Society 
assisted in providing trans po rtation for some 
of you to and frcxn the airport. Those 
stu dents who helped ou t in this capacity have 
our sincere thanks. 

6. Finally, we thank the following spons ors for 
financial suppo rt: 

The Oklahoma Cooperative Wildlife Research 
Unit 

The Oklahoma Department of Wildlife 
Cons ervation 

The U .S. Fish and Wildlife Service 

Oklahoma State University 

ThP. Oklahoma Chapter of the Wil dli fe Society 

The International Quail Foundation 

The papers presented over the last two days on 
bobwhite qua il represent an ov erview of current 
research and ma nagement problems that are being 
addressed in the U . S. today. Dr. Klimstra 
presented an eloq ue nt summa tion of the state of 
the art of bobwhite qua il management and provided 
a great amount of food for though t. I hope each 
of u s  will reflect back on his comme nts from time 
to time. Dr. Klimstra pointed ou t the urgency of 
the present day situ ation. At one point in his 
presentation, he made the following comme nt: 

I 
i 



�xami natio n of t he li terature on the bobwhite 
Jggest s that we have either considered, by in 
1rge, t hat there i s  no more to be learned about 
1i s impo rtant bi rd or we have, in general, gi ven 
, hope that anything can be done to i mprove its 
:atu s. " A revi ew of the la st 30 years of the 
>urnal of Wildli fe Management certainly suppo rt s  
1is statement .  But i s  the li t erature a good  
ldicato r of the interests and goals of  wildlife 
�search ers? Probably not .  I think wil dli fe 
�search ers are as eager to study bobwhi t es as 
•er, but fundi ng agenci es across the cou ntry 
-�sently do not co nsi.der the bobwhite _a high 
·io rity speci es. liow do we convi nce 
l mi ni strato rs that bobwhit es are hi gh priority ?  
do not know the answer, but it  must be done. 
cert ai nly do not beli eve there i s  no more to 

, learned about bobwhi tes. With destruction of 
lbi tat occurri ng on a daily basi s  a nd quail 
,unda nce decreasing i n  most part s of its range, 
� re has never been more need fo r research on 
,bwhites than exi sts to day . The spe ci fic areas 
lat need addi tio nal research are overwh elmi ng .  

poi nt ed ou t  numerous times, there i s  a need to 
,nduct research on local populations becau se we 
.nnot necessarily use the result s of research 
nduct ed on a po pulation i n  o ne type of habi tat 
r managi ng quail anywh ere else where habi tat, 
i ma t e, and soil condi tions are di fferent . 
ere does appear, however, to be a nu mb er of 
eas that deserve spe cial consideration fo r 
ture and contilllling research that may have wi de 
plication throu ghout the speci es'  range. 

First, there is a need to develop low cost 
nsiis"me t ho ds that are sufficently sensi tive to 
nito r small fluctuation in populations in lo cal 

well as regio nal areas. Wi thout reli able, 
ns i st ent, a nd accurate census metho ds, we 
nnot evaluat e  the ef fect s  of speci fic habi tat 
a.i pulations or harvest metho ds.  In the pa st ,  
t ermi ni ng populatio n  trends was adequate i n  
� t  cases. Af t er all, we were all t au ght that 

r-select ed speci es such as quail, we di d not 
i7e to worry about small f luctuations. If,  
iever, we are to manage quail i n � prof essional 
1ner and avoid sometimes vali d cri tici sm by 
:i-hunting grou ps, we must be able to document 
� ef fect s  of spe cific manageme nt tact ics. The 
7k of Dimmick ,  Wells, Kellogg, and others 
>uld be helpful i n  this regard. 

S econd, there i s  a pauci ty of inf ormation on 
, repro ductive ecology, part icularly broo d 
logy, of bobwhite quail. A real need exi sts 

research on the specific habi tat requi rement s  
t necessarily pref erences but requi reme nt s) of 
il broods i n  relatio n to habi tat type , food, 
er, a nd space. Survi val patterns need to be 
di ed i n  relation to specific habi tat 
agement pract ices. Innovative experiments 
d to  be conduct ed to  t est specific hy po theses. 
rt t erm stu di es i n  so called "natural habi tat" 
1 provi de baseli ne i nformation from which 
otheses can be generated, but only long t erm 
dies that t est multi ple hy poth eses will 
i7i de the information necessary for maxi mizi ng 
il pro duction on i nt ensively ma naged public or 
i7a t e  la nd. 
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Third, addi tional research is needed on the 
synergi stic ef f ect s  of envi ronmental co ntaminant s  
o n  quail survival and reproduction i n  natural 
habi tat. As St romberg poi nt ed out ,  lab studies 
wi thout appli cation to field condi tions provi de 
li ttle i nsight i nto the ef fect s  of sublethal 
dos es of toxica nt s. Innovat ive experiments that 
invo lve bot h laborato ry and fiel d  work could 
do much to eluci dat e  the ef fect s  of low-level 
dos es of co ntami nant s, pa rt icula rly pestici des 
and herbi ci des, o n  quail populations. 

E -Olll"th-,- -the--pr o-blem- of-ei'llllpenS-ato-ry -vs-. 
addi tive mo rt ality of hunting needs further 
inv estigatio n. As Dr. Ros eberry poi nt ed out ,  
hunting a nd non-hunting mo rtali ty are not 
complet ely compensato ry .  We need to know at what 
level of harvest does hunting mo rtali ty become 
addi tive and under what type s  of habi tat and 
climatic co ndi tions would we expect addi tive 
mortali ty to be most significant . 

These are certai nly not the only areas in need 
of research , but I think research in these areas 
would be suffici ently holistic to assure that 
result s would  have wide appli cation throu ghout 
ma ny pa rt s of bobwhi t e  ra nge. 

Another impo rtant topic di scu ss ed at this 
meeting was wildlif e ma nageme nt on pri vate la nd. 
This i s  a co ntroversial topic and no easy 
solutio n appears in sight.  However, quail will 
continue to decrease i n  abunda nce if so lutions 
are not found. 

One metho d sugge st ed for enha nci ng , or at 
least mai ntaining , wildli f e  habi tat on pri vate  
land i s  provi di ng a fi nanci al i ncenti ve to 
la ndowners for maintaining natural habi tat. Much 
more inf o rmation needs to be available to la nd 
owners in rega rd to cost-b enef it ratios if these 
programs are to succeed i n  pa rt s of this country. 
This type of i nformation is not availab le for 
ma ny areas. To provi de such informatio n, mo del 
f arms that i ncorporate farmi ng practices, 
ranching pract ices, a nd wildli fe management i nto 
a prof i table busi nes s are needed. These mo dels 
could provi de i nf ormation on habi tat ma nagement 
cos t s, wil dli f e  and crop pro duct ion, and total 
i ncome deri ved from each operation. Such areas 
could be u sed fo r demonstratio n and ext ension 
educatio n. 

One spe ci fic fi nanci al i ncent ive that may be 
a ttract i ve to  so me la ndowners and result i n  
preserva tio n of habi tat i s  leasi ng la nd fo r 
hunting.  The questio n a nd  answer sessio n of the 
Panel Di scussio n o n  Public Use of Pri vate  Land 
cert ai nly demonstrated the controversial nature 
of thi s  to pic. 

The cont roversy o n  the desi rabi li ty of leasing 
as a metho d to preserve wildlife habitats stems , 
I think, f rom ou r failure to def ine our goals. 
If our so le goal i s  to provi de mo re habi tat fo r 
quail, t hen wi ldli fe biologi st s cannot concern 
themselves with cos t to hunt ers. If the price is 
wi thin the reach of a suffici ent numb er of 
hunt ers to make a leasing program cos t effect i ve, 



t hen it is an effect ive way to manage wildli fe 
habit at .  

I f, ho wever, our management go al is t o  provide 
recreatio n to the maximum nu mber of hunt ers, t hen 
we must define success in a di fferent way . T hese 
t wo separat e but not mutually exclusive go als 
must be defined early in any program. During t he 
panel di scu ssion pe rt aining to leasing private 
land , t he st ated go al of t he part icipant s was to 
provide habit at for wil dli fe. T hey demons trat ed 
t hat in some situations leasing of privat e land 
is  a part ial solution to pr eserving h abit.a.I. - In 
ot her words, leasing works if t he landowner can 
make a profit. The questions from t he au dience, 
ho wever,  quickly shi ft ed to wards an emphasis on 
hun t er recreatio n. As far as I could det ermine, 
t he  o bj ect ions were not becau se leasing provided 
quail habit at but becau se of t he cos t to t he 
hunt er. T herefore, we must define our go als. I 
am sure t he topic of public use of privat e land 
will cont inu e to be an impo rt ant issue for many 
years.  I suspect t hat as bot h t he abu ndance and 
habit at of bo bwhite quail cont inue to decrease 
due to agricultural pract ices, leasing in one 
form or anot her will gain accept ance in many 
part s of t he country. Any hunting is better t han 
no hunt ing to many quail hunt ers, and if leasing 
is t he only alt ernative , ma ny hunt ers will 
suppo rt leasing . 

In conclusion, I t hink t his symposium has come 
at a go od  t ime .  We appear to be at one of t he 
cros sro ads t hat occur from t ime to t ime in t he 
wildli fe profession when we do not kno w which way 
ma nageme nt is heading in t his country .  T he 
cont inuing decline in funding for quail proj ect s 
is affect ing and will cont inue to affect t he 
future of bobwhit e quail, becau se fewer and fewer 
quail biologists are being produced by 
universities. This is occurring at a t ime when 
t he need fo r energet ic, innovat ive , and dedicat ed 
quail biologists is at its hig hest . 

aowever, quail biologist s  have a duty to , as 
o ne of t ens hears in po lit ical circles, " st ay t he 
course. T he go al of our research should be to 
explain, not simply describe t he respo nses of 
quail populat ions to habit at chang es and 
ma nageme nt t act ics. W e  should collect dat a t hat 
will allow us to t est alt ernat e hy pot heses and , 
in general, make better use of t he Scient ific 
Metho d. 
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