

jcarroll
Stamp

jcarroll
Stamp

jcarroll
Stamp

jcarroll
Stamp

jcarroll
Stamp

jcarroll
Stamp

jcarroll
Stamp

jcarroll
Stamp


PROCEEDINGS
of the

FIRST NATIONAL BOBWHITE QUAIL SYMPOSIUM
23-26 April 1972

Oklahoma State University
Stillwater, Oklahoma

Edited By

John A. Morrison, Leader
Oklahoma Cooperative Wildlife Research Unit

James C. Lewis, Assistant Leader
Oklahoma Cooperative Wildlife Research Unit

Editorial Review Assistants

Ralph W. Dimmick, Associate Professor of Forestry
The University of Tennessee

Willard D. Klimstra, Director
Wildlife Research Laboratory,
Southern Illinois University

Walter Rosene, Jr., Wildlife Consultant
Gadsden, Alabama

Jack A. Stanford, Research Specialist-~Manager
Missouri Department of Wildlife Conservation

Published by
Oklahoma State University, Research Foundation
Stillwater, Oklahoma




FOREWORD

This symposium was conceived in 1970 when several interested
persons in Oklahoma independently thought of getting landowners, sports-
men, academicians, businessmen, legislators, and wildlife managers to-
gether to discuss improvement of living conditions for bobwhite quail
in the state. Although Oklahoma has one of the greatest bobwhite pop-
ulations in the country, the bird's numbers here are diminishing along
with decreasing habitat quality wrought by the universal problem of
intensifying land-use practices. Broad public understanding is needed to
cope with this trend; unification of quail enthusiasts behind a feasible
educational program is an important first step.

During several informal discussions about the proposed conference,
we evolved the more ambitious plan of holding a national meeting to
fully air current problems and management philosophies from all parts
of bobwhite range. Our goal would be maximum exchange of ideas and
opinions, and for bobwhite enthusiasts from as wide a variety of back-
grounds as possible to congregate and become better acquainted and learn
ways to help each other. We realized that the entire range of topics
concerning bobwhite could not be covered within the limitations of
one meeting, so we asked for supplemental papers to be published in the
proceedings and proposed that subsequent meetings be held regularly in
the future to provide further exchange of information.

In retrospect, the symposium achieved much of what we hoped for.
A notable exception was that we did not attract as many laymen as desired,
thus the attendants included a large proportion of professional wild-
life workers. We hope that future organizers of conferences will give
special emphasis to attracting landowners and other citizens who have
great influence on the welfare of bobwhite quail.

Several personnel of the Oklahoma Department of Wildlife Conserva-
tion, the U. S. Soil Conservation Service, and the Oklahoma State
University provided skillful, dedicated assistance in planning and
conducting the meeting. The secretarial staffs of the Oklahoma State
University Research Foundation and the Oklahoma Cooperative Wildlife
Research Unit were extremely helpful in preparing the final manuscript
and in having the proceedings printed.

Several nationally prominent individuals provided worthwhile
suggestions that helped us considerably in forming the program. They
deserve much of the credit for whatever good we achieved. Any
shortcomings are strictly my responsibility.

John A. Morrison, Chairman
Program and Publications Committee




SIDELIGHTS OF THE N.B.Q.S.

The National Bobwhite Quial Symposium was attended by 320 scientists,
wildlife managers, wildlife commission members, newspapermen, bird dog
trainers, game farm operators, fieldtrialers, and laymen interested in
the ecology and management of quail. Conferees came from as far as
Maine and California but the heaviest attendance was from the south-
eastern United States. There was much more information presented than
could possibly be absorbed during the three and one-half days of the
Symposium. Therefore, these proceedings should provide a most valuable
reference work for the state of the art as it existed in 1972.

The success of the Symposium was due to the efforts of a number of
individuals and organizations. First, of course, was the excellence of
the technical presentations. Dr. John Morrison and his program committee
deserve the thanks of all for organizing the program and obtaining the
most knowledgeable and competent speakers of the nation. The papers
were well prepared and to the point and the discussions were lively and
stimulating but the Symposium also provided an opportunity for many
individuals who knew each other 'only on paper' to make face~to-face
contacts and to exchange ideas on current theories and research findings.

Apart from the technical proceedings, there were numerous other
activities most worthy of mention. Mr. George Wint, Oklahoma Department
of Wildlife Conservation, arranged an outstanding exhibit of wildlife
paintings and wood carvings, which included paintings valued up to
$20,000 and superb wildlife wood carvings. Though Mr. Wint is most
widely known as an outstanding wildlife biologist, his creative talents
also place him in the front rank of wildlife artists.,

The field dog event, narrated by William F. Brown, editor of The
American Field, included champion bird dogs of five popular breeds.
English Setters ~-Johnny Crockett, and Susan Crockett; Irish Setters--
Clancy O'Ryan and Saturday Night Zeke; English Pointers--Oklahoma
Palidon Polly, and Crossmatch; German Short Hair Pointers--Albrecht's
Tena Hi and Albrecht's Cassy Elheinie, and the Brittany Spaniels--
Brandy's Bullet and Sno Fun Mac were shown on game before an enthu-
siastic assemblage. An excellent Retriever Demonstration featured Black
Labradors shown by Dr. Roy Stonecypher and Mr. Dick Cook.

We are indebted to the Harper Ranch for providing the quail used
in the field dog demonstration and to Mr. Delmar Smith and his two
fine sons, Tom and Rickey for handling the bird field chores. Mr. E. B.
(Bud) Epperson, Judge Lee West and Dr. Dorwin Hawthorn shared with the
group their vast knowledge of bird dog performance.

Following a Hawk and Falcon Demonstration, Mr. Addison Warner,
president of Imco Dog Food Company was host for a social reorientation
hour and barbeque. In addition to providing the food and refreshments,
he constantly enlivened the proceedings with his wit and wisdom.

Mr. Jim Lewis, Oklahoma Cooperative Wildlife Research Unit, and
Mr. Tommy Hines, Oklahoma Department of Wildlife Conservation, took a




group of about thirty interested early-risers to a nearby prairie
chicken booming ground for the spectacular spring rites of the greater
prairie chicken. The event was so enjoyable that an additional group
went out each morning of the Symposium. This was the first opportunity
that many had had to observe wild prairie chicken at first hand.

Mr. Irvin Bollenbach, prominent Oklahoma cattleman, hosted the
conference field trip at his ranch, near Kingfisher, where we also
were treated to a barbecue served by the Grand National Quail Hunt
Club of Enid, Oklahoma. The field trip was concluded with a tour of
the Canton Wildlife Management Area under the guidance of Clark Derdyne
and Frank Carl, Wildlife Biologist of the Oklahoma Department of
Wildlife Conservation.

The ladies program, arranged by Mrs. Phyllis Luebke and Mrs. E. B.
Epperson, included visits to the Gilcrease and Philbrook Museums in
Tulsa, the Cowboy Hall of Fame in Oklahoma City, and to the home of
OSU President and Mrs. Robert B. Kamm in Stillwater.

And then, there were the myriad services performed by graduate and
undergraduate wildlife students of the Department of Zoology, who turned
on the switches, drove the cars, collected the money, and generally
sweated and strained as a labor of love. May they all achieve their
lifetime ambition which is generally not a whole lot more than seeing
that this old planet survives and that its wildlife gets a fair shake.

Howard R. Jarrell
Secretary
National Bobwhite Quail Symposium
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Overhead cover apparently affects the birds' behavior in the field.

Our present holding pens were constructed in a timbered area, and the
quail behaved beautifully in front of the bird dogs and hunters until
frost removed the leaf cover from the trees. To correct the situation,
we attached some sheet metal roofing over about 0.75 of the pen. It
did the trick--at least, our released birds no longer sought an open
spot when released in the field.

There are few things on a shooting preserve more embarrassing than
a covey of birds milling around in an opening in the vegetation when a
dog is on point. Providing overhead cover, either natural or artifi-
cial, has virtually eliminated this for us.

Weather conditioning is also important. OQur birds are maintained
in the open in standard holding pens--not in an enclosed brooder house--
since this helps to develop proper feathering which, in turn, results
in good flyers and quail which can survive the elements following re-
lease.

Bobwhites are quite fastidious, and it's essential that dust pans
be available, and that the dirt in the pans be changed every few days.
And they cannot be crowded. We provide a minimum of 2 sq ft per bird
to prevent cannibalism,

Feed conditioning is another critical factor. We maintain the
birds on the same rations used by the game breeder from whom they were
purchased, but supplement their diet with baled millet. This accustoms
the bird to the grain they will find on the shooting areas and keeps
them occupied and contented while in the holding pen. Naturally, fresh
water must be available at all times, including periods of subfreezing
weather.

The greatest scourge of pen-reared bobwhite quail is ulcerative
enteritis, a disease which has been the .bane of existence to many a
game breeder and shooting preserve operator over the years. Our holding
pens have a wire floor, and this may be the reason we have had only 2
minor outbreaks of the disease during the past 15 years.

We were lucky. Both outbreaks were diagnosed quickly and the fol-
lowing medication promptly administered: 5 cc of streptomycin added to
each gallon of water for 5 days, then 1 cc to each gallon for at least
5 more days. I have a hunch that the speed with which treatment for
ulcerative enteritis is started is a deciding factor in its control. I
say "hunch'" since we dare not risk allowing the disease to gain momen-
tum before administering the streptomycin.

Ten years ago we constructed a flight pen for conditioning bob-
white quail. It was the '"'thing to do." However, we soon learned that
good-quality bobwhites, isolated from human disturbance and not overly
crowded, get abundant exercise in a pen 8 ft wide by 28 ft long and 3
ft high. Our former quail pen has now been converted to a chukar-
holding pen.

TR

it




There are probably almost as many ways to release bobwhite quail
on shooting preserves as there are preserves. We still adhere to the
technique outlined in our book, '"Shooting Preserve Management--The Nilo
System." The birds are handled by man only once between the holding
pen and the field--when they are taken out of the catch box and put
into the release crate. Again, experience has shown that a knowledge-
able birdhandler quickly learns to distinguish between a potentially
good or poor flyer by the reaction of the quail when he has it in his
hand.

We try to provide our guests with a covey rise of 5 to 6 birds,
and then follow up any singles which we're able to mark down. For a
good covey rise, the birds should be released in appropriate cover.
We look for thick ground cover such as a brome grass or a harvested
wheat field with an understory of Korean lespedeza and little overhead
cover. Birds planted in heavy overhead cover that's open at gound
level will run ahead of the dog and go out as singles. May I suggest
that you pay particular attention to the cover when you view "The Show-
Me Hunter" following the banquet Tuesday evening.

Precipitation presents special problems in handling shooting pre-
serve quail north of the Mason-Dixon line. Bobwhite quail don't per-
form at their best during snowfall, or even when an inch or 2 of snow
is on the ground. Nor do they fly in a satisfactory manner on rainy
days. Rather than be embarrassed by subquality behavior of birds be-
fore guests, we do not flight bobwhite quail under such conditions; we
substitute either pheasants or chukars.

Contrary to popular opinion, pen-reared quail are not always warm-
ly welcomed into coveys of wild birds. We have 12 to 15 coveys of wild
quail on our 700 acres at Nilo Farms, but those birds seldom accept
pen-reared quail that are not harvested by our hunters. More often
than not, they are unwelcome--and we have had very few observations of
pen-reared birds within the wild coveys.

So much for the birds; let's discuss the shooting preserve indus-
try.

Shooting preserve operators need the patience and understanding of
the public. Though many people think so, operating a shooting preserve
is no Golconda. To a great extent, it's a labor of love though it does
provide a fair return on the operator's investment, providing he and
his family have a compassion for the general public and are willing to
work long hours.

It is essential that state game departments work closely with pre-
serve operators; the state people can be of immense help for they are
in an excellent position to provide publicity for the concept and to
enforce minimum quality standards for shooting preserves.

Everyone loses when even one individual operates a substandard
shooting preserve. Granted, it's only a question of time before he
goes out of business. But until he does, he creates a terrible public




image for the good shooting preserve operator and leaves a trail of
disillusioned hunters. Eventually the state game departments will in-
sist on minimum standards; and when they do, they will have the co-
operation and backing of the majority of shooting preserve operators.

There's been a lot said about quality hunting on shooting pre-
serves. But quality isn't entirely a matter of management. Frankly,
I've reached the conclusion that the quality of hunting also depends
on the type of customer. During the years I've been at Nilo Farms
we have had both quail and pheasants so difficult to bag that some
hunting parties were embarrassed by their poor shooting. Had these
hunters been paying for only birds bagged, we would have gone broke.
Unfortunately, our supply of supercharged quail disappeared; however,
the birds now available allow our guests to come back from the field
happy and full of pride in their shooting prowess.

For the last 3 years we have worked with a cross of the usual pen-
reared pheasant and the Korean strain--a small, wild and touchy bird.
It soon became apparent that these Korean crosses were too wild for
some of our guests, and now we have wild pheasants and not-so-wild
pheasants to accommodate the good shooters and not-so-good shooters.

What I'm driving at is the fact that the shooting preserve opera-
tor has to cater to his customers. Actually, he can provide hunting
just about as difficult as anyone wants.

It's also been my observation that most hunters are more interest-
ed in action than communing with nature.

It is indeed unfortunate that shooting preserve operators have
had to guarantee bags to attract patrons since, in reality, they are in
the business of outdoor recreation--selling a sporting chance to har-
vest a given number of birds, not carcasses. So the next time you feel
like criticizing a shooting preserve operator--remember that he is try-
ing to earn a living, and that ''the customer is always right." TIf he
doesn't supply an acceptable product at a reasonable price, his com-
petition will.

THE TRADITIONAL SOUTHERN BOBWHITE QUAIL PLANTATIONS
Leon Neel, Tall Timbers Research Station, Thomasville, Ga.

The private shooting plantations of the southeast occupy a most
interesting place in the history and development of wildlife management
in our country. Dedicated principally to the classic sport of bobwhite
quail shooting, these properties stretched from Virginia to Texas and
ranged in size from a few hundred to thousands of acres of southern
land.

In the Thomasville, Georgia - Tallahassee, Florida areg private
ownership of land for recreational purposes, specifically quail shoot-
ing, began in the late nineteenth century. Prior to this the sport was
exercised in varying degrees by local people as the need for food or







While there is usually an attempt by the timber concerns to maintain
quail shooting, at least in part, it is never very satisfactory in the
traditional sense as quail management values become secondary to com-
mercial timber values. Some of the finest southern plantations are
now nothing more than land owned by commercial timber companies, with
the once magnificent stands of old-growth timber gone, generally along
with the quail.

Population increases and growth and development have taken their
toll also. Florida has lost several fine properties to 'progress,'
and some of the remaining Tallahassee plantations are even now experi-
encing the threat of absorption by the pressures of a frenzied develop-
ment boom. Other properties in the South are becoming smaller by
division, as heirs seek to each retain part of the old life. Oftentimes
the owners of these smaller acreages have less personal wealth and less
interest in management for quail, thus concepts of a continuation dimi-
nish.

Several attempts have been made to perpetuate certain individual prop-
erties by donating them to educational institutions for the purpose of
conducting research in a directly related field for the public good.

The Ames Plantation in Tennessee and Tall Timbers Plantation near Talla-
hassee, Florida are examples of once great private shooting preserves
that are now serving the public through research on many subjects re-
lated to the bobwhite quail and its management. Of course their func-
tion as traditional quail plantations has ceased, but hopefully these
properties will continue to be managed as an ecosystem that will in-
clude a bountiful population of bobwhite quail.

Other excellent plantations, such as Nilo Plantation at Albany,
Georgia have, through the generous efforts of their owners, become
laboratories for certain research projects conducted by competent bi-
ologists on various aspects of bobwhite quail ecology and management.

In summary, the traditional southern bobwhite quail plantations
had their beginning as an entity some 100 years ago. Bobwhite quail
management largely developed on these properties, scattered throughout
the South, and this in turn contributed much to the development of
wildlife management as a science in the United States. The success of
this management effort can be attributed primarily to the fact that
these properties have been privately owned, and their management is
free from the pressures of bureaucratic or public control. Increased
taxation and the ''progress' of growth and development are the major
threats to the continuation of these great private shooting preserves,
and even today many have passed into history. Regardless of their
place in the future, the southern bobwhite quail plantations have made
their contribution to all who share the many pleasures derived from
the bobwhite quail.
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BOBWHITE QUAIL MANAGEMENT ON STATE CONTROLLED WILDLIFE AREAS

Ralph J. Ellis, Oklahoma Department of Wildlife Conservation, Oklahoma
City

Introduction

The public's use of bobwhite quail depends upon the presence of the
birds and upon access to lands where they are found. Access to state
fish and game lands is rarely a problem. However, providing desired
quail populations is usually a challenge. The purpose of this report
is to discuss what the state fish and game agencies are doing to pro-
duce bobwhites on lands they manage.

Techniques

All states known to have bobwhite populations were queried con-
cerning: (1) numbers of acres under their control, (2) numbers of
acres under their control inhabited by bobwhite quail, (3) percent of
managed land receiving treatment beneficial to bobwhites, (4) kinds
of quail management practices in use, (5) numbers of acres in each
practice, (6) estimated effect on quail populations of each practice,
and (7) plans for future quail management.

Findings and Conclusions
Twenty-five states answered the inquiry (Fig. 1). This included
9 states having so few bobwhite quail that management for this species

did not exist or was of a token nature.

The responding states indicated that they controlled 16.9 million
total acres of state fish and game lands (Fig. 2). One-third (5.6







Herbaceous planting was the most common practice reported and is
being used by 88% of the states. 1In most cases, herbaceous plantings
involved agreements with cooperating farmers who planted prescribed
crops and were permitted to harvest a portion of the grain or forage.
Small food patches apparently were planted where sharecropping was not
practical. One state noted that although food crops should be small
irregular patches, their sharecroppers prefer large square fields.
Herbaceous plantings ranked third in acreages treated, and were in com-
mon use throughout the bobwhite quail range.

Tree and shrub planting was the second most-used practice (Fig. 3).
It was used most extensively by states on the north and west borders of
the bobwhite quail range. Usually it was used to break up large fields.
More than twice as many acres were treated with tree and shrub plant-
ings than were treated with any other practice.

Controlled burning was employed by about 0.5 of the states report-
ing (Fig. 3). About 0.2 of all game and fish lands were so treated.
Most of the states using fire to any appreciable extent were in the
Southeast. None of the New England states reported using fire.

Timber clearing and thinning was used by 427 of the states on
small portions of their lands (Fig. 3). The same can be said for mow-
ing and spraying brush. 1In both cases, the practice was usually em-
ployed to break up dense extensive stands of woody cover and create
more edge.

Prescribed grazing was used by 27% of the reporting states, usually
for control of brush and grass. One state fenced covey headquarters
areas to protect them from cattle trampling.

Plowing and discing were used by nearly 40% of the states, but on
a very limited scale. They were employed to control grass and to
generate natural quail foods.

Several other worthy practices were reported by a few states.
Four states reported the use of brush piles - including "living" brush
piles produced by cutting individual trees partly in 2 and then pushing
them over.

The planting of a grass-legume mixture as nesting cover next to
cropland was reported by one state. The clipping of vegetation to pro-
duce "bugging' areas for broods was mentioned. Also 1 state made bare
dirt trails for travel lanes and dusting areas.

Herbicide use on timber and root plowing of brush were each under
test in 1 state. 'Quail food blocks'" are also under study in 1 state.

The states were asked to classify the practices they were using as
to good, questionable, or poor with respect to their value for increas-
ing quail numbers. All practices except herbaceous plantings, tree and
shrub plantings and prescribed grazing were considered good by all states
employing them (Fig. &).
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TRENDS IN MANAGEMENT OF THE BOBWHITE QUAIL ON COMMERCIALLY OWNED FOREST
LAND AND NATIONAL FORESTS OF THE SOUTHERN REGION

Dale H. Arner, Mississippi State University, State College, Miss.
Introduction

It has been amply documented that good populations of bobwhite
quail can be maintained on forest land where at least 0.25 of the area
is maintained in scattered small openings (1,2).

Even-aged timber management has become a common silvicultural prac-
tice in southern woodland management. This type of management entails
clearcutting, and invariably includes some type of site preparation
such as burning, mist blowing of herbicides, or the use of mechanical
equipment such as choppers and KG blades. The size of the clearcuts,
the span of time involved in the cutting cycles, and the type of site
preparation will all have an effect on quail populations. According to
personal communication with Mr. Carroll Perkins (1972), International
Paper Company economists have determined that clearcuts of 400 acres
approach the maximum in economic efficiency, cuts larger or smaller
than this increase the cost of land clearing. Many of the clearcut
areas produce excellent quail hunting for the first 2 or 3 years after
clearcutting. This is especially true on cleared forest land which has
at one time been in cultivation.

This survey was initiated to ascertain the trends in forest manage-
ment and bobwhite quail management on commercially owned forest land and
on National Forests of the Southern Region.

Procedure

Addresses of owners of extensive areas of commercial forest land
in the Southeastern United States were obtained from the Wood and Wood-
lands Directory of the January, 1972, issue of Pulpwood. A question-
naire was developed with the help of Mr. Ross Shelton, Extension Spe-
cialist, Mississippi State University, and with Mr. Carroll Perkins of
the Department of Wildlife and Fisheries, along with personnel of the
Forestry Department at -Mississippi State University.

This questionnaire was sent to timberland managers of all timber
companies listed in the aforementioned directory for the Southeastern
Region of the United States. This area included the states of Maryland,
Virginia, North Carolina, South Carolina, Georgia, Florida, Mississippi,
Louisiana, Tennessee, Alabama, and Kentucky. A total of 70 question-
naires were sent to timber companies and 47 (67%) responded.

A similar questionnaire for determining quail management trends in
the national forest area of the Southern Region was prepared with the
help of Herman L. Holbrook of the Wildlife Management Division of Re-
gion 8 of the United States Forest Service. Mr. Holbrook sent the
forms to forestry personnel in charge of management of national forest
lands in Virginia, West Virginia, North Carolina, South Carolina,
Georgia, Florida, Arkansas, Mississippi, Alabama, Kentucky, Louisiana,
Tennessee, Texas, and Oklahoma.
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Results
Forest Management on Commercial Forest Land

Ninety-one 7% of the timber companies responding showed that
even-aged management was being practiced on their land. Forty-three
companies reported a total of 17,213,525 acres of forest land under
even-aged management out of a total of 25,392,551 acres, which is
approximately 67% of the total forest land area owned by the companies
reporting. The total acreage that was reported as being clearcut an-
nually was 605,500 acres with an average of 14,719 acres reported per
company. Of more significance for quail management was the average
acreage size of clearcut reported by the timber companies. This amount-
ed to an average of 227 acres per company with a range of 50 to 1500
acres. Although 237 of the timber land managers said that there was
no maximum size limit on the clearcuts, only 16% of the companies re-
ported clearcut acreage of 400 acres and over.

The average span of time between clearcutting of adjacent blocks
ranged from 1l year to 30 years. Fifty-one % of the companies
reported short cutting spans of 10 years and under.

The majority of the timberland owners are utilizing some form of
site preparation with 75% of the companies reporting that 80% or over
of the clearcut areas were site prepared, with a total acreage of
535,470 acres reported as site prepared in 1971. A large majority of
the timber companies reported burning and soil scarification with
heavy equipment as being the main technique used in site preparation.
Fourteen companies reported a total of 33,100 acres of land site pre-
pared by burning alone, while 39 companies (91%) reported a total of
370,124 acres site prepared by a combination of heavy equipment and
burning. Severe criticism of this method used in site preparation was
limited. Nine companies (21%) reported criticism of the clearcutting
operations with most of the criticism coming from local sportsmen's
groups.

Quail Management on Commercial Forest Land

Only 11% of the companies reported any specific consideration
given to the site preparation program for quail habitat management .
Forty-five % of the companies reported using food strips in a
quail management program. A total of 4,539 food strips with a com-
bined acreage of 1,746 acres was reported. The proportion of land
planted to food plots to total acreage was 1 to 14,543 acres.

Only 6 companies reported using quail feeders, the range being 28
to 750 feeders per company. Only 1 company reported the release of
pen-reared quail.

Fourteen companies (33%) reported a total of 71,400 acres of land
managed specifically for quail. Of the total acres owned by timber
companies, 1 acre of land was managed for quail out of each 355 acres
of timberland owned. Only 217 of the companies reported leasing lands
specifically for quail hunting.
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Thirty-seven % of those responding indicated that interest
for leasing land for quail hunting had increased, none of the companies
reported any decrease in interest, whereas 547, reported interest was
remaining about the same as in previous years.

Forest Management on National Forest Lands

Questionnaires returned by the U. S. Forest Service personnel in
Region 8 showed that out of a total 12,205,894 acres of forest land,
even-aged management was practiced on 10,831,000 acres. The total
acreage on 30 national forest areas reported to be clearcut annually
was 112,150 acres, with the annual clearcut ranging in size from 1,250
acres to 20,000 acres per national forest. The average size per clear-
cut was 43 acres in the Mountain area, 65 acres in the Piedmont, and
90 acres in the Coastal Plains. Maximum size of clearcuts averaged 63
acres in the Mountains, 125 acres in the Piedmont, and 117 acres in the
Coastal Plains.

The span of time between clearcuttings on a given site ranged from
a minimum of 10 to 20 years to a maximum of 10 to 100 years with the
majority of the national forests reporting a range of 10 to 30 years.

All but 3 national forests reported that 100% of their clearcut
land was site prepared. 1In the other 3 national forests the reports
showed 907 of the land was site prepared. 1In the Southern Region a
total of 133,125 acres was site prepared in 1970-71.

The most commonly used technique involved in site preparation was
the tree injecting method (55,661 acres) followed closely by preparation
with heavy equipment (52,995 acres). Burned sites accounted for only
17,287 acres (Table 1).

Sixty-six % of the respondents reported they were criticized

for the site preparation techniques used, with the majoriiy of the
criticism coming from local sportsmen and ecology groups.

Quail Management on National Forest Lands

Nearly 0.5 (47%) of the national forest rangers reported that some
specific consideration was given to site preparation for quail habitat
management.

Only the national forests in the deep southern states of Alabama,
Arkansas, Florida, Georgia, and Mississippi established food strips for
quail. National forest areas in these states reported a total of 1,135
acres of quail food plots, which amounted to 1 acre of food plantings
per 10,754 acres of timberland.

Reports indicated that in only 5 southern national forest areas
was there a substantial acreage specifically managed for quail. The
total acreage reported in these 5 areas was 206,000 acres.

The interest in quail hunting increased in Arkansas and in the
5 deep southern states and remained constant elsewhere.
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Table 1. Acreage Involved in Three Types of Forest Site Preparation
on National Forest Lands of Region 8 for 1970-71.

Heavy Comb. of Tree Total
Burning equipment both injecting acres
Alabama 6,104 1,520 | 7,624 3,417 18,665
Arkansas
(Okla.) 6,000 18,000 24,000
Florida 17,300 17,300 34,600
Georgia 130 3,850 4,750 8,730
Kentucky 1,242 4,619 5,861
Louisiana 1,300 2,700 1,400 5,400
Mississippi 6438 7,983 10,169 18,800
North
Carolina 1,627 1,567 3,194
South
Carolina 2,400 4,800 . 350 1,750 9,300
Tennessee 1,440 1,440
Texas 5,080 6,300 5,080 1,060 17,520
Virginia | 1,300 8,889 10,189
TOTALS 17,289 52,995 31,754 55,661 157,699
Discussion

The total acreage of clearcut and the size of clearcut areas were
substantially greater on commercial forest land than on national forest
land. The majority of the companies reported having clearcut acreage
approximately twice as great as the acreage of clearcut on national
forest land. This increase in size of harvested area would be expected
on commercial forest land where significant monetary savings accruing
from harvesting larger areas are usually considered to be more manda-
tory than on nationally owned forest lands.

Burning as a technique in site preparation was much more commonly
used on commercial lands, whereas tree injecting was much more commonly
used on national forest lands. Injection was not mentioned by any of
the reporting timber companies. Plant successions developing from
tree-injecting techniques do not normally have as many good quail food
plants as do the plant communities developing from burning or discing
techniques. ’
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The total acreage developed for quail food plots in both commer-
cial forest land and national forest land was insignificant considering
the acreage involved. The reported increase in interest in quail hunt-
ing reported by Rangers in 6 southeastern states should point out the
need for greatly increased habitat management programs in Region 8.
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PANEL SESSION II

HERETICAL IDEAS ABOUT BOBWHITE ECOLOGY AND MANAGEMENT

Moderator -- Ralph W. Dimmick,
Associate Professor of Forestry
The University of Tennessee

THE ONE QUAIL PER ACRE MYTH

Forest E. Kellogg and Gary L. Doster, Southeastern Cooperative Wildlife
Disease Study, University of Georgia, Athens

Edwin V. Komarek, Sr., and Ray Komarek, Tall Timbers Research Station,
Tallahassee, Florida

Abstract:

Data are presented which conflict with the l-bird-per-acre satu-
ration point concept for bobwhites (Colinus virginianus). Conclusions
are that if a saturation point exists it is at a level greater than 2
bobwhites per acre.

A well-accepted dictum in bobwhite management has been that 1
quail per acre is the maximum attainable population level. Present-day
concepts were summarized by Rosene (6:221) who indicated that the maxi-
mum stable population was only slightly over 1 bird per acre. He sug-
gested that regardless of habitat quality, bobwhites would not tolerate
greater densities since mature birds refused to be crowded beyond that

point.
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Data gathered by the authors during the first 4 years of a bob-
white management study appear to refute the validity of a l-bobwhite-
per-acre maximum,

Funds for this study were provided by Tall Timbers Research Sta-
tion, Tallahassee, Florida; the Federal Aid in Wildlife Restoration
Act (50 Stat. 917); and through Contract No. 14-16-0008-676, Bureau of
Sport Fisheries and Wildlife, U. S. Department of the Interior.

Methods

This study was conducted at Tall Timbers Research Station, a
2800-acre area located in a limestone region of broken terrain in the
northern part of Leon County, Florida. Prior to 1800, vegetation on
most upland sites in the area was largely pine (Pinus spp.) and wire-
grass (Aristida stricta). At some time during the 1800's most upland
sites were in cropland. By 1900 many of the fields had reverted to wood-
land, and annual burning in late winter or early spring was the local
practice. As a result of such treatment a rich herbaceous flora de-
veloped as an understory in an open pine woodland. The area under con-
sideration was managed primarily for quail hunting from 1895 until 1964
when it was transferred to Tall Timbers Research Station (1). Tall
Timbers Research Station is bordered on the south by a large lake, on
the west by a dense hardwood hammock, and on the north and east by quail-
hunting lands of other plantations. The bobwhite population on Tall
Timbers was high in 1964 and remained high throughout the present
studies.

In 1968, a portion of the Research Station, including corn fields,
fallow fields, botanical plots (9), mature pine woodlands, and some
thickets in wet areas, was selected for study. Ninety % of the
area in thickets and woodland was burned annually, whereas the fields
and scattered 0.5-acre botanical plots were not. An extensive network
of fire lanes was plowed each year to protect the plots. Mature pine
(Pinus taeda and P. echinata) and live oak (Quercus virginiana) pre-
dominated in the open woodland areas, whereas water oak (Q. nigra),
sweetgum (Liquidambar styraciflua), black gum (Nyssa sylvatica), and
mockernut hickory (Carya tomentosa) were the primary species along
water courses. Partridge pea (Cassia spp.), native lespedezas (Les-
pedeza spp.), beggarweeds (Desmodium spp.), and other herbaceous
plants were common each spring after the February and March burns.
over 200 species of plants, 29 of which were legumes, were recorded in
an experimental plot of 20 acres (unpublished data, Tall Timbers
Research Station). No food patches were planted for quail. '

Estimates of the bobwhite population density on 1118 acres were
made in November 1968 and February 1969 (4). Using data obtained
during these population estimates as a guide, 2 study sites of approxi-
mately equal population density were selected (Fig. 1). Sizes of the
study sites--1 of 505 acres and 1 of 524 acres--were dictated by the
amount of manpower available for census work. At the nearest point
the 2 sites were separated by approximately 200 yards.
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future. In reports to the Cooperative Quail Study Association in the
mid thirties, Stoddard (8) indicated a belief in a saturation point
for bobwhites.

The saturation point concept for bobwhites, with a l-bird-per-
acre maximum, was developed by Leopold (5). Saturation point was an
upper density limit determined by competition among individuals of the
same species. It was considered an inherent property of certain species.
and was said to exist when the same maximum population densities existed
on a large number of widely separated optimum ranges. Leopold based
this 1l-bird-per-acre maximum density concept for bobwhites upon wide
experience in game surveys, historical records, and Stoddard's 7)
quail investigations. He believed that bobwhite populations occasion-
ally surpassed 1 bird per acre, but only for a short time.

Leopold's l-bird-per-acre concept was well accepted by wildlife
managers, and little information has been presented to challenge such
a viewpoint. However, Stoddard in his later years (1964, personal
communication) surmised that fall population densities on managed lands
in the Thomasville, Georgia/Tallahassee, Florida region were approach-
ing 2 bobwhites per acre over large areas. Ellis et al. (3) contended
that with proper management, bobwhite densities in the fall could
exceed 1 bird per acre. Kellogg, Doster, and Williamson (4) reported
a late winter density of 1.2 bobwhites per acre. Although Leopold
(5:71) undoubtedly was responsible for the widespread belief in the
l-bird-per-acre limit, he did not close the door to new ideas. His
chapter on density limits was summarized in the following manner:

This account of what little is known, or guessed at,
about fluctuation and density limits in game,
contains a high percentage of surmise or speculation,
because the accumulated labor of naturalists contains
a low percentage of attention to this fundamental
subject. Scientists have been studying it in the
handmade glass-bottle environments of the laboratory.
This is proper--they will some day extend their
experiments to the hills and fields.

Our experiments were extended to the field, and at this interim
point in our study we have documented bobwhite densities greater than
1 bird per acre for a period of 4 years. There is no indication that
the high population densities on our study areas were the result of
recruitment from outside. On adjoining plantations supplemental feeds
were abundantly available as were natural feeds. We suspect that the
weedy corn fields on Study Site 1 produced good brood-rearing range
and thereby contributed to the high population density indicated by
the February estimates. It should be emphasized that these population
estimates are not the usual fall estimates upon which the concept of
saturation point has been based. These are late winter estimates.
Fall estimates would have indicated even higher population levels.
These findings do not necessarily invalidate the concept of a satura-
tion point for bobwhites, but they do suggest that if such a popu-
lation density limit exists, it is at a level greater than 2 bob-
whites per acre. Population densities of 2 to 3 quail per acre are
not rare in the Thomasville, Georgia/Tallahassee, Florida region today.
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Table 1. Banding data and nooulaticn ~siimates.
Banded Total RNo. Total ¥
Bobwhites Butwhriies hobwhites population bobwhites crveys Average
Area Date banded collected collected estimates per acre on study site  acres/covey
(P0.05)
Study Site 1 1970 663 219 127 1143+ 132 2.3 95 5.3
(505 acres .
with corn 1971 has 37 117 1386+ 182 2.7 15 .4
fields) :
1972 806 32 163 15434177 3.1 128 3.9
Study Site 2 1970 284 127 S0 721+159 1.4 60 8.7
/524 acres
with fallow 1971 438 140 74 829+132 1.6 69 7.6

fields) .
1972 535 135 77 584487 1.1 4R 10,9

*Average covey size = 12 birds




20

Figure 1. Study Site 1---80.2 acres in 17 corn fields averaging 4.7
acres each and 19.1 acres in 7 fallow fields averaging
2.7 acres each. Study Site 2---102.1 acres in 23 fallow
_fields averaging 4.4 acres each.
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Workers who have devoted considerable time to the study of bobwhite
population dynamics and reproductive behavior have often knowingly or
unknowingly made observations that indicate a possibility of second
broods. Hickey (4) stated '"Because the number of young per adult is
roughly twice that of any other galliform species thus far reported,
speculation always seems to arise that this species may raise 2 broods.
This possibility ought to be settled by close observation of marked
birds under semi-captive conditions." Lehman (6), in observing and
studying population fluctuations of Texas bobwhite quail, considered
", the possibility of not only 1 brood of young from most pairs,
but 2 broods in a single season from some."

Frank Schley (8) discussed first and second broods in quail so
logically that one can easily relate to the rural observation and dis-
cussions that form the basis of the article. Present day stories about
observations of second broods by rural people (''first brood under the
spirea bush and then the renesting hen under the climbing rose with the
hen joining the cock and young in the road for feeding'") parallel
Schley's conclusions.

Unfortunately, we have too often discarded such observations by
rural individuals who have often lived closer to the birds than do many
pecple who write about them. Stoddard (11), while not recording occur-
rences of second broods in his most excellent work, would have, I
believe, ultimately observed them had his carefully concentrated nest-
ing-production studies continued. The accumulated evidence of most long-
term work gradually points to the occurrence of second broods. Stoddard
states, " . many broods are encountered afield in charge of one parent."
But his subject reference pertains to topics other than second broods.

I believe that time alone would have expanded his findings to include
second broods, if they are characteristic of quail in the southeastern
portion of the range. This latter comment is made because of the pos-
sibility that an inclination for second broods may be more character-
istic of birds in the more rigorous portions (snow-cold and droughty
fringe areas) of the quail's range. Francis (2) speculated that second
broods were a possibility in California quail (Lophortyx californicus).
Gullion (3) also found evidence of second broods in Gambel's quail
(Lophortyx gambelii). Thus, there accumulates interesting speculation
and evidence that point to the possibilities of more than 1 brood per
season in bobwhites and related Galliformes.

Today there arise repeatedly, under topics of facts, fancies and
myths in game biology, so-called logical reasons why bobwhite quail
cannot or do not have second broods. To clear the record on these
traditional misbeliefs, I offer the following comments based on in-
vestigations of bobwhite quail production in Missouri.

1. A most authorative reason given for no second broods in
bobwhite quail is that ''Stoddard says so.'!" I have heard
this reason given by professional scholars and biologists
who should have known better.

ANSWER: This is a gross misstatement of Mr. Stoddard's
reference to second broods. 1In his book The Bobwhite Quail
(11) he states. ". . . no evidence of attempts to produce
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second broods, when a first was successful, came to light dur-
ing the course of the investigation.'" 1In discussing this topic
with Mr. Stoddard, however, I received strong encouragement
from him to pursue further studies 'that might reveal the oc-
currence and place of second broods in bobwhite biology."

"Bobwhite quail can't raise second broods because the hen must
brood the young." This statement ties in closely with the
quote that '"second broods are an impossibility because 'every-
body knows' that it takes about 170 days or around 5.5 months
to produce and rear a brood of quail; there just isn't time to
have 2 broods."

ANSWER: Bobwhite chicks are definitely brooded early in life
by both male and female parents. The male bird readily assumes
brooding duties when a henis lost or renests for a second
brood. My data show that a hen will renest within 8 days after
hatching brood number 1, and that the cock readily takes over
brooding and rearing duties. The hen appears to lose all in-
terest in the first brood at such times. Thus, by sharing care
of the brood, quail pairs can, and do, have the physical and
behavioral capabilities to rear 2 broods in 1 production year.

Figure 2 shows that the total time involved in producing double
broods from first nesting to completion of molt by hen and young may
vary from 247 days (7 June hatch) to 194 days (19 July hatch).

3‘

Hens are no longer in adequate physical condition to produce
and rear a second brood after incubating a clutch and hatching
it.

ANSWER: This has been partially answered in the preceding
question. Many hens successfully hatching first clutches dur-
ing June possess quiescent gonads through early August, which
may be activated to laying condition shortly after the chicks
are hatched or even after 10-day-old young are lost.

After successfully completing and hatching a clutch, quail hens
molt; such molting is recognized as the cessation of active
productive effort.

ANSWER: The latter portion of this statement is partially
correct because molting usually, but not always, signifies the
end of production effort. Actually, after an early onset of
molt and the replacement of 1 or 2 primaries, a hen may be
triggered to cease molting, resume nesting, and produce a
second clutch or brood. The statement that hen quail molt
immediately after hatching their young (as is typical of some
chickens) is false. Data from Missouri for "normal" production
years show that about 18% of the hens hatching chicks in June
undergo onset of molt within 2 weeks following the hatch; the
remainder molt later in the summer. Many hens with broods may
not molt until late in August or even early September (Stanford
1972). Thus, many hens not molting in June, July, or August
remain in condition to have clutches of eggs through mid-August
and occasionally into early September. A few hens nest as late
as September.

R
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Fig. 1 presents production phenology of Missouri quail and hen
molting patterns for ''mormal' weather years.

5. When quail pairs are observed in late July through September
with young of 2 age groups, 1 "age-size" represents "strays'"
that have been adopted. They are not from second broods.
ANSWER: Although the above may actually happen, there is
ample evidence that family groups constituted of young of
2 age classes may be the product of successful first and
second broods. Careful observations bear this out as do col-
lections of hen and young, which often reveal that the young-
est chicks are the product of a hen with full brood patch,
and that all young are of proper age to be from a first and
second brood sequence.

Also, limited studies of adoption tendencies in wild quail,
strongly indicate that wild hens are not as prone to adopt
small, strange birds as is popularly supposed. Much remains
to be learned concerning wild hen response to, and acceptance
of, chicks other than their own.

One could go on discussing such misconceptions that are offered to
debunk the second-brood concept. The facts easily override such con-
tentions. Actually quail can, and do, have second broods and probably
to an extent far greater than we realize.

Quail production and molt studies in Missouri have been in pro-
gress for 25 years. Original study objectives did not provide for ob-
servations on second broods; however, the accumulated evidence through
years of study and observation have removed all doubt as to the phy-
siological ability and behavioral potential of quail pairs to produce
and rear 2 broods per season.

Since 1950, our quail projects have involved an annual average of
30 January-February wild-trapped pairs held in isolated field-ground
pens. Observation and study of monthly production and primary feather
molt patterns of young birds and adult hens (some cocks) have been the
major objectives. But through the years, wild pairs having second
broods occurred to such a degree that studying them became a separate
"spin off" project.

Stanford (9), after 6 years of bobwhite field studies, reported
field observations of second broods in a feral pair and 2 wild pairs
held in isolated ground pens, all in the same year. Such observations
were not designed to be a study of second broods, but the work turned
out that way.

During the last 2 decades, we have accumulated considerable data
on molt onset and progression of primary molt in young and adult wild
birds, along with much information on nesting behavior of bobwhite
quail (Stanford, unpublished). The data have been supplemented with
annual field collections of wild birds in various stages of producing
and rearing broods. These studies, and information from other quail
investigations in Missouri, show that:
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1. Bobwhite quail in Missouri abandon winter covey units around
mid-to~-late April. Mass nesting efforts during May produce a
first hatching peak at about 15 June which yields 64% of the
annual crop of young. July-August nesting effort of (A)
late nesting birds, (B) birds that have lost early clutches
or broods, and (C) possibly successful first-brood hens at-
tempting second broods result in a second hatching peak at
around 15 August. This later effort contributes about 367%
of the annual production. The period of egg-laying through
hatching embraces about 122 days (May through August).

2. Hens associated with the 15 June hatching peak may or may not
begin molt. Approximately 187% do molt at this time, but the
remainder do not, remaining in a potentially productive con-
dition until a much later onset of molt. A study of wild birds
in the field and wild pairs in pens plus the annual analysis of
the molt pattern of 10,000 hen wings collected from hunters
show that most hens begin molting during late July, August,
and early September (Fig. 1).

3. During the early and middle portions of the annual production
season, many hens remain in a physiological condition to mate,
lay eggs, and produce young. Some male birds are receptive to
mating and are capable of fertilizing these hens.

4. Along with the many field observations of wild, mixed-age,
July-August young, some of which may be second broods, we have
recorded and followed through on 19 documented cases of second
brood attempts in wild bobwhite (feral and penned wild birds).
Of these 19 fertile second clutches following first broods,

14 hens successfully hatched young while the male cared for the
first brood. The 5 unsuccessful second clutches failed because
the hens were lost to blackhead or to predation, or they de-
serted their nests.

5. Onset dates of molt of some second-clutch and/or second-brood
hens reveal the delay of onset of molt in bobwhite quail during
a nesting season: 12, 15, 24, 28 July; 3, 5,5 9, 15, 19, 20,
27 August; 4, 5, 5, 12 September.

6. Of the birds involved in second brood attempts, 11 (58%) were
adult hens and 8 (42%) were yearling birds. On the basis of
age groups in the nesting studies, adult hens appear to be
5.5 times more likely to attempt second broods than do year-
ling hens. Most renesting attempts occur from late June through
early August.

Should the high percentage of adult hens showing propensity for
second broods be applicable to the wild, we might assume that second
broods would never reach significant proportions. Under normal con-
ditions, adult hens represent only a rather small percentage of a nest-
ing population.
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Following severe winter snow-cold conditions and during and fol-
lowing prolonged high-temperature drought, normal age structures may be
so altered as to cause significant changes from the normal pattern of
reproduction. High population densities concentrated in limited habi-
tat, accelerated production efforts resulting from markedly improved
habitat in previously drought-seared areas, and a greater-than-normal
proportion of adult hens following a severe drought period with poor
production may interact to set the stage for much production of second
broods. Rapid population changes from extreme lows to sudden, dramatic
highs (irruptions) may well result from the quail hen's ability to fill
an expanding habitat by second-brooding.

Our data clearly document the occurrence of second broods and shed
much light on the chronology of such events as nesting, onset of molt,
and completion time of primary molt in both hens and young. Fig. 2
presents comparative data for 1 single-brood occurrence and 2 second-
brood attempts that were documented for hen and young over the entire
production-growing period.

Of particular interest is the timing of primary molt onset in hens
at different nesting periods, and the time required for completion of
primary feather growth. For both adult hens and their young, the time
required for feather growth shortens when the production-molting events
occur late in the nesting period. The marked variation in primary
feather growth of young wild quail is striking when compared with simi-
lar growth information based upon pen-reared birds (7).

I conclude that while second broods are most difficult to study and
carefully document, their occurrence in a quail population probably adds
far more young to an annual bird crop than we are aware of or may ever
be able to ascertain. Studies on the droughty, fringe areas of the
quail's range may have the greatest potentiality for providing large
amounts of information on second broods.

Additional studies, based on an awareness of the bobwhite's po-
tentiality for producing second broods should be forthcoming through
careful observations. Collecting adult and young birds and paying spe-
cial attention to the study of molt, brood patch and primary feather
growth progression also may provide new insights on this subject.

The case for documented information on second broods in bobwhite
quail does not rest, but goes on in Missouri quail studies. Although
we know that quail can and do have second broods far more than we pre-
viously suspected, the all-important questions remain as to how much,
and under what environmental-population conditions.

Such questions provide a challenge in continuing studies of the
bobwhite quail--and in time, they will undoubtedly be answered.
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Figure 1. Annual reproduction-behavior-molt phenology
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diurnally. The bird was approached to within 30 to 70 yards as indi-
cated by signal intensity and then circled to discern its exact loca-
tion. Each captured covey was assigned 1 of 6 easily discernible
colors of back streamers. Systematic searches were conducted to flush
coveys on the study area; data recorded at each flush included the
number of birds seen, color of streamers seen, if any, and flush loca-
tion and landing site of coveys.

Results and Discussion

Density of quail on the area was sufficiently high that several
coveys often utilized a unit of habitat in a fashion resulting in great
overlap of their ranges. Our efforts to define individual covey ranges
and to evaluate preferences for specific cover types were repeatedly
complicated by shifts of individuals from one covey to another. Ob-
servations of color-marked birds, data obtained from telemetered birds,
and counts of covey size at time of flushing all supplied evidence of
interchange of quail between coveys.

Despite the transitional quality of its membership, each covey
unit displayed rigid fidelity to its home range. Only once did a
covey wander across a range perimeter previously established by a
week or more of telemetry data. Flushed birds were never observed to
fly across established range boundaries. However, the number of birds
counted at flush for each covey fluctuated irregularly as winter pro-
gressed (Fig. 1). Stoddard (6:170) and Rosene (5:96) noted similar
changes in size of coveys.

Changes in Covey Affiliation by Banded, Color-marked Quail

In the southeast portion of the study area we banded and color-
marked 16 quail in Covey 1, 15 quail in Covey 3, 8 quail in Covey 4,
and 13 quail in Covey 5. Of the 52 birds banded in these 4 coveys, 24
were recaptured at least once. Ten of these were recaptured after
changing covey affiliation; 1 quail was captured in 3 different coveys.
Quail captured in 2 or more coveys included 3 adult males, 3 juvenile
males, 1 adult female, and 3 juvenile females. These 10 quail were
recaptured over an average span of 40 days. The 14 quail recaptured
each time in their original covey were followed over an average of 25
days.

Observation of color-markers during covey flushes in the south-
east portion of the study area provided additional information on
interchange of quail between coveys. Covey 1 was flushed 1l times,
Covey 2 11 times, Covey 3 17 times, Covey 4 8 times, Covey 5 6 times,
and Covey 6 16 times.

In 5 instances the number of color-marked quail observed to have
shifted covey affiliation was greater than the shift indicated by trap-
ping records. Nine color-marked quail changed covey affiliation but
were not recaptured during their association with the second covey.

We recorded a total of 20 incidents of banded and color-marked quail
changing affiliation (Fig. 2).
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Changes in Covey Affiliation by Telemetered Quail

Four of 13 birds carrying functional transmitters changed coveys
during the period of observation. Although it is possible that trans-
mitters on quail affected their behavior, our data indicated that tele-
metered quail were not noticeably deviant in behavior after rejoining
a covey. Telemetered birds were always with a covey after having re-
joined one. Also, telemetered quail were not readily recognizable from
other quail during any of 35 covey flushes involving a telemetered bird.
Since behavioral patterns of harnessed quail did not seem to deviate
greatly from the norm, a crude estimate of the rate of interchange of
quail between coveys could be obtained. We derived this estimate by
dividing the 148 days birds carried transmitters (13 birds-average 11
days/bird) by the 4 times that harnessed quail changed coveys. These
quail then, changed coveys once every 37 days. By this estimate an
average covey of 13 birds would lose and gain a bird roughly every 3
days.

Mechanism of Covey Interchange

Rapid replacement of missing birds on covey ranges was believed
common. On several occasions coveys from which a number of birds were
trapped and held captive were near original size the following day
prior to the release of trapped members. A marked decrease in the num-
ber of color-marked quail often occurred from 1 day to the next without
a corresponding drop in covey size. However, a corresponding increase

in the number of these color-marked birds in other coveys was not observed.

Quail probably did not often lose color-markers in such a short time, but
the fate of these birds was not determined.

This consistent, rapid replacement of birds between covey ranges
suggests that replacement may be facilitated through communication be-
tween quail. Often members of several coveys give covey calls simul-
taneously. Perhaps members of coveys which have been reduced in size
issue characteristic calls which signify their desire to join or be
joined by other individuals. Quail separated from coveys may be attract-
ed to these coveys by recognizable characteristics of the covey call.

Conclusions

Fluidity in covey membership apparently occurs most in populations
of quail that are dense enough to provide considerable overlap in covey
ranges. The adaptive advantage of this fluidity may be important. The
observed receptivity of coveys to ''mewcomers" serves to prevent excessive
and uneconomical strife and aggression that might otherwise occur in
dense populations. Efficient exploitation of food resources and spa-
tially close units of favorable cover is thus enhanced. As winter pro-
gresses and covey sizes are reduced through mortality, this phenomenon
of interchange may maintain adequate covey size in those coveys occupy-
ing superior habitat units within the range.

Because bobwhites do not normally move long distances in their daily
or annual travels, adjustments in home range will likely be small and
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internal to the population. large scale emigrations or immigrations
will not occur, though translocation of individuals or groups of quail
across borders between good habitat and poor habitat may be significant.
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Fig. 1. Variation in size of four coveys observed during winter,
1970 on Ames Plantation.

Fig. 2. Interchange of quail between coveys during winter, 1970
on Ames Plantation. Circled numbers represent activity
centers for covey units.
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IMPACT ON BASE POPULATION DENSITY AND HUNTER PERFORMANCE OF STOCKING
WITH PEN-RAISED BOBWHITE

Keith Sexson, Jr., Kansas Forestry, Fish and Game Comm., Burlington,
Kansas

James A. Norman, Kansas Forestry, Fish and Game Comm., Hays, Kansas
Abstract:

In 1962, the Kansas Fish and Game Commission initiated an investi-
gation to determine the effect of semiannual releases of pen-raised bob-
white quail (Colinus virginianus) on population densities of native wild
quail populations, on availability of birds to hunters, and on hunter
success.

Stocking during spring resulted in 7% fewer birds in the fall popu-
lation on the stocked area than on the control area. Stocking during
fall resulted in 14% more birds, at the time hunting season began, on
the stocked area than on the control area. Neither of these differences
were statistically significant, and it is concluded that there was no
significant difference attributable to stocking between population den-
sities of stocked and control areas. On the stocked area, however, there
was a significant net increase of 25% in population density between the
fall census period and the preseason census period. It is concluded that
the density-depressing influence of spring stocking combined with the
density-elevating influence of fall stocking, on the stocked area, pro-
duced a significant increase, attributable to stocking, between the
population density preceding fall release and the population density
preceding the hunting season. It is further concluded that in the com-
parison of preseason population densities for the treatment and control
areas, the depressing effect of spring stocking and the elevating effect
of fall stocking resulted in a treatment-area population that was signi-
ficantly larger than that found on the unstocked control area.

Some pen-raised birds established themselves as a part of the popu-
lation on the stocked area, but there was not a proportional increase
in population density. There were fewer native quail on the area when
treated with semiannual stocking than when under control condition. The
difference in density of native birds between stocked and control areas
was not statistically significant.

Stocking significantly increased hunter success by 30% and 35% on
areas in Cherokee and Linn Counties, respectively, but the number of
coveys flushed per hour was not significantly increased by stocking pen-
raised quail.

Bobwhite quail (Colinus virginianus) stocking has been an active pro-
gram in Kansas since 1922 when the Kansas Fish and Game Department pur-
chased 486 quail from Mexico and experimentally released them in 42
counties. Trapping and transplanting wild native birds or purchasing
pen-raised birds for release continued through 1934.

4




33

In 1933 and 1935, the Department opened the Pittsburgh and Calista
game farms, respectively, to raise quail for release in Kansas. Pro-
duction from the 2 farms totaled 5,268 birds in 1935. The peak of quail
stocking in Kansas came in 1955 when 40,789 birds were released. 1In
1969, the Calista farm was closed, production at the Pittsburgh farm
was reduced, and releases of quail were restricted to the eastern 0.25
of the state.

This paper is based on information obtained under Pittman-Robertson
Project W-23-R, Job A-3 entitled Survival and Harvest of Pen-raised Bob-
white Quail. The study had as its primary objective to measure, in
terms of hunter success, availability of birds to the hunter, changes in
population densities, economics, and the effect of supplementing native wild
populations of bobwhite quail with releases of pen-raised quail.

Study Areas and Methods

Data presented in this paper were collected from 3 pairs of study
areas. These areas represented some of the variations in cover condi-
tions typical of primary quail range in Kansas.

Two pairs of areas were designated as ''extensive' areas from which
only weekend hunter bag-check data were collected. On these areas the
effect of stocking on hunter performance was the sole objective evalu-
ated. One pair of areas was designated as "intensive' study areas where
hunter bag checks were conducted throughout the season and population
census data were collected for evaluating the effects of stocking on
both hunter performance and population density.

The extensive study areas were located in Cherokee and Greenwood
Counties, and the intensive areas were located in Linn County. Data
were collected on the extensive areas during 1962-1967. A change in
location of the Linn County areas delayed the study of these areas to
the 1964-1969 period.

The Cherokee County areas were located primarily on state-owned
strip-mined lands, although some private acreage was involved. Cherokee
County is situated in extreme southeast Kansas and is within the ecotone
between tall-grass prairie and deciduous forest. Vegetation on the areas
is dense and topography is considered rugged for Kansas. The Greenwood
County areas were situated on the state-controlled Fall River Game Man-
agement Area, located within tall-grass prairie at the southern end of
the Flint Hills. The Linn County areas, typical of east-central Kansas
farmland, were privately owned. Brushy pastures and small cultivated
fields, bordered by hedgerows, characterize the Linn Co. areas.

Each study area was approximately l-mile square and located at
least 1 mile from any other study area to minimize movement of birds
from 1 area to another. One area of each pair was stocked for 3 con-
secutive years (Code Sc) while the other area (Code Cs) served as an
unstocked control. After 3 years, the roles of the areas were reversed
for the second 3-year period. Thus variability due to differences in
site would be controlled statistically.
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Quail were released during April and October on all treatment areas.
One hundred and forty-four quail were released on each of the extensive
treatment areas during each release period. During the first year of
study, 120 and 144 birds were released in the spring and fall, respect-
ively, on the Linn County stocked area; however, due to excessive egress
the stocking rate was reduced to 60 birds per release period, with a
6-year average stocking rate of 70 and 74 birds for the spring and fall
releases, respectively. The average spring stocking rate in Linn County
was 1087 of the average spring base population (65 birds) and the average
fall stocking rate was 487 of the average fall base population (154
birds).

Eight-to-10-month-old birds were released in the spring and l6-to-
17-week-old birds were used for the fall release, each release containing
an equal number of males and females. Fall releases were made approx-
imately 1 month prior to the opening of quail hunting season.

Dense cover types were chosen as release sites, and no additional
food or water was provided at a release site. When 144 birds were
stocked, 6 releases of 24 birds each were made at various locations on
the area; 3 releases of 20 birds each were made when 60 birds were
stocked.

Hunter bag checks were conducted by Department personnel on opening
weekend on the extensive areas and throughout the season on the inten-
sive areas. 1In addition, persons wishing to hunt on the intensive areas
were required to obtain the landowners' permissions. If permission was
granted, the hunting party received a data sheet and instruction sheet
from the landowner. Boxes for deposit of these sheets were located on
the perimeter of the areas.

A major proportion of the total investigative effort was devoted to
censusing quail populations on the Linn County areas. Censusing was
practically continuous from the end of a hunting season (various dates
in January) until the next hunting season began (third Saturday in No-
vember). The overall censusing effort was divided into 5 periods:

(1) end of hunting season to 15 March, (2) 16 March to spring stocking
date in mid-April, (3) spring stocking date to 31 August, (4) 1 Septem-
ber to fall stocking date in mid-October, and (5) fall stocking to
opening of the hunting season. These 5 periods were designated as:

(1) winter census, (2) spring census, (3) summer census, (4) fall census,
and (5) preseason census, respectively. Census data revealed that num-
bers of quail in the population declined during winter and spring, in-
creased during summer, and varied up or down during the fall and pre-
season census periods. Therefore, final census figures presented in
these pages represent the numbers of quail in the populations at the
end of each period.

Censusing methods employed varied with the time of year. The pri-
mary method used during all periods was to walk through all areas con-
taining vegetative cover (bare ground, such as a recently plowed field,
was not searched) recording the location and numbers of all quail ob-
served. Large areas of cover were censused by walking along transects,
the transect line spacing depending on the density of the cover present.
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Small areas were searched along a zig-zag course. In either case
the objective was to get a complete census of the entire study area ra-
ther than a sample from which to estimate the numbers of quail on the
study area. A bird dog was used to locate quail when conditions were
favorable. Approximately 1 week was spent on each study area during
each census period to obtain final flush counts for the period.

Other sources of information concerning population status were
track counts when snow was present, recapture of marked quail, and reports
from resident farmers. During the summer, perimeter and interior roads
were patrolled by vehicle through the early morning and late evening to
locate broods and pairs. Attention to calls produced by the birds was
helpful during the general censusing. The study leader performed all
censusing.

Data were analyzed by 2-way analysis of variance in which variation
among years and variation between treatment and control were tested for
significance. Differences among test data were considered significant
at P<0.20.

Results
Population Density

Population data from Linn County, presented in Table 1, were used to
test the effects of spring stocking on subsequent fall populations and
on the effect of fall stocking on subsequent preseason and breeding
population levels.

The average numbers of birds in the fall populations (before fall
stocking) were 154 on the stocked area and 166 on the control area.
There were 7% fewer birds on the stocked area than on the control area,
but the difference was not significant. We concluded that spring stock-
ing produced no significant difference between fall population densities
of the stocked and control areas.

The average numbers of birds in the preseason populations (after fall
stocking) were 193 on the stocked area and 170 on the control area. There
were 14% more birds on the stocked area than on the control area but the
difference was not significant. We concluded that fall stocking produced
no significant difference between the preseason population densities of
the stocked and control areas. More exactly, semiannual stocking pro-
duced no significant difference in population density of the stocked area
when compared with population density of the control area during the fall
census period (before fall stocking) or the preseason census period
(about 30 days after fall stocking).

On the stocked area, spring stocking produced a depressing effect
on the fall population density and fall stocking produced an elevating
effect on the preseason population density. There was a gross popu-
lation increase of 39 birds on the stocked area and of 4 birds on the
control area, between the fall census (before fall stocking) and pre-
season census periods. The net increase in population (35 birds) on
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the stocked area amounted to 23% of the fall population (before fall
stocking) present on the stocked area; this difference in population
density between the fall census and preseason census periods was sta-
tistically significant (P<0.05) and attributable to stocking. If this
study had been limited to pre- and poststocking censusing of a single-
treatment area (no control) the conclusions drawn would have been quite
different (see preceding paragraph).

The average numbers of birds in the spring populations (before
spring stocking) were 65 on the stocked area and 63 on the control area.
The 2 figures did not differ significantly. Because this was a test of
the effects of releases in previous years on the subsequent breeding
population, 1964 spring census data was omitted as this was the first
year of the study. Mean data cited were for years 1965-1969. It is
concluded that semiannual stocking produced no significant difference
between the subsequent spring population densities (before spring
stocking) of the stocked and control areas; in other words, there was
no increase in spring population densities attributable to semiannual
stocking during a previous year.

Twenty-three 7 of all birds bagged on the Linn County stocked
area were birds released during fall; 3% of the harvest on stocked areas
were birds released in the preceding spring. If the composition of the
harvest is used as a measure of composition of the total quail popula-
tion on the stocked area, there were 6 birds from the spring stocking,
44 from the fall stocking, and 143 birds that were native birds or pro-
geny of spring-stocked birds in the preseason population of 193 birds.
Thus, 917% of the spring-stocked birds and 41% of the fall-stocked birds
were no longer on the stocked area when the hunting season began. Fur-
thermore, the stocked area contained 143 native birds (possibly less if
progeny of spring-stocked birds could be identified) and 50 pen-raised
birds, while the control area contained 170 native birds. The infer-
ences drawn are: (1) spring stocking had a depressing influence on
fall population density, resulting in 7% fewer total birds in the popu-
lation and 167% fewer native birds (not a statistically significant
difference) in the population; (2) fall stocking had an elevating in-
fluence on the depressed fall population, resulting in 23% more birds
than the depressed level before fall stocking and 147 more birds than
the control or normal population level; and (3) semiannual stocking
produced a mixture of 74% native birds and 267 pen-raised birds in the
fall population, but did not produce a significantly higher population
density than occurred on the control area.

Immediately after spring stocking there were 135 birds on the stocked
area and 58 birds on the control area. The preseason populations were
193 birds on the stocked area and 170 birds on the control area. The
ratios of spring (poststocking) populations to preseason populations
were 1:1.43 and 1:2.93 for the stocked area and control area, respect-
ively. Even though the stocked area received a fall stocking (74 birds,
average) the rate of recruitment was much higher on the control area.
From this we hypothesize: spring stocking causes a reduction in summer
recruitment (chick production) which results in a fall population den-
sity no higher (probably lower) than occurs without spring stocking;
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fall stocking causes an excessively high population density accompanied
by an increase in rate of loss of birds (pen-raised and native) from

the area; and, the proportion of pen-raised birds in the preseason popu-
lation is a function of reduced summer recruitment (chick production)
and lingering effect of fall stocking.

Hunting Data

Hunter success (gun hours/bird bagged) and availability of birds
to hunters (party hours/covey flushed) were used to measure the effects
of stocking in terms of tangible benefits to the hunter. If stocking
is of significant benefit we would expect better hunting success and
increased availability of birds to the hunter on areas where pen-raised
birds have been released.

In Linn County, hunters required 1.00 gun hour to bag a quail on
the stocked area and 1.53 gun hours on the control; this difference was
significant (P<0.20). The stocked area yielded 35% better hunter success
than the control area in Linn County.

On the Greenwood County areas, the mean gun hours/bird bagged was
1.80 for the stocked area and 1.77 for the control; the difference was
not statistically significant.

On the Cherokee County areas, the mean number of gun hours/bird
bagged was 1.13 on the stocked area and 1.62 on the control. The dif-
ference between the 2 means was significant (P<0.10) and amounted to
30% better hunter success on the stocked area.

Hunting parties in Linn County required 1.07 hours per covey flushed
on the stocked area and 0.97 hours on the control. These means were not
statistically different.

On the Greenwood County study area, parties hunted 1.56 hours/
covey flushed on the stocked area and 1.27 hours/covey flushed on the
control. The difference between the 2 means was significant (P<0.10),
indicating 197% greater availability of birds to the hunter on the con-
trol area than on the stocked area.

On the Cherokee County areas, the means of party hours/covey flushed,
1.13 for the stocked area and 1.31 for the control, did not differ sig-
nificantly.

Conclusions

Pen-raised quail are released in spring to add breeding stock to
the population of native birds, in the hope of increasing fall popu-
lation due to progeny of the released birds. We did not attain this
objective, as there was no significant difference between the average
fall population on the stocked and unstocked areas. 1In fact, the aver-
age population size prior to stocking in the fall was lower on the
stocked area than on the control area, demonstrating that birds stocked
in spring did not add significantly to the fall population. We believe
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that spring stocking caused a reduction in summer recruitment {chick
production), resulting in a lower average fall population on the stocked
area.

Fall releases are made to increase the total fall population and
thereby increase hunter success. A secondary purpose for increasing fall
populations by fall stocking is to increase fall population carryover
into the spring breeding population. Fall stocking did not result in a
significantly higher prehunting season population on the stocked area
than on the control area. However, as a probable immediate result of
increased population pressures produced by fall-released birds, native
quail are more likely to be lost from the stocked area at a higher rate
than would occur without fall stocking, being replaced by pen-raised
birds that survive on the area. As a result, there was actually a
lower native population (though not significantly lower) on the stocked
area than on the control area. It seems likely that native quail lost
through poor production and increased rate of loss from the population
are replaced by released pen-raised birds that trigger the losses, but
the mechanics of cause-and-effect remain obscure and the concept is
hypothetical.

Birds released in the fall did not contribute significantly to the
subsequent breeding populations.

Hunter success was increased by stocking pen-raised quail. A popu-
lation containing 267 pen-raised birds and 74% native birds resulted in
increased vulnerability of birds to the gun and an increase in hunter
success.

Stocking of quail did not significantly increase the availability
of birds to the hunter. Behavior of released birds may contribute to
an actual increase in the amount of time spent between covey flushes,
as was the case on the Linn and Greenwood county areas.
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Table 1. Number of bobwhite quail on the Linn County study areas
during each census period 1964-65 - 1969-70.
Treatment Study
year Spring Fall Preseason Winter®
Stocked areas
b 1964 68 104 179 63
Sc 1965 62 190 243 78
1966 63 239 278 114
. 1967 60 94 114 67
Cs 1968 63 149 179 86
1969 75 146 164 80
Mean 65 154 193 81
Control areas
1964 32 99 99 39
cs® 1965 38 182 182 57
1966 46 155 155 60
b 1967 109 208 208 94
Sc 1968 74 232 220 64
1969 50 120 154 72
Mean 58 166 170 64

Census made in years 1965-1970.

b Sc =

C

Cs

areas stocked 1964-1966; control 1967-1969.

areas control 1964-1966;

stocked 1967-1969.
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Table 2. Gun hours/bird bagged on the Linn, Greenwood, and Cherokee county areas, 1962-1969.

Area Treatment Year and gun hours/bird bagged Mean
1962 1963 1964 1965 1966 1967 1968 1969 Gun hours/bird bagged

Linn Stocked - —-- 1.00  0.77 0.89 1.06 0.90 1.40 1.00
Control - ———— 1.61 2.7 0.76 1.31 1.60 1.21 1.53
Greenwood Stocked 2.89 1.15 1.25 2.07 1.62 1.84 ——— —-ee 1.80
Control 2.09 1.58 1.38 2.27 1.86 1.46 .- —-— 1.77
Cherokee Stocked 1.02 1.16 1.27 1.27 1.36 0.70 - ———— 1.13
Control 0.86 2.40 1.36 2.44 1.71 0.98 - ——— 1.62

Table 3. Party hours/covey flushed on the Linn, Greenwood, and Cherokee county areas, 1962-1969.

Area Treatment Year and party hours/covey flushed Mean
1962 1963 1964 1965 1966 1967 1968 1969 party hours/covey flushed

Linn Stocked - ——— 1.18 0.99 0.91 1.62 0.69 1.05 1.07
Control - ——— 1.09 0.89 0.89 0.91 1.13 0.91 0.97
Greenwood Stocked 1.29 1.11 1.39  2.13 1.84 1.60 - - 1.56
Control 0.92 1.06 1.00 1.41 1.76  "1.45 - - 1.27
Cherokee Stocked 1.28 1.15 0.96 0.9 1.46 1.00  ~-w- - 1.13

Control 1.00 1.00 1.45 1.73 1.96 0.75 - - 1.31
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PANEL SESSION III

LANDHOLDER - SPORTSMEN RELATIONS: SOLUTIONS FOR A PROBLEM

Moderator -- John A. Morrison, Leader
Oklahoma Cooperative Wildlife Research Unit

THE LANDHOLDER'S VIEWS OF THE PROBLEM: THE OPEN ACRES PROGRAM AS A
SOLUTION

The Honorable Henry Bellmon, U. S. Senator for Oklahoma

As the chairman says, I am to talk about the landowners' view of
the problem and to discuss the Open Acres Program as a solution. I'm
not going to spend much time on the landowners' view because others can
present it better. It is true that I'm in a unique position, being a
landowner, a quail hunter, and also a politician. I feel strongly
about all 3 viewpoints, and have to admit that there is certainly room
for a great deal of improvement in all interests.

One of the problems is that city people and country people just
don't seem to understand each other very well. A lot of city people
think you can go out and befriend a farmer in a few minutes, but they
are wrong. You get to know a farmer the way you get to know the people
next door, and that is over a period of time and over a series of mu-
tually satisfactory encounters, not by coming in on him 3 or 4 days
before hunting season believing you will gain immediate acceptance. It
just isn't done. Now I know that many farmers like to go hunting once
in a while, but lack a good bird dog. They might enjoy an invitation
to accompany you and your dogs, so if you want to become friends with
a farmer, do him a favor and invite him to go along. You'll find most
of them make pretty good hunting companions. Farmers generally want to
be good "Joes,'" but they have had some bitter experiences that make them
guarded about letting strangers in.

Any one who gets permission from the landowner to go on his property
has to recognize that it is for 1 day. When he wants to hunt again he
must ask again and let the farmer know that he recognizes the farmer's
rights to his own privacy.

Now, to get on to the politician's view of the problem. We get
tremendous pressure on the government from people who want public hunt-
ing areas. There's great pressure to buy land. The Federal Government
is spending around 4 or 5 hundred million dollars a year to buy private
land and turn it into public access areas. Now even though we do spend
these huge sums we are still far short of providing the total amount of
land our increasingly urbanized population desires for hunting, hiking,
camping and other outdoor activities.

Of course there is, believe it or not, a limit to how much money
the Federal Government has. We have the printing presses, and we are
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doing a fair job this year of running up a 38-billion-dollar debt. We
are spending it just about as fast as we can print it. But there is a
limit to how far we can go in this business, and so we are writing a
new farm bill. We put into it this thing called the "Open Acres Pro-
gram.'

I am not going to go into all of its details now, but just sum up
quickly the theory behind it. We now find that most private lands in
this country are rapidly being posted. The problem is that if you are
a private landowner and do not post your land but your neighbors all
post, then pretty soon your unposted land is virtually overrun. So you
are forced to post in self-defense. We hope this bill will encourage
private landowners not to post but rather to create recreational oppor-
tunities and organize ways to make these opportunities available to the
urban people who do not have access to public hunting areas.

I might pay tribute to the fellow who really started this whole idea
and that is Wendell Bever. You all remember him as former State Wildlife
Director here in Oklahoma and later as one of the regional directors, or
coordinators, for the National Wildlife Federation. During the time I
served as Governor, Wendell came up with the idea that state-owned lands
in Oklahoma ought to be opened for public hunting. He was thinking of
the areas that are used for parks in the summertime but generally are
almost abandoned in the wintertime, yet are not open to the public for
hunting. Wendell stirred up a real hornet's nest when he tried to open
up state school land leases; he could not get anywhere. He took the
position that it was never going to be possible for the state, federal,
or local government to own as much land as the public needed for outdoor
recreational uses. The only answer lay in the multiple-use concept which
in brief says that land can produce both agricultural products, crops
or livestock, and recreational opportunities. The key to it is to work
out a system that will encourage the landowners first to produce the game,
or the fish, or the recreational opportunities, and secondly to permit
nonrural people to come in and enjoy these benefits.

So we wrote a farm bill and put into it the Open Acres Program.
Now you folks who are in the farm business know that it is very tough to
pass a farm bill. Most of the members of the Congress represent con-
sumers or urban areas. They have a very difficult time going back to
their constituencies and explaining why the Federal Government spends
each year some 3 to 4 billion dollars on a farm program that a lot of
people believe has the negative effect of keeping food prices high.
These city dwellers generally would much rather see that money go for
hospitals, schools, mass transit, or pollution control. It is very
difficult for congressmen from New York or Los Angeles or Dallas or
Chicago or other big cities to explain why they cannot provide some of
the services their cities need, and yet support a 4 billion dollar ap-
propriation for price support and the farm program. Consequently, Con-
gress has put into the farm bill some things that city people like. For
instance, the school lunch program is in the farm bill. Now farmers
complain about this because it seems that the cost of that program is
actually on the farmers, but they get nothing from it. So the Open
Acres Program was added to the farm bill in the belief that it is
something both rural and urban people will like. I must say that the

| 3
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bill as written was drawn up here in Oklahoma by a group made up of re-
presentatives from the State Wildlife Conservation Department, U. S.
Soil Conservation Service, and Agricultural Stabilization and Conser-
vation Office.

Briefly, here is how the program is supposed to work. We asked the
USDA to allocate a certain amount of dollars for the Open Acres Program.
The USDA chose 5 counties in each of 10 states. Each of these counties
was allocated a portion of the money to be made available to farmers
who would put their land into the Open Acres Program. Farmers were given
a period of time to sign up, and from indications here in Oklahoma an
adequate number of farmers are participating to give the program a
pretty good test in the 5 counties.

After the farmers have signed up, the State Wildlife Department
is supposed to inspect their land and certify its eligibility. They
have to check to be sure the land has outdoor recreational potentiality.
Then there is supposed to be Wildlife Department supervision to see that
the lands are managed as well as possible to produce maximum wildlife
and cutdoor recreational opportunities. The land is supposed to be per-
manently posted with signs saying it is in the Open Acres Program and
accessible to the public. The farmers are to be paid for opening their
land to the public. 1I'm not sure just what the price is going to be.
In some areas a flat rate will be paid, and in other areas participation
will be offered at the highest bid to see just what must be paid to get
farmers to open their land.

After the program is put into effect, it will be closely monitored
by the USDA to see how much use is made of the land, how much good the
people get from the land, and what kind of relationships the farmers
have with those who come to utilize the outdoor recreational opportuni-
ties being provided. Based upon what happens this year, the program will
either be expanded or dropped from the new farm bill that we are going
to write in 1973.

I am very hopeful that the results this year will be good and that
farmers who open their land will be treated with the respect that they
are due. I am hopeful that the people utilizing those open spaces will
find that the game or the recreational opportunities they are looking
for are present and that this program can be expanded both for the pur-
pose of paying farmers for this valuable public service and of making
available to city dwellers outdoor recreational opportunities close to
where they live. 1 see this country rapidly moving toward posting of
most of our private land. Then only urban people with sufficient wealth
to lease land and people living close to public-owned areas will have
access to the great outdoors. This will be a great tragedy for our
country. The Open Acres Program is an opportunity for the farmers to
increase their income while generating much good will among their city
cousins and for city people to better understand agriculture and farmers
as well as to have access to outdoor recreation under a new, vital, and
very satisfactory arrangement.

I would like to urge all of you in the room to watch the program
and to lend a helping hand to insure that it works.




Discussion

Question: Senator what method of controlling hunters will be used on
these areas?

Senator Bellmon: The administration will be handled by the State Wild-
life Department. T cannot speak for them, but it is my feeling that
they will at least keep a record of the harvest and amount of game re-
maining. When the populations go below a safe level then I assume the
gates will be closed.

Question: Will they have to restrict the number of people using these
areas on certain days or will they be open, uncontrolled, to the general
public?

Senator Bellmon: The areas, I assume, will be open to the general public
as long as the game populations will stand the hunting pressure. There
is nothing in the law that covers this point.

Question: Do you have some idea as to what fees will be paid to the land
owner on this?

Senator Bellmon: As near as I can tell you, and there is nothing offi-
cial about it, it will be somewhere between $1.00 and $3.00 per acre.

A wheat field could not be used in the program; the land would have to
afford some recreational opportunities.

Question: Will access to these farms in the program be limited only to
resident hunters living in the vicinity of the selected farms? Will
the public be notified about the locations of the farms?

Senator Bellmon: Access is not meant to be limited to the local vicinity
where the farms are located; it is intended to be available to people no
matter where they live. I don't know how much advertising has been done;
I doubt that any has been made because the program only began in January
and I doubt that the lands will be open until some weeks after. We're
trying very hard to get USDA to add a person to their staff to administer
this program. We want someone who knows the wildlife business and who
will insure that the public is aware of this new opportunity.

Question: Senator Bellmon, I am Chester McConnell, Tennessee Game and
Fish Commission. I would like to commend you, your colleagues and the
A.S5.C.S. officials for the efforts being made to create environmental
improvement programs. The pilot Public Access Program presently being
tested by the A.S.C.S. will certainly be beneficial but leaves much to
be desired. The Public Access Program pays landowners to allow hunters
and other persons to have access on private land but does nothing to
improve wildlife habitat. In many cases landowners having poor wildlife
habitat conditions on their land are receiving government funds. If no
suitable wildlife habitat exist on the land in question, there is no
need for sportsmen to have access. A good program is needed which will
pay landowners a just sum for developing wildlife habitat on their land.
Then, these 2 programs combined, the habitat development and public
access programs, would be what our country needs.
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I am presently chairman of the Farm Game Committee of the south-
eastern section of the Wildlife Society which represents 16 states. Our
committee is attempting to persuade the U. S. Department of Agriculture
to adopt a more realistic wildlife habitat development program. The
A.S.C.S. is obligated by law to consider wildlife needs in their Rural
Environmental Assistance Program (REAP).

The REAP does have several wildlife practices that cost-shares wild-
life habitat projects with landowners. But, there are several serious
weaknesses in the program and landowners do not participate in the wild-
life practices very much. The Farm Game Committee has identified the
weaknesses and brought them to the attention of the U.S.D.A.

We feel that:

1. The wildlife habitat practices are having to compete with
regular farm practices for funds. Landowners normally
select the other available practices which will help improve
their income. Wildlife practices are the only practices which
do not necessarily improve landowners income. Most often
someone other than the landowner will benefit from the wild-
life practices.

2. The REAP program should provide 1007 payment for wildlife
practices and special funds should be established which
could be used for no other purpose.

3. Wildlife practices should automatically be placed on all
county REAP programs.

We do not feel that our requests are unreasonable.

During 1970 approximately $181 million was paid to landowners in
cost-share assistance through the REAP. Less than 2% of this sum was
spent on wildlife practices. The U.S.D.A. also spent approximately
$4 billion on agricultural crop subsidy programs. Much of this money
being spent by U.S.D.A. actually encourages destruction of wildlife
habitat. The least that should be done is for our government to have a
realistic program to pay those landowners who are willing to devote a
part of their land to wildlife. We feel this would be a popular program
with the general public which is presently not receiving much benefit
from agricultural subsidy programs. In our nation which spends billions
of dollars for all kinds of programs we certainly should be willing to
spend a just sum for 1 of our greatest natural resources, our wildlife.

Will you do what you can to help us get needed improvements in
existing wildlife programs in the U.S.D.A.7

Senator Bellmon: I would be very happy to look at it. Let me urge you
to contact your own Senator or Representative and tell him what you have
just expressed. A lot of people don't grasp the idea of multiple land
usage and they think that a farming area and a hunting area are some-
thing completely different. I think you could be very helpful in gen-
erating support for a Federal multiple-land-use approach. Also, I might
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say that I have been appalled to find there is not 1 single wildlife
expert in the USDA. They turned this whole thing over to the Soil Con-
servation Service. I am not complaining about this because I think the
SCS is a fine service, but they don't have any idea of the immensity of
this problem. We can't get the USDA to add 1 man to their staff to
supervise this thing. You folks in this room could help by getting the
USDA to find these people, and I'd sure appreciate it.

Question: Do you believe a l-year test of the program is adequate to
determine whether to keep it or drop it?

Senator Bellmon: Not adequate. But you see the program is on the books
for 3 years, and it took about 18 months after we wrote the bill to get
them to move at all. So we lost last year. We got started in January
of this year. The farm program we have runs through 1973. We have to
write another bill before the present 1 runs out so we'll be writing a
new bill in 1973. I agree with you that this is bad but I hope we will
keep going another time around. I believe we will, but a lot of the:
Congress' attutude is going to depend on whether or not people like
yourselves respond. Letters to your congressmen or senator will help
keep the thing going.

Question: Why should the Open Acres Program be necessary when farmers
are already being paid to set aside 34 million acres from production in
the Soil Bank Program? Why can't we expect the subsidized soil bank
acres to be opened to public hunting by the taxpayers paying the subsidy?

Senator Bellmon: May I make just 2 points? First, you mentioned 34
million acres of farmland withdrawn from production; it's actually 60
million. The Federal Government is keeping 60 million acres of farmiand
out of production this year because we don't need the crops, and it is
costing about 4 billion dollars to do this. Second, under the Soil Bank
Program these long-term éontracts, as you may or may not know, almost
put a large part of the country out of business because there are areas
where agriculture is so marginal that farmers went into the set-aside
program en masse, and the feed dealers and the fertilizer dealers and
nearly everybody lost customers. That program would be very hard to

get approved by Congress again. So I don't think there are going to be
any wide-scale, long-term, set-aside land programs in the future.

In the Open Acres Program there is a provision whereby we're going
to get involved in something similar to set-aside lands although we pro-
bably shouldn't. For instance, on my farm I am required to have 243
acres gset aside. Under the terms of the Open Acres Program I would be
paid to put 24 acres, that is 107 of my present set aside, into per-
manent wildlife cover. At the present time the farmer cannot put land
in the set aside if it qualifies as crop land. If it is grown up in
brush or scrub the ASCS people will come out and say that is not farm
land, so plow it under and clear it up. They are working against wild-
life management. This bill gives the farmer and landowner the right to
put 107% of the present set aside into wildlife habitat and still get
federal support. I don't think from the farmer's viewpoint that you'll
ever get them to agree to leaving land out of cultivation for 3 years,
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because it is not good farm business to summer fallow land that long.
In my case for instance, we'll put 100 acres of land in set aside this
year; next year that will be our best wheat. It will probably make 10
bushels more an acre than it did before summer fallow. So I think from
the agricultural standpoint we won't get away from the present program
of using different land for set aside year after year unless we allow
brushland to qualify as set aside. That and encourage farmers to plant
cover for wildlife.

Mr. Chairman, if I could just say one thing more. It seems to me
every state's situation is different: TIowa's situation is different;
Tennessee's is different; Oklahoma's is different. There is no way
Congress can write a program to fit the whole country. It seems to me
the thing we ought to do is to stand on the authority that is in the law
and on the finances that are available. We've got to sell the USDA on
the idea that this land has a use beyond agricultural use, that the
greatest outdoor recreational opportunities in this country are on pri-
vate agricultural land. The USDA needs to concern itself with the way
this resource is developed and utilized, and until we get them to see
this we are not going to get anywhere. Congress can pass laws until we
are voted out of office. Unless the Department of Agriculture's ad-
ministrators add people in your state, my state, and Washington, D. C.
who understand what we're trying to do, we are not going to get very far.
You folks in this room can help us very much if you will just sell the
USDA on the idea that here is a tremendous resource and it is up to
them to see that it is better developed and utilized. Let's get a wild-
life person on each state ASCS committee and in the USDA office.

PENNSYLVANTA'S PROGRAM TO IMPROVE LANDHOLDER - SPORTSMEN RELATIONS
Harvey A. Roberts, Pennsylvania Game Commission, Harrisburg

Probably the best place to start would be with a very brief thumb-
nail sketch of Pennsylvania for those of you who have never been there
or have gone through it very hurriedly. The state is roughly rectan-
gular in shape and consists of 45,000 square miles. That makes it about
33rd in size among the 50 states, and we have a human population of 11.5
million people. That makes us 3rd in the nation. So you can see we
have people and land problems. One-half of Pennsylvania is forested,
and the state is bisected in a northeast-southwest direction by the
Appalachian and Alleghany Mountains. Probably we have 1 of the most
heavily hunted pieces of real estate in any part of the country. An
example of some of the hunting pressure we get is on our primary pheasant
range where we have had ongoing studies for a number of years. On a
3,000-acre area, we averaged 220 man hours of hunting each day during the 25-day
season. We sell in excess of a million resident hunting licenses and we sell
approximately 100,000 nonresident licenses. In both categories we lead the nation

Historically, Pennsylvania hunters and landowners have never been
too prone to erect or abide by no-trespass signs. Even by today's stan-
dards the Pennsylvania hunter does not hold a no-trespass sign in quite
the same respect or esteem or fear that it is held in other states.
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Despite this fact, back in the early 1930's it became rather evident to
the people in the Pennsylvania Game Commission that more and more land
was being posted and a conflict between the hunter and the landowner was
developing. I think a lot of this conflict took the form of frustration
on the part of the landowner due to disrespect for privately erected no-
trespass signs. The Game Commission realized that the sport of hunting
small game on agricultural lands depends on safeguarding the rights of
the farmer to a peaceful existence and certainly to protection of his
property, crops, and livestock. The Commission devised a plan that ex-
perience has shown to be of benefit to both the landowner and the sports-
man. Inaugurated in 1936 and known as the Cooperative Farm Game Program,
this method of keeping privately owned land open to public hunting cur-
rently involves 2 million acres of farm land and 16,528 individual land-
owners. The program consists of 172 projects ranging in size from a
minimum of a 1,000 acres to a maximum of about 30,000 acres. These pro-
jects are found in 57 of Pennsylvania's 67 counties. Under the provisions
of our game laws, and rules and regulations as developed by our Commis-
sion, we can govern the administration and the management of these pro-
ject areas.

A project area consists of a group of farms and accompanying wood-
lots that are suitable for the propagation of game and for public hunt-
ing. These farms have to be contiguous so that we get a large unit with
very few noncooperators scattered through it. To become a cooperator,
the owner institutes an initial agreement with the Pennsylvania Game
Commission for a period of 5 years. After the S-year period the agree-
ment automatically renews itself on an annual basis. However, either
party can terminate the agreement with 60-days written notice. The Com-
mission has cancelled agreements when farms became unsuitable for hunt-
ing due to urban sprawl or other reasons, or the cooperator has sold his
land. Some farmer-cooperators became disenchanted with sportsmen or
with the Game Commission and terminated after the 60-day written notice.

I think the thing that finally made Christians out of a lot of our
sportsmen is the fact that they do respect Game Commission signs. So,
part of our service to the landowner cooperating with us in this pro-
gram is to erect safety-zone signs and various other signs that protect
his property. 1In Pennsylvania it is illegal to hunt within 150 yards
of an occupied dwelling or adjacent farm buildings without specific
written permission from the owner. So each fall, prior to the hunting
season, our personnel erect our safety zone signs around each coopera-
tor's home. They take them down after the hunting season ends. I
won't take time know to show you all of our signs, but here is -another.
put up by our people for the farmers wanting hunters to stay out of un-
harvested cornfields. These signs, backed up by a good law enforcement
program, have the attention of the sportsmen and we have pretty good
compliance.

In our projects, we try to prevent setting aside more than 0.33 of
a project area as a safety zone or refuge. In other words, 0.66 of each
project area is open to the hunting public. The landowner retains the
right to hunt without a hunting license on his own property and on the
two farm properties adjoining his. A landowner may also reserve the
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trapping rights on his farm. Pennsylvania has quite a number of farmboy
trappers and by erecting this sign it warns people not to trap on this
particular farm.

We still do some game stocking in Pennsylvania. 1T won't pursue
that right now, but with approval of the landowner our Pennsylvania Game
Commission does give preferential treatment to our Farm Game Project.
This has a public relations value; I know a lot of our farmers like to
see Commission trucks go by with a few crates of pheasants to put out.
So there are a number of benefits to our cooperators in our Farm Game
Program. I'll just run through them briefly here: protection of life
and property through patrolling and enforcement by our Game Protectors
and Deputy Game Protector force; posting of signs; free subscription to
our Conservation magazine; advice from our area land managers on manage-
ment practices beneficial to wildlife; free tree and shrub seedlings
that produce wildlife breeding cover; and, as our budget permits, we
also cut woodland borders and hedgerows to remove shade from cropland
and to create immediate and long-lasting cover for wildlife in these
farm areas. Our administrative costs in this particular program run
about 25¢ an acre.

I think the key to our whole program is that our semiskilled la-
borers, the people we call our food and cover force, are born and raised
in these project areas. They are farmers themselves. They are grass-
roots contacts with our cooperators, and I think that if togetherness
is beneficial, this is just what makes this program work.

We have several themes and variations of this program that I will
touch on. One we call our Safety Zone Program. You will recall I men-
tioned in our Cooperative Farm Game Project that we wanted contiguous
farms. We have had a lot of people who wanted to get into the coopera-
tive program and for one reason or another they couldn't get in; either
we didn't have the money to expand the program or they had neighbors who
didn't want to cooperate. So we set up the Safety Zone Program which in
many ways is a scaled-down version of the cooperative program I just
described. To date we have Safety Zone farms in 66 of our 67 counties,
involving almost 14,000 different tracts of land. This has opened 3
million acres of additional land to public hunting. About the only
thing we provide to people in our Safety Zone Program are Safety Zone
signs which they erect themselves. We do give areas in our Safety Zone
Program more law enforcement patrol than we do areas that are posted
against hunting. We figure the administrative costs on our second pro-
gram are about 10¢ an acre.

The newest program was started in 1971 and is called the Forest
Wildlife Cooperative Program. Again, this is a version of the Coopera-
tive Farm Game Program. It is designed to keep forest land open to
public hunting. The program originated because many forest owners com-
plained about the total disregard for their property by the hunting
public. Running automobiles on their access roads when freezing and
thawing conditions exist created maintenance problems for these large
concerns. Consequently, we set up the program for forest owners. In-
itially, we had 5 big forest industries signed up in our program. Prior
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to this time some of the large forest industries decided it might be

wise to lease hunting rights to small groups of hunters and close their
lands to public hunting. They really defeated their main purpose because
the deer herd was underharvested. This had an impact on the forest re-
production that was bread and butter to the big companies. Excessive
deer browsed too heavily on forest regeneration. The forest industries
soon became disenchanted with that approach and signed up in our program.

We provided some special signs and special patrols for these co-
operators and in the process opened up 0.5 million acres of forest land
that was not previously open to the public.

Now I'm certainly not in the position to prescribe any of Pennsyl-
vania's programs as a panacea for all states represented here. I think
the fact remains that we in Pennsylvania have been quite successful with
it, and I believe it is certainly worth a try anywhere. One of the many
pleasures that came out of my trip here was to find that Oklahoma has
started a program similar to ours, and at this time has about 300,000
acres in its program.

Discussion:
Question: What about access; is it on a first come, first served basis?

Mr. Roberts: We do not control hunting pressure on these areas and I
think as time goes by this will be a problem. In a sense, it is some-
what self-regulating because after X number of hunters are afield in

a given area it no longer becomes attractive for additional hunters.

When latecomers see a concentration of hunters they move on somewhere
else. So at least to a degree it does regulate itself. The present
level of self-regulation is tolerable in Pennsylvania, but in other parts
of the country it may be intolerable, I can't say.

Question: Does this program prevent the -land owner from leasing out
hunting at all; can he charge for hunting on his property?

Mr. Roberts: No, absolutely not. As soon as he puts up his first no-
trespassing sign, he is out of the program.

Question: Do you have any type of program in Pennsylvania for people
who want to lease their hunting?

Mr. Roberts: The only people we are working with directly are ‘regulated
shooting ground operators. As far as going out and encouraging people to
get into a hunting and lease program, this is kind of self-defeating, I
think, and we ignore these people.

Question: You don't feel there are any possibilities between those 2
extremes?

Mr. Roberts: Apparently there is. Senator Bellmon just spoke of a
program that is similar to a pilot study we have going in Pennsylvania
that scares us to death, to tell the truth. When it comes right down
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to it we're getting something here for nothing. Now the Federal Govern-
ment is coming in and they are going to pay people for the same thing
that we used to get for nothing. I don't know where we're going to go.

Question: If the landowner feels that game is over harvested, what can
he do about it?

Mr. Roberts: We have no control over this. Despite heavy hunting pres-
sure in small areas, we have no situations over large areas where we
don't have enough brood stock escape to give us a crop the next year.
For example, we're killing over a million pheasants in Pennsylvania
each year., We do raise and release pheasants in Pennsylvania, but we
purposely put these birds in areas of 3rd- and 4th-class range, where
they don't survive anyhow, and we hope they are all harvested.

Question: How many law enforcement people patrol the cooperative areas?

Mr. Roberts: 1In addition to our game protector force of 150 full-time
employees, we have a force about 1,500 deputy game protectors. Many of
these are farm game managers or day laborers on our food and cover for-
ests, so they serve a dual function. They are not only in close con-
tact with our cooperators, but they are also authorized to make arrests.

Question: You said the contract period was for 5 years; after that what
is the dropout rate?

Mr. Roberts: I don't recall the figures now. We have a very high re-
tention rate, and this is a self-defense mechanism on the part of a lot
of landowners. They are going to go to the outfit that can give them
the most muscle to cope with the sportsmen.

Question: Is there a predetermined fine on each violation, and who gets
the fine money?

Mr. Roberts: Oh, yes, our people are allowed to settle these cases on
what we call a Field Acknowledgement of Guilt; it's just like getting a
parking ticket. This serves 2 purposes: it doesn't delay the hunter;
he is free to hunt after he has paid the fine, and it doesn't take a

lot of his day's hunt looking for the nearest magistrate. It expedites
matters all the way around. The next question is how much of this money
goes into the Game Protectors' pockets? It doesn't work that way. The
person being arrested gets a numbered receipt, the Game Protector has a
stub from it, and that goes into Harrisburg. Everything is closely
accounted for.

Question: Do you have any companion programs, or any plans for 1, to
work with your cooperators in improving habitat and if so how successful
is it?

Mr. Roberts: Yes, with limited success because we lack the funds and
manpower to implement this sort of thing. But we produce in our nursery
about 5 million tree and brush seedlings annually to create wildlife food
and cover, and these are given to cooperators requesting them.

i3
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THE SPORTSMEN'S HOPES FOR THE FUTURE OF HUNTING ON PRIVATE LAND
Robert E. Apple, National Wildlife Federation, Dardanelle, Arkansas

First of all T think we have to realize that the farming situation
has changed in the last few years. This is a quail symposium, and that
poses some special problems about hunting on private land. I think
there are some kinds of hunting for which we can provide a fair-to-mid-
ling type of hunting on private lands, but quail hunting poses another
problem altogether because it requires quite a few acres to provide
ample territory to hunt in. For that reason I think the Open Acres Pro-
gram described by Senator Bellmon, also called REAP, is not going to be
as helpful as we hope it will.

Most of the farming operations today, and I happen to be a farmer,
have changed considerably in size. We no longer have the little family-
type farms. 8Small farms supported the quail populations we had 30 years
ago. People farming today are using 4- to 6-row equipment. There are
very few fence rows left, and that little brush patch that used to
exist for quail is no longer there. There are still some places on
farms suitable for quail nesting and occasional dusting, but they are
not as plentiful as they used to be.

Paying a farmer $3 an acre to put his land into various types of
practices, such as planting certain types of crops to enhance the game
population, is a drop in the bucket. 1In the first place farmers are
fairly affluent people and I think they are going to consider carefully
before they open their land. 1If the program is going to work they may
carry it on; but if they do, they are going to hunt over the place them-
selves. They can lease hunting rights to people from the city and pro-
bably get a lot more out of it than $3 an acre. So I don't think this
is going to solve the problem of public access to private land. I don't
know that anything else can solve the problem, but I sure don't think
that REAP will.

We read about some of the problems that bring about the no-hunting
signs and the no-trespassing signs, but I don't think I should pass the
opportunity to say that 1 of the biggest things hurting us today is the
bad hunter. I constantly read in the magazines like Field and Stream
and Qutdoor Life, and various other publications of this type, that the
type of hunter I am going to describe is in the minority, perhaps rep-
resenting less than 5% of all the hunters who go on the land. I think
that figure is much too small. I'm talking about the so-called slob
hunter. He does everything in the book that he shouldn't do and anta-
gonizes the landowner. Then some poor unsuspecting soul comes along
and asks the farmer to hunt. He is in trouble to begin with because
of what the slob caused. I think that the number of slobs has increased;
it must have, because the population has increased.

Back to quail hunting, I don't know if there is any answer to this
thing, but I think first of all there are some current programs that
offer more solutions than the REAP program. 1In Arkansas we have several
opportunities. For instance, in the western-most part of the state
there is a large military installation that has about 75,000 acres of
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land, and it is used periodically by the National Guard to train during
the summer. For the most part, during the hunting season there are no
people on this land other than a small force to maintain the buildings.
The reservation could provide some recreational opportunities for a
large number of people.

There are several problems with this situation. First of all there
is a long-time cattle lease. The cattle are competing with the wildlife
for available feed, especially with the deer. Cattle are grazing every-
thing down to the ground. Some of the range is pretty well eroded and
deteriorated. But we do have an agreement with this installation signed,
I believe, by the Governor of Arkansas and the Department of Defense. It
is hard to have a program for wildlife there because of the cattle. The
problem is to get the agreement worded to guarantee enforcement of grazing
restrictions and provide enough habitat. Then I think public hunting
would be much better. We have spent 3-4 years trying to do this, and we
still haven't been successful. I think you have some opportunities like
that here and in other states.

This is, of course, public land. I would also like to point out
something else. I am sure that some of you are familiar with the Alabama
trespass law. If you are going to hunt on someone else's land in Alabama,
you have to have a signed piece of paper in your pocket saying you have
permission to hunt. If you don't have, the owner can turn you in and you
are in deep trouble. As a result, a great deal of the land in Alabama,

I guess the majority of it, is leased to people that want 5 or 6 thousand
acres. That excludes the public from the land. I think the acreage
under lease agreement is increasing.

At 1 time in Arkansas, a bill was introduced in the Legislature to
impose Alabama's type of trespass law in Arkansas and make the Game and
Fish Department enforce it. Game officers would have to spend more than
0.5 of their time enforcing no-trespass laws. This really disturbed
folks in Arkansas. This could happen, and it could happen as a result
of sportsmen simply not using good sense. 1 think that sportsmen could
do much to help eliminate some of these feelings, and I'll give you an
example. As a farmer, I know that on opening day of bird season I've
got some territory that is real good, and when you people talked about
2 birds per acre, my mouth watered. There is a limited amount of this
habitat where I live that will support that. The reason it will is that
the Arkansas River got on a rampage back in 1943 and broke over a levy
and dumped sand over some of this land that used to grow 2 or 3 bales of
cotton per acre. It won't grow 3 bales of cotton an acre anymore, but
it does produce much of what we call beggar lice or tick clover. The
area has a lot of weeds, partridge peas, and cottonwoods, and the birds
can find cover. You can hardly kill them out.

To get back to my story, on the first day of bird season I could
almost get elected Governor, I think, just by inviting in people that
like to hunt on this kind of area. Initially it was that way, but it's
not any more. I don't post the area, and on the first day of bird
season I usually get up and drive down there before daylight and park
with my dog and gun. You have to be there before the sun comes up or
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you are going to be hunting behind some other folks if you don't. They
don't come ask youif they can hunt, they are there waiting. So this
year I went through the same routine. I got there before daylight and
was sitting there waiting and heard folks start shooting. I have no
idea how they could see a bird, because it was dark! Now this isn't
going to help any and we all know it. So I think if hunters want to
hunt on private land they should go see the farmer before the opening
day.

One of my duties as a private citizen is serving on the local school
board. As a board member one of the responsibilities you have to assume
is looking at the tax records from time to time to see that every 1 is
paying his share of the ad valorem taxes that support the public schools.
While I was checking these records with another school board member, we
found 175 acres of untaxed land that had been set aside for hunting by
a farmer. We went back and got the old plats of that area and found
that it had been listed as a navigable lake. In Arkansas, areas such as
this become public land if no taxes have been paid on them. So we checked
a little further and went to the State Land Commissioner and found out
that part of it belonged to the state and part of it to the Federal Govern-
ment. The Land Commissioner happened to be quite a hunter himself and was
sympathetic with us. We contacted the Attorney General and asked him to
give us an opinion as to whom the land really belonged, and what the pos-
sibilities were of turning this land over to a suitable state agency to
administer.

We 've gotten a sort of off-the-cuff favorable decision. It hasn't
been written up yet, but it will be. In looking at this particular case
we can look around and find thousands of similar areas in the State of
Arkansas that are in the same type of situation. They are public lands
and there should be public access to them. I think that by researching
the records we can find a lot of land that can be opened up to public
access. I assure you that we are going to do a much better job of re-
searching records in Arkansas.

I don't know what the answers are. In our state the attitudes differ
greatly from the northern part to the southern part. Some people in the
southeast and northeast know that hunters can provide extra income. This
philosophy has not yet reached the northernmost counties. I think their
attitudes will change in the near future, and they will realize that
there is money to be made from hunters. So for our own good, I think it
behooves us to do a little bit better job of public relations w1th the
landowner, and help him feel hospitable to hunters.

Comments from Members of the Audience

1. All my life I have preached that wildlife is a crop and a farmer
should sell wildlife just as well as he sells his hay crop, cattle
crop, or any other crop. Because conditions in the U.S. today are
such that land values, taxes, and everything are increasing, the
farmer has to take advantage of everything that he has at his dis-
posal to be able to stay in business. Wildlife is a crop for us,
and when you compare the money we get, we also raise purebred cattle,
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we can make a heck of a lot more money in our wildlife program than
we ever can from cattle. It is much more enjoyable because I like
to do it.

Here's another idea on this idea that a farmer has a social obliga-
tion to open his land to everybody else. Let's forget it, because
the farmer is subsidizing you. 1I've been in the cow business for 30
years and got out of it because I was selling cows for the same price
3 years ago that I was selling for 25 years ago. I can prove that
since 1847 the price of corn per bushel has not varied more than
10-12%. The American city person today is paying less of his earning
capacity for food than does a person in any other country. This is

a matter of record, but somehow the idea has developed that farmers
get rich. Another viewpoint is that farmers should furnish wildlife
to hunters simply for the asking. Our problem here goes back to the
original premise that in a pioneer country a man could put his gun

on his shoulder and go anywhere because the game belongs to the
people. Migratory game does, but when the landowner determines by
his habitat management whether there is game or not, then the situa-
tion changes.

I'm from Oklahoma and there are a few of us who are trying to open
our property to leased hunting. I've opened my property to quail
hunting about 3 years now. I have a group of construction workers
from Oklahoma City that pay for a hunting lease so that they don't
have to hunt after someone else. I also lease to professional people.
To me this proves that there is a place in this whole scheme for all
of these programs you are talking about. To me I see no reason why
there can't be a place for people to pay an in-between price if they
can't afford to pay the big price. One thing I can't understand is
the reluctance on the part of the Wildlife Department to encourage
all phases of these. I don't see that 1 necessarily has to work
against the other. For various reasons, there is going to be the
man who has such small property or poorly arranged property he can't
develop it for good-paying agriculture. At little expense to the
Wildlife Department they could lease these for public hunting, open
up an additional acreage that we evidently need for quail and other
game, and thereby relieve pressure on public hunting areas. I can't
see where 1 program necessarily works against the other.

NOTE: Most of the questions and answers after Mr. Apple's presen-
tation were too indistinctly recorded by the tape recorder to be
transcribed accurately.

TECHNICAL SESSION I

PROBLEMS AND METHODS IN BOBWHITE MANAGEMENT

Chairman Discussion Leader
Walter Rosene, Jr. Jack A. Stanford
Private Consultant Research Specialist-Manager
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Dept. of Wildlife Conservation
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MANAGING BOBWHITES IN THE CUTOVER PINELANDS OF SOUTH FLORIDA

William H. Moore, USDA Forest Service, Southeastern Forest Experiment
Station, Forest Resources Laboratory, Lehigh Acres, Florida

Abstract:

Because the principles governing production of quail are similar
throughout its range, only problems and techniques unique to the flat-
woods of southwest Florida are discussed. A description of these pine-
lands includes geology and soils, climate and key plant communities.

The Florida bobwhite and its foods and other needs are discussed briefly.
A major portion of the text is concerned with the effects of primary

land uses on quail habitat, and management modifications to improve

quail production.

The bobwhite quail (Colinus virginianus L. ) is unquestionably the
most popular game species in the pinelands of the southeastern United
States. As a result of research begun some 50 years ago, management
techniques are probably more highly developed for this bird than for any
other species--we know how to manage for sustained, huntable populations.
Although problems and techniques of management discussed in this paper
relate specifically to the flatwoods region of southwest Florida, the
principles for increasing quail are similar throughout this bird's range.

The Flatwoods

Topographically, flatwoods are relatively flat, low pinelands of
imperfectly to poorly drained acid soils. They are young soils of
marine crigin atop relatively impervious deposits of marl, limestone,
and calcareous sandstones (1).

The climate is subtropical--more maritime than continental. The
weather is characterized by mild year-round temperatures and marked by
seasonal differences in rainfall. For example, nearly 0.75 of the
annual precipitation of 53 inches in the Fort Myers area falls between
May 15 and October 15., When the rainy season ends, moisture is lost
rapidly, primarily through evapotranspiration. A dry winter culminates
with a distinct and often severe drought in April and early May.

Ecologically, the flatwoods are characterized by open stands of
longleaf pine (Pinus palustris Mill.) and south Florida slash pine
(Pinus elliottii var. densa Little & Dorman) growing in association with
saw-palmetto (Serenoa repens (Bartr.) Small) and pineland threeawn
(Aristida stricta Michx.). A high summer rainfall coupled with very
slight differences in local elevation and poor drainage, has caused the
development of numerous small wet prairies and freshwater marshes as
well as several other minor plant communities (1).

The pine-palmetto community covers about 75% of the land area. Saw-
palmetto covers 20% or more of the area. A number of other shrubs occur--
most are evergreen. Pineland threeawn the common "wiregrass," is the
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dominant herb but numerous other grasses, grasslikes, and forbs are
found. Legumes are scarce.

Wet prairies are short-grass meadows in a seasonally flooded eco-
tone between the pinelands and freshwater marshes, and are locally called
""'sloughs." They frequently form drainageways connecting freshwater
marshes and typically occupy 10-15% of the area. Common species are pine-
land threeawn, panicums (Panicum spp.), beakrushes (Rhynchospora spp.),
and razorsedges (Scleria spp.).

Freshwater marshes, or '"ponds' as they are locally called, occupy
an additional 10-15% of the area. These treeless hydric communities are
dispersed along natural drainageways (sloughs). Most are somewhat cir-
cular depressions often with centers of pickerelweed (Pontederia lanceolata
Nutt.), arrowhead (Sagittaria lancifolia L. ), fire flag (Thalia geniculata
L.), or sawgrass (Mariscus jamaicensis (Crantz) Britton). Water usually
stands in the deeper centers year-round, but many shallow "sand'" ponds
dry up during the spring. Freshwater marshes are of little value to quail
except during the dry spring when green vegetation is available.

The Florida Bobwhite

The Florida bobwhite quail (Colinus virginianus floridanus Coues)
is slightly smaller and darker than the typical eastern bobwhite (C. v.
virginianus L.). The Florida subspecies averages about 5 oz (12) as
compared with 6 oz for the eastern subspecies.

The Florida bobwhite occurs throughout southern Florida and north-
ward about 0.75 up the peninsula. To the north there is considerable
overlap with the eastern subspecies (12).

Frye (2) noted that breeding activity starts early in south Florida
with some pairing off as soon as February; breeding may extend into
October. Nesting usually peaks in May and June but will vary depending
upon weather.

Frye (2) found reproductive success to be inversely related to sum-
mer rainfall. As noted previously, summer is the rainy season in south
Florida and a dry summer rarely occurs. Rainfall will average about
8.5 inches per month during this period. Sudden downpours are common.

Fall populations in Charlotte County ranged from 1 bird per 63
acres to 1 bird to nearly 6 acres over a 7-year period, an average of 1
bird per 23 acres (2).

Because the vegetation of the flatwoods is quite different from that
occurring elsewhere in the bobwhite range, foods available and taken by
quail can also be expected to be different. Laessle and Frye (8) found
that annual razorsedge (Scleria muhlenbergii Steud.), commonly called
"sloughgrass," constituted about 27% of the diet. Achenes of slough-
grass and the fruits of dwarf waxmyrtle (Myrica pusilla Raf.) together
were more than 40% of the total diet on the Webb Wildlife Management Area.
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Puffball fungus and green plant material are also important items
during the winter. 1Insects and seeds of many weeds and grasses make up
the summer diet. Various masts and fruits are utilized during late
summer and fall as available.

For all practical purposes, food and cover are the habitat essen-
tials subject to management. On most quail ranges in the South, winter
foods and nesting cover give managers the most trouble (2, 13, 15). These
seem to be the primary problems in south Florida as well.

Management

Since Ponce de Leon brought the first cattle to this country in
1521, the pinelands of south Florida have been extensively grazed and
for years a low level of range management was practiced. The woods were
burned as frequently as possible to control shrubs, remove the herba-
ceous ''rough," and "freshen" forage (14). During the 1940's the pine-
lands were heavily cut over, and shallow canals connecting ponds and
sloughs were dug to enhance surface drainage.

Although most grazing still depends on native range, improved
pastures are rapidly increasing in importance, but intensive forestry is
not yet a widespread practice. Other agricultural enterprises such as
citrus and vegetable production have invaded the region and are on the
increase. Extensive urbanization has accompanied phenomenal human popu-
lation increases during recent years and is expected to continue.

Extensive forestry and ranching operations over much of the present
quail range stand to be overwhelmed by intensive agriculture, land specu-
lation, and urbanization. These latter uses drastically alter the land's
natural features, and quail habitat is degraded or destroyed. Managers
in the future will face the increasing difficulties of integrating habitat
essentials within landscapes managed primarily for other uses.

Cattle Ranges

Grazing

Range specialists recommend rotational grazing to increase effi-
ciency of forage use and to improve vigor of important range plants (6);
however, continuous year-long grazing is still commonly practiced.
Cattlemen normally burn the range in alternate years and subsequently
practice rotational grazing whether planned or not. Cattle utilize
freshly burned range while l-year-old roughs receive comparatively light
use. According to Frye (2), this rotational burning-grazing system
improves quail habitat.

Wiregrass, the principal herbaceous cover, quickly becomes impene-
trable roughs for quail if not constantly kept open. Frye (2) noticed
that moderately heavy grazing reduces this mechanical barrier by break-
ing up and thinning out ground vegetation. Grazing and trampling tend
to be spotty or uneven and create a more diverse ground cover that is
preferred by quail.
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In many sections of the Southeast, grazing even at moderate levels
is considered detrimental because cattle consume important quail food
(11, 15, 16). With the exception of sloughgrass and several panic gras-
ses, however, quail food plants are generally not a part of the cattle
diet in these pinelands. The occasional heavy use of these species by
cattle does not appear to be detrimental. In fact, Frye (2) found thick
stands of sloughgrass benefited when moderately grazed. Removal of some
plants allowed for greater crown development which resulted in a greater
seed crop.

Where grazing is permitted, Stoddard (15) noted that quail tend to
select nesting spots protected by briers, pine saplings, or other shrubby
growth. Of 2 dozen or so nests observed locally over the last few years,
all were located under the protective canopy of shrubby growth, usually
saw-palmetto or dwarf waxmyrtle. In view of this, nesting-cover manage-
ment on cattle ranges should include small clumps of low shrubs.

Quail habitat benefits when rotational grazing programs properly
combine improved pasture with native range. When fall-burned native
range is grazed throughout the winter and spring, perennial vegetation
is thinned out. Then, while cattle graze improved pasture during the
summer and fall, food-producing annuals will develop and nesting activity
can proceed unmolested.

A major concern, however, is the tendency of landowners to establish
large, rectangular improved pastures completely cleared of saw-palmetto
and other brushy cover. They are typically planted to improved grasses
such as bahiagrass (Paspalum notatum Flugge) or pangolagrass (Digitaria
decumbens Stent.) and then closely grazed. These pastures are of little
benefit to quail.

When quail management is a consideration, pastures should be small
and narrow, containing a few mast-producing trees as well as scattered
brushy cover (15). Frye (2) recommends strips of pasture 50 to 100 yards
wide alternating with similar widths of natural vegetation. Clumps of
saw-palmetto or islands of other undisturbed shrubby vegetation scat-
tered throughout these strips provide additional refuge and protective
nesting cover. Stoddard (15) suggested that such a pasture configura-
tion might greatly benefit quail when placed in extensive roughs dif-
ficult to maintain by burning or grazing and in young pine plantations
where fire is temporarily excluded.

Burning

The flatwoods consist of fire-dependent communities of highly flam-
mable species. Burning, therefore, has only a temporary effect. Fire
consumes dead plant material and thins out the perennial fire subclimax
vegetation by reducing plant size. Annual plants are stimulated the
first year. The resulting vegetation is open and in good condition for
quail to feed. One fire-free year is normally required for a burn to
fully recover.

Frye (2) found sloughgrass production greatly improved on winter-
burned areas as compared with similar adjacent unburned sites. My
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trials underway near Fort Myers are providing substantiating information.
Although burning 2-year roughs and applications of rock phosphate did
not increase plant numbers, increases in plant size resulted in improved
production of sloughgrass achenes as compared with 2-year-old roughs.
Burning alone produced twice as many achenes (2.5 lb/acre) and the addi-
tion of rock phosphate (1 ton/acre) 7 times as many (7.3 lb/acre).

Frye (2) found time of burning important. Burning in the fall and
early winter while the soil was still moist and the vegetation green
provided spotty, incomplete burns creating diversity and "edge." Early
burning also favored sloughgrass production, but spring burning consumed
many seeds of value to quail. Burning after February becomes hazardous
and difficult to control. Hot sweeping fires result when both soil and
vegetation are dry. Large areas may be completely cleaned and rendered
temporarily unusable. Moist areas subject to flooding may be the only
places to escape burning, and quail are attracted there to nest (15).

Frye (2) concluded that early burning appeared beneficial to cattle
by producing several months of slow-growing, tender forage while spring
burns produced rapid growth that tended to ''get ahead" of the cows and
become tough and unpalatable quickly. However, as reported by Hilmon
and Hughes (5) some ranges are burned progressively from October through
the winter to as late as May to extend the period when nutritious forage
is available for cattle. Ranges burned in March or May produce 2 to 4
times as much herbage in the 60 days after fire as ranges burned in
October or November (9). 1In a well-managed cow and calf operation,
therefore, the breeding season is planned to provide calves that are
large enough to consume the considerable quantities of herbage when
forage quality is highest in the spring and summer (7).

In summary, fall and winter burning appears to be compatible with
optimum production of quail on ranges grazed yearlong by cattle. About
0.33 to 0.5 of the range should be burned each year, but burning should
not be done after nesting begins in March.

Discing

Discing is widely used by game managers to control unwanted peren-
nials and to stimulate seed-producing annuals. In south Florida, disc-
ing more or less destroys the dominant wiregrass cover. Sloughgrass
and other annuals respond vigorously the first year (2) but are rapidly
replaced by bluestems (Andropogon spp.), panicums, goobergrass (Amphi -
carpum muhlenbergianum (Schult.) Hitchec.), and other species, most of
which are palatable to cattle.

In my study near Fort Myers, discing failed to benefit sloughgrass
plant numbers but did increase plant size and seed crop of sloughgrass.
Discing 2-year-old roughs produced 6 times as many seeds (6.2 lb/acre)
while the addition of fertilizer to disced strips increased the yield
40 times over that on 2-year-old roughs (41.4 lb/acre). On these sites,
however, cattle concentrate, overgraze, and destroy most of the vege-
tation beneficial to quail. Moreover, when rock phosphate is added,
the vegetation is so closely grazed it provides low-maintenance fire-
breaks. Consequently, strip discing is not considered practical on
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cattle ranges unless protected from grazing.

Seeded strips or food patches have not been successful. Many cul-
tivated legumes and grains have been tried (2) but none survived the
poorly drained soils and extreme weather conditions.

Chopping

Chopping refers to a method of controlling unwanted vegetation to
improve cattle grazing or to prepare planting sites for pine. Treated
areas are ''cross-chopped" at right angles with heavy drum choppers. The
sod is cut into l-ft squares resulting in considerable surface soil
disturbance, but the sod is not turned as with discing. Saw-palmetto
and wiregrass cover is reduced considerably, often as much as 90% (10).
However, annuals do not respond as vigorously as when disced, and sites
revert more quickly to a perennial vegetation valuable as cattle forage.
Treated areas are frequently too large and shrubby cover too sparse for
ideal quail habitat.

When chopping is employed as a grazing improvement practice, areas
treated should be small to benefit quail. If done in alternating strips
as recommended by Frye (2) and Stoddard (15) for improved pastures, it
would undoubtedly be most beneficial to quail because this treatment pro-
duces a variety of plants, including native panicums and paspalums.
Grazing is generally moderate if adequate acreage is provided.

Pine Plantations

Intensive forestry is secondary to grazing in the cutover pinelands.
Many ranchers disregard pine production with their burning and grazing
programs, consequently much of the area continues to be unstocked with
pine. Some landowners, however, are beginning to plant both the typical
and the south Florida varieties of slash pine to increase revenues. The
typical variety is gaining favor because of better form and superior
early growth, but the south Florida variety is more fire resistant and
might be best adapted to an integrated program of cattle-quail-timber
management.

Traditionally, pines are planted to provide a uniform distribution
of trees. The current recommendation of 8 x 10 ft produces maximum
shade impact on understory vegetation; consequently such plantations are
often referred to as "biological deserts.”" During much of the rotation
they are of little value to quail or cattle.

If timber is to be integrated with cattle and quail production,
silvicultural practices must be modified to permit more direct sunlight
to reach the plantation floor. Rosene (13) recommends reducing the
basal area of fully stocked merchantable stands by at least 30%. A
similar reduction in planting density should also be effective.

An alternative might be to alter the planting configuration without
drastically affecting stocking. Increasing the planting space between
rows to, say, 24 ft and decreasing the within-row space to 4 ft would

AN
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allow much more sunlight to reach the understory during the sapling stage
while maintaining stockings at recommended levels. Another possibility
would be 42 ft between double rows 6 ft apart planted 4 ft apart in rows.
These configurations are being tested on cattle range. Another possible
alternative is planting pine closely in narrow strips with greater dis-
tances between strips.

Feeders

The effectiveness of automatic feeders is a controversial subject.
Haugen (4) found feeders to be of little or no value on a study area in
Alabama. Frye (3), however, observed an increase from 1 bird per 10
acres to 1 bird in less than 6 acres, and concluded that feeders were
useful on areas where food is in short supply, such as on heavily grazed
range or near improved pastures. The practice is expensive and probably
impractical on public areas. Feeders should be considered a last resort
for providing food.

Urbanization

In many respects, urbanization is the most destructive and most
intolerable land use so far as game is concerned. There is little hope
for integrating huntable populations of quail within urbanized areas.
However, recent new ideas in urban planning, such as cluster development
make possible the integration of open spaces containing natural vege-
tation. The inclusion of wildlife as an aesthetic resource appears
promising. In many suburban landscapes, quail already have important
aesthetic appeal--where a little open space provides habitat essentials,
quail are often attracted to the dooryard with artificial feeders.
Rarely do we observe in the wild an entire family group so close at
hand.

b

Summary and Recommendations

Many problems and techniques of quail management in Florida's "semi-
aquatic' pinelands are unique. The Florida bobwhite is very sensitive
to weather extremes. Both winter food production and nesting activity
are affected by severe spring droughts and excessive summer rains. In-
adequacy of winter foods and nesting sites appears to be the main pro-
blem. Florida's human population is expanding rapidly and the ability
to provide habitat essentials is becoming acute as land use intensifies.

The rotational burning-grazing system practiced by cattlemen im-
proves quail habitat. Frequent burning prevents a buildup of old grass.
Moderately heavy grazing complements fire by breaking up and thinning
out herbaceous vegetation. Recommendations for optimum results follow:

Burn native ranges on 2- or 3-year cycles.

Burn during the fall and winter before nesting activity starts
in March.

Graze native range during the winter and spring.
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. Rotate cattle to improved pasture during the summer and fall.
This relieves native range of grazing pressure while quail food
plants develop and birds nest.

. Establish improved pastures and other range improvements in
narrow strips, 50 to 100 yards wide, with alternating strips
of natural vegetation.

. Leave scattered clumps of saw-palmetto or other natural vege-
tation for nesting cover.

Discing is effective in south Florida. The native wiregrasses are
eliminated and desirable annuals respond vigorously. Discing, however,
invites overgrazing and is not practical unless protected from cattle.

. Disc strips during the fall and early winter while the soil is
moist.

. Application of rock phosphate will greatly increase response.

Pine plantations stand to degrade quail habitat unless silvicul-
tural practices are modified to permit more direct sunlight to reach the
forest floor throughout the rotation. A reduction in stocking is effec-
tive, but there are other alternatives.

. Plant more trees in rows to provide greater distances between
TOwWS.

. Alternate strips of closely planted pines with strips of natural
vegetation.

. Burn and graze pine plantations as early as possible after
planting.

Grazing can usually commence after a l-year deferment. Burning under the
south Florida variety of slash pine can usually start at age 4 or 5
years.

Automatic feeders for quail are expensive but useful on cattle
range when food is in short supply.

. Feeders should be considered a last resort method of providing
food.

Although huntable populations are probably not practical in urban
areas, quail can be an important aesthetic resource in suburbs where some
open spaces are provided.

Urban planners should consider cluster development or other
designs that provide for an intermingling of natural vegetation
with building sites.

With the proper manipulation of burning and grazing, and with modi-
fications in improved pasture and pine plantation design, high populations
of quail can be maintained in south Florida. Sustained yields of 1 bird
per 5 to 8 acres of rangeland should be practical.

Tk
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INSECTS AND BOBWHITE QUAIL BROOD HABITAT MANAGEMENT

George A. Hurst, Department of Wildlife & Fisheries, Mississippi State
University, Mississippi State, Miss.

Recipient of the "Wendell Bever' award presented by the Okla-
homa Wildlife Federation to the best paper of the Symposium.
The award was in memorium to the late Wendell Bever, former
Director of the Oklahoma Department of Wildlife Conservation
and Regional Representative of the National Wildlife Federation.

Abstract:

Small insects were the most important foods eaten by quail chicks
2 to 20 days of age. The foods eaten, in order of importance, were
beetles, leafhoppers, true bugs, spiders, grasshoppers, ants, larvae,
snails, and flies. Important seeds ingested were Panicum spp., Carex
spp., Scleria spp., Paspalum spp., and Setaria sp.

The effect of fire, a major tool in southern quail management, on
insect populations was studied by sampling burned and unburned plots
with a sweep net and a D-vac machine. On an old-field type of habitat,
population densities and biomass of herbivorous insect populations were
significantly greater on February-burned plots than on 5-year-old un-
burned plots. Two peaks in numbers of insects were found. The first
peak of ca. 64,000/acre (sweep net) occurred in mid-June. The second
peak occurred in mid-August (D-vac) with a density of ca. 90,000/acre.
Total insect biomass, excluding individuals over 0.035 g dry weight,
averaged 147 g/acre (sweep net) and 128 g/acre (D-vac).

In the second phase of the study, in a longleaf pine forest habitat,
grasshoppers were the only species of insect having significantly
greater density and biomass on unburned, 3-year-old "roughs" than on
annually burned plots. Lack of litter on annually burned plots probably
caused this disparity. At peak density, in the period of mid-July to
early August, sweep-net density was 19,500/acre and D-vac density was
58,500/acre. Total insect biomass averaged 79 g/acre (sweep net) and
52 g/acre (D-vac).

The major considerations for brood habitat are abundance and avail-

ability of insects. 1In old-field habitat, fire increases insect abun-
dance and removes accumulated litter, opening the area for ease of chick
movement. If the soil is fertile, then annual burns are feasible. The

interval of burning advocated is 1 or 2 years, but local problems may

oy
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modify this. Burning annually in the poor-soil region of the longleaf
forest type is not necessary.

The reproductive season is the most important phase of bobwhite
quail life history, but little is known about needs of quail chicks.
Indeed, the phrase 'brood habitat management' is probably new to most
game managers. We lack knowledge about the survival of young stages of
many wildlife species, so the problems of youth in nature must be
studied (12).

A study conducted in Georgia (4) found an average mortality of 50%
in quail between hatching and 15 weeks of age. The highest mortality
occurred during the first 2 weeks of life. Causes of chick mortality
vary, but I believe the abundance and availability of foods should be
considered foremost (3,5). Quail chicks have an extremely high demand
for protein during the first 2-3 weeks of life; about 28% of their diet
must be protein (11). Few data are available concerning the food habits
of quail chicks. The most detailed study (5) reported that chicks mainly
ate insects in the first 2 weeks posthatching then gradually changed to
a diet containing more vegetable matter. One objective of my research
was to obtain data on quail chick food habits, emphasizing the ingestion
of insects.

In the Coastal Plain region of the South, 2 quail management prac-
tices are used widely: controlled burning and food plots. The effects
of controlled burning on insect populations have not been studied exten-
sively (8). The second objective of my research was to study the effects
of fire on insect populations.

I want to thank Mr. Alton Dunaway for his assistance in the longleaf
pine study which was financed by the Bass Pecan Company, of Lumberton,
Miss. I wish to particularly thank Mr. Robert Clanton and Mr. Vernon
High of that Company.

Many thanks are due various people and organizations who helped
with the right-of-way study. Special gratitude is extended Dr. Walter
Drapala and Mr. Dave Horton, Department of Experimental Statistics,
Mississippi State University. I also want to acknowledge the help of
Dr. Dale Arner and others of the Department of Wildlife and Fisheries,
MSU. Finally, I thank my wife "Ting" for her many hours of help in the
field and sorting insects.

Study Areas

Two study areas are referred to in this paper. The first area is

a 150-ft-wide power line right-of-way (ROW) located 10 miles W of
Starkville, Mississippi. The land form present is the Interior Flat-
woods of the Upper Coastal Plain, in Oktibbeha County. The ROW was
originally cleared in 1965 and has not received any maintenance. Second
growth mixed hardwoods and pine forest, about 30 years old, border the
ROW. The plant community on the ROW is a dense growth dominated by
broomsedge (Andropogon spp.) and to a lesser extent by panic grasses

Panicum s ...t Hpsbs such as Eu atorium s . Heldanthus an ustifo ius
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of insects on the 10 burned plots versus those on the 10 unburned plots.
An AOV was also used to compare total dry weight of insects on the
treated (burned) plots versus total weight on unburned plots. The total
numbers of insects collected on burned and on unburned plots were com-
pared statistically by a 2 x 3 and a 2 x 4 factorial AOV.

When all samples had been completed, a multiple AOV was used to
determine significance for the lumped samples, 3 DV and then 4 SN, each
type of sample being analyzed separately. Duncan's New Multiple Range
Test (DNMRT) was used to distinguish significant means.

A randomized complete block design with subsampling was used in the
PH study. An AOV was used to compare quantities and dry weights of the
major species of insects on the AB plots versus those on the 3-YOR.
Total dry weight of insects in the samples was included in the AOV. Fac-
torial analysis for total insect numbers was not performed due to unequal
sample size.

Admittedly, sampling of insect populations is not a precise science.
In an attempt to gain valid results, I used 2 different sampling tech-
niques. Sampling was done by 1 technique every 2 weeks. The SN con-
sisted of a 19-inch handle, 30-inch deep heavy-duty net, and a hoop dia-
meter of 15 inches. A SN sample consisted of 144 strokes per 0.2 acre
(ROW) and 72 strokes per 0.25 acre (PH). Sample size was reduced in the
PH study because the vegetation was not as dense and was more uniform
than in ROW. A stroke was made so as to strike as near the ground as
possible and to remain parallel to the ground for 50 inches. I moved
at a fast walk (28-32 sec to take 36 strokes). The strokes were taken
on straight lines from 1 end of a subplot to the other, 36 strokes per
line (ROW) and 24 strokes per line (PH). A different starting point was
chosen randomly for each sample. A single SN stroke was calculated to
have a volume of 8,831 cu. inches, a 15 inch circle traveling 50 inches.
Therefore, 144 strokes (ROW) would be 6.83% of the total possible volume
within 15 inches over 0.2 acre. The PH sample (SN) was calculated to be
3.75% of the total possible volume within 15 inches over 0.25 acre.

The DV machine having an intake nozzle diameter of 6.5 inches, was
held about 6 inches from the ground or litter. A DV sample consisted of
carrying the machine in a straight line, 4 lines per 0.2 acre (ROW) for
a total of 525 ft and 4 lines per 0.25 acre (PH) for 420 ft. I moved
at a fast walk (25-30 sec to travel 100 ft). The lines went from one
end of a subplot to the other end, with a starting point being randomly
chosen for each sample. The DV sample was trapezoid in shape, -the top
being 6.5 inches wide, the bottom 12 inches wide., and 6 inches high.

A DV sample was calculated to be 4.67% of the total possible volume
within 6 inches over 0.2 acre, and 3.40% within 6 inches over 0.25 acre.

Insects in a sample were killed by spraying them with carbon tet-
rachloride after which they were sorted manually from the debris, identi-
fied, counted, dried at 83 C for 7 hr, and weighed on a top-loading
balance. All weights listed are oven-dry. 1Individual insects weighing
more than 0.035 g were discarded as they were considered too large to
be ingested by quail chicks.
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The 2 sampling methods give quite different results for total num-
ber and total insect weight. The SN is more efficient at collecting
large, fast-escaping types, especially grasshoppers. Therefore, this
method collects greater total dry weight of insects. The DV captures
considerably more of the extremely small insects, thus it collects a
much higher quantity of insects. The DV represents best what is avail-
able for quail chicks because it samples in the feeding zone of chicks,
up to 6 inches above ground, collects tiny insects of the size usually
eaten by chicks, and collects the types (slow moving) usually eaten by
chicks.

The main objective of the research was to determine if the insect
total weight or total number, by insect type, differed between burned
and unburned subplots. Thus the 2 types of sampling methods would have
to agree in capture characteristics in order for the results to be ac-
ceptably comparable. Regarding the question of insect density and bio-
mass, the differences in the sampling methods must be remembered. The
results of the sampling can be converted because sampling of the same
plots on the same day showed the following ratios, DV:SN, to exist as
far as number caught: spiders 3:1, flies 5:1, ants 4:1, and homopterans
1.6:1. The SN and DV collected beetles and hemipterans at about the
same ratio. The SN collected twice as many orthopterans as did the DV.
The total dry weight of insects in the SN was about twice as much as in
the DV.

Newly hatched quail chicks, 126 in the ROW and 38 in the PH study,
were placed with a broody bantam hen. When adoption was complete, a
brood containing 7-20 chicks was released on a burned plot in the ROW
study and on both 3-YOR and AB plots in the PH study. Fewer chicks
were used in the PH study than in the ROW study due to a lack of time
and personnel. Also, chicks not eating anything were not included in
the results, and there were a greater number of noneating chicks in the
PH study. The chicks, age 1-20 days, were able to move about the entire
plot in search for food items. Each brood remained on the plot for 5-10
hr, then was picked up and killed immediately at dusk. Crop and gizzard
contents were combined for the ROW study, but in the PH study only crop
contents were counted to reduce a possible bias.

Three criteria were used to arrive at a relative-importance value
for the insects eaten: average number of a given species of insect per
chick, frequency of occurrence, and my ocular estimate of the weights of
the insects eaten. Having weighed the same insects many times from the
insect samples, I could estimate quite accurately relative weights of
the insects eaten by chicks. Weight estimates were ranked from 1 to 8,
with 1 being the heaviest. The relative importance of seeds found in
chick crops, or in crops and gizzards combined, was based on the average
number of certain species per chick.

Results
Quail Chick Food Habits-Insects

Adopted Quail Chicks

i)







71

Table 2. 1Insects in crops and gizzards of 38 quail chicks
released on the AB and 3-YOR PH plots.

Insect category

Criterion Spider Ant Fly Leaf- True Grass- Bee- Larval¥*
hopper bug hopper tle forms
Avg. No./
chick 5.2 6.4 1.9 4.2 1.9 2.5 3.2 2.0

% Frequency .
occurrence 50 95 32 32 24 10 45 37

Rank of wt. .
importance 5 3 8 2 6 7 1 4

*Mostly Lepidopterans

Wild Quail Chicks

A summary of food items found in the crops of 6 wild quail chicks
is presented in Table 3. Chicks labeled A-C were captured in habitat
very similar to the ROW, and chicks D-F were caught in the longleaf pine
forest habitat (PH).

Table 3. 1Insects found in the crops of 6 (A-F) wild quail
chicks, age 7-14 days.

Arthropod Actual number found in the crop
type » A B C D E F
Spider 10 9 2 5 3 by
Fly 0 1 0 0 0 0
Ant , 1 2 0 2 0 0
Grasshopper 2 2 1 0 1 2
True bug 8 7 3 3 0 5
Leafhopper 36 12 9 5 1 12
Beetle 3 3 4 12 3 3
Hymenopteran 0 0 0 0 0 2
Larval form#*¥* 3 0 0 3 0 24
Snail 1 0 0 24 0 0

*Including one female with 42 newly hatched young
**Lepidopteran and Coleopteran

1E %

TR
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Leafhoppers ranked first in number eaten per chick, followed by
spiders, beetles, and true bugs. 1In frequency of occurrence, beetles,
spiders, and leafhoppers all rated 100%, followed by true bugs and grass-
hoppers. According to the 2 criteria above and my weight estimates, the
rank of importance, most important to least, is: beetles, leafhoppers,
true bugs, spiders, larval forms, grasshoppers, and the other types.

The chicks, whether adopted or wild, ate extremely small insects in
most cases. Most food items were <8 mm long and weighed <0.005 g. The
largest item eaten was a grasshopper that was 20 mm long and weighed
0.051 g. This individual was partly in the crop and extended all the way
into the chick's gizzard. This grasshopper was the only exception to
the weight of 0.035 g chosen as being too big for ingestion by quail
chicks. Other large examples were a June beetle (0.027 g), a ground
beetle (0.022 g), an adult stink bug (0.030 g), and a lepidopteran larval
form 20 mm long and weighing 0.021 g.

It is not known how much food, insects and/or seeds, quail chicks
eat or need per day. Some preliminary data are presented as indicators.
A wild quail chick, about 9 days old, had a total of 0.212 g of insect
food in its crop and 0.01l7 g of seeds in its crop and gizzard combined.
The greatest amount eaten by an adopted chick, 14 days old, was 0.203 g
of insect food in the crop and 0.014 g of seeds in the crop and gizzard
combined. These were the largest amounts found in crops of chicks;
most chicks had eaten much less.

Quail Chick Food Habits-Seeds

Estimates of seed abundance and availability on the study areas were
not made. Consequently the results of this phase of the chicks' food
habits will be restricted to a brief summary of the more important species
of seeds found in the chicks' crops. The ROW chicks, age 2-20 days, ate
mostly Panicum lindheimeri and Carex cherokeensis seeds. Other important
species were Scleria spp. and Paspalum spp. Panicum anceps became impor-
tant in August, when the seeds matured. Many seeds of P. lindhimeri and
Scleria spp. were eaten directly from the plants. Wild quail chicks
caught in habitats similar to the ROW had eaten mostly Panicum SpPp.
seeds, as well as Scleria spp., Digitaria spp., and Setaria spp. Adopted
chicks in the PH study ate Panicum spp. seeds mostly, but also consumed
Scleria spp., Cardamine spp., and Paspalum spp. Wild quail chicks cap-
tured in the PH area had eaten mostly Panicum spp. seeds, along with
some Scleria spp. and Cardamine spp. seeds.

Insect Samples-ROW Study

Results of the 7 samples, 4 SN and 3 DV, taken in the summer of 1969
on the ROW plots are presented in Tables 5 and 6. The AQV results for
insect mean numbers and mean dry weights are also given.

Spiders were most numerous and had the greatest dry weight on the
burned plots, but differed from unburned plots significantly in only 2
samples by number and 3 samples by weight. Ants were significantly
greatest in number in all 7 samples and significantly heavier in total
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wing collections and hunter questionnaires (unpublished data, CWRL),
have been similar to those on the Carbondale Research Area (CRA) with
1 exception. The 1960 decline was apparently much less severe on our
study area than throughout the entire region of southern Illinois.

The research area is located about 5 miles northeast of Carbondale
at 37° 46' N latitude. Topography is gently rolling, and unimproved
soils are of low to very low permeability and productivity. The climate
is characterized by relatively hot, humid summers and mild to occasionally
cold winters. Annual precipitation averages 44.8 inches with 54%
occurring from April through September (3). Maximum daily temperatures
average 89.8 F during the period June through August. January is the
coldest month with daily lows averaging 25.4 F. Temperatures of 0 F or
less occur, on the average, only 1 day a year. During the study, the
number of days with ground snow cover = 1 inch averaged 12.6 and ranged
from 3 to 36.

Land use has averaged about 307% intertilled crops, 30% forage, 8%
small grains, 21% idle and fallow, 10% woods, and 1% miscellaneous.
Seventeen lots averaging 8.6 acres in size (range 2 to 32 acres) con-
stitute most of the wooded acreage. These lots have remained
essentially stable, but fencerow and roadside cover had declined. Idle,
fallow, and forage acreages have increased slightly, primarily at the
expense of small grains and to a lesser extent of intertilled crops.
From 1953 through 1958, corn was the principal crop, with only 27% of the
intertilled acreage planted to soybeans. During the next 9 yr, soy-
bean acreage increased to 57% and since 1968 has constituted over 707
of the intertilled acreage. Subjectively, it appears that secondary
plant succession has caused some deterioration of nesting habitat in
several fields formerly utilized heavily for nesting. Conversely,
some prime habitat has been developed by land use and secondary
succession in other parts of the area.

Of the many past and present graduate and undergraduate workers
of the Laboratory and the long hours they spent in the field collecting
data, we are deeply appreciative. We also thank Tony J. Peterle, Ohio
State University, William R. Edwards, Illinois Natural History Survey,
and Samuel R. Jewell, Southern Illinois University, for their helpful
criticisms of the manuscript. -

Population Levels and Fluctuations

Although there has been considerable annual variation in November
and March population levels on the CRA (Fig. 1), a degree of long-term
stability is evident. Net population changes between November
censuses (i.e. annual population changes) have exceeded 15% in 12 of
the 18 years of study. Six of these changes have been increases aver-
aging almost 417% and 6 have been declines averaging just over 30%. The
net population change for the 18-yr period is +4.3%. The maximum
November density was 1 bird per 2.2 acres and the minimum 1 bird per
8.2 acres.

Most populations are likely to fluctuate annually even under




270

conditions of relatively stable habitat (24), but the level about which
these fluctuations occur is a function of habitat quality among other
things. Wagner et al. (36) stressed the importance of maintaining the
distinction between population balance and density determination when
attempting to explain population behavior. We believe that overall
habitat conditions on the Carbondale Research Area during these in-
vestigations have been sufficiently stable to permit a discussion of
factors other than habitat that may be influencing annual fluctuations.
We realize, however, that subtle, short-term changes in habitat quality
may have caused some of the variance in seasonal population levels and
thus in estimated rates of productivity and mortality.

Fig. 2 represents a simplified compartmental model of some of the
more important components and interactions contributing to annual pop-
ulation change on the study area. Except for sampling error, these
annual changes and their variance are accounted for by the 2 major
components of the model, i.e. net losses from fall to spring and net
gains from spring to fall. The relative importance or input of
recognizable components of any system should be understood before
attempting to interpret the subcomponents (22). Thus, we attempted to
determine how much of the variation in annual population change was
attributable to variation in net rates of gain from spring to fall as
opposed to rates of loss from fall to spring. Initially, we cast
rates of gain and loss as independent variables in a multiple regression
model which predicted annual population change, then examined the
several indicators of relative "importance' (4). However, Tukey (33)
and Darlington (4) have warned that any attempt to quantify exactly
the relative importance or contribution of each individual predictor
variable in a set is probably not advisable when there is intercorrela-
tion among these predictors. Consequently, we will merely state that
differences in rates of productivity from spring to fall have contributed
substantially more to the variance of annual population change than
have rates of loss from fall to spring.

Net Losses from Fall to Spring

Population decline from November to April is the cumulative result
of hunter harvest, natural mortality, and the effect of differential
ingress-egress. No attempt will be made here to distinguish between
losses due to mortality and egress. We have observed that while some
covey movement across study area boundaries does occur during this
time, the net result is not great. Thus, most nonhunting losses
actually reflect mortality, most of whichare believed due to predation.

November to April losses have averaged 66.2%. During the seasons
of 1970-71 and 1971-72, low fall populations declined only 36 and 37%,
respectively. Prior to these years, winter losses varied only from
60 to 81% (Table 1). Of the total number of birds lost each year from
November to April, hunting takes an average of 67% while natural
mortality during the hunting season and from January through March
accounts for 11 and 22%, respectively.
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The percentage of birds removed from the fall population by hunters
has averaged 43.9% (range 22.3 to 67.1). Annual rates of harvest have
not been strongly correlated with fall densities (r = +0.33). However,
the harvest rate is correlated with the amount of hunting pressure
(r = +0.84), which has varied from 162 to 457 and averaged 321 gun
hours per season. No strong correlation exists between fall densities
and hunting pressure even though late-season declines in effort were
often noticeable during years of low populations. Kill per unit effort
averaged 0.61 bird per gun hour (range 0.25 to 1.16) and, as would be
expected, was strongly correlated with fall population size (r = +0.90).

Percent population decline from November to April is definitely
related to hunter harvest rates (r = +0.60) but the correlation does
not seem particularly strong because harvested birds usually constitute
0.66 of all losses during this period. Apparently, rates of harvest
and total winter loss are not more closely correlated because posthunt
mortality from January through March is somewhat dependent (r = +0.32)
on January densities which in turn depend partially on harvest rates.
The slight density-related nature of these posthunt losses may reflect
Errington's contention (5,6,7) that predation varies directly with
population density in relation to habitat quality. The fact that pop-
ulations are lowered by hunting on our study area may reduce the effect
of density on late-winter mortality.

While some compensation to hunting is effected by the slight density-
related nature of posthunt losses, hunting does increase total winter
loss to some degree. On a nearby nonhunted study area, we found winter
losses to average about 54% which may not be an unrealistic approximation
of what they would be on the CRA if it were not hunted. There is prima
facie evidence that the CRA population is maintaining equilibrium in
spite of annual harvests which average 44%. However, stabilization
of an exploited population does not necessarily mean that it exists at
natural equilibrium density (35). We will pursue this question in a
later paper.

As shown in Fig. 3, annual breeding densities are quite dependent
on (r = 40.75), and almost as varialle as, preceding fall densities
(coefficients of variation = 31.4 ana 34.3%, respectively). The strong
correlation between these 2 seasonal levels implies that fall to
spring mortality rates are mostly independent cf fall densities.
Actually, a moderate correlation (r = +0.54) exists between November
densities and percent declines from November to April. However, this
correlation is due almost entirely to the seasons of 1970-71 and 1971-72,
when both variates were quite low. Prior to 1970, the small variations
in rates of winter loss appeared to be independent of fall densities,
possibly because (A) harvest rates, which contribute substantially to
total losses, are apparently not density-related and (B) the relatively
heavy annual harvests may tend to keep posthunt populations below the
area's late-winter carrying capacity. This latter possibility is
further suggested by the apparent lack of a relationship between winter
weather and rates of nonhunting losses.
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Latham and Studholme (19) said that of all the environmental
factors affecting the bobwhite, snow caused the greatest hardship.
Studies of lightly or nonhunted populations in Wisconsin (12), Iowa
(16), and Virginia (21) all demonstrated a positive correlation between
length of snow cover and winter losses. The detrimental effect of
snow on bobwhite survival has been noted also in Missouri (32). Using
multiple linear regression (MLR), we tested the effects of length of
snow cover and low temperatures on posthunting survival, but no relation-
ship was evident at any level of population density. The fact that
weather has not had a measurable influence on survival over the entire
range of our data does not mean that losses, either directly or in-
directly attributable to weather, have not occurred. Mortality amounting
to 18% of the mid-February population accompanied a 23-day period of
severe weather in late winter, 1960 (26). Field observations suggested
that these losses, which mainly resulted from increased vulnerability
to predation, would have been considerably higher if most coveys had
not had access to standing corn and soybeans left unharvested the
previous fall.

Net Productivity From Spring to Fall

Net population increases from March to November expressed as
percentages of March populations are referred to in subsequent dis-
cussion as percent summer gains. These gains, which have ranged from
17 to 383 amd averaged 235%, are strongly correlated with corresponding
rates of annual population change (r = +0.74; Fig. 4). Variations in
percent summer gains could be influenced by differences in reproductive
rates or survival of chicks or both., Mortality of adult hens could also
be involved although most of such losses are thought to occur after
hatching (12,27) and thus would not influence reproduction. Lack (17,18)
believed that density-related variation in rates of summer gain re-
flected differences in survival of young rather than reproductive rates:
Hickey (9) agreed with this assumption. .Conversely, we feel that varia-
tion in annual summer gains on the CRA is influenced more by differences
in the number of chicks that hatch than by variation in rates of
survival,

We have no direct data on chick mortality, estimated at 2 to 4%
per week in other areas (12,14,28). However, from 1954 to 1963, there
was a correlation of +0.85 between the ratio of the known number of
chicks hatching to the estimated breeding population and the percent
summer gain. This implies that 72% of the variation in gains was
attributable to variation in the number of chicks hatching versus the
estimated breeding population, thus leaving only 28% of the variance
to be associated with other factors such as survival rates of chicks.

Our nesting studies indicated that total and relative productivity
were not influenced by annual differences in mean clutch size or
hatchability rates of eggs, but did correlate directly with the number
of successful nests found in relation to the estimated breeding popula-
tion. Further, differences in annual rates of successful nests per
breeding bird were due not so much to differences in the proportion of
total nests that hatched as in the total number of nests built.




273

In an attempt to interpret the influence of weather on productivity,
we calculated average maximum, minimum, and mean daily temperatures
and total rainfall for 10-day intervals throughout the year. These
data were tested, by simple correlations against the corresponding percent
of gains during summer to select biologically meaningful parameters of
temperature and moisture conditions during the periods of winter,
prenesting, egg laying, and hatching. The following predictor variables
were thus selected and tested by step-wise multiple linear regression in
an IBM 360 computer for their combined and individual contribution to
the variance of yearly rates of summer gain from 1954 through 1971
(criterion variance):

(1) breeding density
(2) number of days of snow cover =1 inch during the previous winter
(3) number of days of snow cover =1 inch during 2 winters previous

(4) average minimum daily temperature during the previous
1 February to 21 March

(5) average mean daily temperature from 22 March to 30 April

(6) total raiﬁfall from 22 March to 30 April

(7) average maximum daily temperature from 1 May to 19 July

(8) total rainfall from 1 May to 19 July

(9) average maximum daily temperature from 1 July to 28 August
(10) total rainfall from 1 July to 28 August

When considered in the presence of (with knowledge of) the other
predictors, breeding density, snow cover during the previous 2 winters,
and rainfall from 22 March to 30 April, were each found to account
individually for a significant (P<0.001) portion of the criterion
variance. Collectively, these predictors accounted for almost 75% of
the variance in annual rates of summer gain (R® = 0.747; P<0.01).

None of the remaining variables contributed significantly (P>0.05) to
the predictability of rates of summer gain. Although the mechanism by
which the variables influence productivity is not revealed by the MLR
analysis, the extent and form of this influence is indicated. TFirst
high breeding density and snow cover during the previous 2 winters
tended to depress gains while prenesting rainfall increased productivity.
Secondly, breeding density and snow cover during the previous winter
had a greater effect on rates of gain than did prenesting rainfall or
snow cover 2 winters previously. Thirdly, the negative regression

of productivity on snow cover in the previous winter was significantly
(P<0.001) curvilinear with the detrimental effect becoming relatively
greater as length of snow cover increased.

Several previous studies of bobwhites (5,6,12,16) have shown a
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changes to be negatively related to previous densities. Secondly,
periods of increase, decline, highs, and lows each generally persist
for several years. Finally, there is an apparent regularity of oscil-
lation with 8-10 year intervals between major highs and lows, respectively.
The negative relationship between population change and density is
clearly seen in Fig. 7 which plots annual rates of change as a function
of previous fall densities (r = -0.49). This population characteristic,
which is implicit in the concept of balance, is apparently a manifesta-
tion of the previously described density-related nature of both mortality
and productivity and possibly of the interaction between density and
weather. However, response to deviations from mean density is usually
not immediate. 1Instead, increases or declines tend to overshoot the
mean by a considerable margin then persist for several years at more
stable densities well above or well below the mean. This population
momentum, Which apparently results from the strong correlations between
successive seasonal levels (Figs. 3 and 6), seems able to persist for
several years before other pressures, presumably density related, finally
stabilize the population or impel it in another direction.

Serial correlations between seasonal densities may not be the only
cause of momentum. It has been observed that some populations tend to
remain at low levels for a time following declines even when apparent
causes of the decline (e.g. weather, high density) are no longer operating
directly on the individuals. When this occurs in short-lived species,
it suggests that the offspring of parents which originally suffered
the decline are somehow ''disadvantaged" in terms of their own survival
or reproduction or both. Errington (6) termed this period a '"depression
phase" while others (12,36) have mentioned the possibility of stress-
induced weakness being transmitted nongenetically from parents to young.
Obviously, further research is needed regarding the effects of various
kinds of stress on bobwhite population behavior and the possibility
that these effects may be delayed as well as direct.

Whether 'cyclic" population tendencies are due entirely to intrinsic
mechanisms or are the result of periodically occurring extrinsic factors
has long been a subject of great interest among population ecologists
(9,13). At least some of the regularity observed in our data seems
attributable to the combined effects of momentum and density-related
changes operating in tandem. Complicating the picture, however, is the
effect of weather, especially snow cover, which our study and others have
shown to be considerable. It would seem that randomly occurring years
of severe weather would tend to mask or dampen any intrinsic tendencies
toward regularity of oscillations. However, both winters of heavy snows
occurring on the CRA in 1960 and 1970 came immediately after periods of
high densities, just as the population appeared to be beginning a
decline. 1In addition, it is likely that the adverse effects of these
winters were at least somewhat intensified by the high densities. Thus,
it is not entirely clear whether the winters of 1960 and 1970 actually
caused or merely accentuated the population lows which followed. We
anticipate that information from our study will ultimately provide
valuab new insight into the phenomenon of population cycling. However,
in order to clarify the role of weather, it will be necessary to quantify
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its effects during other phases of the '"cycle'.
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BOBWHITE WHISTLING ACTIVITY AND POPULATION DENSITY ON TWO PUBLIC HUNTING
AREAS IN ILLINOIS

*
Jack A. Ellis, Keith P. Thomas, Illinois Natural History Survey,
Effingham, Paul Moore, Illinois Department of Conservation, Salem

Abstract:

Eight years of data from 2 public hunting areas in southern
Illinois demonstrate high multiple correlations (r = 0.97 and 0.84)
for prebreeding densities and call indices with the prehunt densities
of bobwhites (Colinus virginianus). Models derived from multiple
correlation analyses produced satisfactory predictions of prehunt densities.
The average number of calls per stop was the key element in the predict-
ing model. The number of whistling cocks heard per stop is of limited
value as an index because of difficulty in determining numbers when more

*Present address: Middleton, Massachusetts.
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than 7 whistling cocks are within hearing. The models for the 2 areas
appear different, but this possible difference cannot be satisfactorily
confirmed on the basis of data for only 8 years.

This paper discusses the correlation between audio-census indices
and fall population densities of bobwhites on 2 public hunting areas
in southern Illinois during 1964-71. 1In Illinois, counts of whistling
bobwhites have long been used as indices of summer abundance (6). Norton
et al. (5) evaluated published data relating to the use of whistle counts
as indices of fall quail populations from Missouri, Indiana, South
Carolina, Alabama, Iowa, and southern Il1linois and concluded (p 403):
"In the several sets of data we examined, there was little indication
that year-to-year changes in numbers of whistling cocks in summer was
predictive of autumn populations, and hence only a relatively small
portion of the variance could be explained,"

The data evaluated by Norton et al. (5) used the number of individual
males whistling as the basis for their predictions. 1In our analysis,
we have evaluated the number of bobwhite calls per listening stop and
the prebreeding census data, as well as the numbers of whistling cocks,
as bases for predicting fall populations,

The editorial assistance of G. C. Sanderson, W. R. Edwards, and
Helen C. Schultz is gratefully acknowledged. This paper is a contribu-
tion from Illinois Federal Aid Project W-66-R, the Illinois Department
of Conservation, the U. S. Bureau of Sport Fisheries and Wildlife, and
Illinois Natural History Survey, cooperating,

Methods

Data on quail population density and whistling were collected on
Stephen A. Forbes State Park (2,930 acres), Marion County, Illinois,
and on Sam Dale Lake State Park (1,300 acres), Wayne County, Illinois.
Detailed descriptions of these areas and the management programs
employed for upland game have been published (2). Upland game manage-
ment on these areas has remained unchanged except for the incorporation
of a 260-acre portion of the Dale area in 1970 and a 250-acre segment
of the Forbes area in 1968 into a sharecropping program including corn
(Zea mays), soybeans (Glycine max), and wheat (Triticum aestivum).

The Dale area is located in a more extensive area of high~quality
quail range than is Forbes. The Forbes area is surrounded on 3 sides
by relatively flat, gray-prairie cropland that is devoid of the brush
and woodlands essential for quail habitat of high quailty.

Audio-Censuses

Audio counts of quail were made at approximately weekly intervals
along a standardized route on each area from mid-May to mid-July during
1964-71 (Table 1). The censuses began at sunrise on mornings when
the wind velocity was less than 7 mph and the cloud cover was less than
75%. Counts of 2-minutes duration were made at each stop. The number
of bobwhite calls, and as many of the individual whistling cocks as
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could be distinguished, were recorded. It was difficult to identify the
number of calling cocks when more than 7 individuals were whistling,

as was frequently the case. When there were more than 7 cocks whistling,
we recorded the count as 7-plus cocks, along with the total number of
calls. We concentrated on counting accurately the total number of

calls. Actively calling cocks whistle every 12-20 sec or 6-10 times

per 2 min, with each call lasting about 2 sec. When more than 7
whistling cocks are within hearing distance, calling is virtually
continuous.

The census route of 6.25 miles, including 6 equidistant stops,
on the Dale area was established along the public road bordering the
area. The census route measured 6.14 miles on the Forbes area, with
2 stops located on the public road that bordered the park and 6
equidistant stops along the main park road. Thus, on a portion of the
census route on Forbes and along the entire route at Dale, whistling
quail both on and adjacent to the study areas were recorded during
the audio-censuses. No distinction was made as to the location of
whistling cocks relative to boundaries of the areas.

Population Estimates

The areas were censused during early November (prehunt), early
January (posthunt), and early March (prebreeding), with bird dogs to
locate coveys of quail. Harvest data were recorded at compulsory
hunter check stations located on each area. Two methods were used to
derive estimates of the prehunt populations: (1) prehunt censuses, using
bird dogs, and (2) adding the numbers of birds harvested to the posthunt
census figures obtained after the hunting season. The latter method
was considered more reliable during periods of high population densities.
However, both methods tend to underestimate the population, the first
because of missed coveys and the second because of known crippling
losses and natural mortality. Under low densities, census data can
be adjusted for coveys that are routinely observed but missed during
the census; this adjustment is not possible at high densities.

Analysis of Data

Census data were evaluated using multiple correlation analysis
performed by computer facilities of the University of Illinois, Urbana.
In the analysis, the estimates for the prebreeding census, average
whistle counts, and average numbers of whistling males were treated
as independent variables and the prehunt population estimates as the
dependent variables.

Findings

Although data for only 8 years (Table 1) were available for analysis,
it is obvious from the single-factor correlation coefficients that call
counts have been closely correlated with prehunt quail density,
particularly on the Dale area (Table 2). Multiple correlation coeffi-
cients indicated that about 94% of the annual fluctuation in the pre-
hunt population estimates for quail on the Dale area and 71% for the
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Forbes area were associated with changes in the prebreeding census
and audio indices.

The unstandardized regression coefficients for the 3 independent
variables (Table 2) appear different for the 2 areas. Tests of dif-
ferences between areas for the 3 independent variables failed to reject
the hypothesis of no significant difference. However, because the
analysis was based on data for only 8 years, it is not fitting that we
proceed on the assumption that no significant difference existed, or
that if a difference existed, it was of no real consequence.

Models for predicting prehunt quail density from prebreeding
census and audio counts were derived from the analysis. For the Dale
area the prehunt quail density is predicted as:

?Dale = 15.934 - 0.42848X, + 2.9593X, - 10.269X,

and for the Forbes area:

T rbeg = 4+9003 + 0.82404X; + 0.64895X, + 0.33379X,
where X, is the number of bobwhites per 100 acres in the prebreeding
population, X, is the average number of quail calls per 2 min on the
audio-census of quail, and X3 is the average number of whistling males
per 2 min.

There was good agreement between quail densities predicted using
the above models and the densities estimated from censuses of the 2
areas (Table 3).

Discussion

In a discussion of the reproductive calls of the bobwhite, Stokes
(10) noted that the bobwhite call is purely sexual in function, unmated
males and those separated from their mates for several hours use the
bobwhite call, and the female "hoy-poo" call elicits bobwhite calls
from males. The duration of the intervals between successive whistles
by an individual male probably varies as a function of the motivational
influences.

Some investigators (1,9) reported that summer whistling cocks
represent surplus (nonmated) males. Our observations, as well as those
of Rosene (7) and Kabat and Thompson (4), suggest that both mated and
unmated cocks whistle during the period of calling. Observations of
cock-hen pairs along the census routes near the listening stops indi-
cated that these males did not whistle. We believe that the majority
of cocks whistling during the period from late May to mid-July were
those whose mates were tending nests--probably incubating. This
contention is supported by data obtained from juveniles (ages were
determined by wing molt) taken by hunters. The majority of juveniles
.arvested during the first 7 days of each hunting season were from
nests that were incubated from the first week of June to the third
week ¢of July (Ellis, unpublished data).
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The close correlation between whistle counts and the abundance of
quail in the fall suggests that fall populations depend primarily on
the number of birds available during the breeding season. No tendency
towards inversity, as demonstrated for Wisconsin quail (3), was noted
in this study. We believe, as does Rosene (8), that the audio-censuses
reflect the quality of nest cover on an area and that variations in
nest success and juvenile mortality are minor factors in determining
year-to-year fluctuations in quail numbers in the fall, Thus, winter
survival of quail and winter carrying capacity appear critical in quail
management on the Dale and Forbes areas.

At this time, we can only hypothesize why other workers have not
found strong correlations between audio counts and quail abundance in
fall. One possibility is that reproductive success of quail on
private land is more variable than on managed public hunting areas.
Another possibility is that the quail harvest size often used as an index
to quail abundance in fall is influenced by factors such as crop harvest
and weather during key segments of the hunting season and thus is a
biased index of quail density.

The lack of a stronger correlation between the prebreeding and pre-
hunt censuses is also a puzzle. One possibility is a reorientation
of quail in April and early May to better nesting situations and in
response to social interactions involved with the breakup of coveys.
This idea supports the concept that calling activity reflects the
quality of summer range (that is, the quality of available nesting
cover), whereas the prebreeding census reflects the quality of winter
range.

Use of the prebreeding estimates and the average numbers of whistl-
ing cocks did little to increase the accuracy of our predicting models.
If the objective for conducting spring and early summer censuses of
bobwhites is primarily to predict fall populations and harvest, there
appears to be little reason to census prebreeding populations or, under
situations of high density, to attempt to determine numbers of whistling
cocks during routine call counts. However, if data on prebreeding
populations and whistling cocks are readily available, it is only
logical to include them in a predicting model.

The matter of whether the unstandardized regression coefficients
differ significantly among areas is of considerable importance. If they
do not, it will ultimately be possible to develop a single predicting
model that will allow prehunt quail densities to be estimated for an
area by using only standardized audio counts made on that area. A
single predicting model would have great utility in both management
and research.

If the relationship between audio counts and prehunt populations
differs among areas, or changes over a period of years on a particular
area, it will be necessary to develop predicting models for individual
areas and perhaps refine them on an annual basis. Several more years
or data and information from other areas are needed before final
decisions can be made on techniques for predicting prehunt quail density
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from audio counts. However, for now, we conclude that on public hunt-
ing areas in Southern Illinois, carefully standardized call counts will
provide reliable indices to the relative abundance of bobwhites in the
fall on the area censused.
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Table 1. Summary of quail census estimstes and audio ifudices f(or
the Dale and Forbes areas, 1964-71.

(1) (2) (3 (4)

Urebreeding Avg. calls Avg., whistling Prehiunt
Year census per stop cocks per stop census
Dale area 1]
1964 4.3 20.0 4.9 26.9
1965 3.8 15.4 3.9 18.5
1966 3.5 21.6 4.6 29.7
1967 7.8 28.3 5.5 36.4
1968 9.4 29.9 5.2 49.7
1969 12.7 29.0 5.3 41.7
1970 10.0 27.1 5.4 37.1
1971 10.5 25.5 5.7 27.4
Forbes area
1964 5.3 12.1 3.9 18.2
1965 3.4 5.7 1.5 9.4
1966 1.9 8.0 2.3 14.2
1967 4.9 17.4 4.0 27.1
1968 4.8 27.6 5.2 33.3
1969 7.3 26.9 5.0 26.1
1970 4.6 18.5 4.2 23.3
1971 3.1 21.4 4.8 16.3

Table 2. Summary of results of multiple correlation analysis using
(1) the prebreediug census, (2) average calls per stop,
(3) average aumber of calling males with (4) prehunt
census as the dependent variable. Data are frow the Dale
aud Forbes areas, 1964-71.

Area Forbes bale
Single factor correlation (1) 0.61907 0.65551
. (2) 0.83206 0.90146
(3) 0.79447 0.57654
Multiple correlation 0.84346 0.96968
F Ratio for multiple "r” (df = 3,4) 3.28707 20.99257
Standard error of estimate 5.5731 3.1657
Unstandardized regressiou coefficient (1) 0.82404 -0.42848
(2) 0.64895 2.9593
(3) 0.33379 -10.269
Standard error of unstandardized (1) 1.6439 0.63383
regression coefllicient (2) 0.78415 0.51192
(3) 4.8023 3.9673
Standardized regression cocfficient (L) 0.17132 -0.15286
(2) 0.67408 1.54519
(3) 0.05600 -0.61132
Standard error of staudardized (1) 0.34178 0.22611
regression coeflficient (2) 0.81451 0.26730
(3 0.80570 0.23618
bDepeundent variable futercupt 4.900% 15.934
t = Regressiou coelticient/standard error (1) 9.50126 -0.67602
(2) 0.82758 5.78075
(%) 0.06951 -2.58841

Table 3. Swmsary of e¢stimated prehiwat quail deusity on the bale
aud rorbes areas, 1964-71, witb the devsity of quail
predicted on the basis of wnltiple correlation analysis
of thie prebreeding and audio censuses. Deusity is ex-
pressed as quiil per 10O acres.

Forhes bale
Year Estiwated Predicted Estimated Predicted
1964 18.2 18.4 26.9 23.0
1965 9.4 11.9 18.5 19.8
1966 14.2 12.4 29.7 31.1
1967 27.1 21.6 6.4 39.9
1968 13.3 28.5 49.7 47.0
1969 26.1 30.0 41.7 41.9
1970 23.3 22.1 37.1 36.4
1971 16.3 12.0 27 .4 28.4
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AN EVALUATION OF SOME MARKING TECHNIQUES USED ON BOBWHITE QUAIL

David Urban and W. D. Klimstra, Cooperative Wildlife Research Laboratory,
Southern Illinois University, Carbondale.

Abstract:

Summarized are data obtained from field testing various marking
techniques used to distinguish individual, unrestrained bobwhite quail,
Four methods and combinations of each included various types of back
tags, colored leg bands, dyes, and radio transmitters. Discussed are
methods, advantages, and limitations as based upon field observations
of 195 back-tagged quail, 86 quail with colored leg bands, 55 dyed
quail, and 91 radio-marked quail.

The ability to mark individual animals so that they can be
recognized at a later date under field conditions is essential to many
studies. Back tags have been employed successfully in numerous investi-
gations including those by Blank and Ash (3) in studying partridges
and by Labisky and Mann (10) in studying pheasants. Colored leg bands
have been used extensively in researching ruffed grouse (7), turkeys
(11), and prairie chickens (8). Dyes have been used to mark game birds
with varying success (2,5,6,9,12). Radio-transmitters have been employed
for numerous studies of game-birds, but with limited success on the
bobwhite quail (1) because of their small size. This paper summarizes
data obtained from field testing of the above techniques on individual,
unrestrained bobwhite quail (Colinus virginianus).

The authors wish to acknowledge D. L. Rose and the late R. M
Bartholomew for their aid in collecting portions of the data presented.
This publication is a contribution of Project No. 1 of the Cooperative
Wildlife Research Laboratory of Southern Illinois University.

Methods and Findings
Back Tagging

Tags were constructed of Fibre-thin and Amor-tite (vinyl material
bonded to nylon mesh). Tag size varied from 2.75" x 1" to 5.25" x
0.75". Ten different colors were used (white, yellow, light blue,
dark blue, orange, red, black, bright green, armor green, and pink).

To maximize the number of individually marked birds, various numbers and
letters were painted (vinyl weathercoat paint) on the tags.

A total of 195 quail were back-tagged. Tags were attached by means
of a calf-skin harness or Fibre-thin strips which were passed from the
front of the tag under the wings and stapled to the front of the tag.

It is essential that the harness is not too tight and that the strap
is passed under the scapular feathers instead of over them.
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Both materials employed were considered adequate for use, but
Fibre-thin tags curled upward after a short time in the field. The
curling was caused by the paint used to put symbols on the tag and was
alleviated by painting the symbol on both sides of the tag. All sizes
of tags used worked well; but the narrower tags seemed to interfere
less with flight than the wider ones.

Certain difficulties in recognition were noticed between tags of
similar colors, particularly in poor lighting, or when the observation
must be brief because of intervening vegetation or rapid movement.
Inability to distinguish between the colors red and orange occurred
most commonly, both on the ground and in flight. We do not recommend
use of both colors in the same covey. The 2 shades of blue were also
difficult to differentiate. There was no difficulty in distinguishing
between the 2 greens. However, we do not recommend using armor green
because the drab color is difficult to see on a flying bird. Dark
colors (black, dark blue, and red) were not visible or were indistinguish-
able beyond 50 yards. The most visible colors were white, yellow, and
pink, respectively.

The use of 2-color tags increased the number of quail individually
identified, both in flight and on the ground. Division of the 2 colors
on the tag should be arranged longitudinally and should include both
sides of the tag. Motion of the tag in flight makes it quite difficult
to determine colors if the tag is painted on 1 side only; horizontal
division of the color results in the impression of a single color tag.
Contrasting primary coclors should be used.

Any numeral, letter, or other symbol chosen as a marker should be
placed in the center of the lower half of the tag. The scapulars often
cover the upper half of the marker, which obscures the identification
symbol. We identified all symbols tested on tags up to 50 yards using
7 x 50 binoculars. Occasionally, identification of 2 number tags at
this distance was difficult. When quail are feeding, the tag rests in
a horizontal plane and the smaller number necessary on such tags is
more difficult to read. When observations were made at distances of
80-85 yards, Z-number tags were seldom identified while the larger
single number was discernible. Increasing the observational distance
to 100 yards resulted in loss of definite recognition of all symbols;
under poor lighting conditions even the color of the tag cannot be
recorded.

Colored Leg Bands

Colored plastic leg bands (National Band and Tag Co., Newport,
Ky.) were placed on 86 quail. Two bands were placed on 1 leg to in-
crease the visibility of the marking.

This method for identifying individual quail was used with little
success. However, on several occasions where dyed birds were seen at
such an angle that the back tag was not visible, the identification
of the bird was obtained by use of the leg bands and dye colors. In
our opinion, 1 or 2 such observations justify the use of colored
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bands, considering the small amount of expense and the time involved
in placing the bands on the quail's leg.

Color Dyeing

Fifty-five quail were color dyed in an attempt to increase the
number of individually recognizable birds. Rhodamine BXP, Rhodamine
60, Auramine, Brilliant Green, Victoria Blue B, Brilliant Scarlet
3R, Crocien Orange Y, and picric acid were used. There was some evi-
dence that mixing of dyes might produce desirable colors; this was not
investigated fully.

Auramine, Rhodamine BXP, and Brilliant Green were recognizable
dyes in the field. Picric acid yielded an acceptable color at applica-
tion, but it faded to a greenish yellow. All other dyes faded rapidly
under field conditions.

The birds were dyed by either dipping them in the solution, swabbing
them with cotton, or spraying them with a perfume atomizer or a "Windex"
spray bottle. Swabbing with cotton proved to be the only method
acceptable. An excellent job of dyeing was obtained by dipping the
quail into solution; however, the feathers tend to become saturated
and the resulting temperature loss as the alcohol and water evaporated
caused stress to quail. The use of a perfume atomizer and a '"Windex"
spray bottle did not give a sufficient dyeing of the feathers.

No noticeable change of behavior due to dyeing was noted; dyed
quail were accepted by covey mates and mated dyed quail were observed
many times.

Dyeing quail for identification was successful as they were recog-
nized easily on the ground and in flight. It is limited, however, by
the small number of acceptable dyes available. This problem can be solved
in part by using secondary markers. It must be recognized that any
dye will be recognizable only until the time of molt. During this
study dyed quail were not observed after mid-July; loss of dyed feathers
during molt probably was responsible for this.

Radio Transmitters

Ninety-one quail were radio marked during the past 7 years. This
entailed the use of 3 different types of transmitters: Type A with a
loop antenna (26.550 to 26.640 megacycles); Type B with a whip antenna
(148.000 to 148.330 megacycles) and a battery packaged as described
by Brander (4); and Type C which was the same as Type B, except that
the battery was packaged with the transmitter. A single mercury cell
(Mallory RM-625) was used as the power source for all transmitters.
Estimates of theoretical transmitter life varied from 30 to 50 days
depending on the power drain of the particular transmitter. All
transmitters weighed between 9 and 11 g.

Method of attachment varied with the type of transmitter employed.
Type A used the same type of harness as used with the backtags; the
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harness simply passed from the front of the transmitter, around the
wings, and was attached to the front of the transmitter. Type B used
the same harness as described by Brander (4). This entailed running
the harness with battery leads to the battery on the breast, and then
passing the harness straps under the wings and attaching them to the
back of the transmitter. On Type C, the harness straps led from the
front of the transmitter thence around the neck to the front of the
breast. Here they were crossed over and passed under the wings and
attached to the back of the transmitter.

Transmitters were believed to have had a minimal effect on quail
if the harness was adjusted properly. All birds with properly adjusted
harnesses flew readily when released and flushed normally at later
dates. Instrumented birds appeared to pair normally and nesting
instrumented birds were noted in several instances. However, birds
had to adjust to all 3 types of transmitters. During adjustment
mortality was high (13%); 54% of all mortality occurred within the first
5 days after instrumentation.

A comparison of the 3 types of transmitters is presented in Table
1. Type C transmitter produced the best results. This transmitter
yielded best life expectancy and least premature termination of signal.
It was carried readily by quail, including several cases by quail of
only 60 days of age; 1 quail carried an operable transmitter for 121
days. The Type A transmitter appeared cumbersome, and on 2 occasions
quail were found dead after the loop antenna became entangled in
vegetation. The leads to the battery of the Type B transmitter broke
after a short time in the field. Also, this type of transmitter was
never recovered from birds believed killed by predators; apparently the
predators broke the leads, '

Summary

Each of the 4 methods of marking has limitations as well as
advantages. The use of any 1 of these methods depends solely on the
type of study and the types of data the researcher wishes to obtain.
Important to consider is how readily the marker is distinguishable in
the field. While back tagging and color dyeing give acceptable
results, the radio transmitter is unquestionably the easiest way to
locate and distinguish individual animals. Also of concern is the
duration of the marker. Back tags and color leg bands may last the
life of a quail, while color dyeing will last only until the time of
molt. Data for radio-marked quail rarely are obtained for a period
more than 2 months. A third point to consider is the type of data
the researcher wishes to gather. The radio transmitter yields con-
tinuous data, while the other methods yield only interrupted data. A
fourth constraint is the number of birds the investigator desires to
mark. Obviously, radio-marking is somewhat limited due to the expense
involved.
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INTERRELATIONSHIPS BETWEEN VARIOUS QUAIL POPULATION MEASUREMENTS

Walter Rosene, Jr., Consultant, Gadsden, Alabama, James M. Rosene,
University of Alabama, Tuscaloosa.

Introduction

Early investigators of the bobwhite used covey counts to measure
population numbers. We do not know when quail were first censused by
this method, but we do know that Leopold and Errington put much emphasis
on these counts. Covey numbers and their sizes are of great importance
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because to a large degree they reflect the quality of quail environment.
In recent years data have been gathered on other facets of quail pop-
ulations so that now it is possible to study relationships between many
population measurements.

A technique for a census of "bobwhite'" calls was started in 1938
by Rudolf Bennitt. Bennitt (1) and Reeves (3) reported on the relation-
ships between whistling cocks, soils, and hunting success. Rosene (4)
studied the relationship between whistling cocks in summer and coveys
in the subsequent winter. Norton et al. (2) examined all previous
published data and reported on whistling cocks and coveys from tracts
on the Crab Orchard National Wildlife Refuge and on 2 areas in Davis
County, Iowa.

The proportion of juveniles to adults in quail populations can be
determined from samples of wings from birds killed by hunters. Given
the total population (number of coveys X average size of coveys), the
number of individuals in an age class, juvenile or adult, can be found
by multiplying the total population by the percentage of that age
class found in the wing samples.

Study Areas and Procedures

We collected data from 2 different tracts 115 miles apart in South
Carolina: Groton near Estill and Oakland Club near Pineville (Table 1).
These enabled us to make some preliminary correlations to determine
mutual relationships between various population measurements.

When studying these data the question arose as to the most appro-
priate statistic. For example, if numbers of whistling cocks in summer
depended on the spring population of males, and we wished to predict the
number of whistling cocks to follow a spring population of males, then
a regression analysis would be in order. For this study we assumed
that the paired variates we wanted to test were associated in some way
but that neither variate operated as a consequence of the other. It
is entirely possible that many of the 2 variates tested could be more
appropriately studied as a regression, but our aim was to determine
correlations for the entire 2 lots of data.

A correlation (r) was figured from 9 sets of paired data from
Groton. Thus it was possible to investigate the relationship between
36 items. Oakland Club had 8 sets of paired data, so 28 different
correlations were computed.

Groton Plantation

Groton is privately owned and managed for quail. Records on quail
have been kept from 1957 through 1970. Insecticides were used on Groton
during the period of this study. In the summers of 1958, and 1959,

DDT was dusted on growing soybean plants, and during the spring planting
of corn in 1964, 1965 and 1966, some kernels remained on the surface
of the soil at ends of rows where they were available to quail at a
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critical time of food shortage. It seemed advisable to eliminate the
data for these 5 years because of abnormal fluctuations in the quail
population caused by the adverse effects of DDT (5).

Twelve thousand acres of this plantation are used for quail hunting.
One wing was removed from each bird shot, and feather molt was studied
to learn the individual's age. As a territory was hunted, covey loca-
tions were depicted by map-tacks on an aerial photograph. As hunting
proceeded during the season, newly discovered coveys were recorded on
an area after each day's hunt only after all previously located coveys
had been found on that particular day; thus, covey numbers were con-
servative. Average covey size was calculated annually by repeatedly
flushing and counting individuals in an adequate number of coveys.
Coveys were recorded on the entire plantation making it possible at
the end of the hunting season to count the number of coveys found on
the transects where whistling cocks were recorded in summer.

To count whistling cocks in summer, 1 transect containing 14 stops
at 0.5 mile apart was established through the center of the plantation.
At each stop, quail calling "bobwhite' were plotted on an aerial
photograph. Plotting was always done on the mornings of 20 and 21 June.
Start was at sunrise; 8 min were spent at each listening stop and 2 min
driving between stops. After 2 mornings of work, the estimated number
of whistlers present was determined.

Oakland Club

Oakland Club lands are managed differently than Groton. This Club
owns 7,000 acres and leases another 35,000. Hunting takes place on 29,000
acres. Records were kept from 1959 through 1970. Ages of quail were
determined in 9 of the 12 years. All other records are continuous for
the 12-year period.

To check whistling cocks on Oakland, 2 transects of 12 stops each
were established using the same interval between stops as on Groton.
"Bobwhite'" calls were counted once on each of these transects and
always on the mornings of 18 and 19 June, using the same routine as
on Groton.

Unlike Groton, coveys were not plotted on a map, but when hunters
and guides returned from a day in the field they reported the number
of coveys flushed, thus providing cumulative records of covey flushes.

Results and Discussion

On Groton we heard a total of 1,156 whistling cocks on 1 transect
in 10 years. In 9 years hunters found 5,070 individual coveys on the
entire plantation of which 1,098 were on the whistling-cock transect.
Sportsmen shot 13,547 quail in 8 years. We determined sex-age ratios
(from the entire kill) and average covey size. It was possible to
calculate 9 items from the original data (Table 2).

In 12 years on Oakland the 2 transects had 1,701 whistling cocks,
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hunters spent 4,882 days afield flushing 26,036 coveys and killing
25,258 quail. We determined sex-age ratios for 9 of the 12 years. In
all, 8 items were used in the analysis (Table 2).

Groton Plantation

Significant correlations were found for 21 of the 36 items investi-
gated (Table 3). Of the 21, 14 were positive.

Previous investigators (1,2,3) have reported a positive relation-
ship between number of cocks whistling "bobwhite" in summer and number
of coveys present in the subsequent winter. Our data show a similar
positive relationship between whistling cocks and coveys in the first
following winter; coveys tested were those found on the same transects
used for the whistling cock census. The relationship was not signifi-
cant when whistling cocks were tested with coveys on the entire planta-
tion in the second winter that followed. Cocks whistling in summer
also showed a significant positive relationship with populations of
males, females and subadults in the first subsequent spring.

On Groton there was a positive relationship between spring pop-
ulations of males, females, and subadults when tested with coveys
in transects during the first subsequent winter. These same 3 categories
had a similar positive relationship with coveys on the entire plantation
in the second subsequent winter. This indicates that the number of
quail remaining in a given spring is related to the number of quail
that will be present in the first and second winter coming after that
given spring.

Total kill in 1 winter was positively related to coveys on the
entire plantation 1 year later. In other words, the higher the kill
in 1 year, the greater the number of coveys in the following winter;
and the lower the kill, the fewer the coveys in the following winter.
This appears to be contrary to the statement about the importance of
spring populations. A high kill in winter should logically result in
a low population of males, females and subadults in the spring. At
this point in research the best explanation is that hunting pressure
was so light that it had little effect on spring populations; however,
hunting pressure was sufficient to have a positive effect on reproduction.
It seems that up to a certain point the removal of quail by hunting is
beneficial.

Significant negative correlations were shown in 2 comparisons:
(A) young per adult female in the hunting season X kill in the same
hunting season, and (B) percent subadults X coveys in transects.
Biologists have thought that the greater the number of young per adult
female in fall the higher the production in the previous summer and
therefore the greater the population size in the winter and thus the
better the hunting. On Groton, as young per adult female increased,
the kill decreased. A negative correlation was also found between
young per adult female and kill on Oakland Club, but it was not
significant. This paradox needs additional study.
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Table 1. Comparisons between Groton Plantation and Oakland Club.

Characteristics Groton Oakland

Acreage 12,000 29,000
Mean population per year

Number of quail 10,134 6,014 est.

Acres per bird 1.2 4.8

Whistling cocks 115 71

Percentage of subadults 71.9 79.5
Mean hunting pressure per year

Covey finds per hour 3.7 ~ 2.0

Kill 1,694 2,105

Percent of population 16.5 35.0 est.

removed by hunting

Table 2. Various quail population measurements tested.

Groton

Oakland Club

W X~ O W N

Summer whistling cocks

Coveys in transects in winter
Total kill

Young per adult female

Percent subadults

Spring population of males
Spring population of females
Spring population of subadults

Coveys on entire plantation
1 year later

O N oy W N =

Summer whistling cocks
Total kill

Young per adult female
Percent subadults
Coveys found

Coveys per party day
Total gun days

Kill per gun day
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Table 4. Significant correlations at Groton.
At the .05 level
- .76 Percent subadults X coveys in transects.
+ .73 Spring population males X coveys on entire plantation,
-~ .67 Young per adult female X spring population of females.
+ .71 Spring population subadults X coveys on entire plantation,
- .70 Young per adult female X coveys on entire plantation.
+ .74 Summer whistling cocks X coveys on transects.
+ .74 Summer whistling cocks X spring population of females.
+ .78 Summer whistling cocks X spring population of subadults.
+ .77 Spring population of females X coveys on entire plantation.
~ .74 Young per adult female X total kill.
+ .78 Total kill X coveys on entire plantation 1 year later,
At the .01 level
+ .80 Summer whistling cocks X spring population of males.
+ .88 Spring population of males X coveys in transects,
+ .86 Spring population of females X coveys in transects.
+ .87 Spring population of subadults X coveys in transects.
Table 5. Significant correlations at Oakland Club,
At the .05 level
+ .63 Summer whistling cocks X kill.
+ .71 Young per adult female X percent subadults.
+ .67 Kill X total gun days.
+ .69 Summer whistling cocks X coveys found.
At the .01 level
+ .77 Summer whistling cocks X coveys found per party day.
+ .78 Total gun days X coveys found.
+ .78 Kill per gun day X coveys found.
At the .00l level
+ .90 Kill X kill per gun day.
+ .96 Kill X coveys found.
+ .91 Kill X coveys found per party day.
+ .89 Kill per gun day X coveys found per party day.
+ .90 Coveys found X coveys found per party day.
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Oakland Club

The data for Oakland presented the opportunity to make correlation
teste for 4 of the same items as were measured on Groton (Table 2) and,
in addition, to find relationship between these 4 items and hunting
success. Oakland had a lower population, lower hunting success, and
a higher kill (Table 1) so the same correlations as tested on Groton
can be expected to vary on Oakland in their amount of significance.

On Oakland Club all significant correlations were positive (Table
4). Summer whistling cocks were closely related to coveys found,
similarly to Groton, but on Oakland whistling cocks were significantly
related to kill. This was not so on Groton. Numbers of birds shot
(kill), amount of time spent afield, and coveys found were significantly
interrelated.

Young per adult female was significantly related to percent sub-
adults on Oakland, which was not the case on Groton.
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SUPPLEMENTAL PAPERS

MAXIMIZING EDGE AND COVERTS FOR QUAIL AND SMALL GAME

William M. Conlin and Robert H. Giles, Jr., Division of Forestry and
Wildlife Sciences, Virginia Polytechnic Institute and State Univeristy,
Blacksburg

Abstract:
A computer-generated table is presented, enabling the land manger

to maximize on a given acreage the length of edge and the number of
coverts (or corners where 3 or more cover types come together).
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Between-field connections are provided for sportsmen and farm machinery.
The equations are presented along with diagrams of field layout and graphs
of the relative changes in edge and coverts resulting from certain deci-
sions related to management efficiency.

The effectiveness of quail and other wildlife habitat management
should be measured against a concept of potential production rather
than percent change from past populations. The concept of highest
potential production of quail on an area is useful not only for evaluat-
ing management effectiveness, but also for preventing over-investments
made to achieve increases in natural populations past the potential.

One aspect of intensive quail habitat management is believed to
be the production of linear distance of edge (cover) and coverts or corners
where more than 2 types of cover come together. Food supplies are
essential, but these are only of secondary interest in this paper.

With proper management, fall quail densities can exceed 1 bird per
acre by several times. Under ideal habitat conditions, the only logical
limit to a quail population is that of spatial tolerance associated with
social behavior. When such limits are approached, coveys tend to become
spaced at uniform distances apart (l1). Implementation of the concept
presented herein may help to achieve the highest possible densities of
quail populations.

The question posed of the manager is: How does he produce simul-
taneously the greatest amount of edge per unit area and the greatest
number of coverts, yet retain some practical field reality such as
cultivation and the possibility for hunting or observing wildlife?

The solution is quite empirical. Long strips of cover close to-
getger produce much edge per acre. Very small patches of cover, say
1 m~, produce abundant coverts, but few managers would evaluate the
results as functional edge for wildlife. Among the regular nesting
geometric structures that can be fitted throughout a management area
(Fig. 1), equilateral triangles provide the most edge per area enclosed
with the maximum corners.

Fig. 1 shows a management area, all of which is potentially
developable for quail. The task of the manager is to fit as many
triangles into the area as possible, or that 'make sense', given the
local conditions. The lines shown can be any type of hedgerow or cover
strip. The interiors of the triangles should be regularly (or randomly)
cultivated food plots for quail or other small game. They could be
in corn, bird-food mix, clover, fallow, or any similar rotation. Open-
ings (12 ft) are provided for hunters, dogs, and farm equipment.

Computer-generated Table 1 will enable the land manager to
maximize the amount of edge and coverts he can create on a given
acreage. The table is based on the function of establishing equilateral
triangles of the same size within 1 large equilateral triangle. The
basis for the tables is:
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THE OKLAHOMA QUAIL HUNTER

Ralph J. Ellis, Oklahoma Department of Wildlife Conservation, Oklahoma
City

Abstract:

A questionnaire study of 2,690 Oklahoma quail hunters revealed that
the most common type of hunter is a married man, 21 to 40 years old,
who hunts 5 to 6 hr per day and 10 days per season. He hunts mostly
on private lands about 35 miles from home and often has difficulty
obtaining access for hunting. He is successful on Q.75 of his
hunting trips and harvests an average of 3.8 quail per trip. He spends
about $9.60 per day while hunting. Saturday is his favored hunting
day.

Semiskilled workers earning about $7,000 per year are the most
common type of hunter. The hunters are in agreement with the existing

season, but many want 1 more day per week for shooting.

Management implications of the findings are discussed.

Oklahomans hunt bobwhite quail more than they hunt any other
species of wildlife. Continued high levels of sporting use of quail
cannot be taken for granted. Quail habitat is being reduced annually
as brush is cleared from pastures and fence rows are cleared. Brushy
draws are being bulldozed clean, channeled, and planted to bermuda
grass. The result is more income for the farmer and fewer quail. It is
folly to think that wildlife habitat can be preserved by asking farmers
to stop clearing brush. A more practical solution is either to develop
alternate habitat components that are acceptable to quail and will pro-
duce income for farmers or to facilitate marketing of quail-based
recreation by farmers.

Before either of the above suggestions can be seriously attempted,
it becomes necessary to determine the size, distribution, and other
characteristics of the public need for quail. The present study con-
cerns one aspect of this need: the quail hunter. When all pertinent
information about quail hunters has been examined we will know better
where to put effort into habitat preservation and how far to go.

Support of this study by the Oklahoma Wildlife Conservation
Commission is gratefully acknowledged. Rangers Ballew, Clepper,
Hembree, Hughston, Kidd, Randall, Reedy, Sanders, Smeltzer, and Sparger
are due thanks for conducting interviews. Mary Usry, Becky Roberts, and
Gene O'Brian are thanked for helping to analyze the data and prepare the
report.

Methods

This study is based on information derived from questionnaires
returned by Oklahoma hunters (Fig. 1). Ten thousand questionnaires were
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mailed to persons who purchased 1967 resident hunting licenses. Three
weeks after the initial mailing a second mailing was made to non-
respondents. The mailings were distributed geographically in the same
proportions as the resident licensed hunters (2).

0f the 5,280 questionnaires returned, 5,122 contained useful infor-
mation. Question 26 (Fig. 1) was answered by 4,410 hunters, 2,646 of
whom hunted quail. This study, being concerned only with quail hunters,
is based on returns from quail hunters only except where specified other-
wise.

Resident hunters 16 and 65 yr of age were not sampled because they
are not required to purchase licenses, consequently a random list of
addresses for them was not available. However, there were 52 hunters of
more than 65 yr who purchased licenses and returned questionnaires.
These were included in the study.

People who did not return questionnaires may have different attri-
butes than those who did. To help detect such bias, the names of 300
persons who did not return questionnaires were selected at random.
Rangers were asked to visit these people and ask them for the information
called for on the questionnaires. Information was obtained from 44
(15%) of these hunters. One hundred and thirty-two (44%) were out of
state, deceased, 1in military service, moved, or at unknown locations.
The remaining 124 either would not cooperate or could not be reached
with reasonable effort.

Employment classifications were modeled after those used by the
Oklahoma Employment Security Commission. Examples of the classifications
are: Professional = teachers, bankers, doctors; White Collar = book-
keepers, store clerks, bank clerks; Skilled Workers = electricians,
machinists, construction foremen; Semiskilled Workers = truck drivers,
0il field pumpers, barbers; Unskilled Workers = janitors, yardmen,
guards; Agricultural Workers = those working on farms, ranches, or
feedlots; Nonworkers = students, retired persons, housewives, disabled,
and unemployed persons.

All population data was derived from Oklahoma Data Book (4). State
planning regions (Fig. 2) were used where geographic comparisons were
made.

Results
Vital Statistics of Hunters

Three-fourths of all respondents, including nonquail hunters,
hunted quail in at least 1 of the past 3 seasons (Fig. 3). More than
60% of this group hunted quail in 1967 (Fig. 4). No other species was
hunted by as many people that year (Fig. 4). More than 68% of the
interviewed hunters hunted quail in 1967 (Fig. 4), suggesting that the
60% figure is conservative. '

Persons of all ages sampled (16-65 yr) hunted quail (Fig. 5).

i 3283
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However, a larger percentage of persons 21 to 40 yr of age hunted than
did age groups younger or older. Persons 16 to 20 and 41 to 64 yr

old made up about 2% less of the responding hunters than they did of
the statewide population (Fig. 5). Conversely, those 21 to 40 yr

old made up about 7% more of the responding hunters than they did of
the statewide population.

Eighty-two % of the hunters were married. Eighty-four % indicated
that they were the head of the household and 13% said they were a child
of the head of the household. Women constituted 2.4% of the hunters.
Most quail hunters (887%) came from households that contained only 1
or 2 quail hunters including the respondent (Fig. 6). The households
averaged 4.9 persons.

The number of quail hunters in Oklahoma during the study period
was approximately 167,000 (Table 1).

People of all income levels hunted quail (Fig. 7). Interviewed
hunters earned considerably less than those returning questionnaires,
suggesting that low income hunters were not as responsive as those
earning more.

About 337% of the hunters were semiskilled workers (Fig. 8).
Otherwise, the most abundant groups were agricultural workers (16.9%)
and nonworkers (16.2%). The interview sample differed from the mail
sample by having a smaller percentage of semiskilled workers and larger
percentages of unskilled and agricultural workers (Fig. 8).

Possession of Dogs; Hunting of Game Other Than Quail; Party Size

Eighty-seven % of the quail hunters hunted in parties of 2 or 3
people (Table 2). Average party size was 2.5 and the median was 2.0.

More than 98% of the quail hunters indicated that they owned 1 or
more bird dogs (Fig. 9). It seems unlikely that such a high percentage
of hunters own a bird dog. What is more likely is that hunters not
owning a bird dog omitted the question rather than put zeros in the
blanks. Nevertheless, the data do indicate that of those who own dogs,
most own 1 dog and very few own more than 2.

Most quail hunters also hunted other species (Fig. 10). Only 11.3%
of those answering the questionnaires hunted quail only. Species other
than quail hunted most by the quail hunters were doves, squirrels and
rabbits in that order. Usually these species are not hunted at the
same time as quail. Reasons for this condition are that either the
seasons do not overlap (doves), or the animals inhabit different areas
(squirrels), or such hunting is considered bad for bird dogs (rabbits).

More than 23% of interviewed hunters who hunted quail hunted nothing
else (Fig. 10). Other species hunted were about the same as hunted by-:
mail respondents.
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Amount of Time Hunted

Questionnaire respondents averaged hunting 5.7 hr per day (Fig. 11)
and 10 days per season (Table 3). Interviewed hunters averaged 5.5 hr
per day and only 6.2 days per season. The most persistent hunters
seemed to have a greater tendency to return questionnaires.

Nearly 0.5 (46%) of the hunters hunted quail during the 1967 season
and in the 2 preceding seasons (Fig. 3). The 8% who hunted during the
1967 season but not in the 2 preceding ones possibly represent annual
recruitment. Interviewed hunters hunted somewhat less than the mail
respondents (Fig. 3).

Hunters' ages seemed to affect how much they hunted., Hunters 16
to 20 yr old hunted about 0.5 hr less per day than older hunters (Fig.
12). However, they hunted more days per season (Fig. 13). In terms
of total hunting effort (hr per season), the 21 to 40 yr old group
hunted 56.8 hr or nearly 2 hr more than the 16 to 20 yr olds.- (Fig. 14).
Hunters more than 40 yr old reported hunting less than 50 hr per season.

More than 0.5 of total hunting effort (hunters x aver hr hunted)
was expended by hunters in the 21 to 40 yr old group (Fig. 15).

Control of land hunted on affected how much hunters hunted. Those
hunting on leases and on lands of friends and relatives hunted more
hours per season than those hunting on other kinds of land (Fig. 16).
Persons hunting on their own land and on public land seemed to hunt
less than those hunting on other land.

Quail hunters who hunted mostly on public land hunted the least
number of days and the most hours per day of any group (Fig. 16).
These hunters, it seems, do not go hunting often but when they go, they
make the most of it.

The number of times a hunter hunts quail appears to be related to
his occupation (Fig. 17). Unemployed persons hunted quail more days
per hunter than the other respondents. Semiskilled workers and
agricultural workers hunted the least number of days per hunter.
Even though semiskilled workers hunted the least number of times per
hunter they exerted more hunting effort, as a group, than any other
employment group (Fig. 18). This condition was due to the large propor-
tion of semiskilled workers in the hunter population (Fig. 18).

Quail hunters owning 5 or more bird dogs hunted more times than
the others (Fig. 19). Hunters owning no bird dogs hunted the least
number of days.

Hunters hunting quail close to home (0.20 miles) hunted fewer hr
per day than those hunting farther (61-80 miles) (Fig. 20). This rela-
tion did not hold well for distances beyond 80 miles. No apparent
relation was noted between the distance traveled and the number of days
hunted by hunters (Fig. 21).
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Preference for 3 to 4 days per week open for quail hunting was
indicated (Fig. 22). This preference was for nearly 0.5 day per week
or 3.6 days per season more than then allowed by law. Quail hunting
was permitted only on Tuesdays, Thursdays, Saturdays, Christmas Day and
New Year's Day--a total of 26 days.

Locations and Ownerships of Hunting Lands

Where hunters go appears to be governed mostly by their desire to
hunt near home and to have a productive hunt. Nearly 53% of the respond -
ents drove less than 21 miles one way to where they hunted quail
(Fig. 23) and 73% drove less than 41 miles. The average distance for
all hunters was 34 miles.

Hunters should be expected to go to areas offering the best hunt-
ing. This was true except when the good areas were 100 or more miles
from where the hunters lived. For example, Planning Regions 10 and 11
(Fig. 2) were good hunting areas (Fig. 24,25) but received only moderate
hunting pressure (Fig. 26), apparently because they were more than 100
miles from Oklahoma City in Region 8, the nearest major concentration
of hunters (Table 4). However, the greater distance driven by those
who did hunt Regions 10 and 11 (Fig. 27) suggest that some hunters
from midstate are willing to drive 150 miles or more for good hunting.

Planning Region 5, which was not a particularly good quail hunting
area, received one of the highest concentrations of hunters (Fig. 26).
Apparently this occurred because the region is located midway between
the 2 largest concentrations of hunters in the state (2): Oklahoma
City and Tulsa. Regions 6 and 8--where Tulsa and Oklahoma City are
located--contained more hunter residences but received less hunting
pressure than any other 2 regions (Fig. 26). The best explanation for
this condition is that opportunities for hunting are very limited in
these regions and access to the supply is difficult to obtain (Fig. 28).

Regions 1, 2, 3, 4, 6 and 8 probably are hunted mostly by hunters
staying in their region of residence (Fig. 26). The average distance
driven by people hunting these regions is approximately the distance
from the center of population to the center of the hunting opportunities
(Fig. 27). For example, the major quail area in Region 8 is in Lincoln
County, about 32 miles (Fig. 27) from Oklahoma City.

Hunters indicated that they would drive, on the average, 24.3
miles l-way for 5 quail per day and 51.4 miles for 10 quail per day
(Fig. 29). On the other hand, they reported driving an average of 34
miles to the hunt area (Fig. 23) and an average harvest of 3.8 quail
per trip (Fig. 30). This suggests that most quail hunters would not
drive further for the kind of hunting they experienced in 1967.

One's income appears to affect where he hunts. The more affluent
hunters drove farther than the less affluent (Fig. 31).

Sixty-nine % of the hunters indicated that they hunted on private
lands not leased or owned by them (Fig. 32). This finding held true
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for hunters of all income levels (Fig. 33). Hunters earning < $7,000
per year hunted on their own lands and on hunting leases much more than
expected. No reason for this finding was noted. Persons earning $7,000
to $15,000 annually hunted on public lands more than did persons earning
more or less. Those earning less appear to be less able to travel to
the public lands (Fig. 31) and less likely to be informed about these
lands. Persons earning > $15,000 annually seem more likely to seek
private hunting lands. Thus persons earning $15,000 to $25,000 hunted
on leases more than any other group (Fig. 33). Also, hunters earning

> $25,000 (sample=9) hunted their own lands much more than did other
groups.

A large percentage of hunters in all income groups hunted on lands
that they owned. It is suspected that some of this land was not owned
by the hunter but by near relatives such as parents.

Leasing of lands for hunting appeared uncommon. Less than 3% of
the hunters reported hunting on leases (Fig. 32). Some of those who
hunted leases were guests and not lease holders.

Where quail hunters hunted was related to their employment. For
example, hunters from all employment groups except agriculture hunted
private lands, not owned or leased, more than any other type (Fig. 34).
Agricultural workers hunted mostly on their own lands.

Agricultural workers hunted public lands more than any other group.
Frequent use of these lands by nearby farmers may account for this con-
dition. Persons from all employment groups were represented by people
hunting on hunting leases (Fig. 34). Probably some of the unskilled
and nonworking persons hunting on leases were visitors and not lease
holders.

Where quail hunting occurred seemed to be related to ease of
obtaining access. People hunting in Planning Regions 1, 6, 8, and 9
had the most difficulty (Fig. 28) gaining access. Two of these regions
(6 and 8) are small and had large numbers of hunters (Fig. 26).
Under such conditions landowners are subjected to more harassment from
hunters than in areas with fewer hunters, and the landowners react by
increasing posting. Why hunter access in Regions 1 and 9 was restricted
is not clear.

Hunter access in Region 7 was the best of any region (Fig. 28).
Also, quail hunting there was good for many hunters (Fig. 24,25, and 26).
This situation is confusing because Region 7 does not have abundant
quail range and has very limited public hunting lands.

The presence of large public hunting areas affording good quail
hunting should ease the access problem. Such areas exist in Regions
1, 2, 3, 4, 6, 10 and 11. Public hunting areas in other regions are
either small or not especially good for quail. The effect of these areas
on access appeared to be small, probably because they accomodate such a
small part of the hunters. About 427 of the hunters from all regions
experienced difficulty obtaining access. This figure does not represent
"would-be hunters'" who did not go hunting due to a lack of suitable access.
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Persons hunting quail out of state at least once during the 1967
season made up 7.5% of those sampled. More than 70% of those hunting
quail out of state hunted in a state contiguous with Oklahoma (Fig. 35).
Kansas and Texas were the most popular by far.

Hunters were not asked why they hunted out of state. However, the
frequency of such hunting was not high, and apparently much out-of-state
hunting was done by people who live close to the states where they
hunted. For example, hunters hunting out of state averaged spending
only 1ll¢ per day more for gasoline than hunters who did not hunt out
of state (Table 5). If the hunters hunting out of state had done so
frequently and traveled far, the difference in gasoline expenditures
would have been greater.

Where quail hunting occurred probably was not related to crowding
of hunters - at least not on private lands. Fifty-three 7% of the
responding hunters indicated that they encountered other hunters on
private land 1 or more times during the 1967 season (Fig. 36). Those
who had such encounters did so an average of 3.4 times. This may
indicate that the more productive or accessible private lands attract
a majority of the quail hunters.

The highest rate of encounters occurred in Region 3 where 657 of the
quail hunters had encounters. The most likely explanation for this is
that large numbers of deer hunters were afield in this region during
quail season. The rate of encounters in Region 5 was high also, probably
for the same reason.

Time of Hunting

The quail season for 1967 permitted shooting on 26 days. Eight
(31%) of the days for hunting were Saturdays (Fig. 37). All other
hunting days were on Tuesdays and Thursdays except Christmas and New
Year's Day which were on Mondays. Only on December 25 and 26 was it
possible to hunt on consecutive days.

Thirty-seven % of the quail hunting occurred on Saturdays, making
this the leading day of the week (Fig. 37). Saturday hunting was
pronounced in the case of those hunting on public lands and somewhat
favored by hunters on private lands not owned or leased (Fig. 37).
Persons hunting on leases showed a slight preference for week-~-day
hunting.

The hunters averaged hunting quail about 1 day per year while on
vacation (Table 6). Those earning the most vacation time hunted more
days, but a lesser proportion of their vacation time than did persons
with shorter vacations.

White-collar workers, agricultural workers and nonworkers hunted
on week days more than other groups did (Fig. 17). On the other hand,
semiskilled workers hunted on weekends (i.e. Saturdays) more than did
any other group. This situation is related to the nature of emp loyment
of the groups. The semiskilled workers are tied to a Monday~-through-
Friday work schedule more than the other groups. Thus they are less
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able to hunt on week days. White-collared workers are also tied to a
Monday-through-Friday work schedule, but by nature of being more at

the executive level, are more free to be off the job on days they
choose.

Skilled workers, nonworkers and professional people hunted more on
vacation than did the other groups (Fig. 17). Agricultural workers did
little vacation hunting. Most farmers are not accustomed to thinking
of a day off for hunting as a day of vacation in the sense a factory
worker would. Furthermore, farmers often work during mid day and hunt
in the early morning or late evening. Vacation hunting by nonworkers
probably relates to students hunting on Thanksgiving or Christmas
holidays.

Older hunters hunted more on week days and less on weekends and
vacations than young hunters did (Fig. 38). This finding suggests a
desire to hunt week days and avoid the Saturday crowd. Older persons,
by nature of tenure on the job, are more able than young people to
get off from work on week days.

Persons hunting near home hunted more on week days than did persons
hunting far from home (Fig. 39). Hunters possibly did not like to
drive far for a l-day hunt knowing that they would get home late and
have to get up early for work the following day. Saturday hunters did
not face this problem. The number of days of hunting quail on Saturdays
and vacations apparently was not related to the distances driven to
the hunting area.

Hunters apparently liked the season to which they were accustomed.
Tuesday-Thursday-Saturday quail hunting had been the law in Oklahoma
for many years and hunters have become accustomed to it. In response
to the question on hunting days preferred, 7 of 10 hunters wanted quail
hunting on Tuesdays and Thursdays whereas 9 of 10 wanted Saturday
hunting (Fig. 40). Three of 10 wanted to hunt quail on the other week
days and 4 of 10 wanted to hunt on Sundays.

Hunters were asked which starting and ending dates they preferred.
The most popular starting date was 20 November which is the date set
by statute many years ago (Fig. 41). There was considerable interest
in opening the season during the first week of November.

The period of January 11 to 15 was the most popular ending date
(Fig. 41). Considerable interest was also shown for ending the season
in the first week of January. The closing date set by statute is
January 15,

Hunting Success

Success of hunters in bagging quail varied greatly according to
the region hunted. Persons hunting in Region 8 (Fig. 2) averaged
2.4 birds per day while Region 11 hunters averaged 4.6 birds (Fig. 24).
The average for the entire state was 3.6 birds per day or 17.4 per sea-
somn,

TR
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With the exception of Region 8, quail hunters throughout the state
were successful on 72% or more of their hunting trips (Fig. 25). The
low success experienced in Region 8 was expected because quail range
there is limited and numbers of hunters were high (Fig. 28). Western
Oklahoma, particularly Regions 7, 9, 10 and 11, afforded the best
hunting in 1967 (Fig. 24). Region 6 in the northeast was also good.

Quail hunting in western Oklahoma is poor during drouth years and
good during years of normal rainfall. Excellent hunting occurs during
most years following drouth years, provided that moisture is adequate.
By this measure, the 1967 season should have been good to excellent.
Rainfall for west-central Oklahoma during 1966 was 17.4 inches or 6
inches below normal (5). During 1967 rainfall was 0.5 inch below normal.

Persons hunting on leases reported a higher degree of success than
did those hunting on other kinds of lands (Fig. 42). Those hunting on
public lands had the lowest success. This difference in success
probably relates to differences in hunter proficiency, hunter densities,
and harassment of game.

Hunter success generally increased with hours per day hunted (Fig.
43). Two exceptions to this relationship involved those hunting only
1 hr per day and those hunting more than 7 hr per day. The latter
exception may represent either ineffective persistent hunters or hunters
who counted travel time, meal time, etc. as hunting time. The 13
hunters who averaged hunting 1 hr per day and were successful in 67%
of their trips may be people such as farmers, oil field pumpers, and
mail carriers whose daily routes through the country enable them to
learn of covey locations.

Dogs added to quail hunting success. Hunters who reported owning
dogs were successful on 75.4% of their trips (Fig. 44). This is
compared to 68.5% for those not owning dogs. No doubt many hunters
not owning dogs hunted with someone who did. If so, the effect of dogs
on hunter success probably is more pronounced than suggested by Fig. 44,

The degree of success expected is somewhat indicated by the season
and bag limit desired. Most respondents (73%) indicated a preference
for a daily bag of 10 quail (Fig. 45). The legal limit in effect during
1967 and before was 10 quail per day.

Expenditures for Quail Hunting

The average expenditure per day reported by quail hunters was $9.62
(Table 5). Gasoline was by far the largest item. Since the question
asked for expenses only 'while hunting", such items as clothing, guns,
licenses and the costs of keeping a dog throughout the year are not
included. The average of $96 spent during quail season may represent
less than 0.5 of the annual cost of hunting quail.
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Management Implications

Information in the foregoing pages can be helpful to administrators
and managers when they plan wildlife programs and make regulations.
Some applications are discussed below.

This study supports the common belief that the most pressing problem
for quail hunters is a place to hunt. Quail numbers and hunter access
are both decreasing. Public hunting areas are more important than ever
but they can furnish only 15% to 18% of the need.

The only possibility for greatly increasing quail hunting opportuni-
ties exists on private lands. The lands are not crowded and a large
portion of the quail produced there are seldom if ever hunted.

It is not likely that farmers will open their lands to the city
hunter unless there is a profit motive. When farmers learn that they
can market hunting opportunities and when other conditions, particularly
longer hunting seasons, are conducive to their doing so, almost anyone
with $5 to $10 can have a good day's quail hunt near his home. The
average hunter spends this much driving to western Oklahoma seeking
free hunting. The need to assist farmers in marketing hunting opportuni-
ties was pointed out 42 years ago by Aldo Leopold and others (3). He
noted that while paid hunting repulses some, "no game" is even more
repulsive. In Oklahoma we are headed toward '"no game'.

Quail seasons such as existed in 1967 do not induce farmers to
manage quail and market the opportunity to hunt. Forty to 60 consecu-
tive hunting days are needed.

In view of the great demand for quail hunting opportunities, every
feasible effort should be made to accommodate more hunters on public
lands. Efforts to obtain hunter access to public lands now closed
should be continued. Publicity to direct hunters to unused hunting
opportunities on public lands should also be continued.

This report provides information about hunters that is useful for
preparing plans for public hunting areas. For example, hunters wanted
to hunt near home, and where this was possible they hunted more days
per season. This finding demonstrates the need for developing hunting
opportunities near the people. Planning Regions 3, 1, 6 and 9 in
that order (Fig. 23) need more hunter access. Region 8 and 5 need more
intensive management to increase hunter success.
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Table l. Estimated numbers of hunters in Oklahoma, 1961-1971.

Year Resident Hunters Quail Hunters
1961 252,387 151,143
1962 296,777 : 178,066
1963 274,674 164,804 °
1964 ‘ 269,062 161,437
1965 281,606 168,964
1966 306,472 183,883
1967 ' 278,619 : 167,171
1968 253,895 152,337
1969 285,056 171,034
1970 302,221 181,333
1971 352,347 : 211,408

* Includes licensed and non-licensed hunters: numbers of licensed
hunters determined from license sales figures and numbers of
non-licensed hunters estiméted using figures from Craighead, (1).
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Table 2. Percent of quail hunters in different sized hunting

parties.
Hunters Per Parties % of Parties
Party
1 93 4.2
2 - 1,151 51.9
3 778 35.1
4 167 7.5
5 or more 30 1.3
2,219 . 100.0

Table 3. Days per season hunted by male and female quail hunters.

Sex Sample Av. Days Hunted
Male 2,041 10.1
Female 51 6.6

Both 2,092 10.0
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Table 4. Distribution‘of Resident Licensed Hunters in Okla-
homa, 1968 (2 -

Planning % of Oklahoma % of Resident
Region Population Licensed Hunters
1 6.2 6.9
2 7.5 , 13.5
3 5.8 7.0
4 6.9 9.0
5 9.0 8.8
6 15.6 12.2
7 7.9 , 10.6
8 - 22.8 14.3
9 10.8 8.5
10 5.1 4.9
11 2.4 4.3
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Table 5. Average daily expenditures of quail hunters who did
and did not hunt out of state.

Average Daily Expenditure .
Ttem Hunters Not Hunting Hunters Hunting Both
Out of State In and Out of State
Gasoline $3.69 $3.80
Food 1.85 2.22
Ammunition 1.98 1.71
Lodging 1.06 .88
Other 1.04 1.90
Total 9.62 10.51
Sample 2023 ' 164

Table 6. Vacation days earned and vacation days used for
quail hunting.

Vacation Percent of Average Number
Length Vacation Days Vacation Days Sample
(Days) Hunted Hunted
1 -5 12.8 .36 80
6 - 10 10.0 .72 361
11 - 15 10.0 1.06 326
16 - 20 10.1 1.51 129
21 - 25 6.3 1.14 46
More than 26 6.0 1.29 106
Total 9.0 .97 1048




320

OkLAHOMA QUATIL HUNTER QUESTIONNAIRE (1967-68 Season)

Planning Form # 8, Okla. Dept, of Wildlife Conservation

NOTE:
24, 25, and 26.

1f you did not hunt quail in Oklahoma last year, please complete only questions 1, 2, 17, 18, 19, 22, 23,

These answers are needed to show how quail hunters differ from cther hunters.

1. Please check the seasons when you hunted quail in 13. On a normal quail hunting trip, kow many hours
Okla:( }1967-68 ( )}1966-67 ( }1965-66 ( ) none per day do you hunt? )
2. Please indicate your age ( )}, and sex ( ) 14. In what counties did you hunt 2 or more times
3. How many days did you hunt quail during the past last season?
season? 15. On what % of the days when you hunted quail last
a. On weekdays (excluding vacation)? season did you bag: no quail % 1-5 quail %
b. On weekends (excluding vacation)? 5-10 quail % - -
<. On vacation? 16. How many miles did you travel on an average
4. Did you hunt quall out of state last year? quail hunting trip last season from your home
1f so, where? to where you hunted?
5. On which lands did you hunt quail last season? 17. Are you married?
a. Own land b. Public lands 18, Indicate your position in your household:
c. Lands of friends d. Hunting lease head of household , spouse of head of house-
or relatives e. Other private lands __ hold , child of hazad of household ,
6. Did you experience difficulty in finding places to other .
hunt? Yes ( } No ()} 19. How many persens (including yourself) are
7. What was the usual number of hunters in your hunt- members of your household: Persons over 16
ing party? years; males , females : Persons under
8. Please indicate the type of gquail season you would 16 years; males , females .
like to have seen during the past fall: Season 20. How many members of your family hunt quail
dates from to . Hunting to be legal (include yourself)?
on: (circle choices) Mon. Tues. Wed. Thurs. Fri. 21. How many years have you lived in Oklahoma?
Sat. Sun. Bag limit of quail per day. 22. What is your primary occupation (if un-~
9. How many bird dogs do you own (include all ages): employed, indicate 'none")?

Pointers Setters Brittanys others 23. Circle the days that you normally have off each
i0. How many miles would you drive for a one day hunt week. 3un. Mon. Tues. Wed. Thurs. Fri. Sat. None
yielding 10 quail per day? 5 5 quail per 24. How many days (working days) annual vacation

day do you have?
1l. How many times last season did you encounter other 25. Please check the box that fits your annual in-
hunters while hunting on private land? come before taxes (we need this information to
12. About how much money per day did you spend last tailor programs you can afford) ( }less than
season for the following items while quail hunt- $3,000, ( )$3,001 to $7,000, ( }$7,001 to
ing? Gasoline food smmunition $15,000, ¢ }$15,001 to $25,000, ( )over $25.000.
lodging other (specify) 26. Circle animals you hunted last season: water-—
fowl, dove, pheasant, turkey, crow, rabbit, pr.
chicken, squirrel, deer, raccoon, coyote, bobcat.
Fig. 1. Oklahoma quail hunter questionnaire.

Fig. 2.

Planning regions of Oklghoma.
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weight in 5 of the 7 samples on burned plots. Flies were generally more
numerous, but not significantly so, on unburned rather than burned plots.
Leafhoppers numbered and weighed significantly more on burned plots in
all samples. True bugs were more numerous and weighed more on burned
plots, but the differences were significant only at peak true-bug density.
Beetles were most numerous and totalled greatest weight on the burned
plots in 4 of the 7 samples. All families of the Order Orthoptery (grass-
hoppers, etc.) were significantly more numerous and weighed significantly
more on burned than on unburned plots.

Total dry weight of insects was significantly greater on burned plots
in all 7 samples. Mean dry weight of insects in the 4 SN samples was
2.657 g on burned and 1.356 g on unburned. The 3 DV samples averaged
1.222 g on burned plots and 0.660 on unburned plots.

The multiple sample AOV, one for each sample type, confirmed the results
of the individual sample AOV. 1In fact, Duncan's New Multiple Range Test
disclosed significant differences both in number and in dry weight of some
species of insects, on a given date, that the AOV had shown to be nonsignif-
cant. Significant interactions between treatment (burn) and date of sample
were found and were attributed to increase or decrease in insect populations.

The factorial analyses for SN and for DV disclosed significantly more
insects on burned plots than on unburned. The mean sample number for SN
was 586 on burned and 311 on unburned. The mean sample number for DV was
718 on burned and 432 on unburned.

Insect Samples-PH Study

The results of the PH samples, 4 SN and 3 DV, taken during the summer
of 1971, are shown in Table 7. The mean number, mean dry weight, and the
AOV results are presented for the major insects by sample date. Most in-
sects were more abundant and heavier in total dry weight on the unburned
3-YOR than on the AB plots. These differences were usually not signifi-
cant. Only one type of insect, grasshoppers, had significantly more
numbers and dry weight, occurring in the 3-YOR, in all 7 samples.

The 3-YOR plots contained greater total dry weight of insects in
all samples, the differences being significant in 5 of the 7 samples.
Grasshoppers made up 647 of the total insect weight, so they greatly
influenced the total insect dry weight, in favor of the 3-YOR. The
average of the 4 SN samples, total insect dry weight, was 0.630 g on the
3-YOR and 0.414 g on the AB plots. Total insect dry weight, in the 3
DV samples, averaged 0.375 g on the 3-YOR and 0.174 g on the AB plots.

Insect Density and Biomass

Total insect density and biomass for the 2 studies are presented in
Tables 8 and 9. The reader should recall that sampling was conducted
from the quail chick's "point-of-view', near the ground, and that large
specimens of insects were disregarded. The less numerous types of
insects, moths, damselflies, etc. were not included. The expanded
figures, insects/acre or biomass/acre, were made on the basis of the cal-
culated volume of a single SN or DV sample. The data for the 2 sampling
methods was kept separate, and the reader must remember the great
differences between the 2 types of samples.
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Insect Density

The SN sample of 17 June, with an expanded insect density of about
64,000/acre on burned plots, was significantly greater than the other 3
SN samples and could be considered the peak of insect density. The
remaining 3 SN samples showed insect density to be about 35,000/acre.
This density was not significantly greater than the 31,000/acre on un-
burned plots at the peak density, but was significantly greater than
the other densities (dates) on unburned plots.

The 3 DV samples on burned plots showed an increase in density, from
59,000/acre to 77,000/acre to about 90,000/acre, in mid-August. DNMRT
determined that the last sample, in mid-August, was significantly dif-
ferent from the previous 2 and could be considered as a peak in insect
density. Apparently, 2 peaks in insect density occurred on the ROW plots.

In the PH study (Table 9), a comparison of total insect numbers on
the 3-YOR and the AB plots was not tested for significance. There seems
to be little difference, however, except on 4 August. On the 3-YOR plots,
the DV total density varied from about 33,000/acre in early July to a
peak of 58,500/acre in early August. It appears that the August total
density would be significantly different from the much lower 33,000 in
July or the 21,500 in September. There does not appear to be much dif-
ference in the SN densities, from 13,300 in 12 June to a high of 19,500
in mid-July. The highest density was recorded just previous to the
peak DV density, suggesting that a single peak in insect density occurred
in late July and early August.

Insect Biomass

The burned plots (ROW) always held significantly more dry weight of
insects than the unburned, so the expanded figures would also be signif-
icantly different. The total insect biomass figures were not tested
for differences by dates, but with the SN method the differences, 104
g/acre to 195 g/acre, do not appear to be too great. The lower figure
in late August was due to most grasshoppers being larger than 0.035 g,
and therefore discarded from the sample. The DV method showed an in-
crease from 99 g/acre in early June to 149 g/acre in early July. The
mid-August sample is about the same as the early July total.

Total dry weights of PH samples were significantly different, favoring
the 3-YOR in 5 of the 7 samples. The expanded figures on total insect
biomass were also significantly different. The SN totals on the 3-YOR plots
were much alike for the first 3 samples: 82, 92, 63 g/acre, but decreased
in late September to only 33 g/acre. The DV method indicated the same
trend, about the same biomass in July and August, 56 and 47 g/acre re-
spectively, and then a drop to 29 g/acre in early September. If there was
a peak in insect biomass, it occurred in the period of early to mid-July.

Differences in total insect density or biomass on ROW plots versus
FH plots were not tested for significance, but the differences appear
to be great. The ROW plots produced many more insects. The PH area
was particularly devoid of true bugs and had far fewer beetles. These
_notations were reflected in the number eaten by quail chicks on the
respective study areas.
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Table 8. 1Insect density and biomass on ROW burned and unburned
plots, 1969.

Sample Density (No./acre) Biomass jg/acrelz/
Date Typel/ Unburned Burned Unburned Burned
Jun 3 DV 36,555 59,034 57 993/
Jun 17 SN 31,405 63,982 80 161
Jul 1 DV 46,850 76,681 80 149
Jul 14 SN 22,255 35,360 87 181
Jul 29 SN 19,912 34,553 90 195
Aug 11 DV 52,416 89,706 70 137
Aug 25 SN 21,450 34,627 70 104

1 DV=D-vac machine SN=Sweep net

2 Excluding all individuals over 0.035 g and less numerous types of
insects

3 All significantly different at 1% level

Table 9. Insect density and biomass on AB and on 3-YOR plots
in the longleaf pine forest (PH).

Sample Density (No./acre) Biomass (g/acre)=/
Date Typel/ 3-YOR AB 3-YOR AB
Jun 12 SN 13,332 9,387 82 49
Jul 1 DV 33,412 26,706 56%% 24
Jul 15 SN 19,520 15,468 92% 60
Aug 4 DV 58,472 28,472 47 %% 21
Aug 18 SN 18,452 17,920 63 51
Sep 2 DV 21,412 19,884 29%* .16
Sep 23 SN 17,812 12,692 33%% 16

1 DV=D-vac machine SN=Sweep net

2 Excluding all individuals over 0.035 g dry weight, and less numerous
insects

**Significantly different 1% level, * 5% level
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Discussion

The results of the study illustrate the great importance of insects
in the diet of young quail chicks. The highest rate of chick mortality
has been reported to be in the first 2 weeks of life (4), the same period
when insects are the most important food items. The survival of chicks
might be decreased by a decrease in the quantity of insects in June or
July, at which time they are vital (3,6). A greatly lowered insect
biomass, due to the use of herbicides in agricultural crops, was thought
to be the most important cause of grey partridge (Perdix perdix) chick
mortality in England (15).

Quail chicks need an abundance of tiny insects and the insects must
be available. The study on the ROW showed significantly more insects
and significantly more insect biomass on the burned plots than on the
unburned areas. The herbivorous types of insects: beetles, true bugs,
leafhoppers, and grasshoppers, were particularly more abundant on the
burned plots. These same types of insects were the most important
chick foods. The increase in insect density on the burned plots was
attributed to the lush, succulent vegetative growth that followed the
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Three years of accumulation of litter is too much in the longleaf
pine habitat; a l-to-2-year interval between burning has been recommended
(20). This recommendation seems well founded for improving brood habi-
tat. A l-year-old-"rough'" will provide adequate litter so that grass-
hopper density will increase.

The ROW plots produced much more insect density and biomass than
the PH plots. Undoubtedly the difference is due to the rather infer-
tile soils of the longleaf pine habitat and to past history. The "piney
woods'" were grazed by sheep and cattle for many years, and these herbi-
vores account for a plant community dominated by broomsedge and wire-
grass (19) and the lack of a rich flora. Native legumes and palatable
grasses have been practically eliminated. TIll-timed fires also contri-
buted to the lack of a more varied flora. 1Insect density and biomass
seems adequate on the ROW plots, but PH habitat has a low carrying
capacity as brood habitat.

Another feature of brood habitat carrying capacity is the amount
and availability of seeds. The youngest chicks used in my studies ate
seeds. A 4-day-old chick ate 165 panic grass seeds. A 6-day-old con-
sumed 240 panic grass, 70 Carex spp., and 17 miscellaneous species of
seeds in 1 afternoon. The importance of seeds, especially early matur-
ing panic grass species, was reported earlier (5). Fire is routinely
used to increase commercial seed production, so this would further add
to the advantages of using fire in brood habitat management.

Insect abundance and availability are the prime factors to consider
in trying to determine the carrying capacity of an area as brood habitat.
Currently, not enough is known about wild quail chick needs, their
daily insect consumption, or about availability of insects (16). 1Insect
abundance is influenced by many factors (l4), the type of plant com-
munity being prominent. Legumes were thought to attract or produce more
insects than nonlegumes (17). The attractiveness of certain crops, soy-
beans, peas, and other developing fields of legumes, for young quail has
been noted (13,17). A study in Georgia (1), found that mixed-forb fields,
early seral stages of plant succession in the southeast, produced many
more insects than did later stages, such as broomsedge fields. From the
aspect of insect abundance, brood habitat should favor legumes and mixed
forbs. Fire, used properly, will produce a variety of luxuriant vege-
tation and favors legumes (9,17). When using fire the manager should
finish all burning before insect emergence and hatching of the over-
wintering eggs takes place. Woody-brushy areas, which serve as brood-
holding areas, should be saved from burning. Burning in strips or
patches is recommended, to leave preferred nest habitat adjacent to
brood habitat. The interval of burning will depend on local conditions,
but the factors of insect abundance and availability should be consid-
ered equally. To have many insects under poor feeding conditions,
dense vegetation, or accumulated litter, is worse than having fewer in-
sects under ideal '"catching' conditions.

Another way of increasing insect abundance and availability is by
planting an agricultural crop or wildlife food plant species; properly
fertilized, it will generally produce a lush, green vegetative growth.
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So-called '"clean" farming is not desired; weedy fields are the goal. A
low-growing species is preferred so that insects are concentrated in the
chicks feeding zone; 0-8 inches above the ground. Although not complete-
ly tested, kobe lespedeza appears to be an excellent species for high
insect production, but its density must be controlled by light discing.

During the patch-farm era in the
The many small, scattered, cultivated
fire in the woods combined to produce

South, quail densities were high.
fields and the continued use of
ideal quail habitat (18). Brood

habitat was certainly abundant. High quail densities, 1 or 2 birds to
the acre, are found on areas in the South today and these areas use fire
and food (brood) plots. While speaking of the needs of wild turkey poults,
the Dean of Quail Management, Herbert L. Stoddard, said that '"preferred
insect catching grounds'" should be created (22). These insect or 'bug-
ging' habitats can be created by fire or cultivation, or a combination

of the two.
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THE RESPONSE OF BOBWHITE COVEYS TO DISTURBANCE DURING FIELD TRIALS
Ralph W. Dimmick, Dept. of Forestry, Univ. of Tenn., Knoxville

Noel S. Yoho, International Paper Co., Camden, Ark.

The characteristically sedentary nature of bobwhites is well docu-
mented by intensive research and is generally well known to hunters and
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others acquainted with the life habits of this species of game bird.

Farly studies (1,7) indicated that quail often spend their lives
ing less than 0.5 mile between the widest points of their range.

travel-
Other

workers have shown that while the majority of individual bobwhites in a
population have similarly restricted ranges, the mean size of home range
expressed as cruising radius may be up to 0.5 mile or more (3,5,6). In
some cases, where environmental stress is great or where seasonal changes
markedly alter the condition of habitat, bobwhites may move distances of

several miles (2). 1In Missouri, the greatest amount of movement
in spring, when the population undergoes changes relative to its
status, and a lesser amount in the autumn (4). The situation is
posite in Florida, where greatest mobility is observed in summer
and least mobility in spring (5).

occurs
breeding
the op-
and fall,

The studies cited above, while illustrating regional differences in
specific movement patterns, emphasize the commonly accepted contention

that covey ranges of quail are small and that over short periods

of time

quail may be expected to move within a cruising radius of 0.25 to 0.5

mile. In addition, these studies illustrate that a potentiality
shifts in range occurs in some populations of quail.

for marked

This study reports on the impact of a major field trial on some as-
pects of density, distribution, and behavior of a bobwhite population on
a field trial area. Relationships between quail density, daily distur-
bance, and bird dog performance are discussed. We are grateful to Wil-
liam Brown, Editor, The American Field Magazine, for providing detailed
accounts of the field trial competition and to John Rennie, The Univer-

sity of Tennessee, for aid in statistical analysis of the data.
study was supported by funds from McIntire-Stennis Project MS-3.

Study Area

This

The study was conducted on Ames Plantation, an 18,600-acre tract in
Hardeman and Fayette counties, Tennessee. The plantation is located in
the Eastern Gulf Coastal Plain physiographic region, and is generally
representative of the western 0.3 of Tennessee. Major crops grown on

the plantation include soybeans (Glycine max), corn (Zea mays), a

nd

cotton (Gossypium hirsutum). Beef cattle and forestry are other major

enterprises.

A 2,100-acre area was used for intensive study of the quail popu-
lation (Fig. 1). Land use on the area is divided between forest land

(31%), idle land (28%), cultivated land (23%), and pasture (15%).

A

subunit of about 214 acres within this area was selected for studying
the behavior of quail during winter with the aid of radiotelemetry. This
unit contained proportionately more cultivated land and less of other

types of land use than the remainder of the area.

Of particular significance to this study is the annual running of
the National Championship Field Trial for pointing bird dogs. This
event is conducted over 2 separate courses, each approximately 12 miles
long, during the last 2 weeks in February. During the running of the
trial, a brace of dogs is started on the Morning Field Trial Course at
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about 0830 and another brace is run on the Afternoon Course at 1330 each
day of the event except Sunday, weather permitting. The courses are
marked prior to the first day's running, and each dog is required to fol-
low the same course. Thus, the courses are run the same time each day
over the same route. In addition to the dogs, handlers, and judges, a
gallery ranging from about 60 to 600 mounted spectators follows a route
coinciding with or closely paralleling the field trial courses.

A significant feature of the Morning Field Trial Course is its fre-
quent looping and doubling, permitting a thorough searching of large
blocks of habitat by the dogs. This feature facilitated management of
this area, as management efforts could be concentrated in areas that
would be traversed 2 or more times during each heat.

Methods

Density and distribution of quail on the study area were determined
by direct censuses conducted twice annually during the periods of Decem-
ber 1966 and March 1972. These censuses employed 5 to 7 men walking 20
to 30 yards apart to flush coveys. The counts were believed to be a con-
sistent but low estimate of the density and spatial distribution of the
population. Statistical limits of confidence could not be established,
however, because of the impracticality of obtaining replicate counts for
any season. Each census required 4 to 6 days, and neither time nor man-
power was available for replication.

Home ranges of coveys and other aspects of quail behavior were stud-
ied with the aid of radio telemetry (8). Transmitters weighing about 14
g were placed on the backs of quail, and signals were monitored with the
aid of a portable receiver. Signal strength varied greatly, occasionally
being detectable at distances of 0.5 mile or more, but usually at ranges
of 50 to 100 yards.

The performance of bird dogs in locating coveys during the field
trials was determined from examining the accounts of the running of these
trials published in The American Field Magazine. These accounts recorded
the number of coveys pointed per heat, and the total time on the course
logged by each dog. Data from heats for which neither dog finished the
course were excluded from the analyses.

Results

Quail Populations

The quail population was studied with respect to its density on the
study area and its distribution along the field trial course.

Density

The mean number of coveys on the 2,100-acre study area was 94 in De-
cember and 80 in March during the period 1966-1972 (Table 1). The autumn-
to-spring decline in covey count during this period ranged from about 10
to 20%, averaging 15.4% for the 6 years. This seasonal decline in numbers
of coveys on the study area was accompanied by comparable changes in

(o
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Table 1. Numbers of coveys and numbers of quail on the Ames Plantation
study area during December, 1966 to March, 1972.

Period Number of coveys Number of quail
December March Percent December March Percent
decline decline
1966-67 90 76 15.6 1184 925 21.1
1967-68 101 81 19.8 1478 1073 27 .4
1968-69 100 82 18.0 1394 1033 25.9
1969-70 73 66 9.6 1007 832 17.4
1970-71 89 77 13.5 1179 964 18.2
1971-72 111 95 14.4 1334 1269 4.9
Mean 94 80 15.4 1263 1016 19.5
Acres/covey 22.3 26.4 - - - - -
Acres/bird - - - 1.7 2.1 -
Table 2. Number and proportion of coveys on the study area which were
located on the field trial course.
December March
Period No. of coveys % of total No. of coveys % of total
on field trial coveys on field trial coveys
course course
1966-67 49 54.4 40 : 52.6
1967-68 51 50.5 37 45.7
1968-69 54 50.0 39 47.6
1969-70 37 50.7 32 48.5
1970-71 47 52.8 45 58.4
1971-72 49 44,1 48 50.5
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Fig. 1. The study arec, a 2100 ccre tract on Ames Plantation, Fayette

and Hardeman counties, Tennessee.

® Dec — 49 coveyt

A Morch — 48 coveys

Fig. 2. Location of covays on tha marning field trial course during
December, 1971 and March 1972
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Performance of Bird Dogs

The performance of the competing dogs in locating coveys was consi-
dered a subjective index of the impact which the field trial exerted
upon the availability of coveys. Over the 6 field trials studied, dogs
averaged pointing 1.3 coveys per hour. The number of covey points per
dog-hour varied only slightly between years; analysis of variance indi-
cated that these minor differences were not statistically significant.
It is likely that variations in quail density between years were not
great enough to exert significant influence on the dogs' ability to
locate coveys.

We used linear regression to measure the relationship between the
number of coveys pointed during a 3-hour heat and the number of conse-
cutive heats run prior to that heat. We assumed that if repeated dis-
turbance of the area by the large gallery initiated egress of quail from
the field trial course, we would detect a trend toward fewer covey points
as the field trial progressed. We did not observe such a trend over the
6 trials. The greatest number of points occurred on days preceded by
zero and 1 day of prior running, but no consistent trend was obvious
(Fig. 4). The correlation was low (-0.23), and was not significant.

Conclusions

We draw 2 major conclusions from our study of field trial activities
and quail behavior. First, we conclude that the rather traumatic ex-
perience of having their home range invaded by large numbers of mounted
riders is sufficient disturbance to cause some coveys to demonstrate
marked shifts in the location of their activity centers and home ranges.
Telemetry data on 1 covey indicated clearly that coveys may disintegrate
and abandon a well-established home range when these circumstances become
prevalent. -

Second, a point we believe to be more significant, the dramatic ad-
justment of home range was not universal among coveys on the study area.
Covey distribution and density remained relatively unaltered, and the
dogs' ability to locate and point coveys did not diminish as the trials
progressed. Thus, it appears that minor, and occasionally major, shifts
in covey ranges may be compensated for by 3 factors: (A) the moderately
high density of quail maintained on the field trial course by good habitat
management; (B) day-to-day variations in the specific areas searched by
the dogs, and (C) the layout of the field trial course which enhanced the
"interception'" of displaced coveys.
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HABITAT UTILIZATION BY BOBWHITE QUAIL DURING WINTER
Noel S. Yoho, International Paper Company, Camden, Arkansas

Ralph W. Dimmick, Department of Forestry, The University of Tennessee,
Knoxville

Abstract:

This study was conducted on a 214-acre area of the Ames Plantation,
Fayette County, Tennessee. Information on habitat utilization by bob-
white quail (Colinus virginianus) during winter was obtained by tele-
metering quail during January - March, 1970. The ranges of five coveys
averaged 16.7 acres. Coveys spent little time in cultivated fields
although this type of cover constituted much of the home ranges of 4
coveys. Cedar woods, hardwood forests, and old fields were used in pro-
portion to their abundance for diurnal protective cover by the quail
population, but presence of honeysuckle (Lonicera japonica) or other
dense understory cover generally increased the attractiveness of a wooded
area for quail. Honeysuckle was also the preferred ground cover for
roosts. '

The characteristic habitat or vegetative type most important to the
bobwhite during winter varies widely among portions of its range in North
America. The specific vegetative types quail utilize most frequently in
a particular region reflect both their immediate needs for coping with
environmental problems and the variety of vegetative types available to
them. Typically, certain features of habitat exert significant influence
on diurnal patterns of quail movement during winter. This is evidenced
by the bobwhite's tendency to spend disproportionate amounts of its time
in certain areas. Bobwhites in south-central Kansas, an area character-
ized by open herbaceous cover, show a strong inclination to establish
"headquarters" in patches of brushy or woody cover when available (9).

In Wisconsin, hedgerow of specified dimensions is the significant fea-
ture determining the quality of winter habitat for quail (5), and in
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Missouri fencerow cover is important to the carrying capacity of farm-
land (8). 1In southern Illinois, however, bobwhite population densities
show no significant correlation to total amounts of edge (including
fencerows), but the number of coveys in fall is strongly correlated with
the amount of specified types of edge, e.g., edge between cultivated
fields and brushy pastures (4).

We made the present study to identify cover types or habitat features
that are most important to bobwhites in west Tennessee. We analyzed the
extent to which quail utilize various cover types and habitat features
during winter, and we described characteristics of covey ranges and re-
actions of quail to habitat alterations within covey ranges.

The Study Area

The study area is located on the Ames Plantation, an 18,600-acre
tract in Fayette and Hardeman Counties, Tennessee. Quail behavior was
studied intensively on a 2l4-acre plot within a 2,100-acre unit inten-
sively managed for bobwhites.

Soil materials in the plot consist of a 3-ft layer of loess over-
lying coastal plains material composed mostly of sand. Loring and Callo-
way soil series characterize the area (11). Drainage ranges from moder-
ately good to restricted; topography is smooth. Elevation is about 600
ft (3). Several intermittent streams cut deeply into the underlying
sand and meander away from the study area.

The climate is humid and temperate. A long growing season, averaging
209 days, and high annual rainfall, averaging 51.6 inches, favor such
vegetational growth. Mean seasonal temperatures range from 42 F in winter
to 78 F in summer,

Varied habitats exist on the study area. A red cedar (Juniperus
virginiana) grove with an understory of broomsedge (Andropogon virginicus)
occupies 33 acres in the southern portion of the area. North of these
cedars lies a series of soybean (Glycine max) and cotton (Gossypium
hirsutum) fields ranging in size from 1.2 to 40 acres. 1Idle ground and
brushy cover patches encircle each field. Two strips of hardwoods run
north and south through the 100-acre central portion of the study area.
One strip halves the area while the other edges the western border.

The northern portion of the study area consists of 41 acres of idle
land interspersed with hardwood stands consisting mostly of sapling and
pole-sized oaks (Quercus spp.), sweetgum (Liquidambar styraciflua), and
hickories (Carya spp.). Hardwood understories range from open to dense.
Honeysuckle (Lonicera japonica) and blackberry (Rubus sp.) characterize
dense understories.

In addition to agricultural usage, the study area is managed for
quail by prescribed burning and maintaining cover strips. Twice annually,
during December and March, the quail population is censused. The Decem-
ber census, immediately prior to this study, revealed a density of 1
quail per 2 acres. The March census, at the termination of the study,
indicated the population had declined to 1 quail per 2.4 acres.
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Methods and Materials

Quail were live-trapped on the study area to obtain birds for marking.
Eight funnel traps, made of 0.5 inch nylon mesh sewn to steel-rod frames
were used to capture quail. Traps were placed at the edges of merging
cover types in areas frequented by quail. Traps were set early each morn-
ing and examined late in the morning and evening. Trapping continued for
a maximum of 3 weeks at each site. Quail were aged, sexed, and banded;
some were fitted with transmitters as described below.

The heaviest bird captured from each covey was harnessed with a
transmitter. A second quail was retained, providing a second chance to
telemeter a covey should the first transmitter fail to perform satisfac-
torily.

The telemetry system consisted of a battery-operated receiver, a
directional, hand-held antenna, and 9 transmitters, each equipped with a
10-inch whip antenna. Transmitters emitted a continuous signal on fre-
quencies ranging from 150.830 Mc. to 151.070 Mc. RM-625 Mallory batteries
equipped with soldering tabs powered the transmitters. Weight of an
assembled unit was 14 g. Brander and Cochran (2) concluded that trans-
mitters on birds should constitute no more than 4% of body weight. The
transmitter assembly used in this study averaged nearly 10% of body weight,
but did not noticeably impair quail flight if properly balanced over the
wings. Coveys containing telemetered quail were flushed 35 times; at each
flush the telemetered bird flew with the covey. The trailing antenna drag-
ging through vegetation, however, may have posed a problem to the tele-
metered bird.

Coveys containing telemetered birds were located at 2-hour intervals
diurnally. Transmitter signals were detected by systematically searching
covey ranges with the receiver. The bird was approached to within 30 to
70 yards, as indicated by signal intensity, and then circled to obtain
bearings on the position of the covey.

Results and Discussion

Eleven telemetered-quail provided data on 5 covey ranges for periods
ranging from 8 to 27 days (Table 1 and Fig. 1-5). The home ranges of
these 5 coveys, determined by 69 to 134 radio telemetry locations, aver-
aged 16.7 acres. Home-range size on our study area was smaller than re-
ported elsewhere. Bartholomew (1) estimated home ranges of 4 coveys in
southern Illinois tc average 38 acres, ranging from 30 to 46 acres. His
data, like ours, were obtained by radio telemetry during the winter, and
represented comparable periods of observation. Roseberry (10) tracked 3
coveys in heavy snow for about 6 weeks and reported that their average
home range included 23.7 acres. Using mean dimensions reported by Lehman
(7) we computed a mean home range of about 23 acres each for 10 coveys
he studied during winter in Texas.

Utilization of Cover Types

The proportion of time a covey spent in each cover type during day-
light hours was measured by the proportion of occasions it was located
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by telemetry in each type. These data were then compared with the pro-
portion of the covey's home range occupied by each cover type to deter-
mine whether or not cover types were used randomly (Table 2). Chi-square
tests of goodness of fit for single classification frequency distri-
bution were used for statistical determinations.

Four of the 5 coveys showed nonrandom use of cover types in their
home ranges. Coveys 1, 3, and 5 occupied ranges containing large per-
centages of cultivated land. Use of this cover type, however, was de-
cidedly nonrandom. While an average of 31.5% of the ranges of these 3
coveys was in cultivated land, only 4.3% of 328 telemetry locations were
in this cover type. Bartholomew's (l) observations on time bobwhites
spent in cornfields corroborated ours.

A cornfield in the range of Covey 3 was the only cultivated field
in which quail were located frequently (Fig. 3). Cornstalks and weeds
remained standing in this field providing concealment for the covey.
Protective cover was absent from other cultivated fields. Despite the
limited amount of time spent there, however, cultivated land is obviously
important to bobwhites. All coveys studied had ranges which included
portions of a cornfield or soybean field, and these 2 cultivated grains
composed the most important food of quail on the study area during
winter (Eubanks, personal communication).

Covey 2 deviated from a pattern of random utilization of its range
although its range included little cultivated land. The majority of
this deviation resulted from the covey's heavy utilization of a small,
densely vegetated, marshy area. The covey's use of this marsh was 6
times greater than random use would indicate.

The use of cover types by Covey 4 was random. This covey's range
included only a small portion of cultivated land and contained no unique
habitat type such as the marsh described previously.

Three vegetative types constituted the majority of uncultivated lands
in the covey ranges studied; cedar woods, hardwoods, and old fields. The
combined use of these three vegetative types by the 5 coveys was random
(X2 = (0.7922). However, 3 of the coveys showed preferential use for 1
or more of these types (Table 2). A major factor influencing use of the
2 forest types by coveys was the character of its understory vegetation.
The presence of honeysuckle or other dense understory vegetation gener-
ally increased the attractiveness of a wooded area for quail.

Activity Centers

Within covey ranges, activity centers of about 50 sq yards or less
were used intensively (Fig. 1-5). Each of the 5 ranges had 2 of these
centers, arbitrarily defined as places where the covey was found 10 or
more times during the study. With 1 exception, each was characterized
by honeysuckle understory in a forested area adjacent to a grain or weed
field. Honeysuckle is a very common understory species on our study area
and many such sites were available.
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Examination of flush data obtained during the population census
further illustrated the usefulness of honeysuckle to quail during winter.
Nearly 307 of 946 covey flushes were from sites at which the vine was
a gignificant feature. Typically, these flush locations were patches
of honeysuckle near an edge between a forest and a field. These data,
while not strictly comparable to data obtained by telemetry, signify
that honeysuckle plays an important role in providing protection to
coveys during the winter period.

Roost-Site Selection

0f 107 roosts located by radio telemetry, 63 were in honeysuckle.
Brushy and herbaceous vegetation were frequently interspersed in the honey=~
suckle patches selected for roosts. The extent to which honeysuckle was
favored for roosting varied between coveys (Table 3). Of 37 roosts selected by
coveys 1 and 5, 34 were in honeysuckle. Covey 4 selected only 3 of 21 roosts in
honeysuckle.

Twelve roost sites were located under low-hanging cedar boughs.
Eleven roost sites each were in mixed herbaceous vegetation and in
blackberry briar patches. Ten roost sites were in broomsedge. The
characteristic use of honeysuckle for roosting contrasted with roosting
behavior of quail in other areas. Murray (8) indicated that luxuriant
growths of Korean lespedeza (Lespedeza stipulacea) were favored for
winter roosts in Missouri farmlands. 1In southern Illinois, in an agri-
cultural region roughly similar to our study area, quail characteristic-
ally selected broomsedge for roosting (1,6). However, during a lengthy
period of heavy snow cover in that same region, Roseberry (10) observed
a shifting of roosting and loafing sites from open to woody cover, es-
pecially to clumps of Japanese honeysuckle.

The rather striking differences in roost-site selection by quail
occupying generally similar environments indicates clearly the need for
information on specific cover requirements and preferences of local
quail populations if they are to be managed effectively.

Response of coveys to habitat alteration

Baiting or trapping within covey ranges did not noticeably influ-
ence movements of quail. Coveys utilized bait sites in passing but did
not linger near bait.

Modification of areas 0.25 acre or larger, however, precipitated
some changes in range utilization. Two covey ranges encompassed a cedar
woods in which some mature trees were cut out during the study period.
The coveys noticeably increased their use of this part of their ranges
by feeding on ground disturbed by the tree cutting and taking refuge in
the cedar tops left in the area. 1In another instance, several horses
were stabled for a brief period in a covey's range. This covey quickly
developed a new center of activity in this area, feeding in the soybean
straw used as bedding for the horses. In both cases, quail recognized
and responded rapidly to favorable changes in their habitat.

Summary

We observed the following characteristics of cover-type selection
by quail on our study area:
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1. The proportionate use of major cover types by a covey reflected
certain characteristic features of its range. Coveys occupying ranges
composed of significant amounts of cultivated land deviated from random
usage of cover types, showing disproportionately heavy use of uncultivated
portions of their ranges.

2. Within the uncultivated segment of a covey's range, utilization
of major cover types, summed for all coveys, was random. Individual
coveys, however, were strongly influenced by special vegetative features.
Honeysuckle, for example, figured prominently in selection of daytime
activity centers and night roosts. It also appeared to provide impor-
tant escape or protective cover, as observed during population censuses.
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EARLY QUAIL HUNTING SEASON IN TENNESSEE: REASONS AND RESULTS
Chester A. McConnell, Tennessee Game and Fish Commission, Lawrenceburg

Abstract:

Bobwhite quail (Colinus virginianus) wings were collected and aged
from 1952 through 1970. The wing age data indicated that Tennessee's
quail hunting season could begin 20 days earlier than the traditional
Thanksgiving Day opening, providing a larger quail harvest. A study in-
volving a season opening date of 5 November was conducted on Laurel Hill
Wildlife Management Area resulting in an 18% increase in quail kill over
previous years. Only 187 of the quail bagged on Laurel Hill were <12
weeks of age, indicating that birds were sufficiently developed to pro-
vide good sport. Based on these earlier studies, the Commission opened
the statewide quail season on 6 November 1971. A total of 5,270 quail
wings were collected and aged during the early season. An estimated
180,000 additional quail were harvested as a result of the earlier sea-
son. Approximately 18 to 19% of the quail were <12 weeks of age. Based
on data resulting from a questionnaire, approximately 80% of the quail
hunters furnished information favorable to the early season. Weather
conditions during the early season were unseasonably warm, but 64% of
the hunters indicated that warm weather was only a minor problem. Land-
owners (87%) indicated that unharvested crops were only a minor problem.
Hunters (80%) indicated that young quail presented only minor problems.
Sportsmen responding to the questionnaire averaged 8.1 hunting trips and
bagged an average of 5.0 quail per trip in November.

The purpose of this study was to test the hypothesis that a hunting
season on bobwhite quail (Colinus virginianus) in early November would
allow sportsmen to harvest a segment of the population that generally is
lost to natural mortality.

The Tennessee quail season traditionally opened on Thanksgiving Day
prior to 1960. From 1960 to 1969, opening dates fluctuated from 3 to 10
days earlier, then returned to Thanksgiving Day in 1970. Biologists have
contended that the season could be opened approximately 15 to 20 days
earlier, resulting in a larger harvest of quail in which both sporting
quality and size of birds were acceptable to hunters.

Persons opposing the earlier hunting date believed that quail would
be too small, the weather too warm for hunting, and that farmer's crops
would not yet be harvested and would suffer damage from hunters.

This paper attempts to explain the reasons for and results of the
early quail hunting season in Tennessee.

Seasons prior to 1960 were based on tradition and other nonbiologi-
cal factors. This is basically true in much of the quail range, and
efforts to establish quail hunting seasons based on sound biological
data have failed in many states.
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Studies of quail population dynamics (8,12,13,18,21) have indicated
that more quail should be available for hunting during an earlier season.
The Game Management Division wanted to determine: (A) whether an earlier
season would permit hunters to harvest additional birds, (B) the age
structure of the quail population during early November, and (C) hunter
response to an earlier opening date,

The assistance of the many people who contributed to this project is
gratefully acknowledged. Without the quail wings contributed by thousands
of Tennessee hunters for the past 21 years, the study could not have been
made. The assistance of the sportsmen who answered the questionnaire is
also appreciated. Special thanks go to the dedicated biologists who have
assisted in collecting and aging the quail wings during the study; to the
Came and Fish Officers who provided hunter names and collected hunter
success data; and especially to Zugene Legler who was the Wildlife In-
vestigations Project Leader for 15 years.

Materials and Methods
Twenty-Year Quail Wing Study

Tennessee quail wing collections were begun in 1951 when biologists
collected wings in 6 southwestern counties. The collection was expanded
to other counties in 1952. Beginning in 1953, names of quail hunters from
all 95 counties were provided by Game and Fish Officers. Hunters were
sent letters describing the quail program along with 5 self-addressed,
postage-paid envelopes . Hunters were requested to cooperate by contribu-
ting 1 wing from each quail bagged. They were instructed to place the
wings from 1 day's hunt in an envelope, write the date, county of hunt,
and their name and address on the envelope, and mail them to the Game
Division. Additional hunters were included during the 20-year period.

Wings received were aged according to techniques described in the
literature (3,7,14,17,20). Basically, the aging technique was to evaluate
the color of greater primary covert feather tips and measure the progress
of molt of the primary wing feathers. Wings were aged to determine:

(A) the adult-juvenile ratio, (B) the percentage of various age groups
of juvenile quail in the fall population, and (C) hatching periods.

Pilot Study (1970)

A pilot study was conducted in 1970 on 1,200 acres of quail habitat
on Laurel Hill Wildlife Management Area to study the effects of opening
the quail season earlier. This public area normally has very heavy hunting
pressure. An opening date was selected for the hunting season by using
an average cumulative hatching curve (Fig. 1). An average date was deter-
mined by which time 847 of the juvenile quail were hatched. Twelve weeks
(84 days) for maturing were added to that date. The season was thus set
to begin on 5 November 1970. All persons hunting on the area were re-
quired to check in and out at checking stations so that biological data
could be collected. Records were made of numbers of hunters and quail
bagged. One wing was collected from each quail shot from 5 through 24
November. All wings were aged and the data recorded. (limatological data
were collected in the study area to determine the effect of weather on
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hunting activity and success during November. Hunters were questioned to
determine their response to the early season. Locations from which hunters
originated were also recorded.

State-wide Early Season (1971)

Based on results of the previous studies, the Commission established
an early statewide quail season to begin on 6 November 1971. Quail wings
were collected from 6 through 30 November as described above to assist in
evaluating the early season. Quail hunters were checked in the field
throughout the season by 130 Game and Fish Officers and Game Biologists
to determine kill success.

State-wide climatological data were obtained from the U. S. Weather
Bureau. This information was correlated with hunting activity and success.

Data obtained from the Tennessee Crop Reporting Service were reviewed
to determine the percentage of agricultural crop acreage harvested by
specific dates. This information was used to study the relationship of
hunting to possible crop damage.

Quail Hunter Questionnaire

In February 1972, a questionnaire was sent to 282 quail-wing-survey
cooperators. Questions concerning their hunting experiences and their
feelings regarding various controversial aspects of the early season
were asked. The questionnaire data were compiled and compared with other
phases of the project.

Results
Twenty-Year Quail Wing Study

A total of 65,026 quail wings were contributed statewide by hunters
from November 1951 through November 1970. Approximately 81% of these
wings were from juvenile quail (<7 months of age) and 19% were from adult
quail. The largest percentage of juvenile quail in the fall population
was 847 in 1965 and the smallest percentage was 717 in 1952. An average
of 3% of these quail were in the 4-to-10.5-week age class. Wing age data
collected during the entire 20-year period are compiled in Table 1. A
20-year average cumulative hatching curve was developed based on the age
data (Fig. 1). Quail wings collected during the first 2 weeks of each
hunting season were used to develop age data in Fig. 1

Laurel Hill Study (1970)

The experimental season, restricted to Laurel Hill, began on 5
November 1970 and closed on 8 January 1971 with quail hunting permitted
only on 24 days at regular intervals. Most of the sportsmen (390) hunted
during the first 8 scheduled days and bagged 596 quail. Only 15 of the
total 405 hunters utilized the area after the regular statewide season
began on 26 November. No one hunted during 9 of the scheduled hunt dates.
A total of 611 quail were bagged during the 15 days of actual hunting.
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gvercrowded conditions on several hunt days caused some sportsmen to stop
hunting soon after beginning, and for all practical purposes they did not
hunt. Other persons utilized the area during the early portion of the
season primarily to train dogs.

The 1970-71 quail-kill data are difficult to interpret due to the
unexpectedly large number of hunters. The crowded situation resulted in
hunter antagonism and caused poor hunting conditions. However, the num-
ber of quail bagged exceeds by approximately 18% the previous high of 503
quail bagged. There may be several possible causes for the increased
harvest, but it is believed that at least a portion of it was because
more birds were available earlier. Each year hunting pressure has been
abnormally heavy on the 1,200 acres of quail habitat. Observations and
quail population census attempts with bird dogs during October and Feb-
ruary of each of the 3 years indicated only minor variations in the num-
bers of birds.

During the 1969-70 season 271 hunters bagged 490 quail. The season
began on 22 November 1969 and closed on 17 January 1970 with 13 days of
hunting permitted at regular intervals.

A total of 503 quail were bagged by 20l hunters during the 1968-69
season. This season began on 28 November 1968 and closed on 14 January
1969. Hunting was permitted on 11 days at regular intervals. Sportsmen
utilized the area on all scheduled hunt days in 1968-69 and 1969-70.

Wings were removed and aged from 535 of the quail killed during the
period of 5 through 24 November 1970 (Table 2). Approximately 18% of all
quail bagged were <12 weeks of age. This percentage indicated that an
average of 1 quail per each 8-bird bag limit could be recognized as a
young bird by observing the primary covert feathers. The 187 was close
to the predicted 167 based on an average-hatching curve.

Climatological data from 3 stations in the Laurel Hill vicinity
indicated that weather conditions were favorable during November when 97%
of the quail hunters used the area. Cool and drier-than-normal days pre-
vailed during most of November. Only 2 warm days (28 and 30 Nov) were
considered unfavorable for hunting. Dogs worked poorly and hunters were
uncomfortable during these 2 days.

The number of persons hunting on Laurel Hill in 1970-71 increased
33% over 1969-70, the previous high. Reasons for the early quail season
were discussed with hunters at the checking stations and they were ques-
tioned concerning their attitudes. All hunters questioned stated that
they would favor an early season if it were possible to harvest additional
game. Two hunters, who killed 4-to-7-week-old birds, stated at first
that they were against an early season. It was explained to them that
late-hatched quail may suffer a high mortality rate. When they learned
that the young birds they had killed had a high probability of dying
during the first severe weather, they also decided in favor of an early
season.

Persons hunting on Laurel Hill during the early season came from
26 counties in Tennessee and 6 counties in Alabama. Local (Lawrence
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County) persons constituted only 19% of the hunters. It was reasonable
to assume that these hunters would not object to an early season or they
would not have traveled long distances to hunt on Laurel Hill.

Available data from hunts on Laurel Hill indicated that an earlier
season was biologically sound and that more quail could be harvested.

Statewide Early Season (1971-72).

The 1971-72 quail hunting season (6 Nov through 12 Feb) began earlier
than any previous year in Tennessee and earlier than any other statewide
season in the Southeast. A total of 5,270 quail wings were contributed by
282 hunters during the early part of the season (6 through 30 Nov). This
is the second largest number of wings contributed in 21 years of collec-
tions. Wings were returned from 89 of the 95 counties in Tennessee.

The quail-wing age data indicate that the 1971 production was excel-
lent, based on the 82% proportion of juveniles in the bag compared to
lower proportions of juveniles in other years of the 20-year study. The
data also indicate that the 1971 hatch was slightly later than the 20-
year average (Fig. 1). Approximately 18 to 19% of the quail bagged were
<12 weeks of age (Table 3). This is roughly 3 or 4% more than is con-
sidered desirable.

A total of 2,232 quail hunters were checked in the field during
November. They had hunted 5,659 hours and killed 4,920 quail. This in-
dicates that statewide hunting success in terms of kill per hour was
0.87, which is the fourth highest kill per hour on record (19 years).

The average 18-year kill-per-hour rate for November is 0.77. Hunters
killed 0.83 quail per hour in December, 0.8l per hour in January, and 0.74
per hour in February. The 1971-72 season was rated excellent based on

the data collected.

Data obtained from the U. S. Weather Bureau indicate that the mean
date of the first fall temperature of 32 F or lower occurs prior to 30
October in all but 2 small locations in Tennessee (Fig. 2). The normal
maximum daily temperatures were plotted for November from data furnished
by the Weather Bureau (l1). The data indicate that, normally, the warmest
temperatures during daylight hours in November range between 53 and 68 F
(based on 1931-1960 data). The coldest temperatures were not recorded
because cold weather does not affect hunting conditions as much as warm
weather does during November. During the Laurel Hill study, the weather
approximated normal November weather and provided comfortable hunting
conditions. During the early statewide season in November 1971, state-
wide daily maximum temperatures indicated that approximately 15 days had
temperatures above and 15 days below the normal maximum (Fig. 3).

Quail Hunter Questionnaire

Approximately 767 (216) of the hunters returned the quail hunting
questionnaire. Most persons answered all questions on the form, but
some indicated that they could not remember certain facts and left these
spaces blank. Based on the questionnaire, approximately 807 of the
hunters furnished information favorable to the early season. A total of
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193 hunters recorded making an average of 8.1 trips and bagging an average
of 5.0 quail per trip during November. Two hundred and sixteen sportsmen
gave ratings to the season (1971-72). Approximately 12% rated the season
excellent, 417 gave ratings of good, 36% rated the season fair, and 11%
gave the season a poor rating. When these 216 hunters compared this

season (1971-72) with the quail season of a year ago (1970-71), 30% in-
dicated that the 1971-72 season was better, 497 about the same, and 21%
worse. Landowners with quail hunting opportunities on their farms composed
47% of the persons answering the questionnaire.

Quail hunters rated 4 controversial situations according to how the
situations affected their hunting during November (Table 5). The 4 situa-
tions included warm weather, unharvested crops, age of quail, and land-
owner opposition.

Weather Effects:

Temperatures during most of the 1971-72 quail hunting season were un-
seasonably warm. This was favorable to the quail population, but some
hunters complained of unpleasant hunting conditions. Even with the ab-
normally warm weather, approximately 647 of the hunters responding to the
questionnaire indicated that warm weather during November was only a minor
or no problem (Table 5).

Age of Quail:

The quail hatch was later than normal in 1971 and this probably caused
a 3 or 47 increase in the number of young birds bagged. Nevertheless,
only a few (1.5%) were less than 8 or 9 weeks old (Table 3). Approximately
807% of the quail hunters answering the questionnaire indicated that young
quail were only a minor or no problem during the early season. Prior to
the early season, most sportsmen believed that the vast majority of the
quail would be too young for hunting when the season opened.

Landowner Attitudes:

Prior to the early season, some farmers complained about the early
quail season because they feared crop damage by hunters. Their primary
concern was loss of soybeans due to hunting activity. They contended that
dogs running through fields of mature soybeans awaiting harvest would cause
substantial damage. During the past few years new varieties of soybeans
that are practically shatter resistant have been developed and widely used.

The majority of the state's soybeans are grown in west Tennessee and
these landowners indicated more of a problem than those in other sections.
Rains during September caused rank growth of soybeans. Maturation of the
crop was later than normal, causing a late harvest. Data from the Ten-
nessee Crop Reporting Service (ll) indicate that 747% of the corn, 70% of
the cotton, and 55% of the soybeans were harvested by 10 November 1971
(Table 4). Approximately 897 of hunters responding to a questionnaire
indicated that unharvested crops were only a minor or no problem. Land-
owners with quail hunting opportunities on their farms also indicated few
problems with unharvested crops (58% - no problem, 28% - minor problem,
147 - severe problem).
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Discussions and Conclusions

Scientific data collected during the 20-year quail-wing study and the
Laurel Hill study indicated that a portion of Tennessee's harvestable
quail crop was being wasted each year. The data showed that, normally,
857% of the quail in the fall population were of sufficient age to be har-
vested in early November.

During the first week of the 1954 and 1955 statewide quail wing study,
the percentage of juveniles in the bag was larger than the percentage when
data for several weeks of these seasons were compiled.

This indicates 2 possibilities: (A) juvenile quail have a higher
mortality rate than do adults as the season progresses and they are not
available to hunters, or (B) juvenile quail are more susceptible to being
killed and a larger percentage are killed at the beginning of hunting
seasons. Marsden and Baskett (15) concluded that there was no signifi-
cant change in the age ratio of an unhunted quail population from October
through July, indicating that young in their first winter were dying at
the same rate as were adults. Bennitt (2) found a drop in the percent of
young amounting to 0.6% per week over the 8-week hunting season in Mis-
souri (November-December). He concluded that the change was ". . . enough
to show that young birds, even if fully grown, are slightly more vulner-
able to shooting than older birds." 1In any case the first weeks of the
1954 and 1955 seasons and the Laurel Hill study demonstrated that the
earlier the birds can be hunted the more quail the hunter can harvest.

Quail Mortality Statistics

Normally about 75 to 85% of the statewide bobwhite quail population
succumbs annually to some mortality factor. This is established by the
age data in Tables 1, 2 and 3 which show that approximately 75 to 857 of
the birds bagged each year are juveniles. Data from studies in other
states confirm this (2,5,9,15). The rate at which the approximate 80%
mortality occurs varies from year to year. Natural causes of mortality
such as weather, disease, parasites, predation, and food-and-cover de-
ficiencies also vary in severity at different locations and seasons.
These data indicate an average monthly mortality rate of approximately 6
to 7% or an instantaneous mortality rate of 11 to 15%.

Rosene (18) reported that his combined data indicated a loss of
juveniles of slightly over 3% a week from hatching to 16 weeks of age.
Rosene's data alsc showed that from 52 to 637 of adult birds were lost
from 1 March to 20 November on several southern quail plantations. These
plantations have high-quality habitat, and losses on them may be lower
there than on statewide situations. Fatora, Provost, and Jenkins (4)
reported a mortality of approximately 507 from hatching to 15 weeks of
age, with a mortality rate of 37 per week after the initial high mortality
immediately after hatching. Kabat and Thompson (12) reported mortality
rates on their study area (Wisconsin) for several ecological periods.
Based on 1007 at the start of each period the rates were 507 from 15
November to 31 March, 17% from 1 April to 14 July, and 63% from 15 July
to 14 November.
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Management Considerations

The maximum quail population normally exists in August near the close
of the hatching period. The maximum harvest by hunting could be achieved
by opening the hunting season in August before other mortality factors
acted, but this would be undesirable for several reasons. A large number
of quail would be too small and the weather and vegetation would be un-
desirable for enjoyable hunting.

Size of Quail:

Realistically, the quail hunting season should begin when approxi-
mately 847 of the juvenile quail attain a weight of 141 to 170 g (5 to
6 oz). It is wasteful if hunting seasons are opened too early because
many quail are too small for sport hunting or food. Because of high
mortality rates in quail, it is also wasteful to delay opening the season
until all young quail have gained fully mature weight. Herndon (10) found
that Tennessee quail 10.5 weeks old compared favorably in weight to older
birds. Birds 10.5 to 14.5 weeks old averaged 5.58 oz. Birds 14.5 weeks
to adult age averaged 5.97 oz, and fully adult birds averaged 6.01 oz.
Herndon emphasized that weights of individuals in any age classification
may vary drastically. His data showed one adult weighing less than 5 oz
and one 16.5 week-old female weighing 8 oz. In Missouri, Stanford (19)
noted that quail 11 to 12 weeks of age were of adult size and that their
sex could be easily determined. Stoddard (20) found that quail 88 days
of age weigh 125 to 150 g (4.4 to 5.3 oz). Haugen and Speake (8) noted
that bobwhite quail in Alabama over 90 days of age are indistinguishable
from old birds insofar as estimated weight is concerned. Their conclusion
was hased on the assumptions that the average hunter in the field may be
able to distinguish a bagged quail of 10% or more below adult weight as
an immature bird, and that bobwhites weighing more than 156 g (5.5 o0z) are,
for hunting purposes, fully grown. Rosene (18) noted that average weights
of juveniles 100 days old are practically the same as average weights of
adults. Gore, Holt, and Barron (6) contended that Texas quail hunters
consider unacceptable any quail weighing less than 150 g (5.3 oz). Kabat
and Thompson (12) reasoned that an early opening date results in some
sacrifice of size in quail, but reduces the number of birds that would be
lost through natural mortality occuring between 15 October and 15 Novem-
ber. They contended that the presence of many small quail in the popula-
tion (in Wisconsin) on 15 October is not a problem because hunters readily
pass up the squealers (quail 3 to 7 weeks of age). Also they stated that
shooting extremely immature birds does not materially reduce the popu-
lation because these are late-hatched birds having a very high winter mor-
tality.

Based on a combination of these considerations it was concluded that
quail 12 weeks of age and above should be suitable in all respects as
game birds. It was assumed that the average hunter, in his daily limit
of 8 birds, would not be opposed to bagging an average of 1 quail (15.6%)
that was slightly smaller than normal, especially if he felt he would have
the opportunity to bag additional birds.
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Potential Harvest

The quail population in Tennessee has been estimated to number
4,400,000 near the end of October (16). Based on mortality rates reported
by several investigators (4,12,18), the potential losses in the quail
population were computed for the period of 6 to 27 November. The 1971
quail wing data (Table 3) were used in these computations with an assumed
quail population of approximately 4,272,000 birds on 6 November 1971. The
potential weekly losses computed for the period of 6 through 27 November
averaged 37 per week for juveniles less than 16 weeks of age and 2% per
week for subadults and adult birds. It must be emphasized that mortality
rates are not well-established, particularly for the early fall season.
However, these estimated mortality percentages seem reasonable when the
population turnover rate of 82% during 1971 is considered. This would
indicate an average mortality rate of 1.6% or an instantaneous mortality
rate of 3.2% per week. Based on the available data, estimates indicated
a potential loss of approximately 310,000 juveniles and 49,000 adults, a
total potential loss of 359,000 quail during the 22-day period. Assuming
that 507 of these birds could be harvested, approximately 180,000 addi-
tional quail could have been bagged by hunters. It is believed that,
with present habitat conditions, the statewide quail kill could be in-
creased more by opening the season earlier than by any other means.

Related Factors:

The fears expressed by some sportsmen and landowners concerning the
early quail season were proved to be unwarranted. Sportsmen imagined that
they would encounter many young quail and that the weather would be too
hot for hunting. Based on contacts with numerous hunters, these beliefs
have been mostly dispelled. Few hunters reported observing small quail
and few wings were contributed that came from extremely young birds.

Weather during 0.5 the days of the early season was unseasonably
warm. This factor did cause some unpleasant hunting, but sportsmen
learned that this did not spoil their sport. Many persons in Tennessee
hunt on shooting preserves where the season opens on October 1 and they
enjoy their hunts. Sportsmen in the Gulf Coast Regions, especially Flo-
rida, have been hunting in warm weather for many years. Florida's tem-
peratures normally range from approximately 66 to 72 F in November, and
hunters there harvested approximately 2,423,500 quail in the 1971-72
season (personal communications). While weather that is slightly warmer
than normal may not be desirable to some Tennessee sportsmen, it cer-
tainly did not prevent them from hunting.

Farmers were also pleasantly surprised to observe that their crops
were not ruined. Not a single case of crop damage was reported as a
result of the early quail season. All information indicated that crop
damage was not a legitimate concern. It is fully realized that most
hunting takes place on private land, and the Commission would not advo-
cate any program that would possibly damage property. Most hunters use
discretion in these matters and avoid potentially damaging situations.

Summary

One of the responsibilities of the Game and Fish Commission is to
provide more sport hunting. The hunter is allowed to harvest a maximum
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number of game animals without endangering the populations. This was the
goal when setting the quail season 20 days earlier than the traditional
Thanksgiving opening date.

When all factors are considered, it is believed that the quail hunting
season opening in early November (A) allowed hunters to harvest many addi-
tional birds that would have been lost to a variety of natural mortality
factors, (B) provided 20 additional days of hunting opportunity per hun-
ter, (C) demonstrated that the vast majority of the quail are suitable
from the standpoint of age, size, and sporting quality, (D) will normally
have weather conditions suitable for pleasant hunting, (E) will cause in-
significant damage to agricultural crops, and (F) will not be opposed by
most of the landowners. The sportsmen answering the questionnaire rep-
resent the 'silent majority" and have spoken in favor of the early season.
The Tennessee Conservation League (statewide affiliate of sportsmen's clubs)
passed a resolution favoring the early quail seasoquuring their annual
convention, in April 1972.
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Summary of question six of the questionnaire.

Question 6.

Think carefully about your quail hunts during November
and rate the following situations according to how they
affected your quail hunting.

Rating (Check (x) one rating for each situation)

No Minor Severe Total
Problem Problem problem hunters
Situation responding
Number Percent Number Percent Number Percent
Warm weather 23 10.7 116 53.7 77 35.7 216
Crops not
harvested 112 55.5 67 33.2 23 11.4 202
Quail too young 100 48.3 66 31.9 41 19.8 207
Landowner
opposition 129 62.9 47 22.9 29 14.2 205
Total all
situations 364 43.8 296 35.7 170 20.5 830
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BOBWHITE QUAIL POPULATION DYNAMICS: RELATIONSHIPS OF WEATHER, NESTING,
PRODUCTION PATTERNS, FALL POPULATION CHARACTERISTICS, AND HARVEST IN
MISSOURI QUAIL

Jack A. Stanford, Missouri Department of Conservation, Jefferson City,
Missouri

Abstract:

For 25 years Missouri has investigated bobwhite quail (Colinus
virginianus) behavior, production, and population response to 4 major
types of weather. Ten population parameters are examined annually to
compare effects of Normal, Wet-Deluge, Snow-Cold and Drought weather years
on quail populations,
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timbered uplands, and their cleared bottomlands now support grazing,
limited small-grain farming, and woodland products (621,000 birds). ()
The western plain, a broad wedge-shaped prairie penetrating the central
western portion of the state, has grazing and headgrain and bean farming
as the major land-use practices (1,547,000 birds). (D) The southeastern
corner of Missouri, with fertile flat, Mississippi River delta lands,
supports intensive production of corn, headgrains, beans, and cotton
(92,000 birds).

The climate of Missouri is similar to that of the cornbelt. Average
temperatures in January range from 27 F in the northwest to 37 F in the
southeast. Temperatures in July average 79 F in northern counties to
80 F in the southeast. Summer temperatures throughout the state often
exceed 100 F. Extremely high temperatures and dryness, producing severe
droughts harmful to agriculture and quail, have occurred about 8 times
in the last 45 years. Prolonged snowfall, with low temperatures, pre-
vailed in about 1 of 11 years. Severe drought or deep, prolonged snowfall
rarely occur statewide,

Average annual snowfall ranges from 6 to 8 inches in the southeast
counties, 12 to 16 inches in the Ozarks, 16 to 22 inches in the central
counties bordering the Missouri River, and 22 to 26 inches in northern
counties. Major snowfall months are December through February and occa-
sionally through March. When prolonged, severe, March snowfall occurs,
numbers of quail decline considerably (Fig. 1).

Averages of annual precipitation (rain-snowfall) in Missouri range
from 50 inches in the southeast to 34 inches in the northwest. Rain is
generally well distributed throughout the year with about 42% of it ocur-
ring during the active crop-growing season of May through August. Spring-
summer rains are frequent (except in drought periods) and often severe,
delivering up to 10 inches within a 24-hour period. Table 1 presents
normal or average monthly weather for Missouri's climatologic divisions

(2).

Missouri bobwhite populations are relatively stable in accord with
annual weather patterns, but both snow and drought adversely affect popu-
lations (15). Although periodic declines in quail numbers, through stress

caused by severe weather, may be striking, they are short-term occurrences.

Neither snow-cold nor drought occur as frequently or as severely in Mis-
souri as in the fringe portions of the quail range: the northern heavy-
snow states and the droughty western-southwestern areas.

Study Objectives

Beginning in 1946, Missouri developed a series of quail-research
projects to obtain long-term information on reproduction and other bi-
ological characteristics. Project goals were:

L. To develop sampling surveys to provide annual indices of the relative
abundance of bobwhite quail and to measure the related hunting success.

2. To study annually, regionally, and statewide the effects of weather
upon bobwhite quail behavior, production, survival, and abundance.

"
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3. To determine the relationship between hunter success and annual quail
population levels, and the relationship between hunting effort and various
annual levels of quail abundance.

4. To study nesting behavior, production chronology, fall population
characteristics, and wing-molt progression of both young and adult birds.

5. In 1959 the project was expanded to include studies of nesting
behavior and molt in quail collected (shot) in the wild and wild quail
trapped and held as pairs in isolated field (ground) pens.

I am grateful to the research personnel, field men, rural-route mail
carriers, and quail hunters who cooperated in field studies on bobwhite
quail. Special acknowledgement is made of F. W. Sampson, biologist in
charge of annual small game harvests.

Methods

A Bobwhite Quail Population Survey, including daily observation and
recording by field observers, is operated on a 12-month basis by the
Missouri Department of Conservation. Over 200 field personnel (Conserva-~
tion Agents and special-area men) submit monthly survey forms summarizing
daily recordings of prevailing weather conditions, quail numbers seen,
and activities relative to covey breakup, pairing, mated pairs, singles,
and nesting.

Production Season

A special Quail-Brood Population Index Survey is conducted during
July and August as a portion of the year-round survey. This employs
additional Department area personnel and 200 to 300 rural mail carriers.
The ages of quail broods and field activities of adult birds are recorded.

Between 2,000 and 3,000 broods are normally observed and their ages
estimated during the 60-day survey period. Data on broods whose ages have
been determined are used in 2 ways:

1. To show nesting-hatching chronology from covey breakup until mid-
July, and to pinpoint the first hatching peak. Fig. 2 presents typical
quail production patterns based upon the average of data from 12 years.
The first peak of hatching shown on the graph is based upon brood age
data; the second peak is estimated from wing molt data from harvested
quail.

2. To formulate an annual Production Index (PI) which is the average
number of broods seen per observer during the survey period (Fig. 1,
Table 2). PI's are developed on both a regional and a statewide basis.

Hunting Season
Traditional dates for the quail hunting season in Missouri were 10

November through 31 December from 1915 to 1962. Since then, the season
has been extended through 15 January. During the hunting season, data
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are gathered on hours hunted, coveys flushed, birds taken, related infor-
mation, and 10,000 to 20,000 hen wings. These data are collected state-
wide through the efforts of cooperating hunters who provide information
on 5,000 to 6,000 hunts, 20,000 to 25,000 hunting hours, and 20,000 to
25,000 coveys flushed. Data are analyzed regionally and statewide. Wings
are collected only during the November part of the hunting season

(10-30 Nov.).

A Hunting Index (HI) figure (Fig. 1, Table 2) based upon hours hunted
and coveys flushed is computed annually for regional and statewide use.
This index is used in conjunction with PI figures for evaluating annual
Production-Hunting success and in making comparisons with success of other
years.

Early in this study large collections of wings from quail of both
sexes were analyzed annually to determine age ratios of both males and
females, and of hens only. Data on adult cocks per 100 adult hens were
computed from samples of wings and from records on daily hunting forms.

It was concluded that:
1. the sex ratio of young birds in the fall is 50:50,

2. adult cocks outnumber hens (similar distortions of sex ratio in
Missouri quail were found previously [1,2,10]),

3. hunters' records of harvested quail provide adult sex-ratio figures
comparable to those computed from wing samples, and

4. hen wings alone provide, as suggested by Petrides (11), adequate in-
formation on the young-adult ratio.

Thus for the reasons listed, plus the obvious savings in manpower,
time, and money, young-adult ratios are computed from about 10,000 hen
wings per year. Age-ratio figures of 857 young to 15% adult serve as the
normal base figure in describing age ratios of hens in this study. These
percentages resemble the figures of 807%-20% cited in sex-age ratios, in-
cluding both cocks and hens, in other areas.

An associated project of the Missouri quail survey is an annual
January-February trapping of wild quail which are held as pairs in iso-
lated ground pens. Since 1960, an average of 30 wild pairs per year
(as many as 100 pairs) have been used in studies of reproductive behavior
and primary molt in adults (mainly hens) and young (17). Data from this
long-term project, and from birds collected in summer, have added materi-
ally to interpretations and conclusions.

Table 3 summarizes basic field data and lists parameters for which
the data are used.

Results

Spring Behavior, Covey Breakup, Pairing, and Nesting
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Bobwhite quail populations in Missouri exist as coveys during the
period of January through March. Although field records show that oc-
casionally a few birds pair and nest extremely early, in late February
or early March, most birds remain in a covey until mid-April.

As days lengthen and warming occurs in late March or during April,
the calling of male "bob-whiting' is heard in fields and woodlands. Such
calling usually coincides with the blooming of yellow spring mustard
(Brassica kaber var. pinnatifida) and announces the breakup of wintering
coveys and onset of subsequent nesting activity. From then until mid-
September, the abundance of whistling males indicates nesting-hatching
chronology of the production season (16).

Spring reproductive activities begin in southern Missouri and pro-
gress northward; southern counties are usually 10 to 15 days ahead of
northern Missouri. Many quail in Missouri establish pair bonds before
the major covey breakup, as do quail in Texas (8). These pairs leave
the covey and feed and loaf together during the day, but they return to
roost with the covey at night.

Covey ties usually begin to weaken in mid-March, but chilling, wet
days and cold nights cause regrouping of scattered birds. Generally,
covey ties are completely broken and pair bonds are well established from
15 April through the first week in May.

If cold conditions prevail late in spring, covey bonds for some birds
may continue until the end of April or even mid-May. When covey breakup
is delayed, pairing is often concentrated in a brief time period. In 1
week birds are mainly in coveys while the following week, after 1 or 2
days of typical spring-like weather, covey breakup occurs and pairs form.

Actual pairing, nesting, and laying undoubtedly involve a photo-
period (length of daylight) affecting the bird's hormonal balance, but
the time of covey breakup seems to depend mainly on a temperature-moisture
relationship. Quail in Missouri follow a fairly predictable pattern of
reproductive activity after covey breakup (15 April, day length of 12 hr
48 min). A few quail, however, begin nesting in early March (1 March,
day length of 11 hr 20 min) and have young chicks flying in mid-April
when other quail are still in coveys.

When adequate nesting cover is available near a covey's winter head-
quarters, many pairs may remain in that vicinity. If nesting vegetation
is lacking, birds often move onto lands that lack winter survival cover
but will support spring and summer reproductive activities. The popu-
lation may occupy such areas during the summer and early fall then move
to more secure, woody, wintering sites prior to the fall hunting season.
Woody cover is emphasized because it is essential to good winter habitat.

In years having favorable spring weather, about 64% of the paired
birds nest in April and May. These efforts result in a peak of hatching
at about 15 June, the first of 2 major hatching periods in a typical pro-
duction cycle. The second hatching peak occurs about 15 August.
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Short-term weather factors that affect quail production and abundance
are: (A) winter snowfall-temperature relationships involving the amount
and duration of snowfall and extent and duration of low temperatures,
which determine how many breeders survive; (B) spring moisture-temperature
relationships (April-May) which control onset of nesting and early season
production; and (C) summer moisture-temperature relationships in the
nesting, hatching and rearing periods, which affect overall production
and survival of young. ©Negative effects of 1 or more of the short-term
weather factors produce noticeable to considerable fluctuations in annual
quail populations. Low populations resulting from short-term adverse
weather conditions are usually corrected within 2 or 3 years, unless
adverse weather, such as drought, intervenes.

Arbitrary standards, based upon weather records, surveys of quail
populations, and harvest records are used to classify weather conditions
affecting annual production into 4 types of production seasons. The
names and terms of types used in this paper are based upon United States
Weather Bureau terms familiar to farmers and sportsmen. Major annual
weather types affecting bobwhite quail are expressed simply: (A) Normal,
(B) Wet-Deluge, (C) Snow-Cold, and (D) Drought.

Weather data for 25 years used in evaluating and distinguishing
population parameters are averaged and grouped according to the 4 major
types of weather in Table 4. Quail production and population parameters
for the Normal year provide the basic data for comparing and evaluating
changes in quail density occuring in adverse weather years.

Normal or Favorable Winter~-Spring Production Year (10 Years)

In the Normal year, temperature and moisture, including snowfall,
do not deviate greatly from the average of weather bureau records (Table
5). Snowfall varies from slightly above normal to average to very light
amounts that, in extremely favorable years, persist briefly. While the
winters of Normal years may often be stressful and cause considerable
breeder mortality (when average snowfall is concentrated and accompanied
by low temperatures), losses are never as great as in the severe, cold
winters in which snowcover is prolonged into March.

In Normal years, as in some years having extremely wet springs,
covey breakup usually occurs from mid to late April. The first hatching
peak then occurs around 15 June, when about 647 of the annual bird crop
is produced. A second peak in the hatching period usually occurs around
15 August when approximately 367 of the year's bird crop is produced.
Fig. 2 shows the Normal-year hatching curve.

The typical covey breakup in April followed by hatching peaks on
15 June and 15 August, has happened in 15 or 25 years. These Normal
years are essential for satisfactory fall quail populations in Missouri.

Ten population parameters are examined in evaluating and comparing
the effects of Normal versus adverse weather years on quail (Table 4).
The average of data from 10 Normal weather years serves as the base.
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Fig. 3 presents a summary of annual production-season weather, distri-
bution of hatching peaks, and some population parameters. PI's of Normal
production years usually fall in the favorable to very favorable range
(9-12+). The HI in Normal years ranges from 667% to 84%. The graphed re-
lationship of PI's ana HI's is shown in Fig. 1.

Primary feather molt and replacement in young quail indicate hatching
chronology. 1In adult hens, wing molt progression often reflects the
timing of nesting and production because most hens delay wing molt until
after the young hatch. The delaying effects of adverse May-June weather
on hen nesting and hatching will usually be shown by late wing molt in
the hen.

Missouri quail studies (17) show that incomplete molt in mature hens
may indicate: (A) no production in June, nesting delayed until late July
or August; or (B) second nestings by hens (Fig. 2) (17). The incomplete
primary molt pattern in young Missouri birds hatched during August or later
in a Normal year averages 36%. An average of 667 of the adult hens shows
an incomplete replacement of primaries, wherein primaries 10 and 9 (occa-
sionally 8 also) are retained and not molted until the following fall.

Wing aging of quail is based upon back-aging primary molt from 20 November,
the midpoint in the November wing-gathering period.

Onset of molt of primary feathers in adult hens may occur from May
through October, with the major period of initiation occurring from June
through September. About 187 of hens nesting successfully molt shortly
after the mid-June hatching peak, but in most of these early nesters,
onset of molt is delayed until July or August. Fig. 2 shows periods of
molt onset and duration of primary-feather replacement in hens during
Normal years. Nonmolting hens in late July and August are potential
nesters over a 4-month period; many of these hens are potential producers
of second broods (17).

An analysis of hen wings collected in November gives age ratios of
young to adult birds, and hunting records provide sex ratios among adults.
In years when adult sex ratios approach the normal figure of 114 cocks to
100 hens, a high proportion of juveniles in the bag indicates good pro-
duction (1l young per adult hen represents the normal or favorable pro-
duction year). If, as occurs in some adverse years, the proportion of
juveniles is high whereas the proportion of adult hens is low (interpre-
ted as high losses of adult hens) we must be aware that the population
may actually be down because the high proportions of young in the bag
may be a function of low numbers of adult hens rather than of high pro-
ductivity. Thus, when interpreted properly, the proportions of young
per adult hen and of adult cocks per 100 adult hens are valuable para-
meters for evaluating relative success or failure of annual production.

Normal years usually provide good-to-excellent guail hunting because
birds are in habitat capable of supporting good populations. The average
HI of 75% (Table 4) shows that Normal years provide the highest hunting
sucgess ofy apy type of weather yeary,  gfempsionall as shown. " ¥d-
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In the case of such higher success, the answer often lies in the
fact that fall hunting conditions are exceptionally favorable for a
high harvest, and many birds are taken in just a fair production year
because only the best bird hunters are afield and working hard. Lower
hunting success than expected often occurs in a good bird year when
an exceptionally warm, dry fall or an early December onset of cold-snow
weather may seriously restrict hunting success and cause many hunters
to forsake the field.

Annual numbers of quail hunters fluctuate in accord with high and
low bird years. 1In seasons having poor hunting prospects, many gunners
may forsake the field until years having brighter harvest prospects
occur. One may ask why?

Missouri quail hunters seem to include 2 types of individuals. Some
men spend considerable time in developing good dogs, seeking hunting
sites, and hunting often. These hunters possess the characteristics
that cause them to be afield during any type of quail year; they hunt
and work hard to find game and they usually find it.

Men in the second group enjoy bird hunting, but unfortunately their
time is limited for working dogs, locating a variety of hunting sites,
and actually hunting. These individuals usually do considerably less
hunting in adverse game years, or they may not hunt at all, because they
are "fringe hunters'. The fact that many '"fringe hunters' often forego
hunting in seasons having reduced quail prospects leaves the game supply
to fewer hunters. Thus, many men afield in the poorer bird years, while
not having the best of success, do pretty well. Their results often
show up as fairly good HI's in poor bird years.

The average kill per hunter further reflects the effects of production-
season weather on annual bird abundance; this figure helps in evaluating
and comparing hunting success over the years (Fig. 1).

Wet, Above-Normal Rainfall, Deluge Spring, Production Year (6 Years)

The Wet-Deluge seasons are usually characterized by having rainfall
considerably above normal in April, May and June, and often in early
July. Spring moisture may be near average, but prolonged May-June
torrential rains may sheet-wash fields and flood out nesting sites. The
normal schedule for harvesting crops, mowing, and haying is greatly
altered, adding to early-season nest disturbances and losses. The
presence of many paired quail in May and June, called '"road walkers' in
Missouri, gives ample evidence of disrupted nesting schedules.

Table 4 and Fig. 3 illustrate the population characteristics of
quail during the Wet-Deluge years. Wet year production patterns may
differ from those of Normal years in several ways:

1. The June hatching peak may occur around 15 June, but a lower per-
centage of young is produced. The second hatching peak usually occurs
near 15 August, but the total hatch increases through compensatory nest-
ing by many hens that lost their clutches or young earlier in the
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rain-soaked hatching period of June.

2. The first hatching peak may be delayed until early July as a result
of cool, wet spring, and be accompanied by a drop in overall production,
although in some years production may be higher than normal. The. second
peak is usually a week or more later than the normal date of 15 August,
In some wet years, the hatching percentage in the second peak is above
the normal percentage, but in deluge years, the August peak may fail to
make up the early-season production losses and the annual population
shows a small-to-considerable decline. Fig. & compares the production
pattern and percentage distribution averages between Normal and Wet-
Deluge years and shows the shifting of hatching peaks that often occurs
in Wet~Deluge vyears.

3. While PI's in Wet-Deluge years may occasionally fall in the favorable
range, they will often be poor to fair (Table 2, Fig. 3). The average
Wet-Deluge year PI is 8, compared to 12 for Normal years.

4. HI's of some Wet-Deluge years indicate good to satisfactory hunting,
but low indices of extremely wet years show that occasionally fall quail
populations may be low because of excessive moisture. The HI average for
the Wet-Deluge years is 66% compared to 75% in Normal years (Table 4).
Both PI and HI figures indicate accurately the relative population
status of quail in the Wet-Deluge years. The average kill per hunter
(Fig. 1) further shows that fair-to-favorable population levels of wet
years provide success for hunters afield.

5. Young-old ratios in Wet-Deluge years average 83%-177% or only a 2~
point departure from the proportion of 85% young to 15% adult in the
Normal year. On the surface, a small percentage~point difference such
as this appears of little consequence. If we compare the difference in
young per 50 pairs of adults (Table 4), we see that quite a change in
production has occurred because 488 young (83% young) in wet years is
147 below that of 567 young (85% young) in Normal years.

6. The ratio of young per adult hen averages 10, and there are 116
adult cocks to 100 adult hens. When compared with Normal-year figures,
the Wet-year data indicate a slight drop in production occurring with
some increase in hen mortality,

7. Increased percentages of incomplete molt over that of Normal years
occur in August or afterward in the Wet years; the corollary to this is
in a higher percentage of adult hens carrying incomplete primary molts.
Such indications of compensatory nesting in hens undoubtedly lessens the
impact of early season nesting losses and raises fall population levels.
(Such late compensatory nesting does not occur in severe drought years).

Wet-Deluge years, as with other adverse weather years that may
limit population, may occasionally encompass much of the state. Usually
not more than one-half of the state, and in some cases only 1 or 2
regions, may be affected.
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While Wet-Deluge years may negatively affect annual production-
survival and fall population size, such years have always supplied
adequate quail crops to assure a fair-to-satisfactory hunting season.
Wet-Deluge years do not have an adverse effect on subsequent production
as may happen in a sequence of severe drought years.

Snow-Cold Winter-Spring Production Year (4 Years)

In Normal weather years, average snowfall, low temperature, and
occasionally icy conditions cause a portion of the annual quail mortality.
Such losses are increased if snowfall is concentrated, covers the ground
for long periods, and occurs in late winter. At this time, some stressed
birds are existing in nearly marginal habitat. Considerable losses of
birds ensue, whereas if similar conditions occur early in winter, losses
are less because habitat at this period is more secure and birds are in
prime, fall-fat condition.

Some exceptionally mild-to-open Missouri winters, having little or
no snowfall, occur periodically and permit higher breeder survival
and carryover than normal. Such winters often precede exceptionally
fine quail crops.

A Snow-Cold year having considerable below-normal winter tempera-
ture, coinciding with above-average snowfall prolonged into March, is a
time of high winter mortality, and quail populations in the subsequent
fall show a serious decline.

Masses of huddled, starving quail and uncoordinated coveys move
along rural roads after being forced from snow-blanketed, submarginal
home ranges. Emaciated, nonflying, or frozen birds, easily collected by
man or predator, mark the Snow-Cold winter. Stanford (15) and Roseberry
(12) have described in detail the catastrophic effects of the 1960 'Big
Snow'" winter on midwestern bobwhite (Table 5).

Subnormal numbers of breeding birds in spring, greatly reduced
fall populations, and a poorer hunting season are the aftermath of
the Snow-Cold winter.

Quail production patterns and some population parameters for
individual Snow-Cold years of 1947, 1948, 1960 and 1970 are shown in
Fig. 3.

Although some statewide production and harvest parameters of 1970
fail to compare with those of other Snow-Cold years, 1970 is placed in
this classification because southwest Missouri and much of the Ozarks
had severe winter snow conditions resulting in population decline and
extremely low hunting success. Statewide data tend to mask the effect
of these high winter losses because of exceptionally high quail popula-
tions and hunting success in the rest of the state during 1970.

Effects of Snow-Cold are shown in Table 4. Quail populations of
heavy snow years vary from Normal in the following respects:
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1. A marked reduction in spring breeder carryover is caused by high
bird mortality in late winter, resulting in a noticeable scarcity of
birds in the nesting season. This condition is clearly reflected in a
greatly reduced average PI of 5, compared to 12 for the Normal year
(Table 4).

2. In Snow-Cold years (and often in years of cool, wet springs) quail
behavior may include either normal onset of pairing and nesting, with
the first hatching peak around 15 June, but with fewer hens nesting and
contributing young to the first peak hatchiung period, or delayed covey
breakup resulting in a first peak of hatch near 1 July or slightly
later, with fewer chicks than normal being brought off. 1 July first-
hatching peaks have occurred in 5 of 25 nesting seasons.

3. The second major hatching period in Snow-Cold years may peak
around 15 August or as in Normal years it may be a week later or very
much later as in 1947 (Fig. 3).

4. In Snow-Cold years, the first hatching peak produces fewer birds
and the second hatching peak provides more young than in Normal quail
years. Overall total production usually falls considerably below that
of Normal years (Table 4).

5. The average of 82% young in the Snow-Cold years (Table 4) is only
3 percentage points from normal. But 456 young from 50 pairs shows
more clearly a decline of 19%. The figure of 124 adult cocks per 100
adult hens (compared to a Normal of 114-100) indicates greater losses
of hens in Snow-Cold years than in Normal seasons. In very severe
years, high loss of hens may be paralleled by high losses of males.
Statewide data averages (Table 4) may fail to show the true extent of
high regional bird losses which occur in areas receiving the brunt of
winter storms. Data for individual years provides a clearer under-
standing of the degree of quail decline.

An example is the Snow-Cold of late winter in 1960 when southern
Ozark timber lands were snow blanketed and many areas suddenly became
submarginal for birds. Regional data showed 77% young and only 335
young per 50 pair or 41% below Normal-year abundance.

Annual data for individual years can be misleading unless all
parameters are carefully considered. For example, the "Big Snow"
year of 1960 provided the best data on quail behavior on record. Care-
ful field observations clearly indicated that Missouri's quail popula-
tions declined 507% to 75% in various regions. The state PI of 3 was
the lowest on record and similar to that of drought year 1953. Yet,
under such conditions, 1960 data showed favorable figures of 847 young,
11 young per adult hen, 525 young per 50 pair (nearly the normal of
567 young) and 114 adult cocks per 100 hens, the same as a Normal-
year cock-hen ratio. The conclusion drawn is that high mortality
served as a common leveler for both sexes. The results were Normal
appearing but deceptive in some parameters.
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The Snow-Cold conditions in years 1947 and 1948 were less severe on
quail than were conditions in 1960. Yet data for these 2 years, while
showing favorable figures for young-old ratios and young-per-adult-hen
ratios, clearly revealed, through large distortion in adult cock-hen
ratios, the high loss of hens. This distortion caused the deceptively
favorable-appearing data on young.

The need for several parameters for ample interpretation of popula-
tion data becomes evident.

6. The Snow-Cold data show a 24% increase over Normal in the size of
the August peak hatch and in incomplete molt in birds hatched during
August or later. Numbers of adult hens molting late show an 11% in-
crease above Normal, indicating production losses in the early nesting
season and compensatory nesting during the August hatching period.

In evaluating effects of the Snow-Cold weather on quail, bird
losses often appear severe and similar to those of some drought years.
Hunting success in the 1960 "Big Snow' year rated poorer than in severe
drought years (Fig. 1).

Reduced bird populations in Snow-Cold years cause reduced hunting
effort as many fringe hunters do not hunt. Hunters find the bird crop
down and coveys sparse. Birds are gone from areas that support them
in mild winters. Hunting efforts provide reduced bags, and the average
kill sets a record low for all types of adverse-weather years.

Quail populations usually show rapid recovery to favorable levels
within 2 or 3 years following a Snow-Cold year. One year's production
is usually required for developing an ample supply of potential breeders;
by the second year (sometimes the third) populations are at or near
Normal. Numbers of hunters afield then increase with the growing
quail population.

Drought Production Year (6 Years)

Of the 3 major types of weather effecting changes in the Normal
production and survival curve of Missouri bobwhite, drought is undoubtedly
the most dramatic. In Drought years, high prevailing ground temperatures
and much-below-normal moisture prior to and throughout the production
period affected quail behavior in various ways and at important stages
of the production cycle. Such conditions have prevailed in 6 quail
production seasons in 25 years. O0ddly enough, these 6 Drought years
occurred consecutively, during 1952-1957 inclusive, and this undoubtedly
accentuated effects of drought on quail in the more stable portion of
the bobwhite's range. These data clearly illustrate the more serious
effects that drought can exert on quail populations in midcontinental
United States.

Regional droughts of season duration occur periodically in Missouri.
These are not considered here because such conditions usually affect
only the fall behavior and movement of birds rather than significantly
reduce populations. In such years, birds often forsake drought-seared
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In 4 of the 6 Drought years, the 15 June hatching period shifted
1 to 2 weeks later. These first hatching peaks, while averaging around
92% of the annual production, actually produced 50% to 75% fewer birds
than the first peak hatch of a Normal year.

The second hatching peak of Normal weather years occurs around 15
August and contributes about 36% of the annual quail crop. 1In the
severe drought years, this second peak of hatching may disappear or
contribute only 5 to 6% of a Normal bird crop. A small percentage of
hens in drought years may produce 2% to 15% of the year's quail crop
in an August or later hatch, resulting in extremely young birds through
mid-September, as shown in Fig. 3. As shown in Fig. 3, the hatching
period of 1 July 1953 accounted for 98% of the annual production;
hatching in August and later was nearly nonexistent.

The chronology and amount of production in drought years depart so
far from the Normal that population levels and hunting success for
many hunters reach a forecastable low.

Young-old ratios and young-per-adult-hen figures for the Drought
years, as in other types of weather years, often fail to convey fully
the degree of population decline. In fact, as in ratios of Snow-Cold
years, these figures if evaluated alone, falsely indicate exceptional
quail production. Young-hen ratios alone too often are believed to
indicate excellent quail production and high populations. High young-
hen ratios could occur in the last remaining 100 birds in an endangered
population. Only by noting (A) actual population levels through a game
survey (the PI), (B) ratios of adult cocks to 100 adult hens, and (C)
numbers of young per 50 pairs of adults, and by comparing all with the
Normal condition can we analyze a population and learn why young-hen
ratios and young-per-adult figures appear so favorable. The high loss
of hens marks the reality in such ratios. By considering distortion
of adult cock-hen ratios, we can align our thinking more clearly, and
hope that our interpretations are accurate.

The ratio of young per 50 pair of adults in drought years is 456,
or only 19% below Normal. A similar decrease is noted for the Snow-
Cold years. These figures may well represent the existing population
that is present and being measured; they are deceptive when, as often
occurs, they fail to reveal that a huge segment of a Normal population
is absent. The actual degree of quail mortality and population loss
in drought years must be discerned from other population parameters
and from comparisons between years.

In Missouri's southern Ozark regions, where effects of drought are
most severe, data from 1952 and 1953 show that the percentage of young
dropped to 74% and 73%, with young-per-adult ratios of 5 to 1 and 6 to
1, respectively. Ratios of young per 50 pairs of adults for these 2
years were 285 and 270, respectively, a departure from Normal of 50%
and 53% respectively. Thus in areas and years where drought is extremely
severe, annual ratios for young per adults, young per adult hen, and
young per 50 pairs of adults may reflect more realistically population
characteristics during drought.
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Data on incomplete molt in years of drought show that production
of the second (August) hatching period, and presence of extremely
late-hatched young, averages 9%, or 737% below Normal. During the
severest drought year, 1953, molt figures dropped to 2%, or 91% below
the Normal year. In such poor production years, production and hunting
success rest solely on early-season production.

Total statewide kill and regional harvest in the most drought-
ravished regions drops considerably, as fewer birds afford less harvest.
Restrictions on season length and daily harvest, while saving some
birds through direct harvest reductions, have greatest effect in re-
stricting total kill by discouraging hunting effort, as shown by re-
duced hunting by avid hunters and no hunting by casual hunters.

A noticeable improvement in annual harvest, as shown by PI's,
(Fig. 1) occurs with but the slightest rise in annual production in
drought years. The slight rises in PI figures of drought years 1955,
1956, and 1957 imply that improvement in spring moisture improved
habitat conditions. Many acres lacked grazing pressure after vast
cattle sell-offs, and they gradually began to recover carrying capacity
for birds through replacement of natural food and cover.

Following a short-term occurrence of adverse weather, Missouri
bobwhite quickly respond to improved conditions of moisture and restora-
tion of natural habitat where land-use practices permit it. After 1 or
2 seasons of breeder buildup, populations return to Normal-season bird
densities, consistent with habitat quality and favorable production
weather.

As shown in Fig. 1, drought-stricken quail populations returned
to the very favorable PI of 10 by 1959, with a corresponding good bird
harvest.

These data emphasize that annual quail abundance and satisfactory-
to-good hunting success in Missouri are dependent upon a favorable June
quail hatch and a near average or better August production peak.

Summary and Conclusions

Weather during 25 years of study on the biology and population
dynamics of Missouri quail has been classified into 4 major types
according to moisture-temperature characteristics. They are: the
favorable normal years and the less-favorable years of Wet-Deluge,
Snow-Cold, and Drought. Ten population parameters are measured to
compare weather effects of the 4 types of years on quail production,
fall population size and composition, and hunting success.

Although weather of the Wet-Deluge years often changes the times
of hatching peaks and the percentages of hatch in each, and may cause
some population decline, such years are not overly harmful to annual
quail populations, and hunting success in these years is never a "bust".
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Table 3. Bobwhite Quail Studies - Basic iield Data: Yield Parameters: 194B-1971

Preduction Survey — July-August

BROODS . .. ... . c 69,000 e Nesting Activity — Chronology
Hotching Potterns — First Peak
Indication of Second Hatching Peak
Effects of Weather

P. 1. — Production Index
Huating Season Survey — Nevember-Jamuary
WINGS ... .. ... ... ... 222,000 - -eeee oo - Young — Old Rotios
Young Per Adult Hen
Young Primory Feather Molt «-vvmveeeemmmeiee . Back Aging - Second Hotching Peak
Adult Primary Feather Molt «oeooomermeeieiineiii e, Nesting Pattern-Hens — Second Brood Indicator
COVEYS FLUSHED. . . . . 255,000 ----oeeeeeeeenneaeenaaes Bird Abundonce — H. | Hunting Indexes
HOURS HUNTED. . . . .. Y 11 Bird Abundance — H. |. Hunting Indexes
KILL BY SEXES . . ... .. 396,000 <<-eeeeeeeeenenaaes Age Ratios — Young Per Adult Hen

Adult Cocks Per 100 Adult Hens

Ten Moath Field Survey — Quail Behavier-Activity

COVEYS .. .. ... ... 100,000 ----oooeemmeeeecaeeaes Covey Breakup — Shuffles — Nesting — Non-Nesting
PAIRS ... ... .. ... 100,000 ----eemeeemme e Pairing — Nesting — Non-Nesting — Nest Losses — Desertions
SINGLES .. ........ .. 100,000 oo Nesting — Non-Nesting (Road Walkers)

Table 4. Missouri Bobwhite Quail Population Paramerers Averages by Type of Production Weather Year:

1947-1971
PARAMETERS CHARACTERISTICS OF TYPE PRODUCT!ON YEAR
"NDRMAL" WET - DELUGE SNOW-COLD DROUGHT
OR FAVORABLE RAINFALL ABOVE WINTER-SPRING RAINFALL MUCH
WINTER-SPRING NORMAL-SPRING 4 YEARS- BELOW AVERAGE
-16 YEARS- SUMMER ** PROLONGED HIGH
-6 YEARS- TEMPERATURES
ABOVE 100°
-6 YEARS-
PRODUCTION INDEX 12 8 5 4
HUNTING INDEX % 75% 66% 53% 51%
% YOUNG - 64% 55% 53% 92%
FIRST PEAK HATCH
PERIOD
% YOUNG- 36% 45% 41% 8%
SECOND PEAK HATCH
PERIOD
YOUNG - OLD RATIO % 85% - 15% 83%-17% 82% - 18% 82% - 18%*
YDUNG PER 50 PAIR 567 488 456 456
{100 ADULTS) {14% below normal (19% betow normal {19% below normal
year of 85% yg.} year of 85% yg.) year of 85% yg.)
YOUNG PER ADULT HEN 1M 10 12 g
ADULT COCKS PER 180 114 116 124 130
ADULT HENS
% YOUNG WITH MOLT 33% 45Y% 41% 9%
INCOMPLETE
% ADULT HENS WITH 66% 72% 13% 15%
MOLT INCOMPLETE

*IN THE MOST SEVERE DRDUGHT REGION DF SOUTHERN MISSOUR!, YOUNG PERCENT DROPPED TO 73% WITH 5.4
YOUNG PER ADULT HEN AND 270 YOUNG PER 50 PAIR.
**1970 YEAR CLASSED AS BOTH A WET-DELUGE AND SNOW-COLD YEAR.
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Table 5. Average Annual Winter Snowfall, Average Annual Temperatures for January,
February and March; Snowfall and Winter Temperatures in 1960; According

to Climatological Divisions in Missouri

Averages
Divi Winter

vision snowfall Temperatures (F) 1960 Temperature (F)

tinchesy January Tebruary March Snowfall Janvary  February Warch
Northwest Prairie 23.4 27.7 31.6- 40.6 52.0 +19 27.9 -0.1 26.0 -6.1 26.8 -14.1
Northeast Prairie 19.7 29.8 33.0 41.5 45.0 +25 30.4 -0.3 28.2-5.4 27.9 -14:1
West Central Plains 17.1 R.2 35.7 43.7 35.0 +18 32.8-0.1 3.9 -5.5 31.4 -12.8
West Ozarks 12.6 35.5 38.5 45.6 28.0 +15 3.5 -0.0 33.0-6.0 34.4 -11.7
East Ozarks 10.8 34.8 37.9 45.4 25.0 +14 35.4 -0.1. 33.5 -5.0 32.5 -13.6
Bootheel 7.2 37.5 40.3 48.0 32.0 425 38.6 -0.8 36.9 -3.9 35.2 -13.5
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YEARIWINTER SPRING » P1]% YGINCOM :YG /[C'PER
;JAN-MAR APR-MAY * SEASON RATING — HATCHING PEAKS — PERCENTAGE HATCH ! MOLT % JAD #100 ¥
i | : ¥o_ A0g]
1971 i Cord - Snow Bown-wiis #a {33 7al 0 | w20
1970 3¢ - 55paw < no-wet B4 45 82} ,2 0 1S
1968 1Cord - Snow Wil - wel " as |46 79! T
1968 |Catd - Snew Cool-Ory i 8a ja6 80 11| na
1947 [Mag - Snow Cool - wet (g2 |54 s0f 9 | us
1966 [Mdd - Snow Cool - Wel 186 137 7121 10 "2
1965 1cotd - Snow Mdd - wet 86 |33 ST 12 "3
1864 |Cow - Snow Muid - Wet 83 {43 50| 10 H2
1963 10ey ~ Cold Mitd - Wet 85 122 St 12 "3
1862 | Cotd - Snow Cold-Wet 86 {19 & ] K2 us
1961 [Mild - Snow Cold-Wet 85 |38 6a] 1| o
1960 | Corg-Ssnom Cant-we: 8a |51 87, 1 1a
1959 Mt - Snow Mg - wei 8a j29 69| t0 | 12
1958 {Mug - Snow Coal-Wet 85 {29 67! 12 125
1357 1Cold - Wel  Mild - Wet 83 |16 391 10 130
1956 {Cotd - Snow Mild - Warm 86 | 6 8| 13 e
1955 [Mdd - Ory  Mdd-Maist 87 [ 5 9| W 128
1954 {Milg - Ory md-0ry IR SRR ; % 83 f6fid 2007 129} 138
1953 lmad - Dry  Mdd - Ory 3 z agn’; 2 4 QJ'S' 132
1952 'hiid - Ocy  Mild - By agﬁinm’naﬁz’e 9;3' 13
1951 "Cod - tce  Cont-Mid 80 |57 16 8 120
1955 "Mitd - et Mild 84 |32 68| 12 Ha
1349 :Cold - lce  Cord-Wer 85 135 63] W 3
|GAR ¢ old-SSnme Mg~ Dry 86 |23 s2| 13 130
(AT Lo SSnow Cord-Wel a4 [ a5 70| i 137
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The Snow-Cold year seriously reduces annual bird abundance through
a scarcity of breeders and reduced production. Both hunting pressure
and rate of hunting success declines.

Severe drought with high temperatures is the type of weather most
damaging to quail reproduction. Hatching peaks occur later than in
Normal years; production in the first peak of hatching is strongly re-
duced; and production in the second hatching peak is either reduced or
eliminated. Hunting success in such years is usually poor. The total
effects of adverse weather is that the double hatching peak, typical of
the Normal year, is disrupted to the extent that birds may be produced
later and fewer in number from either the first or second hatching
peak or from both.

Periodic bobwhite declines or '"lows" so popularly referred to as
"the quail cycle" are not regarded as cycles, but only as temporary
fluctuations caused by short-term variations in weather. Such popula-
tion lows are self-corrective (habitat permitting) with the return of
2 or 3 consecutive years of ''mormal" weather conducive to bird production
and survival.

But the level to which quail can increase, even under favorable
weather conditions, depends on the capacity of the habitat to support
birds. If long-term trends of land use and vegetation succession are
in or approaching a stage of negative value for quail, the chance for
favorable production weather to provide bird abundance is definitely
limited. In such situations, the negative trend of land-use must be
corrected and directed in a positive direction that will produce
favorable food-cover conditions for birds.

If sportsmen are to continue enjoying the sport of quail hunting
in many localities, they must take a greater interest in the biology
of the bird and derive added pleasure from understanding the annual
problems encountered by quail under varying weather situations affect-
ing production and survival. With fewer hunting areas in prospect,
the effects of weather upon huntable quail populations will become
more noticeable. To understand more fully the problem is to be better
prepared to meet setbacks; and the quail problems of tomorrow will
bring plenty of setbacks. Hunters should be aware that good hunting is
impossible every year, and that because of the effects of weather on
quail, in about 11 of 25, or 44% of the hunting years (as judged by
the past) the bird harvest will fall below the average.

The only way to improve this situation is through good quail-land
management designed to produce more bobwhite under all conditions of
weather.
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BODY FAT CONTENT OF BOBWHITES IN RELATION TO FOOD PLANTINGS IN KANSAS
Robert J. Robel, Division of Biology, Kansas State University, Manhattan
Abstract:

A wildlife habitat improvement program was initiated on the Fort
Riley Military Reservation in 1961 to increase winter food supplies
for bobwhite quail (Colinus virginianus). As part of an ongoing
evaluation of this program, 164 bobwhite quail were collected during
the fall and winter of 1968-72 for fat analysis. Fat content in car-
casses of birds collected <600 m from a food plot was compared with
fat content of birds collected >900 m from a food plot.

During winter months, birds collected near a food plot were signifi-
cantly (P<0.10 to P<0.05) heavier than birds not having access to a
food plot. Fat content of birds close to a food plot was likewise greater
(P<0.10 to P<0.01) than fat content in birds not using food plots.
Calculations indicate that birds close to food plots have sufficient
energy reserves to provide a 79% greater protection against brief
periods of food deprivation than birds far from a food plot. Fat
energy reserves alone in a quail close to a food plot could provide
sufficient energy for 2.0 days of survival whereas quail far from
food plots contained fat energy reserves sufficient for only 1.1 days
of survival.

Reserve energy for animals is stored in the body mainly in the form
of fatty acids. The quantity of stored reserve energy (fat) may be
critical to the animal's survival during periods of food scarcity or
extremely cold weather. Much work has been done on fat content, composi-
tion, and regulation in songbirds (8, 9, 10, 11, 12, 15, 16, 23, 24).
Only recently has any attention been given to body fat reserves of wild
gallinaceous birds under natural conditions. West and Meng (25) re-
ported on the relationship of total fat and fatty acid composition to
diet of willow ptarmigan (Lagopus lagopus) in Alaska while Moss and
Lough (14) presented similar data for 3 species of grouse in Scotland.

Almost no attention has been given to fat reserves of bobwhite
quail even though it is known that fat reserves may be essential for
bird survival during periods of dietary stress (15, 23 and others).
The most recent book on bobwhite quail (22) does not even discuss the
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importance of maintaining adequate fat reserves in quail for winter
survival and spring breeding. 1In fact, not until only very recently
has any attention been focused on basic energetics of bobwhite quail
(3). Earlier I included a small amount of body-fat data in an evalua-
tion of food plantings for bobwhite quail in Kansas (18). The purpose
of the study described herein was to gather more extensive data on body
fat content in bobwhite quail, especially as related to seasonal changes
and food plantings in Kansas.

The interest, efforts and unlimited cooperation of Fort Riley
military personnel, especially G. B. Joselyn and J. W. Dunlap, are
gratefully acknowledged. Financial assistance was provided by the Wild-
life Management Institute, Kansas Forestry, Fish and Game Commission,

U. S. Department of the Army, National Science Foundation, and the Kansas
Agricultural Experiment Station.

This paper is a contribution of the Division of Biology, Kansas
Agricultural Experiment Station, Kansas State University, Manhattan.

Methods

This research was conducted on the Fort Riley Military Reservation
in Riley County, 8 miles southwest of Manhattan, Kansas. The Reservation
is on the western edge of the Kansas Flint Hills. Vegetation and
topography of the area are described in Robel (18). A wildlife habitat
improvement program was begun on the Reservation in 1961 mainly to bene-
fit bobwhite quail and is still somewhat active. Early studies (21)
disclosed a shortage of winter food (seeds) for wildlife, and therefore
the primary purpose of the habitat improvement program on the Reserva-
tion was to increase the availability of seed sources for bobwhite quail
and other granivorous wildlife.

Plantings of corn, wheat and sorghum were established on the Reserva-
tion by military personnel. Normally a food plot consisted of a combina-
tion of corn and sorghum, but sometimes corn, sorghum, and wheat were
planted adjacent to each other. Early in the study, food patches were
small (0.52 acres each) and scattered over the entire Reservation
except for a central artillery impact area. During 1965 and 1966,
several long narrow plots (up to 2 miles long) of corn and sorghum
were established, in addition to the many small and isolated food patches,
to utilize available large equipment more effectively. Total area pro-
ducing cultivated grain for wildlife varied from year to year, ranging
from 150 to 300 acres. All planted grain was left standing for the
entire winter. :

Beginning in 1961 bobwhite quail were collected regularly during
fall, winter and spring. Birds collected prior to 1968 were used to
determine food habits (18), weight dynamics (18,20), winter mortality
(17, 19), and helminthic burdens (6). Birds collected after 1968 were
used to provide body fat data in addition to the information listed
above. Sporting firearms were used to kill the quail and bird dogs
helped in locating coveys and retrieving cripples. Collecting was
normally limited to late afternoon hours and no more than 2 quail were
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taken fromanyl covey on the same day. Time and location of kill plus
sex and age were recorded for each bird collected. Exact kill locations
were determined in the field by using military coordinates on contour
maps having a scale of 4 inches per mile. Tip coloration of the greater
upper primary feathers (13) and appearance of the seventh greater
primary coverts (7) were used as criteria to distinguish juveniles from
adults. Sex was determined by body plumage characteristics.

Bobwhites were weighed within 3 hr of the time they were killed.
Crop contents were removed prior to weighing the bird to the nearest
0.1 g.

Carcasses were quick-frozen and stored at -20 C until analyzed for
body fat. Each bird was analyzed individually. While frozen, birds
were sawed lengthwise and processed through a universal No. 3 food chopper
(fine cutter). The chopped material was then dried 24 hours at 60 C,
again processed through the chopper and thoroughly blended. Moisture-
free weight was determined after drying 2-g samples for 5 hr at 110 C
under vacuum (28 inches of Hg). Fat was extracted from 2 2-g samples
of each bird in a Goldfisch extraction apparatus for 16 hr using
anhydrous diethyl ether as a solvent. Samples were then redried at
110 C for 5 hours under vacuum and reweighed. Ether-extractable fat
was expressed as a percentage of dry tissue weight.

Weights (g) and fat content (%) are expressed as mean + standard
error.

Results and Discussion

Body fat determinations were made on 164 quail carcasses during
the 1968-72 collecting period (Table 1). Of the 164 total, 79% were
juveniles and 217% were adults. Males and females were represented
equally in the sample but adult/juvenile ratios were not the same for
each sex (Table 1). Because of small sample size in each month of each
year (range O to 6), birds were pooled by month for the 4-year study.
Although sample pooling masks year-to-year differences and also prevents
detecting any age or sex differences, it does provide adequate sample
sizes for meaningful analysis. Weights of bobwhites collected for fat
analysis varied seasonally (Table 2). Birds collected in September
weighed the least (178.2 + 4.2 g) whereas those collected in December
were heaviest (196.3 + 3.3 g). These data are similar to more extensive
quail weight data presented by Robel and Linderman (20) and Robel (18)
for bobwhites collected on the same study area.

Content of ether-extractable fat in carcasses of bobwhites varied
seasonally. Fat content was lowest in birds collected in September
(7.29 + 0.35%), gradually increased during October, November and
December, and reached a peak in January (20.13 + 1.69%). Fat content
gradually decreased after January, to 16.75 + 1.22% in February and
14.46 + 2.46% in March. The highest amount of ether-extractable fat
(37%) was found in a juvenile bobwhite collected in January 1969.
Twenty quail contained more than 25% fat; 85% of these birds were collected
during December and January. The least amount of fat (3.6%) was found
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in a juvenile male collected in December 1969. Fifteen quail contained
less than 6% fat; 47% of these birds were collected in March whereas
20% each were collected during September and October, respectively.

The relationship between quail body weight and fat content was
analyzed. No significant (P>0.10) relationship existed between the 2
parameters when weights and fat content of all birds collected between
September and March were included. However, a significant (P<0.01)
positive correlation was detected in birds collected only during the
winter months (January-March).

Relationship with Food Plots

Earlier (18) it was determined from crop content that
birds within 600 m of a food plot commonly utilized the plot as a food
resource. Birds within 600 to 900 m of a food plot occasionally fed
in the plot, whereas birds collected farther than 900 m from a food
plot never used the plot as a food resource. Therefore, the effectiveness
of food plots can be evaluated by comparing birds collected within 600 m
of plots with those collected 900 m or more from plots. Birds killed
in the 600-to-900 m distance class are omitted from the comparison since
they occasionally utilized food plots.

Of the 164 birds collected and analyzed for fat content during this
study, 78 were collected within 600 m of food plots and 76 were collected
900 m or more from plots. Weights of birds collected within 600 m of
plots were not significantly different (P>0.10) from those of birds
killed 900 m or more from plots during the September to December period;
however, birds killed close (0.600 m) to plots in January, February and
March weighed significantly more (P<0.10 to P<0.05) than birds killed
far (>900 m) from plots (Table 1). The weight difference in January
was 9.7 g, that for February was 6.4 g, and the weight difference in
March was 10.8 g. The mean weight difference for the 3-month winter
period was 9.0 g, i.e., on an average, birds killed close to food
plots weighed 9.0 g more than birds killed farther than 900 m from plots.

The seasonal weight changes exhibited a quadratic relationship
(Fig. 1). Weights of birds killed close to food plots reached a peak
in January whereas weights of birds killed more than 900 m distant
from plots peaked in December (Table 2). Although weights of birds
collected close to and far from plots decreased during the winter,
weights of birds killed close to plots decreased less than those of
birds killed more than 900 m from plots (Fig. 1).

A comparison of the amount of ether-extractable fat contained in
the bodies of birds killed close to and far from plots disclosed a
relationship similar to that of the weight comparison described above.
Fat content of birds killed within 600 m of plots was not significantly
different (P>0.10) from fat content of birds killed more than 900 m from
plots during the September-December period (Table 3). Birds killed
close to plots during the January-March period all had a significantly
greater (P<0.10 to P<0.0l) amount of body fat than did birds killed
more than 900 m from plots. Birds killed close to plots had an average
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of 20% body fat during January-March whereas birds killed far from
plots during the same period contained only 13% body fat. Therefore,
during winter, birds near plots had 1.5 times the fat content of birds
killed more than 900 m away from plots.

Ether-extractable fat content of birds close to plots reached a
peak in January while fat content of birds far from plots peaked in
December (Table 3). As with bird weights, body fat of birds close to
and far from plots decreased in late winter; however, the magnitude of
the decrease was less among birds close to plots compared with birds
far from plots (Fig. 2).

Since both bird weight and fat content exhibited a quadratic
relationship with season, one would expect body weight and body fat
content to be correlated. An analysis of these variables disclosed
such a relationship, significant at the P<0.0l level, for all birds
and for those killed within the 2 distance classes. During winter
months (January-March), the slopes of the linear regressions were
different (P<0.0l1) for birds killed close to plots and for those killed
farther than 900 m from plots (Fig. 3). The steeper slope (and higher
value) exhibited by birds killed close to plots might have resulted
from the greater amount of fat contained in these birds. Minor day-to-
day weight changes in birds close to plots could be accomplished by a
fluctuation in fat content of that bird whereas changes in weight of a
lean bird might not be possible by changes in fat content alone.

Importance of Fat Reserves

Fretwell (4) has shown that year-to-year survival of fat birds is
greater than survival of lean birds. Such should not be surprising
since fat is essentially reserve energy for a bird. Data collected
during my study showed that birds living near food plots have more
energy reserves during the critical winter months than birds living
farther than 900 m from plots. By incorporating these field data with
laboratory bioenergetics data for bobwhite quail (3), it is possible to
evaluate the importance of these energy reserves to bobwhite quail. It
is assumed that energy reserves will be of greatest value during winter
months, therefore, I will compare the '"starvation protection' afforded
by fat reserves of bobwhites collected near food plots with that of
bobwhites collected more than 900 m from a food plot. For this example,
I will assume an ambient temperature of 5 C (representative of the
January-March period in Knasas), a 190-g quail whose dry weight is 40%
of its wet weight, a quail with a fat content of 15% of its dry weight,
and an energy need 1.3 X the existence-energy requirement of a confined
quail. This 190-g quail would require 60.74 kcal (46.72 kcal X 1.3)
of energy per day (3). For this example, I am assuming further that
only stored fat constitutes an energy reserve (not true in fact),
that all but 3% of the fat in the bird is available for use as reserve
energy, and that metabolism of 1 gram of fat by the quail produces
9.3 kcal of energy for the bird. Based on these conditions, this bird
would be able to withstand complete starvation for approximately 1.4 days
by existing on his stored fat energy alone. The calculations are shown
below.
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190 g quail X 0.40 dry wgt = 76 g dry wgt
76 g dry wgt X 0.12 fat = 9.12 g metabolizable fat reserves

9.12 g fat X 9.30 kcal/g = 84.82 kcal reserve energy

84.82 kcal + 60.74 kcal/day = 1.40 days of reserve energy

By substituting actual field data obtained in this study wherever
possible in the above calculations, the "starvation-protection" afforded
wild bobwhite quail by food plots can be estimated.

Birds at <600 m from a food plot

193.2 g quail X 0.40 dry wgt = 77.3 g dry wgt

77.3 g dry wgt X 0.17 fat 13.14 g metabolizable fat reserves

13.14 g fat X 9.30 kcal/g 122.18 kcal reserve energy

122.18 kcal + 60.74 kcal/day = 2.01 days of reserve energy

Birds at »900 m from a food plot

184.1 g quail X 0.40 dry wgt 73.6 g dry wgt

73.6 g dry wgt X 0.10 fat = 7.36 g metabolizable fat reserves

7.36 g fat X 9.30 kcal/g = 68.48 kcal reserve energy

68.48 kcal + 60.74 kcal/day = 1.13 days of reserve energy

Seldom do conditions exist in which quail can obtain no food what-
soever. Likewise, some energy can be obtained by the catalysis of
proteins in the body, and energy can be conserved by reduced activity
and covey formation (3). Disregarding these variables, or assuming they
are constants for birds within 600 m of a food plot and birds 900 m or
more distant from a food plot, it is possible to use the results of the
above calculations to reflect the effectiveness of food plots for bob-
white quail on the Fort Riley Military Reservation. Regarding fat
reserves alone (excluding 3% unavailable fat), quail close to a food
plot during winter have 13.14 g of fat reserves while those far from
a food plot have only 7.36 g. Therefore, birds close to food plots
have more reserve energy, providing a potential "starvation protection"
79% greater than birds not having access to a food plot. These extra
reserves of energy are no doubt extremely important for bird survival
during periods of winter cold and food shortage.
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Although the effect of low energy reserves on reproductive be-
havior has not been studied intensively in bobwhites, data from research
on ring-necked pheasants (Phasianus colchicus) indicate possible effects.
Breithenbach et al. (2), Gates and Woehler (5), and Barrett and Bailey
(1) reported that food restrictions resulting in weight losses in late
winter could retard the onset of egg-laying in ring-necked pheasants.
Furthermore, Breitenbach et al. (2) and Gates and Woehler (5) reported
a reduction in total egg production in ring-necked pheasants which were
in poor condition due to a limited energy intake.

Obviously there is a need for controlled research on the influences
of fat reserves on bobwhite quail survival and reproductive success.
I hope results presented in this paper will stimulate work in this
interest.
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Table 3. Content of ether extractable fat in carcasses of all
bobwhite quail collected during this study as well as
those collected within 600 m of a food plot and those
collected farther than 900 m from a food plot.

Ether extractable fat (percent dry weight)

All birds ' Distance from food plotsl/

Month 0 to 600 m >900 m
Collected N Percent + S.E. " N Percent + S.E N Percent + S.E.
September 13 7.29 + 0.35 1 7.79 + -~ 8 7.23 + 0.47
October 21 9.45 + 1.19 15 9.78 + 1.50 2 7.01 +0.33
November 20 12.90 + 0.98 13 13.63 + 1.29 "7 11.52 + 1.43
December 28 17.30 + 1.39 11  14.50 + 2.11 17 19.12 + 2.07
January 31 20.13 + 1.69 15 24.43 + 2.23%% 15 16.37 + 2.16
February 24 16.75 4+ 1.22 10 19.35 + 2.18* 13 14.75 + 1.26
March 27 14.46 + 2.46 13 15.40 + 1.26%%%14  9.37 + 0.80

1/ Birds killed between 600 and 900 m of a food plot excluded (see

text).

* Significantly greater (P<0.10) than fat content of comparable birds
in other distance class.

*% Significantly greater (P<0.05) than fat content of comparable birds
in other distance class.

*%*%Sjignificantly greater (P<0.0l) than fat content of comparable birds
in other distance class. :
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RELATIONSHIP OF POSTBURN INTERVALS TO THE INCIDENCE AND SUCCESS OF
BOBWHITE NESTING IN SOUTHWEST GEORGIA

Ronald C. Simpson, Georgia Game and Fish Commission, Albany, Georgia
Abstract:

Data relating to the interval between the last prescribed burn
and current nesting attempts were collected from 842 nests known to
have contained eggs during the 1969-71 nesting seasons on a 1,262-acre
area in southwest Georgia. The yearly habitat acreage per nest averaged
11.4 acres on areas burned during the current spring, 1.4 acres on
areas 1 yr postburn, 2.3 acres on areas 2 yr postburn, and 1.8 acres on
areas more than 2 yr postburn. One successful nest occurred per 32.0
acres on burned areas, 9.2 acres on areas 1 yr postburn, 14.5 acres on
areas 2 yr postburn, and 38.0 acres on areas more than 2 yr postburn.

Initiation dates were known for 385 of the 842 nests. The occurrence
of nests on burned areas was low prior to June 16. Nests on burned areas
increased after June 15 (1 nest/30.1 acres/year) but the incidence was
still lower than that on unburned areas (1 nest/11.1 acres/year). Data
indicate that areas burned during the current spring are used by quail
for nesting, but that maintenance of suitable cover conditions 1 and 2
yr postburn is the greatest benefit to nesting derived from prescribed
burning.

Prescribed burning has long been used in managing land for bobwhite
quail (Colinus virginianus). During the past few years, a number of
studies have been conducted on prescribed burning done to maintain
cover and food supplies important to quail (1,2,5,7,8,10,11,13,14).

Predictable changes in nesting effort and success, and in the
seasonal timing of these in relation to changes in vegetational succession
caused by prescribed burning, are also important in formulating sound
quail habitat management programs. However, only a limited amount of
data are available on the effect of prescribed burning on nest-site
selection, initiation dates of nesting, and nesting success. Dimmick
(3), in reporting on the influence of controlled burning on bobwhite nest-
ing patterns in Tennessee, stated that there was no significant difference
between nesting success or peak periods of nest construction on burned
and unburned areas. He did find that unburned areas were utilized earlier
in the nesting season than were burned areas. Eighty percent of the
Tennessee nests were in unburned habitat and 21% in burned habitat.
Stoddard (12) reported that in the Thomasville, Georgia - Tallahassee,
Florida area 89% of the nests were in growth of the preceding season
and only 8% on ground burned over during the preceding winter. Rosene
(9) noted that over 80% of the nests he located were in unburned cover.
Klimstra and Scott (6) found in Illinois that dead vegetation from
only the previous or current year was used in virtually all nest con-
struction. It was indicated that burning on their study area would
have an undesirable effect on quail nesting.




149

200 ¥y 174,42 3 12237 - 1701
Sy-t,t¢ = 3.03 RZ = 0.80
””--_ﬁ‘\
s '
\\
190

y= 162.02 % 15.177 - 1,867¢
Sy-t,t? = 3.98 R = 0.82

0 T T T T T Y

T
Sept. Oct. Nowv. Dec. Jan. Feb. March

Fig. 1. Comparison batweea waighte of 78 bobwhites tollected within 600 m
of a food plot and the weights of 76 birds collected mora than
900 » from a food plot,

257
0.15 + 9.467 - 1.13]2
T iyttt e .58 »1z = 0.70
20 A o
—’ —
/” o
= e . .
u- 4
§ b 600m 2~67 321~ 0.92]2
- y= 2.67 + §. - 0.
@ 0 : Sy~t.t5 =2.97 az =0.73
-
&
%0 <4
%
6-
o T T T ML T T 1
Sept. Oct. Naowv. Dec. Jan. Feb. March

Fig. 2. Perceat {dry weight) athar-extractabla fat in carcasses of 78
bobwhitas collected within 600 m of a food plot towpared with fat
content in 76 quail collected ovar 900 m from a food plot.

PERCENT BOOY FAT

O L/ 4 T T T L] T T T
180 180 200 . 220
BIRD WEIGHT (grams)
Fig. 3.

Relationship between echer-extractabla fat snd weights of bobwhitas
collacted during wintar (January-Marth) within 600 m of a food
plot and farchar than 900 m from a food plot. Both corrslation
coefficients ara significant (P<0.01).




150

RELATIONSHIP OF POSTBURN INTERVALS TO THE INCIDENCE AND SUCCESS OF
BOBWHITE NESTING IN SOUTHWEST GEORGIA

Ronald C. Simpson, Georgia Game and Fish Commission, Albany, Georgia
Abstract:

Data relating to the interval between the last prescribed burn
and current nesting attempts were collected from 842 nests known to
have contained eggs during the 1969-71 nesting seasons on a 1,262-acre
area in southwest Georgia. The yearly habitat acreage per nest averaged
11.4 acres on areas burned during the current spring, 1.4 acres on
areas 1 yr postburn, 2.3 acres on areas 2 yr postburn, and 1.8 acres on
areas more than 2 yr postburn. One successful nest occurred per 32.0
acres on burned areas, 9.2 acres on areas 1 yr postburn, 14.5 acres on
areas 2 yr postburn, and 38.0 acres on areas more than 2 yr postburn.

Initiation dates were known for 385 of the 842 nests. The occurrence
of nests on burned areas was low prior to June 16. Nests on burned areas
increased after June 15 (1 nest/30.1 acres/year) but the incidence was
still lower than that on unburned areas (l nest/11.1 acres/year). Data
indicate that areas burned during the current spring are used by quail
for nesting, but that maintenance of suitable cover conditions 1 and 2
yr postburn is the greatest benefit to nesting derived from prescribed
burning.

Prescribed burning has long been used in managing land for bobwhite
quail (Colinus virginianus). During the past few years, a number of
studies have been conducted on prescribed burning done to maintain
cover and food supplies important to quail (1,2,5,7,8,10,11,13,14).

Predictable changes in nesting effort and success, and in the
seasonal timing of these in relation to changes in vegetational succession
caused by prescribed burning, are also important in formulating sound
quail habitat management programs. However, only a limited amount of
data are available on the effect of prescribed burning on nest-site
selection, initiation dates of nesting, and nesting success. Dimmick
(3), in reporting on the influence of controlled burning on bobwhite nest-
ing patterns in Tennessee, stated that there was no significant difference
between nesting success or peak periods of nest construction on burned
and unburned areas. He did find that unburned areas were utilized earlier
in the nesting season than were burned areas. Eighty percent of the
Tennessee nests were in unburned habitat and 21% in burned habitat.
Stoddard (12) reported that in the Thomasville, Georgia ~- Tallahassee,
Florida area 89% of the nests were in growth of the preceding season
and only 8% on ground burned over during the preceding winter. Rosene
(9) noted that over 80% of the nests he located were in unburned cover.
Klimstra and Scott (6) found in Illinois that dead vegetation from
only the previous or current year was used in virtually all nest con-
struction. It was indicated that burning on their study area would
have an undesirable effect on quail nesting.







150

RELATIONSHIP OF POSTBURN INTERVALS TO THE INCIDENCE AND SUCCESS OF
BOBWHITE NESTING IN SOUTHWEST GEORGIA

Ronald C. Simpson, Georgia Game and Fish Commission, Albany, Georgia
Abstract:

Data relating to the interval between the last prescribed burn
and current nesting attempts were collected from 842 nests known to
have contained eggs during the 1969-71 nesting seasons on a 1,262-acre
area in southwest Georgia. The yearly habitat acreage per nest averaged
11.4 acres on areas burned during the current spring, 1.4 acres on
areas 1 yr postburn, 2.3 acres on areas 2 yr postburn, and 1.8 acres on
areas more than 2 yr postburn. One successful nest occurred per 32.0
acres on burned areas, 9.2 acres on areas 1 yr postburn, 14.5 acres on
areas 2 yr postburn, and 38.0 acres on areas more than 2 yr postburn.

Initiation dates were known for 385 of the 842 nests. The occurrence
of nests on burned areas was low prior to June 16. Nests on burned areas
increased after June 15 (1 nest/30.1 acres/year) but the incidence was
still lower than that on unburned areas (1 nest/11.1 acres/year). Data
indicate that areas burned during the current spring are used by quail
for nesting, but that maintenance of suitable cover conditions 1 and 2
yr postburn is the greatest benefit to nesting derived from prescribed
burning.

Prescribed burning has long been used in managing land for bobwhite
quail (Colinus virginianus). During the past few years, a number of
studies have been conducted on prescribed burning done to maintain
cover and food supplies important to quail (1,2,5,7,8,10,11,13,14).

Predictable changes in nesting effort and success, and in the
seasonal timing of these in relation to changes in vegetational succession
caused by prescribed burning, are also important in formulating sound
quail habitat management programs. However, only a limited amount of
data are available on the effect of prescribed burning on nest-site
selection, initiation dates of nesting, and nesting success. Dimmick
(3), in reporting on the influence of controlled burning on bobwhite nest-
ing patterns in Tennessee, stated that there was no significant difference
between nesting success or peak periods of nest construction on burned
and unburned areas. He did find that unburned areas were utilized earlier
in the nesting season than were burned areas. Eighty percent of the
Tennessee nests were in unburned habitat and 21% in burned habitat.
Stoddard (12) reported that in the Thomasville, Georgia - Tallahassee,
Florida area 89% of the nests were in growth of the preceding season
and only 8% on ground burned over during the preceding winter. Rosene
(9) noted that over 807% of the nests he located were in unburned cover.
Klimstra and Scott (6) found in Illinois that dead vegetation from
only the previous or current year was used in virtually all nest con-
struction. It was indicated that burning on their study area would
have an undesirable effect on quail nesting.







152

Procedures

The study was conducted during the nesting seasons of 1969, 1970,
and 1971. Personnel, consisting of 3 individuals, made daily searches
for nests from May through August each year. They were each assigned
a different section of the area and usually worked independently. All
cover areas, whether considered prime nesting habitat or not, were
searched on foot with the aid of a staff for parting vegetation. Two
to 3 weeks were required to cover the entire study area once. When
found, a nest was flagged with colored plastic surveying tape. Flags
were placed far enough away from active nests to avoid attracting
predators to the nest sites. Active nests were usually checked once a
week. Some nests were visited more frequently near their estimated
hatch dates. The area around active nests was disturbed as little as
possible.

Initiation dates of nests were determined by back dating with the
following criteria: 23 days for incubation, 1 day between cessation of
laying and incubation, 1 day per egg deposited in a nest, 2 days be-
tween construction and laying, and 1 day for construction. The time
intervals were obtained from data collected during this study. The
interval per egg deposited in a nest is slightly greater than the mean
(0.8 eggs per nest per day), but is approximately the same as the
observed mode for egg production.

Prescribed burning was conducted in late March and early April by
plantation personnel. Little effort was made to leave unburned areas
of any certain size, particularly during 1969 and 1970.

Results and Discussion
Nesting and Nesting Success in Relation to Postburn Interval

The interval since the last prescribed burn was known for sites
of 842 quail nests containing eggs during the 3 nesting seasons. Nests
occurring on areas burned in the current spring totaled 174 (21%).
Nests on unburned areas in relation to the interval since the last pre-
scribed burn numbered 503 (60%) on areas 1 yr postburn, 101 (12%) on
areas 2 yr postburn, and 64 (8%) on areas more than 2 yr postburn.

Areas left unburned for 1 year (Table 1) were the most preferred
nesting habitat with 1 nest occurring per 1.4 acres. Areas burned in
the current spring were least preferred, with 1 nest occurring per
11.4 acres; however, burned habitat became more favorable during the
latter portion of the nesting season than it was during the early season.
This will be discussed later in more detail.

Unsuccessful nests, those producing no chicks, made up 685 (81%)
of the 842 nests. The distribution of these nests according to post-
burn intervals closely paralleled that of all nests (Table 1). Areas
1 yr postburn had the highest incidence of nests, containing 1 nest
per 1.6 acres, and areas burned in the current spring had the lowest,
with 1 nest per 17.8 acres. '
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Successful nests totaled 157 (19%) of the total nests observed.
Nesting success was significantly greater on burned areas than on
unburned (Chi-square, P< 0.05). Nesting success according to burn
interval was 367% on areas burned in the current year, 15% on areas 1
yr postburn, 16% on areas 2 yr postburn, and 5% on areas more than 2 yr
postburn.

Areas burned in the current spring were relatively unproductive
in spite of the lower nesting effort per successful nest, from the
standpoint of the amount of habitat per successful nest. The yearly
average of the number of acres of habitat per successful nest was 32.0
for areas burned in the current spring, 9.2 on areas 1 yr postburn,
14.5 on areas 2 yr postburn, and 38.0 on areas more than 2 yr postburn
(Table 1). Thus, it is evident that despite a smaller proportion of
successful nests to total nests on areas 1 and 2 years postburn, when
compared to that for areas burned the current spring, a higher number
of successful nests occurred per unit of habitat,

It is also evident that the postburn interval (Table 1) did not
have as much influence on the use of unburned areas for nesting as
it did on nesting success. The incidence of successful nests on unburned
areas having a l-yr-postburn interval was about 587% higher than on areas
2 yr postburn and 318% higher than on areas more than 2 yr postburn.

Nest Initiation Dates and Burn Interval

Initiation dates and postburn intervals were known for 385 nests
active when found. Eighty of the nests (21%) occurred on areas burned
during the current spring and 305 nests (79%) on unburned areas.

A comparison of the distribution of initiation dates of all nests
and of unsuccessful nests through the season, according to interval since
the last burn, revealed little difference between the 3 unburned
categories. The chronological distribution of successful nests did
differ. This could be due, however, to the small number of successful
nests in the 2- and more than 2-yr-postburn intervals. Because the
initiation dates of nests occurring on the 3 categories of unburned
areas corresponded so closely, the combined total of these were compared
with the distribution of nest initiation dates on areas burned in the
current spring.

The period of greatest nesting on areas burned during the current
spring was later in the nesting season than the peak nesting period
on unburned areas. A comparison of initiation dates for nests on
areas burned during the current spring to those for nests on unburned
areas indicated that burned habitat became desirable for nesting during
the latter part of June (Table 2). Herbaceous cover had developed to a
suitable density for screening of nests and quail movement. Also,
pine needle cast, pine needles being a major nest material, had begun
by this period. During this period prior to 16 June, unburned areas
were utilized much more than burned areas. However, the use of unburned
areas decreased after 15 June and the use of burned areas increased.
Of the 225 nests begun prior to 16 June, 14 nests (67%) were on burned
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areas (66% of the study-area nesting cover) and 211 nests (94%) on un-
burned areas (34% of the study-area nesting cover). Nests initiated
after 15 June totaled 160, of which 66 nests (41%) were on burned

areas and 94 nests (59%) on unburned areas. The decline in nesting
attempts after 15 June on unburned areas, particularly areas 1 yr
postburn, was not necessarily due to these areas becoming less desirable
but because the burned areas had become suitable nesting habitat and
constituted a higher percentage of the nesting cover present.

Two peaks of nest initiation were evident on areas burned in the
current spring and 1 peak on unburned areas. The first peak on burned
areas was about 1 month later than the peak on unburned areas. The
peaks of nest construction were 16 May - 15 June on unburned areas and
1-15 July and 1-15 August on burned areas. The overall peak period of
construction of all nests, with initiation dates of nests on burned
and unburned areas combined, was 1-15 June, after which there was a
steady decline in nests initiated.

Additional information relating to prescribed burning and its
effect on quail nesting was gained by determining nest initiation dates
on the basis of nesting success. Of the 385 nests with known initiation
dates, 107 nests were successful and 278 nests unsuccessful.

Initiation dates of unsuccessful nests on areas burned in the
current spring and on unburned areas made up a large percentage of
initiation dates for all nests, and thus paralleled initiation dates
for all nests (Table 3). The nests started before 16 June totaled 192
of which 9 nests (5%) were on burned areas and 187 nests (95%) were on
unburned. Of the 82 unsuccessful nests begun after 15 June, 29 nests
(35%) were on burned areas and 53 nests (65%) were on unburned areas.
Peaks of initiation occurred during the period 1-15 August on burned
areas and 16-31 May on unburned areas.

No successful nests were initiated before June on areas burned in
the current spring (Table 4). However, few nests were constructed on
burned areas before this date. Of the successful nests initiated before
16 June, 17% were on burned areas and 83% on unburned areas. The per-
centage of the successful nests initiated after 15 June on areas burned
in the current spring and on unburned areas was about even, 47% and
53% respectively.

The peaks of initiation of successful and of all nests on areas
burned in the current spring were the same, 1-15 July and 1-15 August.
Peaks of successful nest construction on unburned areas occurred 1-15
June and 1-15 July. However, the number of nests initiated for the
periods 1-15 June, 16-30 June, 1-15 July, and 16-31 July were relatively
constant.

Despite the increase in occurrence of successful nests with improve-
ment of cover conditions as the nesting season progressed, the amount
of habitat acreage per successful nest for areas burned in the current
spring was still higher than that for unburned areas (Table 5). Of
the successful nests initiated after 15 June, 1 nest occurred per 53.8
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Number of nests and the number of acres of habitat per
nest in relation to postburn intervals.

Average Yyearly amount of

Postburn No. of No. of nests vhabitat/nest (acres)

interval acres Total Unsucc. Success. Total Unsucc., Succeas.

None 662 174 112 62 11.4 17.8 32.0

1 Yr 233 503 427 76 1.4 1.6 9.2

2 ¥r 77 101 85 16 2.3 2.7 14.5

>2 Yr 38 64 61 3 1.8 1.9 38.0
Table 2. Incidence of active nests according to initiation date

and interval since prescribed burn.

Initiation Burned in Unburned in gpring
dates spring 1 yr. 2 yr. >2 yr. Totai
March 16-31 - - 1 (2.1%) - 1 (3%
April 1-15 - 5 (2.2%) 1 (2.1%) - 6 (2.0%)
April 16-30 3 (3.6%) 28(12.4%) 9 (18.8%) 5 (15.6%) 42 (13.8%)
May 1-15 2 (2.5%) 30(13.3%) 9 (18.8%) 7 (21.9%) 46 (15.1%)
May 16-31 3 (3.6%) 46(20.4%) 6 (12.5%) 6 (18.8%) 58 (19.0%)
June 1-15 6 (7.5%) 46(20.4%) 5 (10.4%) 7 (21.9%) 58 (19.0%)
June 16-30 14(17.5%) 26(11.6%) 7 (14.6%) 5 (15.6%) 38 (12.5%)
July 1-15 18(22.5%) 20 (8.9%) 2 (4.2%) 1 (3.1%) 23 (7.5%)
July 16-31 12(15.0%) 12 (5.3%) 4 (8.3%) - 16 (5.2%)
August 1-15 18(22.5%) 6 (2.7%) 3 (6.3%) 1 (3.1%) 10 (3.3%)
August 16-31 &4 (5.0%) 6 (2.77%) 1 (2.1%) - 7 (2.3%)
Total 80(99.7%) 225(99.9%) 48(100.2%) 32(100.0%) 305(100.0%)
Table 3. Incidence of unsuccessful active nests according to
initiation date and interval since prescribed burn.
Initiation Burned in Unburned in Spring
dates spring 1 yr 2 yrs. >2 yr. Total
March 16-31 - - - - -
April 1-15 - 4 (2.3%) 1 (2.6%) - 5 (2.1%)
April 16-30 3 (7.9%) 26(15.1%) 9 (23.7%) 5 (16.7%) 40 (16.7%)
May 1-15 2 (5.3%) 26(15.1%) 9 (23.7%(C 7 (23.3%) 42 (17.5%)
May 16-31 3 (7.9%) 41(23.8%) 6 (15.8%) 6 (20.0%) 53 (22.1%)
June 1-15 1 (2.6%) 36(20.9%) 4 (10,5%) 7 (23.3%) 47 (19.6%)
June 16-30 5 (13.2%) 18(10.5%) 5 (13.2%) 5 (16.7%) 28 (11.7%)
July 1-15 6 (15.8%) 12 (7.0%) - - 12 (5.0%)
July 16-31 7 (18.4%) 4 (2.3%) 2 (5.3%) - 6 (2.5%)
August 1-15 9 (23.7%) 4 (2.3%) 1 (2.6%) - 5 (2.1%)
August 16-31 2 (5.3%) 1 (.6%) 1 (2.6%) - 2 (.8%)

Total

38(100.1%) 172(99.9%) 38(100.0%) 30(l00.0%)

240(100.

17.)
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Table 4. Incidence of successful active nests according to
initiation dates and interval since prescribed burn.
Initiation Burned in Unburned in sSpring
dates spring 1 yr. 2 yr. >2 yr. Total
March 16-31 - - 1 (10.0%) - 1 (1.5%)
April 1-15 -. 1 (1.9%) - - 1 (1.5%)
April 16-30 - 2 (3.8%) - - 2 (3.1%)
May 1-15 - 4 (7.5%) - - 4 (6.2%)
May 16-31 - 5 (9.4%) - - 5 (7.7%)
June 1-15 5 (11.9%) 10 (18.9%) 1 (10.0%) - 11 (16.9%)
June 16-30 9 (21.4%) 8 (15.1%) 2 (20.0%) - 10 (15.4%)
July 1—15‘ 12 (28.6%) 8 (15.1%) 2 (20.0%) 1 (50.0%) 11 (16.9%)
July 16-31 5 (11.9%) 8 (15.1%) 2 (20.0%) - 10 (15.4%)
August 1-15 9 (21.4%) 2 (3.8%) 2 (20.0%) 1 (50.0%) 5 (7.7%)

August 16-31

2 (4.8%) 5 (9.4%) - - 5 (7.7%)

Total 42(100.0%) 53(100.0%) 10(100.0%) 2(100.0%) 65(100.0%)

Table 5. Acres of habitat per nest initiated before June 16 and
after June 15 in relation to postburn interval.

Average yearly habitat (acres)/nest

Nest Date Burned in Unburned in sSpring
classification initiated spring lyr. 2yr. >2yr. Total
Total Before June 16 140.9 3.0 7.5 4.6 5.0
After June 15 30.1 10.0 13.5 16.5 11.1

Unsuccessful  Before Jume 16  220.7 5.3 7.9 4.6 5.6
After June 15 68.2 17.9 25.7 22.4 19.7

Successful

Before June 16 389.4 31.9 110.0%* -- 45.2

After June 15 53.8 22.6 28.5 54.3% 25.4
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THE INTERSPERSION INDEX AS A TECHNIQUE FOR EVALUATION OF BOBWHITE QUAIL
HABITAT

William L. Baxter and Carl W. Wolfe, Nebraska Game and Parks Commission,
Lincoln

Abstract:

An index based on the interspersion of vegetative types proved
useful in evaluating quail habitat. Application of the technique for
related studies indicated that interspersion indices may find wider
application for assessing habitat deficiencies, for evaluating land
areas for production of a diversity of wildlife species, and for planning.

Over 40 years ago, the concept of habitat interspersion was advanced
by Aldo Leopold (6). Indicating then that "we are only on the threshold
of an understanding of the ecology of game species," Leopold went on to
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postulate his law of interspersion that recognized 'game is a phenomenon
of edges." Although the validity of Leopold's premises have been docu-
mented both directly and indirectly many times in the past & decades, the
complexity and frustration in describing ecological diversity of game
range has continued to pose a problem for wildlife managers.

On the basis of recognition and use alone, the terms interspersion
and diversity were not commonly part of wildlife jargon for many years.
Even though the concepts were recognized, they were undefined both
quantitatively and qualitatively. The Wildlife Review, for example,

carried neither of these terms in its index from 1935 to 1951. Hammerstrom,

Mattson and Hammerstrom (3) were perhaps the earliest investigators to
demonstrate the validity of Leopold's concepts in their work to maintain
the prairie chicken in Wisconsin. They related the interspersion of habi-
tat types to the mobility of prairie chickens, and investigated the
tolerance of the species to variation in composition and interspersion

of habitat. Kelker (5) rephrased Leopold's law, stating 'the abundance

of resident species requiring two or more cover types appears to depend

on the interspersion of numerous small blocks of such types."

More recently, Pimlott (8) stated, 'the message is clear that
diversity of habitat is the life blood of the majority of species and
the ramifications extend from the subsistance of an individual to the
viability of a population and to the survival of the species." Assuming
that most wildlife managers agree with this premise, the task of
developing a method for evaluating habitat diversity is an important need.

That early wildlife investigators recognized deficiencies of habitat
and of management steps needed to correct them is evident. Stoddard (9)
in his monumental classic on bobwhite quail management, listed in detail
the steps needed for transforming nonproductive quail cover to that
capable of producing and carrying significant bobwhite densities.
Leopold (6) and Errington and Hammerstrom (2) provided the basic approach
to studying food and cover requirements for effective game management.
Fundamental habitat concepts were delineated by Kabat and Thompson (4)
as related to Wisconsin bobwhites. Their quail:hedgerow-mile index was
a primary step in providing a usable descriptive tool for game managers.
Leopold's interspersion concepts were finally "coming home."

Today's rapid change in land-use patterns coupled with ever-increasing
human demands have placed an increasing burden on the contemporary wild-
life manager. Faced with the need to optimize every environmental effect
and to defend his decisions, the manager needs a definitive expression
of habitat quality. This need, in recent years, has not been confined
to wildlife interests alone. Resource planners, also, have encountered
situations containing pressing needs to describe recreational land values
and potentials for management. There is now an additicnal need to inter-
face wildlife habitat values with highway corridors, urban and rural
population shifts, and other land-use changes brought about by expanding
technology and economic growth.

Because of the need to define habitat quality in Nebraska's quail
management program, a study was initiated to empirically measure the
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Figure 1. Diagram of diagonal lines used in calculating the
interspersion index
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Figure 2. Determination of interspersion index from simulated aerial photographs
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The interspersion index simply represented the number of changes
from 1 cover type to another. The relationship of the interspersion
index to the audio-census data for each route was calculated by linear
correlation,

Findings

Land use along the 3 quail-census routes as determined from aerial
photographs is presented in Table 1.

Table 1. Comparative land-use patterns in Cass, Otoe, and Pawnee Counties

__ Lass 7 . Otoe Pawnee} o
% Total % Total % Total

Land-use Acres acres Acres acres Acres acres

Cropland 10,828.5 83.81 9,685.8 78.21 5,801.3 43.69

Grassland 747.2 5.78 1,590.6 12.85 5,001.5 37.66

Woodland 1,111.0 8.60 981.9 7.93 2.298.7 17.31

Farmsteads 153.7 1.19 105.6 0.85 130.7 0.98

Miscellaneous 79.8 0.62 20.1 0.16 47.8 0,36
Total acres

sampled 12,920.2 100.00 12,384.0 160.00 13,280.0 100.0

The number of acres sampled along the transects ranged from 12,384
in Otoe County to a high of 13,280 in Pawnee County. These data show
that very noticeable land-use differences existed among the counties.
The intensity of agricultural land use decreased from north to south.
Approximately 847% of the land along the Cass County route was classified
as cropland. In Pawnee County, slightly less than 44% of the land was
in this category. Cropland constitutes 78% of the land along the Otoe
County route.

The amount of grassland in the counties was inversely related to
cropland. The percentage of grassland increased from north to south.
Cass, the northernmost county, had approximately 0.5 as much grassland
as Otoe County and 0.17 as much as Pawnee County, the southernmost
county.

There were approximately twice as many acres of woody vegetation
along the Pawnee County route as there were along either of the other
routes, with the smallest acreage occurring in Otoe County. Because
woody cover is an essential element of the bobwhite's habitat needs,
we felt that a closer examination of woody cover characteristics was
advisable.
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We examined the woody cover in the northernmost and southernmost
counties with respect to acreage and cover type according to the follow-
ing classification:

1. Windbreaks (multiple-row tree plantings; usually associated with
farm buildings)

2. Hedgerows
3. Woodland tracts less than 3 acres
4. Woodland tracts 3 to 5 acres
5. Woodland tracts 5 to 10 acres
6. Woodland tracts greater than 10 acres
Table 2 shows the distribution of woody cover areas by acreage and
type in Cass and Pawnee Counties. Pawnee County exceeded Cass County in

every category except windbreaks.

Table 2. Extent and distribution of woodland vegetationa

Cass Pawnee

Woodland % Total % Total

class Acres Woody Acres woody
Windbreak 143.1 12.88 136.9 5.96
Hedgerow 64.9 5.84 332.0 14 .44
<3 Acres 150.5 13.55 428.3 18.63
3-5 Acres 121.0 10.89 159.5 6.94
5-10 Acres 174.4 15.70 320.0 13.92
>10 Acres 457.1 41.14 922.0 40.11

8pata were not collected in Otoe County

The differences in categories such as hedgerows and plots up to 5
acres in size were of particular interest. Pawnee County had 5 times as
many a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>