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EDITORS’ FOREWORD

This proceedings is the product of Quail III: National Quail Symposium held in Kansas
City, Missouri, 14-17 July 1992. Quail III is the third in a series of quail symposia
previously held in Stillwater, Oklahoma, 1972 and 1982. Quail ITI was proposed and
originated by the Kansas Department of Wildlife and Parks and the Missouri Depart-
ment of Conservation. The goal of the conference was to provide a forum for biologists,
managers, and conservationists to exchange technical information pertaining to the
status, management, research, and future of the 6 species of indigenous quail in the
United States.

Quail III was attended by >350 participants representing private individuals, govern-
ment agencies, and non-governmental organizations from throughout the country. The
conference endeavored to address the needs of researchers, managers, and ad-
ministrators through a combination of formal and informal activities. The plenary,
technical, and poster sessions offered state-of-the-art accounts of quail conservation.
The strategic planning workshop, organized by Leonard A. Brennan, resulted in a
comprehensive document providing direction for management and research well into
the 21st century. This unique initiative sets the stage for similar efforts as issues and
strategies change in the future. The field trips offered participants the opportunity to
view bobwhite habitat and management techniques on a small farm (Hannah Farm),
a large power plant site (Jeffrey Energy Center), at Fort Riley, and on Konza Prairie.
In addition, a tour was hosted by Sharp Bros. Seed Company to learn about establishing
and managing native grasses and forbs. Last, was a special opportunity for participants
to acknowledge the valuable contributions of “retired” quail biologists. Recognition was
paid during an evening banquet to W.D. Klimstra, Edward L. Kozicky, Robert Pierce
Sr., Walter Rosene, and Jack Stanford.

Seventy-two authors provided 29 manuscripts and 11 abstracts for this proceedings,
which was sponsored largely by U.S. Fish and Wildlife Service Federal Aid in Wildlife
Restoration funds. All manuscripts have been carefully reviewed and subjected to the
highest standards of the wildlife profession. As a result of the efforts by authors and
reviewers, we believe this proceedings will serve as a valuable reference for students,
biologists, managers, and administrators involved in the conservation of quail in the
United States. We trust readers will enjoy this proceedings and benefit from the wealth
of original information. More importantly, we sincerely hope that Quail III and this
proceedings will contribute to the conservation of quail-which is truly the measure of
success.

(L Tt S

Kevin E. Church : Thomas V. Dailey

w




A

0T e,

i h\'-\
y e

4
i
EEPY /- SRR = \‘a.“.-'-:’\. N

ACKNOWLEDGMENTS

N O WIE O dCKIIOW g€ IO . I'1e C U1V e ‘ly vil Oourli-iLxeension
---who was indispensable as chair of the Arrangements Committee, and DeeCee Darrow

for serving as Treasurer.




SYMPOSIUM

We thank the members of the various committees for their invaluable contributions of
time and energy in organizing and conducting the conference. Their commitment to
providing the best possible symposium, produced not only an informative and enjoyable
conference, but established a high standard for future conferences. We also appreciate
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We are particularly grateful to the authors for their fine written contributions and
cooperation during the editing and printing process. Of course, a proceedings is only as
good as the reviewers, and we were fortunate to recruit the services of 35 knowledgeable
and skilled volunteers. Their work was a much appreciated necessity. Artwork was
skillfully developed for the proceedings by David Besenger (cover) and Dana Eastes. A
very special note of gratitude is extended to Sandy Clark (redactory editor) and Annette
Wiseman for their patience, experience, and skill in developing this proceedings.
Without their assistance the final product would have been much less.
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Table 1. Common and scientific names of quail in the
48 contiguous states.

Genus Callipepla
Scaled quail (C. squamala)
California quail (C. californica)
Gambel’s quail (C. gambeli)
Genus Colinus
Northern bobwhite (C. virginianus)

Genus Oreortyx
Mountain quail (O. pictus)

Genus Cyrtonyx
Montezuma quail (C. montezumae)

Today the contiguous states harbor 4 genera
and 6 species of quail (Table 1). Known hybridiza-
tion among Callipepla species and between Cal-
lipepla  and Colinus demonstrates close
phylogenetic relationships.

RECENT HISTORY

Available evidence from middens indicates that
bobwhite were not commonly used by Indians,
probably because of their small size and the dif-
ficulty of securing them in large numbers. The
wild turkey Meleagris gallopavo) was the upland
bird most sought after by Indians (Goslin 1955,
van der Schalie and Parmalee 1960, Woolfenden
1965); however, for many Native Americans, the
California quail was an important part of the diet,
supplementing large mammals, fish, roots, seeds,
nuts, and other foods. The birds were so sought
after in some areas, especially in the northern half
of California, that special devices were developed
solely for capturing quail. In the central area of
the state there were professional quail hunters,
which emphasizes the importance of the birds to
Indians in the area (Nissen 1977:228).

In Wisconsin the bobwhite within a period of 10
years, 1845-54, became extraordinarily abundant
(Schorger 1946:81-82). It then declined in num-
bers so rapidly that during the past 75 years the
most that can be said for the species is that it has
maintained its existence. Taking into considera-
tion all of the known influential factors, Schorger
(1946:94-98) concluded that a decade of favorable
winter weather seems to have been most impor-
tant in producing the peak in the population.
Unless we assume that weather has continued to
be the important factor, the question of why the
quail refuses to undergo more than a sporadic
increase remains unanswered.
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The former periodic irruption or emigration of
quail on an extensive scale was an interesting
phenomenon (Schorger 1946:87-90). During the
movement, which took place usually in Septem-
ber and October, quail behaved abnormally, espe-
cially in the north-central states. As late as 1891,
Van Dyke (1891:11-13) wrote of the quail in Min-
nesota:

“In the early part of the fall,...quail generally
have a crazy spell, during which they gatherinto
large flocks, travel quite a distance and even go
into town and butt their brains out against
houses.” Schorger (1946:89) stated, “There is
little doubt that the habit of quail to emigrate
or irrupt, when a certain density of population
was attained, was a powerful factor in producing
the huge numbers that existed in Wisconsin in
the decade prior to 1854.”

There is ample evidence that quail increased
greatly simultaneous to a certain stage in the
development of agriculture. After the Wisconsin
peak quail populations, all stages of land improve-
ment could be found in the southern portion of the
state, yet quail never recovered.

Gambel's quail were historically much more
abundant in Arizona than at present; extremely
high populations were observed from early ex-
ploration of the territory until about 1900 (Brown
1988). The earliest explorers (1840’s) observed
“immense” numbers of quail. Brown (1988:9)
quoted from the diary of G. O. Hand based on
observations in 1862:

“All along this day’s march the quail were
astonishing; big flocks of them 200 yards long. I
really think there were millions of them in each
flock.”

High numbers persisted into the late 1880’s as
“thousands of dozens” were captured and shipped
to market. Indeed, Gambel’'s quail were so
numerous as to be considered agricultural pests.

The great drought of 1888-1904 and associated
grazing abuses marked the end of high quail
abundance in Arizona (Brown 1988:9). Brown
(1988:10) speculated, as did Leopold (1977:33-34),
that the inherent productivity of the land might
have been lowered by the whiteman’s land-use
practices and the alien plants which he intro-
duced. He also observed that massive flocks of
Gambel's quail often were associated with peren-
nial watercourses, scoured each year by floods
which deposited nutrient-rich sediment. Dam-
ming of the watercourses has thwarted a
rejuvenating process of nature.







tween the States, had gone through the early
stages of succession and by 1920 offered new
challenges to those responsible for the quail crop.
Of course, by the late 1920’s, quail managers had
tried all of the “quick fixes” for quail abundance
and were aware that simple answers, such as
restrictions on bag limits and seasons, predator
control, or restocking were not the solutions.
Something more was needed.

The classic study by Herbert Stoddard (1931) in
the 1920’s was a direct result of the deterioration
of hunting quality on existing plantations, and it
was financed by unhappy plantation owners. One
of the most important principles to emerge from
Stoddard’s research has to be the concept of a
biological approach to management, including
fire as a necessary and useful tool. Through
private research, southern plantations have had
considerable impact on wildlife management as a
profession, and quail management in the South
in particular. Stoddard’s effort, along with Aldo
Leopold’s classic Game Management (1933), were
the blueprints of the 1930’s for an ecological ap-
proach to wildlife management.

WINDS OF CHANGE

We have little reason to be optimistic about the
future of wild quail in North America. There are
no simple and easy answers. Good quail hunting
will become more expensive and require intensive
management. Fred Guthery (Caesar Kleberg
Wildlife Research Institute, Texas A&I Univer-
sity, pers. commun.) tells me populations of 5-7
bobwhite per ha are possible in Texas in normal
years with intensive management. John Olin,
with intensive quail management, approached 5
quail per ha on the best bobwhite habitat on his
Georgia plantation. It can be done, but the
economics are not for the average hunter.

Part of the “winds of change” is the growing use
of pen-reared bobwhite for dog training and com-
mercial hunting areas, such ashuntingpreserves.
Unfortunately, we in the wildlife profession have
abandoned game-bird propagation and left the
effort in the hands of good folks in poultry hus-
bandry, who mostly treat the subject as an un-
wanted stepchild and do not understand the im-
portance of simulating the sporting aspects of
wild birds with their pen-reared counterparts.
Their training has been the efficient conversion of
feed into pounds of flesh for the meat market.
Have those of us in the wildlife management
profession forgotten artificial propagation is a tool
of wildlife management? Shouldn’t we always
strive to improve our management tools? When
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we do initiate a project with pen-reared game
birds, the effort seems to center on what is wrong
with pen-reared game birds for hunting purposes
instead of how we can improve their field perfor-
mance. In the meantime pen-reared bobwhite are
used to supplement wild populations in many
areas and passed off as wild birds in ever increas-
ing numbers (Kozicky 1987:65).

Northern bobwhite is called the king of game
birds, but his pen-reared cousins have a serious
flaw. They tend to domesticate in captivity rather
quickly, and their field performance leaves much
to be desired. Quail hunters either on a hunting
preserve or commercial hunting area have a right
to expect pen-reared game birds to approximate
the field behavior of their wild brethren. The birds
are expected to flush as a covey and exhibit strong
flight characteristics, have the same color and
conformation as wild birds, and be fully feathered
and not grossly debeaked.

In the beginning of my effort to develop quality
bobwhite hunting with pen-reared birds at Nilo,
an experimental and demonstrational hunting
preserve owned by the Winchester Group, Olin
Corporation, I looked for simple answers. But,
answers were not simple and required consider-
able attention to details.

We finally achieved success with the Burnette
bobwhite (Kozicky and Madson 1966:138-162).
Our greatest critic was John M. Olin, the guiding
force behind our efforts at Nilo, and devoted quail
hunter. Needless to say, we felt the glow of ac-
complishment when he stated that we were 90%
successful in simulating wild quail hunting with
pen-reared bobwhite. But, this brush with success
only lasted about 2 years. My source of pen-reared
birds from the Burnettes dried up, and we became
involved in other projects. The important point is
that pen-reared birds can provide quality hunt-
ing.

Wildness in any game bird is the sum of
heredity and environment. Although the ring-
necked pheasant (Phasianus colchicus) does not
seem to be greatly influenced by environment, the
bobwhite is (Kozicky 1987:35-40). The objective
on a preserve is to provide consistent, quality
hunting of any upland game bird within 30-60
minutes of being released for hunting. The key
words are “consistent” and “quality.” The 30- to
60-minute time limit is incidental if the loss of
released birds can be minimized. As a rule, the
longer the period between release of birds and
hunting, the lower the return. Released birds are
subject to predation and movement after being
released.
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Consistent means that one can expect the same
field performance under the same weather condi-
tions throughout the hunting season. Too often we
hear that released birds performed well 1 day but
not the next. What happened? In many instances
we do not know. But it is a fair assumption that
some detail(s) of management for quality quail
hunting has (have) been overlocked.

The preserve operator, looking for a simple
answer and a scapegoat, is prone to blame the
breeder. But, if the birds were good flyers at the
time of purchase, the answer lies either in ship-
ping or management of the birds on the preserve.

The game-breeding industry has matured by
leaps and bounds on some species of game birds
in the last 40 years. Originally, game breeders
selected for the domestic strain of game birds.
Most game birds were produced for the table.
Hence, they selected more docile birds, best egg
layers, and largest birds-all traits of domesticity.
But, the hunting preserve industry began
demanding changes, and great strides have been
made, especially with the ring-necked pheasant.
Today, game breeders can provide you with a
pheasant for the table or a bird as wild as you
want. The same is not true for bobwhite.

In the last 40 years the preserve industry has
learned the importance of heredity and isolation
through trial and error in producing quality
bobwhite (Kozicky 1987:36-37). However, there is
little valid information on how frequent to back-
cross to wild birds. There is no universal under-
standing of the word “isolation.” Some breeders
consider isolation of pen-reared bobwhite to be
putting their holding pens behind the barn. To me
1solation should mean absolutely no contact with
dogs and not more than 1 human contact per day,
and preferably by the same person wearing the
same colored clothing. There are other factors still
being evaluated, such as flight pens; rearing on
ground or wire; overhead cover; not mixing
bobwhite from different holding pens; darkened
holding pens; food, water, and dusting; and ship-
ping that influence the performance of pen-reared
bobwhite in the field (Kozicky 1987:57-68). Cur-
rently, bobwhite breeders advertise that their
birds are flight-conditioned. In most cases it is a
sales gimmick or buzzword of questionable value.
To date, we cannot judge the field performance of
pen-reared bobwhite by the most common
anatomical or physiological variables--rectal
temperature, heart rate, body weight, wing meas-
urements, or toe or leg length (Cain 1974). How-
ever, if the birds are docile when you approach

them in a holding pen, it is unlikely they will
perform satisfactorily in the field.

We all like simple solutions to complicated
problems, but they are seldom valid, which
reminds me of a quick fix several years ago. At the
Caesar Kleberg Wildlife Research Institute we
tried to take average pen-reared bobwhite, inject
them with adrenocorticothrophic hormone, and
stimulate a docile domesticated bird into simulat-
ing a wild bird for at least a few hours. In short,
it did not work. What was of interest is that
individual birds reacted differently to the drug
and external stimuli. This made us realize that
bobwhite are also individuals, probably as much
as humans. If so, it takes time to unite a group
mto a covey.

There is considerable tradition associated with
bobwhite hunting. The hunter expects to find a
covey of birds and have birds flush as a covey and
then pursue some of the singles. One problem
with pen-reared birds is that they have not had a
chance to become a covey, especially when birds
for a hunt originate from different holding pens.
The birds have not had time to develop a peck
order and determine a leader. One of the benefits
of the Smith-O'Neal release system (Kozicky
1987:69-70) is that it gives pen-reared birds time
to become a covey, and react accordingly when
encountered in the field. With good quality pen-
reared birds, such as Burnette bobwhite, the birds
reacted as a covey unit upon release. But these
birds were reared and held together as a unit both
by the Burnettes and within the holding pens at
Nilo. The normal number of birds in a covey
released for hunting at Nilo was 6.

Then, there are folks who want to release pen-
reared bobwhite with the thought that they will
be accepted by wild coveys. Some have even
broadcast pen-reared birds over their hunting
areas. It usually is a 1-time affair. The return in
harvested bobwhite quickly eliminates this tech-
nique. Occasionally a wild covey will accept a
pen-reared bird or 2, but such acceptance is more
the exception than the rule. Wild coveys have
strong social bonds and are not prone to accept
recruits.

Besides the rearing and holding of pen-reared
bobwhite, there is a series of factors that will
affect the field behavior of released pen-reared
birds: number of birds in a release, method of
release, length of time from release to hunting,
type of cover into which the birds are released,
weather, traits of the hunting dog(s), and time of
day (Kozicky 1987:61-63,116).




Quality quail hunting with pen-reared birds
sounds like an impossibility, but many of the
problems listed are minor if the birds are of the
proper wild stock. In my opinion there is no sub-
stitute for the basic wildness of pen-reared stock,
and the efforts made by the game breeder and the
hunting preserve operator to retain the basic wild-
ness of the birds. Mature bobwhite can and have
become pets.

As yet no one has developed an environmental
influence that will reverse the tendency for
bobwhite to domesticate in captivity. All manage-
ment techniques, with the exception of back-
crossing to wild birds, are environmental
measures to delay domestication or to influence
the field behavior of pen-reared bobwhite. The
industry needs the help of universities to solve
some of the mysteries of producing quality pen-
reared bobwhite for hunting on a consistent basis
at a reasonable cost. Personnel at some univer-
sities and state wildlife agencies believe that pen-
reared bobwhite are a liability in the wild, and the
fewer the better. This philosophy reminds me of
an ostrich sticking its head in the sand, because
thousands of pen-reared bobwhite are released
every year for hunting purposes, and the number
i1s growing. Private enterprise in game manage-
ment has been with us since 1910.

As Aldo Leopold (1933:20) pointed out back in
the early 1930’s,

“The Crusaders for conservation wrote many
volumes on why rather than how wildlife and
civilizations could be adjusted to each other.
There was 1 periodical, The Game Breeder, that
pioneered the idea of game production through
private initiative, but it leaned toward artificial-
ized game-farming technique, and toward open
markets to reinforce the private production in-
centive. These 2 corollaries, particularly the lat-
ter, beclouded the intrinsic merit of the central
idea. Its program had the outstanding merit of
realism and of constructive discontent with
pious phrases.”

The Game Breeder magazine eventually went out
of business but has been replaced with Wildlife
Harvest.

The academic challenge is to try and find the
best way to produce quality bobwhite at a
reasonable price and keep hunting as close to its
traditional sporting challenge as possible, includ-
ing the covey rise. It has been done on a small
scale by a Missouri couple devoted to the produc-
tion of quality birds, but it was more a labor of love
than one for profit (Kozicky and Madson 1966).
Then, the question remains: will the hunting
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preserve client pay for the extra cost of quality
bobwhite? We are all aware that the most sensi-
tive nerve in the human body is the one that runs
between the heartstrings and the billfold. There
are hunters who are quite satisfied with the
quality of current pen-reared birds on hunting
preserves (Marks 1991:180-181). Also, strange as
it may sound, there is a growing number of new
hunters who have never experienced the chal-
lenge of wild quail hunting and may not know the
difference.

SUMMARY

In closing, quail have been a fixture on the
American scene for more years than man has
recorded history. Their contribution to sport
hunting, especially bobwhite and California
quail, are legion, and have had a great influence
on our social life. Quail have brought out the best
in men and dogs, especially the bobwhite. Yet, we
need to be concerned about the future of all
species of quail.

The future of quail lies in part with the general
public, the quail hunter, the economics of the
sport, and the academic community. The quail
hunter, best described by Charley Dickey
(1974:25), “...is a simple and kindly man who asks
nomore of life than that the birds fly fast, the dogs
hold tight, and everything has a sporting chance
to live or die,” will have to learn to devote more
time and money to the future of his sport. The
academic community must strive to find ways and
means of assuring huntable supplies of bobwhite
on an annual basis and help private enterprise
produce better and wilder bobwhite in captivity
at a reasonable price. The use of pen-reared
bobwhite is a fact of life. The challenges are
tremendous, but good men and women rise to
such challenges, and I have a profound faith that
solutions will be found and the sport of quail
hunting will continue to epitomize sportsmanship
afield.
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Taxonomy of Quail-Gutiérrez

to the AOU’s committee on nomenclature
taxonomic treatment of the odontophorine quail.

TAXONOMY OF NEW WORLD
QUAIL

Taxonomy is the study of classifying organisms.
Systematics is the study of phylogenetic relation-
ships and evolutionary processes that generate
biodiversity. The distinction is important because
pure “alpha” level taxonomy may not be sensitive
to issues of phylogeny. The most interesting ques-
tions in biology are not what an organism’s name
happens to be, but what are its ecological and
evolutionary relationships to other organisms
(Brooks and McLennan 1991). Thus most current
treatments of taxonomy are really systematic
treatments.

Classification of Quail

There have been several taxonomic and sys-
tematic treatments of New World quail (Table 1).
Until recently most treatments have been based
on general morphology (i.e., plumage pattern,
color variation, general size) and species integrity
(Mayr and Short 1970). Some scientists have
based their inferences of relationship on morphol-
ogy (osteology [Holman 19G1}; myology [Hudson
et al. 1966)); others have based their inferences
on genctic analyses (protein eclectrophoresis
[Gutiérrez et al. 1983]; DNA hybridization [Sibley
and Ahlquist 1990]; see also Table 1).

Higher Taxonomic Levels.--All taxonomic
treatments of quail place them within the order
Galliformes. Sibley and Monroe’s (1990) organiza-
tion (Table 2) is somewhat different than classical
approaches because they use a dichotomous clas-
sification which requires use of additional
taxonomic levels such as “parvorder.” This
proposed classification is considered to be a work-
ing hypothesis by the AOU committce on
nomenclature (T. Howell, pers. commun.). Never-
theless, Sibley and Monroe’s approach is different
from other treatments because they elevate the
New World quail to family status (ie., Odon-
tophoridae). Sibley and Ahlquist (1985, 1990)
noted that New World quail were very distinct
from other chicken-like birds on the basis of DNA
hybridization experiments. The DNA hybridiza-
tion technique (Sibley and Ahlquist 1990) upon
which this classification was based has received
widespread criticism among ornithological sys-
tematists (e.g., see Lanyon 1992).

Holman (1961) suggested that New World quail
should be distinguished as a separate family. He
based his suggestion on the significant osteologi-

Table 1. Major taxonomic treatments of New World
quail.

Source Basis for treatment
Peters (1934) External morphology
AOU (1957) External morphology

Holman (1961)
Brodkorb (1964)
Hudson et al. (1966)
Mayr and Short (1970)

Sibley and Ahlquist
(1972)

Stock and Bunch (1982)
Gutiérrez et al. (1983)
AOU (1983)

Sibley and Ahlquist (1990)

Osteology

Fossil record

Myology

External morphology

Egg white protein
electrophoresis

Cytogenetics

Protein electrophoresis

Synopsis of literature

DNA-DNA
hybridization
(Sibley and Monroe

[1990])

cal differentiation exhibited by the New World
quail. For example, odontophorine quail are uni-
que among Galliformes by having a serrated man-
dible. Gutiérrez et al. (1983) also demonstrated
that the odontophorine quail were a distinct clade .
within the Galliformes, but they did not offer a
specific recommendation on the family status of
the group. Most classification schemes place the
New World quail within the subfamily Odon-
tophorinae without substantive comment on the
basis for the classification (e.g., Peters 1934, Hud-
son et al. 1966, AOU 1983), although Delacour
(1951) placed them within the subfamily
Phasianinae. Despite the large number of studies
on species or groups within Galliformes, there is
not a comprehensive systematic study of the en-
tire group (see Randi et al. 1991).

Lower Taxonomic Levels.—Many changes in
the taxonomy of species and subspecies of quail
have occurred in the past 50 years (Table 2).
Initially there was a tendency among taxonomists
to describe a newly collected specimen as a new
species when it has morphologically differen-
tiated from other specimens. As the biology and
distribution of these species became known in
greater detail, many of the originally named
species were relegated to subspecific status. This
process continues today as poorly known species
in the Neotropics become known (e.g., Odon-
tophorus). There also has been a general trend in
ornithology to dissolve monotypic genera. The
recent merging of the Lophortyx quail (AOU 1957)
with Callipepla is an example of this trend as it
affects American quail.
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Table 2. Taxonomies of New World quail ®
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Peters Howard and Moore Sibley and Monroe

(1934) 1991) (1990)
Parvclass —_ —_ Galloanserae
Superorder ) — — Gallomorphae
Order Galliformes Galliformes Galliformes
Parvorder —_ —_ Odontophorida
Superfamily Phasianoidea —_ —_
Family Phasianidae Phasianidae Odontophoridae
Subfamily Odontophorinae Odontophorinae —_
Genera

Dendrortyx (4,8)b Dendrortyx (3,8) Dendrortyx (3)

Oreortyx (1,3)
Callipepla (1,3)
Lophortyx (3,10)
Philortyx (1,1)
Colinus (4,33)
Odontophorus (16,19)
Dactylortyx (1,7)
Cyrtonyx (3,6)
Rhynchortyx (1,4)

Oreortyx (1,4)
Callipepla (1,4)
Lophortyx (3,16)
Philortyx (1,1)
Colinus (3,42)
Odontophorus (14,20)
Dactylortyx (1,11)
Cyrtonyx (3,5)
Rhynchortyx (1,4)

Oreortyx (1)
Callipepla (4)
Philortyx (1)
Colinus (3)
Odontophorus (15)
Dactylortyx (1)
Cyrtonyx (2)
Rhynchortyx (1)

“These are a few examples of New World quail classifications. An extensive chronology of classifications is

presented by Sibley and Ahlquist (1990).

b(Number of species, number of subspecies); no subspecies given by Sibley and Monroce (1990).

The issue of species and subspecies identity
and classification is a focal point of debate in
ornithology (Barrowclough 1982, Gill 1982,
Johnson 1982, Lanyon 1982, Mayr 1982, Mon-
roe 1982, O’'Neil 1982, Parkes 1982, Phillips
1982, Storer 1982, Cracraft 1983, McKitrick
and Zink 1988). At issue is the species concept
itself. Two systematic constructs, among
several, at debate are the biological species con-
cept (Mayr 1969) and the phylogenetic species
concept (Cracraft 1983, McKitrick and Zink
1988). In the former the species is recognized on
the basis of its genetic isolation from other
species. In the latter a species is recognized on
the basis of its genetic integrity (McKitrick and
Zink 1988) and its evolutionary history. Mayr
and Short (1970) attempted to demonstrate that
few problems in taxonomy occurred when apply-
ing the biological species concept to North
American birds. However, because quail readily
hybridize both in the wild (Henshaw 1885, Peck
1911, Bailey 1928, Aiken 1930) and in captivity
(Johnsgard 1971), Mayr and Short (1970) in-
ferred that American quail were extremely
similar and some forms could be conspecific
(e.g., Callipepla californica and C. gambelii) or

congeneric (e.g., Oreortyx pictus and C. califor-
nica, Mayr and Short [1970:42]). Although C.
gambelii x C. californica occasionally hybridize
there is no widespread introgression. Further,
Gutiérrez et al. (1983) demonstrated that
Oreortyx was distantly related to Callipepla.
The propensity to hybridize in zones of habitat
transitions would not necessarily confuse the
taxonomy of the group under the phylogenetic
species concept (MceKitrick and Zink 1988).

There are currently approximately 128-145
subspecies among the 31 species of extant quail
(Johnsgard 1988). In my opinion the validity of
many of the subspecies should be questioned. Tt is
clear that some species exhibit a high degree of
morphological differentiation (particularly
Colinus) which facilitates subspecies recognition;
but others (e.g., Callipepla californica) have many
subspecies with relatively little morphological dif-
ferentiation (Gutiérrez et al. 1983, Zink et al.
1987). Because of these and other problems the
trinomial in bird taxonomy has been discussed at
length (see Auk 1982:593-615), and proponents of
the phylogenetic species concept have suggested
abolishing subspecies entirely (Cracraft 1983,
Meckitrick and Zink 1988).
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tophoridae using estimates of genetic divergence,
inferred from electrophoretic patterns, among
Colinus, Oreortyx, Callipepla, and Cyrtonyx
(which represented the second monophyletic sub-
group within the family), calibration of an
electrophoretic clock using fossil specimens, and
geologic events coincident with divergence times.
Under their scenario, Oreortyx separated ap-
proximately 12.6 million years ago (MYBP),
Colinus next diverged about 7 MYBP, Callipepla
squamata separated at approximately 2.8 MYBP,
and finally C. californica and C. gambelii diverged
about 190,000 years ago. These divergence times
correspond generally with reconstructed geologic
and climatic events (Gutiérrez et al. 1983). Hub-
bard (1973) proposed another vicariant explana-
tion for the evolution of Callipepla. He proposed
a trichotomous split in which C. squamata, C.
douglasii, and “pre-C. californica-gambelii’ di-
verged first in the Illinoian glacial epoch followed
by differentiation of californica from gambelii
during the Wisconsinian glacial period. It is pos-
sible that climatic influence of Illinoian epoch on
vegetation (Axelrod 1979) may have influenced
speciation of C. californica and gambelii but
probably not squamata. Nevertheless, it is clear
that isolation events probably led to the specia-
tion of New World quail. The current distribution
(i.e., sympatry) of these species also suggests dis-
persal subsequent to speciation (Nelson and Plat-
nick 1981). Nevertheless, these are biogeographic
hypotheses which cannot be precisely reconciled
with paleobotanical and geologic events. In addi-
tion, the remaining taxa within the Odon-
tophoridae should be examined to derive ap-
proximations of their evolutionary histories and
as a test of the above hypothesis (Gutiérrez et al.
1983).

RESEARCH AND MANAGEMENT
IMPLICATIONS

Systematic and Taxonomic
Investigations

It is evident that thorough analysis of the quail
would greatly clarify relationships within Odon-
tophoridae. Genetic assessment techniques now
available could be used to clarify not only
phylogenetic relationships but also levels of varia-
tion within and among species and populations of
these fine game birds. A review of the type I
envision should include all extant forms of quail
in addition to a thorough review of the literature
to trace the appropriate nomenclature (sensu
Browning 1977). This information could provide
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the basis for more informed management of these
quail as I suggest below.

Release of Pen-reared Birds

The release of pen-reared quail has occurred for
many years as a technique to “augment” natural
populations or to increase potential quail harvest
(Buechner 1950, Sexson and Norman 1972,
Leopold 1977, Roseberry et al. 1987). The artifi-
cial propagation and release of quail has been
controversial for many years because of its effects
on wild populations (Landers et al. 1991) and the
low survivorship of pen-reared birds.

Although deleterious genetic effects of cultured
salmon on native fish stocks is well known in the
fisheries literature (e.g., Waples 1991, Hindar et
al. 1991), little is known of genetic effects on
native populations of releasing large or small
numbers of pen-reared quail despite a long his-
tory of such introductions. In fact, few studies
have been conducted on any aspect of genetic
relationships between pen-reared and wild quail
(Ellsworth et al. 1988, Wooten 1991).

Leopold (1977:15) argued that natural selection
would soon remove maladapted hybrid California
quail produced by interbreeding of native and
exotic stock from the population, and thus, any
deleterious genetic effects would not be felt in a
population. Although this may be true of small
local introductions, it is unclear if the effect of
continuous large-scale introductions in areas of
low native quail population density would be
equally benign. The experience of our fisheries
colleagues should have stimulated our investiga-
tion of the genetic effect of introductions on native
populations long ago.

I suggested above that the differentiation ob-
served in quail was probably the result of past
isolation. This differentiation appears to be
greatest in the northern bobwhite. If this diver-
gence during isolation also resulted in local adap-
tations to environmental conditions, then
widespread, intensive releasing of captive or non-
native stock could have potential deleterious
genetic effects. Brennan (1991) documented the
decline of quail nationally. For example, the
northern bobwhite is declining in all areas of its
range including those where quail management
is a featured land management activity. A com-
prehensive search for causative factors of this
decline must include the effect of genetic mixing
of populations. Genetic markers may be identified
in wild and introduced birds (Wooten 1991) to
trace the introgression of genes into the wild
population. Genetic studies should complement
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studies of reproductive performance and survival
to establish a causal link between changes in
demography and changes in genetic structure
resulting from introduction of nonnative birds.

Translocating Quail

Brennan (1991) noted the importance of trans-
ferring wild-trapped birds as sources of stock for
quail populations extirpated by loss of habitat,
stochastic demographic events, or severe
weather. If suitable habitat returns or remains
following 1 of these events, translocation of quail
may be a relatively inexpensive technique for
reestablishing a population. However, because of
the genectic and behavioral differences between
pen-reared and wild birds (Roseberry et al. 1987),
only wild caught birds should be used in these
endeavors. In addition, populations of the same
genetic structure from as close as possible to
original populations should be the source of the
translocations. Widespread genetic screening of
populations is possible with relatively little cost if
the objective is to document genctic structure of
populations within general geographic arcas.
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Abstract: Phrases and concepts familiar to traditional wildlife managers like carrying capacity, annual surplus,
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and fragmentation. I raise the question of whether this new vocabulary merely represents trendy buzzwords of
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Those of us old enough to remember the First
National Bobwhite Quail Symposium in 1972 are
familiar with such terms as carrying capacity,
edge effect, annual surplus, travel lanes, huntable
populations, interspersion, succession, and inver-
sity. These phrases and concepts have been part
of the lexicon of quail biologists since the days of
Stoddard, Leopold, and Errington. Nowadays,
however, at conferences or in the literature we are
more likely to hear about biodiversity, fragmen-
tation, metapopulations, minimum viable popula-
tions, population vulnerability analysis, connec-
tivity, heterogeneity, and patch dynamics. This is
clearly not the vocabulary of traditional wildlife
management, but rather of what might be called
the “new” biology, consisting primarily of
Landscape Ecology, Restoration Ecology, and
Conservation Biology. The question T would pose
is: Are these terms and concepts merely trendy
buzzwords of the 1980’s, or are they relevant to
bobwhite management in the 1990’s and beyond?
At first glance, they may seem tobe just fancy new
ways of saying the same old thing (e.g., corridors
instead of travel lanes, heterogeneity instead of
interspersion). On closer inspection, however, cer-
tain of the new terms connote a somewhat dif-
ferent perspective related primarily to scale. By
scale, I mean the relative size (extent) of the
geographic area of concern and the relative detail
(resolution) with which information about it is
conveyed. Other aspects of the “new” biology ap-
pear to reflect more basic differences in general
philosophies of wildlife management. The follow-
ing essay evolved in large measure from stimulat-
ing discussions with colleagues R. Gates, W. D.
Klimstra, M. McKee, and A. Woolf.

PERSPECTIVE

When habitat was abundant and well dis-
tributed, bobwhite research and management
often concentrated on site conditions or local
situations. Traditional approaches to habitat
management (e.g., Ellis et al. 1969, Landers and
Mueller 1986) and evaluation (Baskett et al. 1980,
Schroeder 1985) generally focused on discrete
areas without regard to their orientation in physi-
cal space. Population research and management
likewise often ignored spatial aspects (e.g., Er-
rington 1945, Kabat and Thompson 1963,
Roseberry and Klimstra 1984). However, present-
day land use has eliminated or dissected much
upland habitat leaving remaining habitats dis-
tributed in relatively isolated patches separated
by tracts of inhospitable land or other barriers, a
phenomenon known as habitat fragmentation
(Wilcove et al. 1986:237). This and other as-
sociated trends have necessitated a broader
perspective in dealing with current management
issues and problems.

Habitat fragmentation is a problem most com-
monly associated with forests and forest com-
munities (Burgess and Sharpe 1981, Harris
1984). However, the increasingly patchy aspect of
upland wildlife habitat is a growing concern as
well (Roseberry and Klimstra 1984, Kenney 1985,
Temple 1992). Earlier, less intensive agriculture,
with its small fields, diverse cropping patterns,
and network of hedgerows and brushy fencerows
provided bobwhite with (in the new vernacular) a
fine-grained, heterogeneous landscape charac-
terized by a high degree of connectivity. Such
landscapes facilitated exchange of individuals
and genetic material between and among neigh-
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understand the significance of geographic scale
[and] move their consideration from the small
scale of a property to the larger scale of ecological-
Iy significant geographic areas.” This does not
mean that quail biologists and quail hunters
should not continue to work for and promote the
welfare of the bobwhite. Especially as it can be
demonstrated that land-use practices conducive
to bobwhite abundance also benefit a large com-
munity of other species and, indeed, the land itself
(Roseberry and Klimstra 1984). We must recog-
nize, however, that certain traditional manage-
ment prescriptions may not always be ap-
propriate or justified in every situation (e.g.,
“wildlife” openings in otherwise unbroken old-
growth forests). On the other hand, some “new”
management initiatives (e.g., restoration of
former prairie or savannah areas) offer substan-
tial potential benefit for bobwhite.

Our country’s wildlife resource base-game and
nongame alike-is being progressively eroded by
an expanding human population and by those
who could not care less about conserving it. There-
fore, I would tend to agree with Anonymous
(1989) and Bolen (1989) that despite some very
real and fundamental differences in priorities,
there is sufficient commonality of purpose-and
that purpose is sufficiently important-to make an
alliance of traditional “wildlifers” and “new”
biologists essential if we are to salvage at least a
portion of what remains of our natural heritage.
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Fig. 1. Decision tree indicating the process of determining the appropriate population estimator for quail that will
meet assumptions of the techniques and needs of the investigator.

counted, then a drive count would be appropriate.
If all the individuals cannot be counted, they need
to consider whether it is easier to capture or
observe the quail. If it is easier to observe the
quail, a line transect estimator would be indi-
cated; a mark-recapture estimate would be ap-
propriate if it is easier to capture individuals.

Open Population Estimates

If the population is open, the relative impor-
tance of population estimates vs. survival es-
timates needs to be considered. If density es-
timates are of greatest importance, then some
form of a dJolly-Seber estimate would be most
appropriate. If survival is of interest, then band-
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recovery or a staggered entry approach would be
suitable (Fig. 1).

Indexes

When an absolute estimate of density is not
necessary, various indexes to population levels
may be appropriate. Wells and Sexson (1982)
provided an overview of indexes to northern
bobwhite (Colinus virginianus) density.

They felt that rural mail carrier surveys in
October provided the best data for predicting fall
harvest parameters. Such surveys can provide
data over a relatively large area (e.g., a state). If
these data can be standardized in terms of how
they are recorded and the conditions under which
they are taken, they can be used to track popula-
tion trends.

Measures of hunter success (e.g., birds
shot/gun-hour) have been used to track popula-
tion trends for northern bobwhite (e.g., Wells and
Sexson 1982, Fies et al. 1992) and Montezuma
quail (Cyrtonyx montezumae; Brown 1979). Such
data are relatively easy to acquire by state agen-
cies; however, the quality often is questionable.
Because the data source is of variable reliability
(hunters) and there is a lack of control over data
quality (lack of variance estimates, etc.), I believe
it is dangerous to give too much credence to this
sort of information. These data do not lend them-
selves well to statistical analysis, and thus it is
difficult to identify real differences between areas
or years. At best, I believe we are limited to
general statements about population trends from
hunter data.

The indexing method that has received the
most attention is the use of call or whistle counts.
One of the first to use whistle counts was Bennitt
(1951), who found that spring and early summer
counts of bobwhite provided a reasonable index to
fall harvest. Rosene (1957) indicated that call
counts provided adequate indications of fall har-
vest for bobwhite. Smith and Gallizioli (1965)
reported that whistle counts of Gambel's quail
(Callipepla gambelii) correlated well (r values
>0.94) with the subsequent fall harvest. However,
they noted that spring counts will only work well
if hatching success and survival of young is con-
stant from year to year. For scaled quail (C.
squamata), Brown et al. (1978) found that spring
whistle counts were correlated with fall harvest,
although weather also was an important factor
influencing counts.

Although some researchers have successfully
used whistle counts to predict fall harvest, this
technique has generated substantial disagree-
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ment. Norton et al. (1961) critiqued the use of
whistle counts to predict fall populations in
bobwhite. They reanalyzed data presented by pre-
vious workers and noted: “It must be concluded
that the case for usefulness of numbers of whis-
tling cocks in summer to estimate autumn
populations is weak and that a better method is
needed” (Norton et al. 1961:403). They argued
that whistle counts may provide a reasonable
index of population densities at a particular time
and could be used to monitor trends. However,
unless data are available for nesting success,
recruitment to the population, and survival, we
cannot accurately predict fall harvest. Robel et al.
(1969) analyzed call counts for bobwhite in Kan-
sas and developed regressions that adjusted
counts for effects of time of year, time of day, and
weather. Schwartz (1974) noted the problem of
spring counts not accounting for production and
found August counts worked better to predict fall
numbers in lowa; he suggested that early summer
call counts not be used to estimate fall quail
numbers. More recently, in a general review,
Dimmick (1992) recommended that call counts
not be used to estimate populations of bobwhite.
In contrast, Curtis et al. (1989) reported a high
correlation (r = 0.94) of call counts with fall har-
vest of northern bobwhite on Fort Bragg, North
Carolina. They also reported that call counts were
correlated well with total number of quail (r =
0.89).

So, are call counts good or poor indicators of
populations? It appears that more controlled re-
search, of the nature of Curtis et al. (1989), would
be appropriate to help us better understand what
exactly call counts indicate. In most cases it
probably is risky to use call counts to make predic-
tions concerning potential fall harvest, unless
such data are supplemented by information on
nesting success and survival. However, I believe
that it is reasonable to use call counts to derive
indexes to population levels. If acquired under
standardized conditions (e.g., time of year and
day, no or minimal precipitation and wind,
trained observers) and replicated spatially or
temporally, T believe that call counts can be used
to track trends in population levels over time or
to compare relative densities between different
areas (e.g., Cline 1988). Sauer and Droege (1990)
provide an excellent practical and theoretical
treatment on estimating populations with in-
dexes. In the absence of another easily applied
technique used to census relatively large areas in
a short time, I expect call counts to continue to be
used in the future.
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concluded that multiple-recapture models
probably are not appropriate for bobwhite,
primarily because of heterogeneity in capture
probabilities, and that the Lincoln-Peterson es-
timator is approximately unbiased and is the
preferred approach. This approach would be most
appropriate when different capture approaches
are used for 2 samples; for example, using live-
trapping for the first capture period, and shooting
for the second.

So . . . Which Technique Is Best?

Each of the estimators discussed will work ade-
quately under certain circumstances, if we meet
the assumptions and apply the approach correct-
ly. If we simply want to monitor trends or obtain
relative abundance estimates, for example to
compare different management strategies, an
index such as whistle counts should be adequate.
I believe these counts, when conducted under
standardized conditions, will provide suitable
measures of population abundance. These counts,
however, are not likely to be adequate for predict-
ing fall harvest unless they are supplemented by
additional information such as survival and
hatching success. I do not recommend the use of
hunter-success data to indicate quail trends.
Drive or walk counts, especially if supplemented
by dogs, may provide useful indications of the
number of quail on a particular area. This ap-
proach, however, will require a greater invest-
ment of resources for the area covered relative to
indexes. Mark-recapture and transect
methodologies provide us with the opportunity to
more rigorously estimate populations. These
techniques require substantial commitment of
resources and may not be appropriate for all
needs and situations.

More research is needed on methods to index
and estimate quail populations. Some questions,
such as what a calling male quail actually repre-
sents and what the relationship is between an
index or population estimator and the true under-
lying population have not been adequately
answered.

Estimating Survival

It is of considerable interest to know what the
survival rates are for quail populations. A com-
mon approach to estimating population survival
is to use age ratios of quail (e.g., Emlen 1940,
Marsden and Baskett 1958, Botsford et al. 1988).
Such data can be obtained relatively easily from
wings provided by hunters or by surveys in the
fall. Although the juvenile:adult ratio can be used
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to draw inferences concerning survival of young
and reproductive success (i.e., a ratio weighted
toward juveniles indicates greater reproductive
success and/or survival of young birds), such data
seldom can be used to validly estimate survival
rates. Only when there is a stable population
(which rarely occurs in quail populations) can
juvenile:adult ratios be used to estimate survival.
Concerning the use of ratios in this manner,
Caughley has stated “These methods tend to pro-
vide answers irrelevant to most practical or
theoretical problems” (Caughley 1977:105). Thus,
although age ratios determined from hunter bags,
etc., may provide useful indications of breeding
success, they are not appropriate or suitable for
estimating survival rates.

Other more suitable approaches for estimating
population survival rates are available, but they
require effort beyond that needed for age ratios.
If one is able to determine population structure at
various times, or can follow marked individuals
through time, a life-table approach could be
taken. Raitt and Genelly (1964) used life tables
successfully on California quail (Callipepla
californica). Pollock et al. (1989a@) have
demonstrated the use of band recovery data to
estimate survival rates for bobwhite populations,
using the approach of Brownie et al. (1985). They
alsohave recently presented the “staggered entry”
approach (Pollock et al. 1989b). This approach
allows the use of radio-tagging data to estimate
survival rates and requires at least 20 (preferably
more) birds with radios. These approaches are
rigorous and generate survival data that can be
compared statistically, e.g., between years, sexes,
or sites. Quail workers should plan to use marked
birds (bands or radios) if they wish to address
questions of survival.

RADIO-TAGGING

Radio-tagging represents a relatively new tech-
nology in wildlife research. The use of radio-tag-
ging has opened new doors because of the ability
to determine the location and status of in-
dividuals without having to flush or disturb the
birds. White and Garrott (1990) have provided an
excellent review of the use of radio-tagging, and
anyone seriously using telemetry should refer to
this resource. The primary uses of telemetry data
are (1) home range analysis (White and Garrott
1990), (2) analysis of habitat use (e.g., Wiseman
and Lewis 1981, Cantu and Everett 1982), and (3)
analysis of survival and mortality rates (Pollock
et al. 1989q, b).
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Home Range Analysis

Three basic approaches have been taken in the
estimation of home range sizes. The convex
polygon home range has been used since the
1940’s. This commonly used method simply es-
timates the home range as that area created by
connecting the outermost locations of the in-
dividual being studied. Although easily applied, a
potential difficulty with this method is that the
home range as defined by the convex polygon may
contain large areas where no animal observations
were made, over-estimating the home range, Jen-
nrich and Turner (1969) proposed the use of the
bivariate normal home range. This estimator as-
sumes that observations are distributed in a
bivariate normal fashion and provided more
statistical rigor than occurred in the convex
polygon. However, this approach is valid only
when the observations are in fact bivariate nor-
mal, a situation that may not often occur.

More recently, Dixon and Chapman (1980)
proposed a nonparametric estimator that is based
on the harmonic mean of the areal distribution of
observations. This approach is attractive because
it does not require assumptions about underlying
data distributions and it allows the user to define
home range contours that represent the intensity
of use. This removes the problem of “holes” within
the home range. However, this technique is sen-
sitive to the grid scale that is used underlying the
observations; thus results may not be directly
comparable among studies if different scales are
used. White and Garrott (1990) provide details
concerning the computation of these and other
home range estimators.

The use of radio-tagging data for survival
analysis has been addressed above and the ap-
plication of these data to habitat analysis will be
found in the next section.

Telemetry Error and Its Effects
Radio-tagging represents a “high-tech” ap-
proach to wildlife research. It is not uncommon
for researchers to have committed tens of
thousands of dollars to receiving and transmit-
ting equipment. Given this investment in equip-
ment, and the nature of receiving a signal on
expensive and apparently accurate equipment
from a radio on a quail that may be several km
away, we at times may be too trusting of the data
we collect. Unless the investigator is homing (i.e.,
actually visually locating) on the individual being
tracked, the bearings taken on transmitters are
subject to error. Some factors that may influence
the accuracy of the bearing are (1) signal bounce
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as a function of terrain or vegetation, (2) animal
movement, (3) weather, (4) equipment failure,
and (5) user error.

The traditional approach to accounting for
error in telemetry studies is to acquire a number
of bearings on transmitters of known location
after which standard deviation of these bearings
is calculated. The error of all observations is as-
sumed to be normally distributed, and the derived
standard deviation is applied to all azimuths ob-
tained. Thus, the intersection of 2 or more
azimuths on an individual is calculated as a point,
and the error assumed for the azimuths is used to
calculate a polygon around the point that repre-
sents the uncertainty in the location. The size and
shape of the error polygon is a function of the
average telemetry error, the distance between the
azimuth intersection and receiving point, and the
angle of intersection.

Because error associated with an observation is
likely to be different for each observation, it is not
reasonable to assume a uniform error across all
azimuths. Lenth (1981) presented an approach to
estimating an error ellipse around each set of
azimuths for 1 particular observation. This tech-
nique allows determination of the extent of error
associated for each observation, and can incor-
porate factors that may have influenced accuracy
at the particular time the observation was taken.
When possible, investigators should use the ap-
proach of Lenth (1981) to determine error as-
sociated with their telemetry observations.

Even though an investigator may indicate that
error polygons have been calculated, we seldom
know the effect of the error on interpretation of
home range or habitat use patterns. In a study on
red-shouldered hawks (Buteo lineatus), Senchak
(1991) found that, when taking 3 simultaneous
azimuths (with 3 observers) on a hawk, con-
fidence ellipses ranged from 0.06 to 1600 ha; the
average 95% error ellipse ranged from 29 to 213
ha for 5 different hawks. Clearly, if we were to
draw conclusions concerning home range size, or
habitat affinity, we might not be able to do so with
great confidence. I would expect a similar range
of error for telemetry observations in typical quail
habitat. Such error would be especially disturbing
if habitat use is being assessed. For example, if
error polygons or ellipses were 10-15 ha in size,
and habitat patches were <10 ha, we could not
make any solid statements concerning habitat
use, because we could not be confident about
which habitats were being used. Thus, I believe
that we need to be cautious in interpreting
telemetry data when triangulation is used. When
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data collection and, once the data have been
analyzed, may not provide their results in a form
suitable for use by managers. For example, a
researcher might develop a detailed discriminant
analysis or logistic regression model to predict the
probability that an area is suitable for quail, but
the model might require data of such detail or
difficulty to sample that a manager will not use
it. Although we may have learned more about how
the animal responds to its habitat, we have not
gained in our ability to manage it. In such a case,
it might be more suitable to construct a model
such as a HSI with fewer, more easily measured
variables, that will allow relatively rapid assess-
ment of habitat quality. I believe that greater
effort needs to be made to draw researchers and
managers closer together. Researchers need to
make a greater effort to provide results that are
directly applicable by those charged with manag-
ing our quail resources. At the same time,
managers need to work with researchers to let
them know their needs and to better understand
the intricacies and limitations of research.

METHODOLOGICAL THOUGHTS
ON STUDY DESIGN

Recently, substantial thought has been given to
the means by which we as wildlife managers and
researchers gain knowledge (e.g., Romesburg
1981, 1991, Murphy and Noon 1991, Sinclair
1991). In the field of wildlife science, we could do
a considerably better job in design and analysis of
our studies. Research dollars are relatively scarce
and we need to put forth the best possible effort
with the resources available to us. Romesburg
(1981) emphasized the need for more rigor in
design and execution of wildlife studies and he
championed the use of the hypothetico-deductive
method to gain reliable knowledge. Although we
cannot always meet his suggestions, we should
strive to have clearly stated objectives for studies;
too often, even now, studies are undertaken with
unclear goals that result in expenditure of time
and money with little return.

Hurlbert (1984) helped sensitize researchers to
the need for true treatment replicates when con-
ducting studies. Without replication of treat-
ments, it is difficult if not impossible, to make
unequivocal statements concerning treatment ef-
fects. For example, Cantu and Everett (1982)
studied effects of grazing practices on northern
bobwhite. They studied 4 pastures, each com-
posed of different habitat (open pasture, dense
brush, patchy planted habitat, and open savan-
nah) and each with a different grazing intensity.
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Because of the lack of replication, no statement
can be made concerning grazing effects; any effect
noted could just as easily be attributed to site
differences associated with habitat. No degree of
subsampling within a site can compensate for the
lack of treatment replication. More information
would be gained from taking only 2 or 3 samples
from each of 5 treated and 5 untreated sites than
by taking 20 samples each from 1 treated and 1
untreated site. Even if there is no replication, it
may be possible to draw some inferences; how-
ever, in such cases the investigator needs to ac-
knowledge the tentative nature of the results
(e.g., Webb and Guthery 1982).

The use of statistical procedures has become a
necessary evilin quail management and research.
Although it may at times seem we are simply
seeking “statistical sanctification” for results, the
appropriate use of statistics in study design and
analysis can enhance our understanding of the
processes we study. Hanson and Miller (1961:75)
stated, “It is becoming a truism that statisticians
may prove more helpful before research begins
than afterwards.” It is critical that rescarchers
and managers have an understanding of basic
statistical concepts, or consult with biometricians
or statisticians, prior to undertaking research. No
amount of statistical data massage can compen-
sate for poor study design. The use of studies that
are replicated and stratified should be em-
phasized. This is not necessarily a new idea;
Kozicky et al. (1956) presented an elegant design
for stratified sampling of quail for Iowa.

Traditionally, we have relied on parametric
statistics (e.g, t-tests and F-tests) for analyses
that make an assumption of a normal data dis-
tribution. Seldom, however, do our data actually
meet the assumptions of normality. It is impor-
tant to be aware of the assumptions of the techni-
ques we use, whether for population estimation,
radio-tagging, modeling, or statistical analysis. If
we do not meet assumptions, then our results may
be suspect. Concerning statistical analysis, the
assumption of normality may be met by trans-
forming data in some cases. Other alternatives
include the use of nonparametric statistics such
as Kruskal-Wallis or Wilcoxon Rank Sum tests.
More recently, a new family of procedures, based
on permutations of the actual data have been
developed (Biondini et al. 1988). These techniques

- make noassumptions concerning underlying data

distributions, and 1 encourage investigators to
use such techniques when possible.

One last statistical concept I wish to address is
power, which is the probability of detecting a
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difference (i.e., reject the null hypothesis) when in
fact a difference exists. The concept of power has
been known as long as has the idea of Type [ error,
or alpha, but it has only recently gained much
attention (e.g., Toft and Shea 1983). We often
work with relatively small sample sizes and may,
as a result, fail to detect significance in a test; at
such times, it is useful to be aware of what our
ability was to in fact detect a difference. For
example, in a recent paper, Janvrin et al. (1991)
reported that detection rates of radio-tagged
northern bobwhite in a study on drive counts did
not differ among field seasons (X2 =971, 3df P
= 0.08) and data were pooled for further analysis.
However, the power of this particular Chi-square
test was approximately 15% (from tables in Cohen
1988). Thus, in this case, with only 15% prob-
ability of detecting a difference, and with a sig-
nificance level of 0.08, one might infer that in fact
there was a difference among seasons and decide
not to pool. (By using this example I in no way
mean to detract from the very solid data and
useful conclusions presented in this paper; this is
solely for illustration.) Cohen (1988) presents ap-
proaches for determining power for most common
statistical tests. I believe it would benefit us all if
we considered the power of our statistical tests
along with the significance level when interpret-
ing results, particularly when small sample sizes
are involved.

CONCLUSIONS

So, where are we in terms of quail methodology,
and where do we need to be? We have available to
us a variety of methods for estimating population
levels and trends. I believe more effort should be
directed to developing statistically sound (e.g.,
Kozicky et al. 1956) approaches to indexing quail
populations across space and time, probably with
some form of call-count surveys. Such information
should allow us to better track population trends.
General data such as that gained from hunter
surveys and wings should be treated with caution.
When the situation requires more rigorous
population estimation, transect and mark-recap-
ture approaches should suffice if the assumptions
can be met.

Radio-tagging will continue to be an important
tool in our study of quail populations. However,
we need to improve our awareness of the assump-
tions concerning use of this and other methods,
and especially to be cautious when triangulation
error may affect our results. In many instances,
we can do a better study design and should ad-
dress the need for replication of treatments and a
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more rigorous treatment of data. Especially, the
assumptions of the techniques being used must be
understood and met; otherwise much effort may
be expended with little return. In many instances,
we should be using nonparametric or permuta-
tion-based statistics rather than parametric
statistics based upon normal theory. When
feasible, we also should determine the power of
statistical procedures that are conducted and use
this information in our data interpretation.

A gap between researchers (at agencies and
universities) and managers (in the field) still ex-
ists. If progress is to be made in determining
approaches to assessing needs and addressing
problems concerning quail, this gap needs to be
bridged. Tt is of utmost importance that we estab-
lish a better working relationship and better com-
munication between these 2 groups.
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When our survey began, 1 out of every 18 Illinois
residents hunted and 1 in 55 hunted bobwhite;
when the survey ended, 1 in 36 Illinois residents
hunted and 1 in 134 hunted bobwhite (Preno and
Labisky 1971, Anderson et al. 1930).

Hunter Attitudes

Bobwhite Behavior. —Nearly 1/3 of the usable
hunter responses mentioned bobwhite behavior.
The general perception was that birds were un-
usually wild or becoming wilder (e.g., flushing
ahead of hunters or dogs, running, etc.). Refer-
ences to wildness were somewhat more common
in the 1950's and 60's (38.0%) than in the 1970's
and 80's (28.4%). Certain cyclic Tetraonids are
thought to be wildest during and preceding
population lows (Grange 1949:141-142, Keith
1963:96, Bergerud 1972); in contrast, bobwhite
may be most wild just prior to peak population
phases (Roseberry and Klimstra 1984:49). In the
present study, unusual prey wildness was men-
tioned relatively more often during increasing or
high population phases (37.8%) than during
declines or lows (27.4%). We compared reported
incidence of wildness to population age structure
to test the hypothesis that a high proportion of
adults in the fall population was a contributing
factor. However, there was no correlation between
the yearly juvenile:adult ratio and corresponding
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percentage of hunters reporting unusual wildness
r=-0.17, P=0.31).

Weather.—Hunters often cited weather during
the season as affecting dog work, hunting success,
etc; however, only comments relating weather to
bobwhite abundance are considered here. Of 171
such references, 456% were associated with just 3
periods: the severe late winter of 1960, the succes-
sive severe winters of the late 1970's, and the 1988
drought. As noted above, the first 2 weather
events caused substantial bobwhite population
declines in Illinois, whereas negative effects of the
1988 drought were less severe than originally
anticipated (Roseberry 1989).

Predators/predation. A relatively small
proportion (7.8%) of hunter responses referenced
predators or predation, and only 1 in 5 of these
explicitly called for some type of control. We
suspect that these figures would have been higher
had the survey contained a specific question
regarding predator management. Proportionate-
ly more hunters voiced concerns about predation
during years of declining or low populations
(8.1%) than during upswings or highs (5.2%).
Comments about predators were relatively con-
stant (4.5-7.3%) in the 1950’s, 60’s, and 80’s, but
peaked in the 1970's at 18.8% (Fig. 2). Two factors
may have contributed to this trend. First, the
greatest decline in bobwhite abundance occurred

i N < \
B

Fig. 2. Percentage of respondents referencing predators or predation by decade, Illinois quail hunter survey,

1954-89.
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season started too early. During the first 3
decades, the ratio of hunters wanting a later start
as opposed to an earlier one was about 8:2. In the
1980's, 100% of the hunters expressing an opinion
felt opening dates were too early. In apparent
contrast, only 25% of 850 Illinois quail hunters
surveyed by the Illinois Department of Conserva-
tion (IDOC) in 1991 considered an opening date
of the first Saturday in November too early,
whereas 60% thought it about right (Anderson
and David 1992). The apparent difference in the
2 surveys probably reflects the tendency for dis-
satisfied persons to volunteer opinions more
readily then satisfied ones (Young 1966:81). Prior
to 1980, less than half (45%) of the hunters who
mentioned closing dates felt the season should be
extended. During the 1980's, however, 80% of
such respondents wanted to hunt later in the
year. Fifty-six percent of hunters surveyed by
IDOC considered an early January closing to be
too early (Anderson and David 1992).

DISCUSSION

Attitudes and opinions regarding bobwhite
management have evolved substantially among
both quail hunters and wildlife professionals over
the past 4 decades. For example, stocking was a
popular and visible part of the overall upland
game-bird management program in Illinois
during the 1950’s, 60’s, and 70’s. The IDOC
provided day-old chicks to sportsmen’s clubs who
raised and released the birds at about 8 weeks of
age to augment wild populations. In 1981, the
agency publicly acknowledged that this 40-year-
old program had been a biological and economic
failure (Ambrose 1981) and attempted to convert
it into a put-and-take operation by first encourag-
ing then requiring participating organizations to
release birds just before or during the hunting
season. In 1986, the IDOC discontinued propagat-
ing bobwhite in state facilities, but continued to
purchase chicks from private breeders for dis-
tribution to sportsmen’s clubs through 1990.

Public and professional attitudes regarding the
role of predators in natural communities have
also changed significantly over the years. Illinois
placed its last previously unprotected raptor, the
great-horned owl (Bubo virginianus) on the
protected list in 1959. Bounties on red and gray
foxes (Vulpes fulva and Urocyon cinereoargen-
teus) were ended in 1973, although both species
are still hunted and trapped. As of 1982, only 2
Illinois counties were still paying bounties on
coyotes (Canis latrans) although there has been a
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year-long open hunting season on the species
since 1979.

Coincident with the renunciation of predator
control and stocking as viable management op-
tions has been increased emphasis on habitat
restoration and management by the IDOC and
other natural resource agencies (Kenney 1985). In
addition, there have emerged new habitat oppor-
tunities associated with federal farm programs
(Jahn and Schenck 1990). It is therefore not
surprising, but nonetheless encouraging, that Il-
linois quail hunters have demonstrated a progres-
sive level of sophistication over the past 4 decades
evinced by increased appreciation of the impor-
tance of habitat coupled with correspondingly
fewer demands for unproductive practices such as
stocking.

On the other hand, present-day hunters tend to
demand more recreational use of the resource
than did their predecessors despite the fact that
the current season length of 60-65 days is about
twice as long as in the early 1950’s (Fig. 6). We
find this attitude somewhat disturbing at a time
when the resource base may be shrinking. It is
difficult to reconcile a demand for longer and later
seasons with the apparent inverse relationship
between bobwhite abundance (indexed by total
harvest) and season length in Illinois over the
past 35 years (Fig. 7), even if no cause and effect
is assumed. It is tempting to speculate that
hunters in the 1980’s merely reflected the prevail-
ing societal attitude of the decade (i.e., “me first”).
We must remember, however, that many present-
day hunters do not benefit from a long-term
perspective such as provided by Fig. 7, either
because they are too young or because they do not
have access to reliable information. For many,
conditions have not deteriorated appreciably
during their hunting careers; and may, in fact,
have even improved for those who began hunting
in the late 70’s. Thus, it may not be surprising that
some hunters are demanding more consumptive
use of the resource than is perhaps biologically
justified (Roseberry 1987, 1990).

MANAGEMENT IMPLICATIONS

Wildlife management is increasingly directed
by socio-political considerations as well as biologi-
cal factors. It is expedient, therefore, for agencies
to be cognizant of hunter attitudes and concerns
when formulating management programs and
practices. Unfortunately, the wishes of hunters,
and the influence they exert, are not always con-
sistent with sound resource management.
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Dahlgren et al. (1977) reported that lowa hunters
scored higher than nonhunters in a test of
“wildlife knowledge”; however, Peterle and Scott
(1977) found that support for scientific wildlife
management declined among Ohio hunters be-
tween 1960 and 1974. When hunter opinion is at
variance with biological reality, wildlife biologists
must address the problem through education. To
accomplish this, we must (1) determine prevailing
attitudes and perceptions among the various seg-
ments of the hunting community, (2) identify the
source or basis of these attitudes and perceptions,
and (3) select and implement effective modes of
information transfer from wildlife professional to
hunter.

Program support from a well-informed public
has always been important to the wildlife profes-
sion (Gilbert 1977), but never more so than now.
All too frequently, lack of public support (per-
ceived or real) leads to usurpation of policy- and
decision-making powers by legislators or lay
groups.
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trend estimates <0 in a state was significantly
<b0%. Similarly, for regions where bobwhite
declined, we determined the percentage of
physiographic strata in which 9 passerines and 2
predators also had declining populations.

RESULTS
Quail Populations

Northern Bobwhite.-——Northern bobwhite are
the most widely distributed (39 states and On-
tario) and abundant quail in North America (Fig.
1). Highest densities occur in Oklahoma, Mis-
souri, Texas, Kansas, and Georgia. The continen-
tal population has declined (-2.4%/year) since the
mid-1960’s (Table 1). We analyzed long-term
trends for 28 states; only in Wisconsin were there
increasing populations. Five states observed
stable populations, and 22 decreased. Similarly,
we analyzed long-term population trends within
28 physiographic strata. Only the Driftless
stratum indicated a long-term increasing trend, 6
strata were stable, and 21 populations declined.

The continental population declined over the
short-term (1982-91) at a slightly more ac-
celerated rate (-3.5%/year) than that observed for
the entire time period (Table 1). Populations in 5
states increased, and 5 were stable. Populations
in 16 of 26 states exhibited population declines.
Likewise, trends were positive for 3 of 25 strata,
6 were stable, and populations in 16 strata
declined.

California Quail.—~California quail are the
second most widely distributed (5 states and
British Columbia) and abundant species of quail
in North America (Fig. 2). California has the
highest densities. The continental population has
been relatively stable since 1966 (Table 2). We
analyzed long-term population trends in 3 states
and 7 physiographic strata. All states and strata
had stable populations. However, since 1982, the
continental population has shown a slightly posi-
tive trend (3.2%/year), due primarily to increased
abundance of quail in the California Foothills
stratum.

Scaled Quail.—Scaled quail were observed in
o states (Fig. 3). The highest densities are found
in Texas. The continental population declined
(-3.8%l/year) since the mid-1960’s (Table 2). We
analyzed 2 states and 2 physiographic strata.
Specifically, long-term populations in New
Mexico, Texas, and the Chihuahuan Desert
have decreased. Moreover, the rate of decline
since 1982 has been twice as rapid (-8.2%/year)
as that which has occurred over the long-term.

45

This short-term change reflects decreasing
populations in the Staked Plains stratum.

Gambel’s Quail --Gambel's quail were
reported in 5 states (Fig. 4). Arizona has the
highest densities. The long-term continental
population trend has been stable (Table 2).
Likewise, populations in the individual states and
the Sonoran Desert showed no change. However,
the continental trend during the last 10 years was
negative (-4.6%/year).

Mountain Quail -—Mountain quail were ob-
served in 3 states (Fig. 5). The highest densities
occur in California. Both the long- (1966-91) and
short-term (1982-91) population trends in the
U.S. have been stable (Table 2).

Sympatric Species of Northern
Bobwhite

In general, long-term population trends of the
grassland/shrub guild (13 passerine species)
declined where sympatric with northern bobwhite
(Table 3). Specifically, >50% of these species
showed declining populations similar to bobwhite
in 23 of 26 states. Of these, 6 states reported >87%
of the passerines were declining (P < 0.10). In
physiographic strata where bobwhite populations
were decreasing, each of the 9 sympatric pas-
serines also declined in more strata (>56%) than
they increased (Table 4). Declines occurred in
>T72% of the strata for 6 species (P < 0.10). Con-
versely, red-tailed hawks and great horned owls
increased in >70% of the strata where bobwhite
declined (P < 0.10).

DISCUSSION

Population trends indicate marked long-term
declines for northern bobwhite and scaled quail.
The rate of decline has been greater for both
species during the last 10 years. In comparison,
long-term trends for more western species appear
stable. Although short-term trends of California
quail are increasing, those for Gambel's quail are
decreasing.

In general, our results concur with independent
estimates of population trends by others. Bren-
nan (1991, 1993a) analyzed Audubon Christmas
Bird Count data (1960-88) and reported declining
populations of northern bobwhite and scaled
quail, and stable trends for Gambel’s and moun-
tain quail. He also reported declining populations
of California quail, and a reduction in the range
of mountain quail. Schemnitz (1993) noted scaled
quail populations declined 53% in the Oklahoma
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Fig. 1. Distribution and relative abundance (X number of birds/Breeding Bird Survey route) of northern bobwhite

in North America, 1966-91. Shaded patterns define uniform regions of relative abundance.






Quail 111

48

3

IS
IS

101-3

301-10

10.01-30

=)
=
=
o
«
o=
=)
S
=
=
ey
@]
(T
=}
_—
O
-
=
=}
S
=
2
=
w2
2~}
S
=
B -
fals)
=
=)
@
<D
S
a0
Y
w .
2~}
S
=
-~
(T
=}
S
D
=
£
=
=)
o
o}
o
=)
o]
2~}
=)
=
=
«
o
2
-
e
—
g
<
=)
«
=)
Q
=
-
=
=
g
-
A
™
o
o=
£




49

Quail Population Trends-Church et al.

g Bird Survey route) of scaled quail in North

abundance.

Fig. 3. Distribution and relative abundance (% number of birds/Breedin

America, 1966-91. Shaded patterns define uniform regions of relative




CEEm




51

Quail Population Trends-Church et al.

mmmmmmloymnm
v
-~
S
\
]

Ve,

—
1
—
<
<

o0
i
—_
<
et

B o-10

B 0o01-30

| 001-100

number of birds/Breeding Bird Survey route) of mountain quail in

. 1966-91. Shaded patterns define uniform regions of relative abundance.

Fig. 5. Distribution and relative abundance (%

North America



52

Quail I11

Table 2. Long-term (1966-91) and short-term (1982-91) population trends and relative abundance (Z-birds/route)
of California, scaled, Gambel’s, and mountain quail based on the North American Breeding Bird Survey.

Long-term Short-term

State/stratum Trend Abundance Trend Abundance
California quail

California 0.1 7.73 1.9 7.96

Oregon -3.6 4.19 7.2 3.32

Washington -0.6 2.10 2.8 2.10

Dissected Rockies 2.1 1.66 11.6 1.63

Pitt-Klamath Plateau 2.4 3.90 3.1 4.32

Columbia Plateau 5.0 4.06 4.1 3.42

Southern California Grasslands 5.3 21.30 5.7 20.47

Central Valley 2.2 3.79 -6.9 3.07

California Foothills 0.5 19.65 3.9 19.71

Southern Pacific Rainforests 0.7 4.41 -0.2 3.63

Continental 0.0 3.00 3.2 3.04
Scaled quail

New Mexico -4.Q***8 6.73 -11.0*** 5.72

Texas -3.9¥** 9.17 -7.6* 7.45

Staked Plains -3.5 8.97 -8.6*** 16.64

Chihuahuan Desert -4, 4%F* 20.99

Continental -3.8F** 591 -8.2%** 5.17
Gambel’s quail

Anzona 0.5 17.16 -3.3 25.53

California 1.9 3.09

New Mexico 0.5 4.63

Sonoran Desert 0.4 28.21 0.3 26.22

Continental 0.6 5.87 -4.6*** 9.09
Mounltain quail

California 1.3 5.00 -0.6 5.11

Oregon 1.0 0.57

Sierra Nevada -0.6 9.75 0.8 10.89

Pitt-Klamath Plateau 1.9 1.06

Southern California Grasslands 1.8 5.04 0.2 4.82

Southern Pacific Rainforests 1.0 1.38 0.6 1.26

Continental 1.1 2.81 -0.4 2.86

% = P< (.10, *** = P< 0.01.

Panhandle based on covey counts in the mid-
1950’s and early 1990's. Kilbride et al. (1992)
indicated California quail populations in Oregon
have been stable since the early 1960’s.

Our data indicate declining populations of
bobwhite may be due to factors affecting all
grassland/shrub birds. The factor most often iden-
tified as affecting population trends is habitat
change. States in the central portion of the
bobwhite’s range, where forestry and farming
practices have greatly altered habitat conditions,
show the greatest number of declining species. In
addition, the 6 passerines declining in the most
regions are, like the bobwhite, relatively in-
tolerant of urban landscapes. Land-use changes
like urban sprawl could in part be responsible for

the decline of numerous species over a large
geographic area.

Predators have long been recognized as major
causes of mortality in bobwhite (Errington 1934,
Beasom 1974). Great horned owls and red-tailed
hawks are widely distributed predators exhibit-
ing increasing populations where bobwhite are
decreasing. Petersen et al. (1988:183) reported
similar trends between these predators and
pheasant populations. Furthermore, they noted:
“Predation on pheasants [by red foxes, great
horned owls, and red-tailed hawks] apparently
has increased since the 1940’s, most notably since
1960” (Petersen et al. 1988:191). Our data are not
sufficient to allow us to conclude that declines in
bobwhite populations are due to increased avian




Quail Population Trends-Church et al.

53

Table 3. Proportion of declining populations among 13 passerines sympatric with northern bobwhite, 1966-91.

Bobwhite
State n® n declining (%) trend (%/year)
Alabama 10 8 (80) -3.0%**b
Arkansas 11 10 91) -2.4%*%*
Florida 8 5 (62) -2.5%*
Georgia 11 8 (73) -3.5%**
Tllinois 8 7 (88)* -3.3*%*
Indiana 8 5 (62) -2.3%*
Towa 7 6 (86) -4 1%*%*
Kansas 10 8 (80) -1.9
Kentucky 10 8 (80) -2.2%*%*
Louisiana 11 6 (65) -5.3%**
Maryland 8 8 (100)* -4.0%**
Massachusetts 7 3 (43) -10.9**
Michigan 7 3 (43) -10.7**
Mississippi 10 8 (80) -3.9%**
Missouri 11 10 ©O1)* -0.8
Nebraska 7 4 (57) -0.6
New Jersey 8 5 (62) -5 2***
New York 8 5 (62) -6, 4%**
North Carolina 9 6 67) -3.6%**
Ohio 8 5 (62) VA L
Pennsylvania 8 6 (75) -11.0%**
South Carolina 8 6 (75) -4 4***
Tennessee 10 10 (100)* -3 1%**
Virginia 9 6 (67) -3.1%**
West Virginia 9 8 (89)* -5.3
Wisconsin 6 3 (50) 5.5*%*

“Species included in the analysis (field sparrow [Spizella pusilla], indigo bunting [Passerina ¢yanea], logger-
head shrike [Lanius ludovicianus], brown thrasher [Toxostoma rufum], Bewick’s wren [Thryomanes bewickii],
Bachman’s sparrow [Aimophila aestivalis], gray catbird [Dumetella carolinensis], northern cardinal [Cardinalis
cardinalis], yellow-breasted chat [Icteria virens], American goldfinch [Carduelis tristis], painted bunting [Pas-
serina ciris], prairie warbler [Dendroica discolor], and scissor-tailed flycatcher [Tyrannus forficatus]) that were

observed along the same routes as northern bobwhite.

bw = proportion different (P < 0.10) than expected by chance (50%), ** = P < 0.05, *** = P < 0.01.

Table 4. Population trends in physiographic strata for
passerines and predators sympatric with declining
populations of northern bobwhite, 1966-91.

n strata with

n strata declining
Species compared  populations (%)
Passerines
Gray catbird 20 12 (60)
Brown thrasher 23 20 87)**
Prairie warbler 12 12 (100)*
Yellow-breasted chat 17 14 82)*
Northern cardinal 25 14 (56)
Field sparrow 21 18 (86)*
Loggerhead shrike 14 12 (86)*
Indigo bunting 22 16 (73)*
American goldfinch 20 13 (65)
Predators
Red-tailed hawk 23 3 (13)*
Great horned owl 21 6 (29)*

* = proportion different (P < 0.10) than expected
by chance (50%).

predation, but they are consistent with Petersen
et al's. hypothesis for pheasant.

CONCLUSIONS

Quail populations in the east and central por-
tions of North America are experiencing long-
term declines that have been greater over the past
decade. In contrast, quails in the western part of
the continent are generally stable. It is notewor-
thy that there were too few observations of Mon-
tezuma quail (Cyrtonyx montezumae) along BBS
routes for analysis. We encourage potential volun-
teers (e.g., state biologists) in the range of Mon-
tezuma quail to gather BBS data. In addition, we
suggest state conservation agencies consider spe-
cial population monitoring strategies (e.g., har-
vest surveys) for this species.

Our analysis of a grassland/shrub guild
provides an alternative to conventional single-
species approaches to habitat analysis. Although
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none of these species completely match the life
history characteristics of quail, it appears
bobwhite may be a good indicator of wildlife-
habitat interactions in grassland/shrub ecosys-
tems (Farmer et al. 1988, Hays and Farmer 1990).

Quail are 1 of the most studied and intensively
managed taxonomic groups of wildlife (Church
and Taylor 1992). As a result, resource - managers
have assumed that our understanding of quail
biology is relatively complete. However, our
results indicate there is reason to question the
efficacy of current management practices for
bobwhite and scaled quail. Thus we support the
design and implementation of a comprehensive
approach to management and research at a na-
tional level such as outlined in Brennan (19935).
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Abstract: Breeding behavior of radio-tagged northern bobwhite (Colinus virginianus) was observed at Fort Bragg
Military Reservation (n = 19), North Carolina, in 1985-88, and Tall Timbers Research Station (n = 27), Florida,
during 1984-86. We observed apparent polygamous breeding behavior in 95% (18 of 19) of the radio-tagged
northern bobwhite at Fort Bragg, and 93% (25 of 27) of the birds at Tall Timbers. We documented 5 cases of
double-clutching by radio-tagged females. Twenty-seven percent of Fort Bragg clutches (n = 30), and 20% of Tall
Timbers clutches (n = 56) were incubated by radio-tagged males. Northern bobwhite exhibited characteristics of
both rapid multiclutch and ambisexual polygamous mating systems. Northern bobwhite are capable of uniparental
care, have long breeding seasons, live in an environment with fluctuating resources, suffer high predation pressure
during the nesting season, and raise precocial young; all traits that are similar to other bird species which have
evolved polygamous mating systems.
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Despite more than 50 years of research, the
breeding biology of the northern bobwhite is poor-
ly understood. Most researchers have assumed
bobwhite form monogamous pairs, and will renest
after the loss or abandonment of a previous nest
(Stoddard 1931, Lehmann 1946, 1984, Rosene
1969, Johnsgard 1973, Roseberry and Klimstra
1984). Stettner et al. (1966) examined
monogamous behavior by switching mates of
several pairs of penned northern bobwhite. The
high level of aggression observed when new birds
were introduced in a captive environment was
thought to be indicative of strong monogamous
bonds. Brill (1934) reported polygyny in captive
northern bobwhite with a ratio of 1 male:2
females or 2 males:7 females. Baldini et al. (1952)
noted that these sex ratios were likely only under
laboratory conditions, and stated that northern
bobwhite were monogamous in the wild.
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Stanford (1953) examined the breeding be-
havior of captive northern bobwhite, and found
that 3 pairs attempted a second nest after the first
one was successful. When the first brood reached
13-15 days old, the female started a second nest,
leaving the male to assume parental care for the
first brood. Kiel (1976) also observed renesting
attempts by captive northern bobwhite after pairs
had successfully hatched initial clutches.

Stoddard (1931) documented that males may
take over incubation duties, and either sex may
be found at a nest. One sex assumed the primary
role of incubating eggs for each nest. Studies in
Georgia (Stoddard 1931) and Illinois (Roseberry
and Klimstra 1984) indicated that males in-
cubated about 26% of clutches. Male incubation of
eggs and subsequent brood-rearing emancipates
the female and increases the possibility of her
mating again (Emlen and Oring 1977) with either
the same or a different male. When uniparental
care can meet brood-rearing requirements, deser-
tion by 1 parent may lead to higher reproductive
success than staying with the brood (Maynard
Smith 1977). However, previous research
provides little direct evidence of either monogamy
or polygamy for the northern bobwhite.

Recent advances in transmitter design (Shields
et. al. 1982) have allowed researchers to locate
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individually-marked northern bobwhite
throughout the breeding season (Sermons and
Speake 1987, Curtis 1990). During 1985, Sermons
and Speake (1987) observed that 6 of 16 (38%)
females had broods which disappeared when the
chicks were 7-35 days of age. These 6 females soon
paired with males, and 4 renested. During 1986,
2 of these 6 females again successfully produced
second broods. It was not known if juvenile mor-
tality, brood abandonment (I.ehmann 1984), sur-
rogate parenting (Stoddard 1931), or some com-
bination of these factors was responsible for brood
disappearance. Sermons and Speake (1987) did
not say whether radio-tagged females paired with
the same males for their second nest attempt. If
broods or clutches were left in the care of the male
that fertilized the eggs, and females mated with
different males for a second nest attempt (L.e.,
polyandry), then the potential exists for a
polygamous mating system in northern bobwhite.

The purpose of this paper is to describe the
breeding behavior of radio-tagged northern
bobwhite in North Carolina and Florida.

This effort was supported by Tall Timbers Re-
search Station (TTRS), the Department of
Defense-Fort Bragg (FB), the International Quail
Foundation, the National Rifle Association, the
North Carolina State Agricultural Research Ser-
vice, the North Carolina Wildlife Resources Com-
mission, and Quail Unlimited. We appreciate field
assistance by biologists, technicians, and volun-
teers. J. Walters, L. Brennan, and J. Fleming
provided helpful discussion and reviewed a draft
of the manuscript.

STUDY AREAS

We observed the breeding behavior of northern
bobwhite at TTRS in 1984-86, and at FB during
1985-88. Tall Timbers encompasses nearly 1,300
ha in northern Leon County, Florida. This site lies
within the Tallahassee Red Hills subregion of the
Coastal Plain, and is characterized by rolling clay
hills with gentle to moderate slope (Hendry and
Sproul 1966). Approximately 85% of TTRS is
woodland, primarily open stands of loblolly (Pinus
taeda) and shortleaf pine (P. echinata) inter-
spersed with live oak (Quercus virginiana). Smith
(1980) provided a detailed habitat description of
the area. Habitat at TTRS supports some of the
highest northern bobwhite numbers in the
southeastern United States Coastal Plain, and
densities greater than 1 bird/0.4 ha have been
observed. However, northern bobwhite popula-
tions have declined at TTRS since peak numbers
were observed in the early 1970’s. Based on Peter-
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sen estimates from recaptures of banded
bobwhite, O'Brien et al. (1985) estimated there
were 976 birds occupying TTRS in 1979, com-
pared to 515 bobwhite in 1982.

Fort Bragg lies within the Sandhills region of
Cumberland and Hoke counties, North Carolina.
Sandhills vegetation has been described by Wells
(1932) and Wells and Shunk (1931). The longleaf
pine-scrub oak-wiregrass (Pinus palustris-Quer-
cus laevis, . marilandica, Q. incana, Q. mar-
garella-Aristida stricta) community is found on
undisturbed upland sites. Fort Bragg contains
approximately 55,000 ha, of which about 70% are
woodland. Long burning rotations (5 years) and
infertile soils result in a sparse herbaceous layer
with few native legumes. Estimates from covey-
mapping, trapping, and following radio-tagged
northern bobwhite, indicated fall densities of ap-
proximately 1 bird/8.1 ha. Data from controlled
check stations at FB indicated bobwhite popula-
tions peaked during 1972 (approximately 9,000
birds harvested postwide), and then declined
dramatically through 1986 (approximately 650
bobwhite harvested postwide; Curtis et al. 1989).

METHODS

Northern bobwhite were captured primarily in
funnel traps similar to those described by Stod-
dard (1931:443). Peak trapping occurred in
January and February at both study areas. Addi-
tional bobwhite were captured during May
through October at FB, and throughout the year
at TTRS. Funnel trap sites were usually prebaited
with cracked corn at least 10 days before each
capture attempt. At TTRS, traps were placed at a
density of 1 per 2-2.5 ha, and covered with vegeta-
tion to conceal them from predators. At FB, trap
densities were about 1 per 4-4.5 ha, and traps
were concealed at problem locations. Additional
bobwhite were caught by night-netting at roost
sites (Labisky 1968), and males were captured
during breeding season in mist nets to which they
were attracted by a tape-recorded call (Cink
1975).

Northern bobwhite caught for the first time
were sexed and marked with an aluminum leg
band. Once a bird was captured and radio-tagged,
additional efforts were made to radio-tag at least
1 other covey member. The transmitter used at
both study sites was a logic-operated, crystal-con-
trolled oscillator designed by Shields et al. (1982).
The 6-8 ¢ collar was worn as a medallion below
the crop and concealed under breast feathers.
During a field test of this transmitter, no differen-
tial mortality was detected between radio-tagged
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and banded northern bobwhite (Mueller et al.
1988).

Radio-tagged northern bobwhite were located
once daily throughout the breeding season (April
through October) to determine breeding status.
Nesting behavior was usually detected after in-
cubation commenced, when a radio-tagged bird
was found at the same location for 3 consecutive
days. Associations with other radio-tagged north-
ern bobwhite, unmarked adults, or broods were
recorded in the daily tracking records. Or-
nithological studies have typically relied on as-
sociation patterns to evaluate mating systems or
individual reproductive success (Gowaty and
Mock 1985:11). We realize that apparent mating
patterns based on associations, and actual
(genetically-effective) mating patterns, may not
be the same, and additional electrophoretic ex-
clusion research will be necessary to elucidate the
differences. Electrophoretic exclusion techniques
have documented multiple maternity and pater-
nity between care-giving adults and putative off-
spring in apparently monogamous eastern
bluebirds (Sialia sialis) (Gowaty and Karlin
1984).

Monogamy has been termed a “mating-system-
by-default” (Gowaty and Mock 1985:4), and has
served as a catch-all, where species are assigned
only when they fail to satisfy more easily specified
criteria of polygyny or polyandry. Consequently,
monogamous mating systems include a diverse
array of reproductive strategies that may have
little in common.

We defined apparently monogamous breeding
behavior based on social organization (1 male-1
female social units; Gowaty and Mock 1985:12). If
a radio-tagged bobwhite was associated (flushed
or observed) with >1 individual of the opposite sex
during a breeding season, we considered this
potentially polygamous behavior, even if no nest
was found. Radio-tagged bobwhite were as-
sociated with both tagged and untagged in-
dividuals on many occasions, and it was impos-
sible to determine the actual outcome of these
encounters. Our definition based on social obser-
vations may result in an overestimate of the ac-
tual proportion of genetically-effective matings.
However, it was the best estimate of potential
polygamy, given that <20% of the bobwhite at
both study sites were radio-tagged (based on trap-
ping records and visual observations), and no
electrophoretic exclusion work was conducted
during this study. Biweekly flush counts of radio-
tagged birds or coveys were used to document
associations prior to the onset of incubation and
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during brood-rearing activities. It was impossible
to flush radio-tagged bobwhite more frequently
without affecting survivorship, and some associa-
tions with untagged birds were likely missed.
Nesting bobwhite of either sex were monitored
daily during the 23-day incubation period (Rosene
1969) to determine status of the tagged bird.
Broods were checked at TTRS by night-lighting to
determine chick mortality and parental associa-
tions.

RESULTS

It was possible to determine the breeding status
of 19 radio-tagged bobwhite at FB. Eighteen
(95%) exhibited potentially polygamous breeding
behavior, and 1 (6%) tagged male bobwhite ap-
parently stayed with the same tagged female
until his death during June (Table 1). This female
was subsequently associated with 2 other males,
and produced a clutch with another radio-tagged
bird during July. The breeding behavior of 41
bobwhite at FB could not be determined because
they were observed for only a portion of the breed-
ing season (e.g., males captured and tagged
during midsummer), or they were associated with
untagged birds on several occasions, and it was
impossible to determine if the same untagged
bobwhite was involved during each observation.
At TTRS, 25 radio-tagged northern bobwhite
(93%) exhibited potentially polygamous behavior,
and 2 birds (7%) remained with the same mate.
The breeding status of 74 radio-tagged bobwhite
at TTRS could not be classified.

During 1988 at FB, we documented 3 cases of
double-clutching by radio-tagged females. One
female successfully raised 2 broods with a tagged
male, who cared for her first brood while she
incubated a second clutch of eggs. While it is
impossible to confirm the paternity of the second
brood from observations alone, the same radio-
tagged male was repeatedly seen with the female
during the month before her second nest was
found. The other 2 radio-tagged females raised
their first broods until 3-4 weeks of age, then
either lost or abandoned the chicks, and were
found incubating second nests (it is not known
whether they mated with the same male for both
nests). Both second nests were lost to predation.
We also observed a radio-tagged male incubating
2 different nests during a 5-day period. The fol-
lowing day, this male joined a radio-tagged female
and her brood, and he stayed with this group until
he was killed by a predator 1 month later.
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Table 1. Breeding behavior of radio-tagged northern bobwhite at Fort Bragg Military Reservation (FB), NC,
1985-88; and at Tall Timbers Research Station (TTRS), FL,, 1984-86.

1984 1985 1986 1987 1988 Total
Breeding behavior of radio-tagged bobwhite, n (%)
Monogamous FB 1 1(5)
TTRS 2 2(7
Polygamous FB 4 7 7 18 (95)
TTRS 5 15 5 25 (93)
Not classifiable FB 8 12 11 10 41
TTRS 7 31 36 74
Number of bobwhilte (%) radio-tagged
Males FB 5 7 12 8 32 (53)
TTRS 7 24 18 49 (49)
Females FB 7 5 7 9 28 (47)
TTRS 7 22 23 52 (52)
Number of nests (%) incubaled
Males FB 2 1 2 3 8 27)
TTRS 1 8 2 11 (20)
Females FB 4 4 3 11 22 (73)
TTRS 3 17 25 45 80)
Number of bobwhile (%) not associated with a nest or brood
Males FB 1 8 2 11 (34)
TTRS 10 12 22 (45)
Females FB 4 1 5(18)
TTRS 6 1 7 (13)
Number of broods (%) reared
Pairs FB 5 5 2 10 22 (71)
TTRS 2 5 9 16 (50)
Lone females FB 2 2 3 7 (23)
TTRS 4 5 9 28)
Lone males FB 2 2 (6)
TTRS 1 3 3 7 (22)

During 1986 at TTRS, we observed 2 cases of
double-clutching by radio-tagged females. Both
females again raised their first broods to 3 weeks
of age, and then either lost or left the chicks to
mmcubate second nests. Both second nests were
lost to predation, and the paternity of broods was
unknown.

During 1985-88 at FB, 60 radio-tagged north-
ern bobwhite (53% male, 47% female) were ob-
served during the breeding season (Table 1).
Radio-tagged bobwhite incubated 30 clutches,
and only 1 tagged bird was responsible for incuba-
tion duties at each nest. Twenty-seven percent of
clutches found were incubated by radio-tagged
males; radio-tagged females incubated the
remaining 73%. Of the 30 clutches observed, 17
(57%) were the first documented nest of the breed-
ing season for tagged females, and 7 (23%) were
first nests for males. Four females (13%) and 1
male (3%) were located at 2 different nests during

the same breeding season, and 1 female (3%)
attempted 3 nests in 1 year.

During 1984-86 at TTRS, 101 radio-tagged
northern bobwhite (49 males, 52 females) were
monitored during the breeding season (Table 1).
Radio-tagged bobwhite incubated 56 clutches,
and again, only 1 tagged bird was responsible for
incubation duties at each nest. Twenty percent of
nests were incubated by radio-tagged males, and
80% by tagged females. These proportions were
similar between sites (X =0.50,df=1,025<P
< 0.50). Of 56 clutches observed, 37 (66%) were
the first documented nest of the breeding season
for tagged females, and 10 (18%) were first nests
for males. Seven females (13%) and 1 male (2%)
were located at 2 different nests during the same
breeding season, and 1 female (2%) attempted 3
nests in 1 year. These proportlons were similar
between sites for both females (X =0.30,df =2,
P> 0.50) and males (X 0.09, df = 1, P> 0.50).
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The proportion of broods reared by male and
female palrs lone females, and lone males was
similar (X 3.90, df =2, 0.10 < P < 0.25) between
FB and TTRS (Table 1); however, there was a
trend for lone males to raise a greater percentage
of broods at TTRS. Thirty to 50% of the broods
were uniparent (of either sex), and 50-70% were
cared for by pairs (usually mixed sexes, but male
only pairs were observed).

We describe the following case histories of
radio-tagged bobwhite to illustrate potentially
polygamous breeding behavior.
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Case History 1.---During summer 1984 at
TTRS, 5 radio-tagged and 2 untagged bobwhite
interacted throughout the breeding season (Fig.
1). Female 748 was associated with 2 males prior
to incubation, and both possibly fertilized a por-
tion of the eggs in her nest. Male 749 was observed
during the early egg-laying stage of female 748's
nest, and eventually assisted with raising her
brood. Male 742 was found incubating female
744's nest with 11 eggs. Male 742 hatched 11 eggs,
and was then joined by another untagged male
which assisted with raising the brood.

APRIL 1 —
T  748-F,749M OBSERVED
MAY 1 - TOGETHER DAY AND NIGHT
o T44.F,T42-M
FOUND
JUNE 1 - TOGETHER
4  LOCATED NEST, 1 EGG
JULY 1 =1 1l T74FWITHUMM
749-M VANISHES
[ ] ° ° o
9
4 748FBEGINSINCUBATION ®®ewr 744.F,749M, o 0 0 o © ¢ o — 742-MSTARTS
UM-M VANISHES AND 746-M INCUBATING 11
FOUND TOGETHER EGGS, 744-F
AUG 1 DEPARTS
4  748-FHATCHES 11-EGGCLUTCH, , |  744-F AND 746-M
749-M RETURNS,PAIR ¢ © ® ® SPEND LATE SUMMER <+ 742M
RAISE BROOD SUCCESSFULLY TOGETHER, NO NEST HATCHES
CLUTCH
SEPT 1 - T 742-M JOINED
BY UM-M,
BOTH RAISE
BROOD

Fig. 1. Case history of the breeding biology of 5 radio-tagged and 2 untagged northern bobwhite from Tall Timbers

Research Station FL summer 1984 M =male a ke

_Dr

ead t e CH
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Case History 2.—Double-clutching is described
for a radio-tagged female at FB during summer
1988 (Fig. 2). Female 938 and male 941 success-
fully raised 2 broods, with male 941 caring for the
first brood while female 938 incubated and
hatched the second clutch. Male 941 was also
observed with at least 2 other females while
female 938 was incubating her first clutch, and
during her first month of brood-rearing as a single
parent.
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DISCUSSION

Lack (1968) indicated that about 90% of all bird
species are monogamous and, although the actual
proportion may be less, monogamy is the
predominant mating system for most bird species.
More recently, it has become clear that several
individual breeding strategies may be exhibited
by birds classified as apparently monogamous
breeders (Gowaty and Mock 1985). It is unclear
how many “covert” matings outside the 1 male-1

MAY 1 -
T  938-F, 941-M OBSERVED eseees
TOGETHER ® ¢ ¢ ¢ -1~ 941-M OBSERVED WITH 969-F
| 941-M OBSERVED WITH UM-F
‘I~ 938-F, UM-M OBSERVED
JUNE 1 - TOGETHER
e -1 941-M OBSERVED WHISTLING
o’ 8- .
938-F INCUBATING FIRST Lot NEAR POND EDGE
“ESI [ ]
° [ ]
4. 938-FINCUBATING NEST, o°*®
941-M 15m AWAY
1 938-FHATCHES90F 11 ceeceseseee . 41-MFOUND WHISTLING IN
JULY 1 - EGGS, RAISES BROOD ALONE ANOTHER FIELD
o L 941-M FOUND WHISTLING IN A
Jev®°® RYE FIELD
[ ]
4 os-FWITHO CHICKS,941:M ¢°*°®°
AUG 1 - RETURNS TO ASSIST WITH BROOD
<4~ 938-F FLUSHED FROM SECOND NEST
WITH 8 EGGS, 941-M NEARBY WITH
SEPT 1 - CHICKS
4+ 938-F HATCHES 7 OF 8 EGGS, JOINED
BY 941-M AND OLDER CHICKS
OCT 1 o THIS PAIR SUCCESSFULLY RAISES 16 CHICKS

Fig. 2. Case history of the breeding behavior of 3 radio-tagged and 2 untagged northern bobwhite from Fort Bragg,

NC, summer 1988 (M = male, F = female, UM = unmarked bobwhite).
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female social unit must occur for a monogamous
system to be classified as polygynous or
polyandrous (Gowaty and Mock 1985), although
the 5% benchmark has been used by others (Carey
and Nolan 1979). Variations in mating tactics for
apparently monogamous birds often confound
concepts and definitions of mating systems.

Polygamous mating systems are especially
common in precocial birds that do not feed their
young (Lack 1968, Orians 1969), presumably be-
cause demands on parents are more often insen-
sitive to brood size in such species (Walters 1982).
Rapid multiple-clutch mating systems have been
defined by Hilden (1975), and first described by
Graul (1973). In these systems, the female lays a
clutch that is attended by a male. The female then
forms a second clutch that she incubates, or gives
to a second male (in which case she may incubate
a third clutch). This avian social system is not
common, and may occur regularly only in a few
species of shorebirds and galliformes (Emlen and
Oring 1977). When environmental conditions
(e.g., unpredictable food supply, variable weather
conditions) are favorable, reproductive output can
be enhanced with only a slight increase in breed-
ing time.

Rapid multiple-clutch polygamy has been docu-
mented for the red-legged partridge (Alectoris
rufa; Jenkins 1957), sanderling (Calidris alba;
Parmelee and Payne 1973), mountain plover
(Charadrius  montanus; Graul 1973), and
Temminck’s stint (Calidris temminckii; Hilden
1975). The California quail (Callipepla califor-
nica), which occasionally practices this mating
system (Francis 1965, Leopold 1977:92-93), ex-
periences severe biotic and abiotic environmental
fluctuations. All of these ground-nesting species
have precocial young that suffer moderate to high
predation losses (Emlen and Oring 1977), similar
to northern bobwhite.

Northern bobwhite are apparently similar to
California quail because females which exhibit
double-brooding leave their young when the
chicks are about 2 weeks old (Leopold 1977:93).
For California quail, double-brooding seems to
occur once or twice per decade in years highly
favorable for reproduction. Male California quail
rarely incubate clutches, and unmated males act
as foster parents in years when chicks are abun-
dant. .
Persson and Ohrstrom (1989) recently
described a new avian mating system, am-
bisexual polygamy, in which sequential polygyny
and polyandry may occur simultaneously. Pen-
duline tits (Remiz pendulinus) exhibited
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uniparental clutch and brood care; of 140 clutches
observed, 48% were attended by females, 18% by
males, and 34% were deserted by both parents
before incubation. Polyandry was exhibited by
31% of females, and 69% attended their first
brood. Thirty percent of males assumed parental
responsibilities. It appeared likely that the female
made the primary choice to leave a clutch or stay
to incubate the eggs (Persson and Ohrstrom
1989). If the female decided to incubate, the male
could become polygynous. If the female departed,
the male could assume parental care or abandon
the clutch. Two females attended both their first
and second clutches, and mate-shifting occurred
between clutches.

The number of female penduline tits available
to breed diminished as the breeding season
progressed, and the operational sex ratio (Emlen
and Oring 1977) became increasingly male-
biased. As males found their chances for success-
fully breeding reduced, the best way to increase
their reproductive output was to assume parental
care. Females also may have exploited the skewed
sex ratio by becoming polyandrous, as they had a
greater probability of finding another mate. By
spending less time with each male, a female could
mate more often and increase the probability that
a male would care for some of her eggs. Persson
and Ohrstrom (1989) indicated that all males
attempted to practice polygyny, but some were
unable to do so because of female choice and
behavior. Uniparental care and a long breeding
season are necessary for this mating system to
develop.

We noted in both case histories, that northern
bobwhite females were associated with >1 male
during egg laying. Consequently, it is impossible
to determine the paternity of a brood without
electrophoretic exclusion analyses. In both cases,
the male that was present during early laying
stages eventually returned to help the female care
for the chicks. Schom and Abbott (1974) reported
that the fertility of eggs laid by naturally-insemi-
nated, captive bobwhite females dropped from
approximately 95 to 68% 4 days following the
removal of males. Roseberry and Klimstra (1984)
reported that only 3% of 3,249 eggs from 234 wild
nests were infertile. Therefore, female bobwhite
must be mating frequently to maintain high fer-
tility rates. In cases where a female has as-
sociated with 2 males during egg-laying, the
paternity of the brood could possibly be shared.

Stoddard (1931) noted the strong adoption ten-
dencies of northern bobwhite. More than 90% of
males, females, or pairs not engaged in nesting
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readily adopted chicks put with them. Sermons
and Speake (1987) suggested that brood abandon-
ment or surrogate parenting may lead to double-
clutching. We observed 4 cases of apparent brood
abandonment during this study (6% of all broods
monitored). Polygamous mating behavior may be
more likely to increase reproductive output than
brood abandonment and subsequent renesting. In
fact, pairs helped raise 50% (n = 32) of the broods
at TTRS and 71% (n = 31) of the broods at FB.

Northern bobwhite should potentially be con-
sidered polygamous breeders, as mating behavior
may shift between variations of polygyny,
polyandry, or promiscuity. Northern bobwhite ap-
pear to exhibit characteristics of both the rapid
multiclutch and ambisexual polygamous mating
systems, although neither system completely
describes the breeding associations we observed.
Northern bobwhite live in a fluctuating environ-
ment, suffer high predation pressure during the
nesting season, and raise precocial young, similar
to other galliformes and shorebirds that have
evolved multiclutch systems. About 95% of the
radio-tagged bobwhite for which we were able to
document breeding status exhibited apparently
polygamous behavior at FB and TTRS, and our
case histories describe several mating and brood-
rearing associations.

MANAGEMENT IMPLICATIONS

The importance of successful nesting and
brood-rearing cannot be overemphasized during
development and implementation of northern
bobwhite habitat management programs. When
environmental conditions are favorable, bobwhite
reproductive output may be enhanced with only a
slight increase in breeding time due to the
flexibility in breeding behavior. Because 70-80%
of the fall harvest usually consists of juvenile
northern bobwhite (Rosene 1969), the number of
birds in the fall population may be influenced by
the proportion of bobwhite exhibiting polygamous
mating strategies.
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Abstract: We used Christmas Bird Count reports in conjunction with precipitation data from 9 locations in Texas,
to investigate relationships between rainfall and northern bobwhite (Colinus virginianus) and scaled quail
(Callipepla squamata) abundance. Regional differences in northern bobwhite abundance could not be predicted
by precipitation regimes, whereas scaled quail abundance was negatively correlated with fall and winter rainfall.
Differences in rainfall patterns were not significantly correlated with year-to-year changes in northern bobwhite

and scaled quail abundance.
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Although most research suggests that quail
distribution and abundance are regulated
primarily by availability and quality of habitat
(Johnsgard 1973, Goodwin and Hungerford 1977,
Brown 1982, Brennan 1991, Rice 1991), quail
populations periodically rise and fall even in
areas with high-quality habitat. These fluctua-
tions as well as interregional differences in abun-
dance appear to be due primarily to differences in
reproductive success (I.ehmann 1953b, Parmalee
1955, Wallmo 1956, Robinson 1957, Speake and
Haugen 1960, Schemnitz 1961, 1964, Campbell
1968, Campbell et al. 1973, Roseberry and
Klimstra 1975).

Factors such as vitamin (Nestler 1946, Lehmann
1953a), mineral (Cain et al. 1982), and macro-
nutrient deficiencies (Wood et al. 1986); increased
intake of phytoestrogens (Ieopold et al. 1976, Cain
et al. 1987, Lien et al. 1987); and water deprivation
or drought (Campbell et al. 1973, Kiel 1976, Cain
and Lien 1985, Koerth and Guthery 1991) have
been suggested as possible explanations for changes
in reproductive success. However, only water
deprivation, presumably due to annual and regional
differences in rainfall expressed as differences in
succulent foods and available free water, appears to
have potential to induce the dramatic population
fluctuations exhibited by quail populations (Koerth
and Guthery 1991).

The purpose of this study was to investigate the
relationship between rainfall and northern
bobwhite and scaled quail abundance, and to com-
pare effects of changing precipitation regimes be-
tween these 2 species.

This study was supported by the San Antonio
Livestock Show; the Noxious Brush and Weed
Control Program; and Texas Cooperative Fish

and Wildlife Research Unit, Department of Range
and Wildlife Management, Texas Tech Univer-
sity. This is T-9-649 of the College of Agricultural
Sciences, Texas Tech University, Lubbock.

METHODS

We used Christmas Bird Count (CBC) data
published in American Birds for 1966-91 from 9
locales in Texas to document regional and year-
to-year differences in northern bobwhite and
scaled quail abundance. For interspecific com-
parisons, we selected study areas within the area
of distmbutional overlap of northern bobwhite and
scaled quail. Location of the study areas roughly
corresponds to the western edge of northern
bobwhite distribution and the eastern edge of
distribution of scaled quail (Johnsgard 1973).
Christmas Bird Count locations included Amaril-
lo (Potter County), Anzalduas-Bentsen (Hidalgo
County), Big Spring (Howard County), Falcon
Dam State Park (Starr County), Lubbock (Lub-
bock County), Midland (Midland County),
Muleshoe National Wildlife Refuge (Bailey Coun-
ty), San Angelo (Tom Green County), and Stanton
(Martin County). CBC’'s were standardized by
dividing counts by person hours of observer effort.

We used both uncorrected rainfall data and
rainfall corrected for evaporative loss, using
Thornwaite’s index of precipitation effectiveness
(Critchfield 1966) for our analyses. Using simple
and multiple regression (P < 0.05 needed to enter
the model} analyses, proportional change in
CBC’s were compared to precipitation data (U.S.
EDS 1966-91) collected at each CBC location, to
determine year-to-year relationships between
rainfall and proportional change in quail abun-
dance. Precipitation data were grouped by month,
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season (winter, spring, summer, fall, breeding,
nonbreeding), year, and difference from the long-
term (1966-91) mean total annual rainfall for the
analyses. Pearson correlation coefficients were
calculated to determine correlations among
precipitation classes. Christmas Bird Counts
were compared to previous year's CBC and year
using simple linear regression.

To investigate regional differences in quail
abundance in relation to rainfall, for each study
area, mean precipitation class values were com-
pared to mean quail abundances (1966-91) using
simple linear regression and stepwise multiple
regression (P < 0.05 needed to enter the model).
Precipitation classes were the same as those used
for year-to-year analyses.

RESULTS
Year-to-year Trends

Relationships between proportional change in
quail abundance and rainfall, and change in quail
abundance and rainfall corrected for evaporative
loss were highly correlated (r = 0.808, P = 0.000).
For each variable, the corrected rainfall com-
parisons typically had smaller r and larger P
values. For simplicity, the following results and
discussion refer to analyses of uncorrected rain-
fall data (Table 1).

Abundance of both species of quail was shown
to be significantly, but weakly, influenced by
changing precipitation regimes. However, the fac-
tor explaining the most variation in abundance of
both species was quail abundance the previous
year (northern bobwhite: r = 0.307, P = 0.000;
scaled quail: r =0.322, P = 0.000). During the past
26 years, bobwhite abundance has not shown a
long-term change (r = 0.017, P = 0.791), while
scaled quail abundance has shown a decline (r =
-0.217, P=0.001).

Changes in northern bobwhite populations ap-
pear to be most sensitive to changes in precipita-
tion during the previous breeding season (Table
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1). Other significant predictors of bobwhite abun-
dance were previous years total rainfall and
precipitation during fall, June, and October
(Table 1). Previous year’s total and previous
year's breeding season rainfall were highly corre-
lated (r = 0.783), as were October and fall
precipitation (r = 0.832).

Changes in scaled quail abundance were most
sensitive to variations in precipitation during
dJanuary and winter (Table 1). January and
winter rainfall were highly correlated (r = 0.652).
Using step-wise multiple regression, no multi-
variable model was found to be significant (P >
0.05) for either species.

Regional Trends

No precipitation class significantly predicted
regional differences in northern bobwhite abun-
dance. May precipitation explained the most
variation (r = 0.448, P = 0.227). Differences in
scaled quail abundance among regions were best
predicted by winter (r = -0.654, P =0.056) and fall
(r =-0.622, P = 0.074) rainfall. Using step-wise
multiple regression, no multivariable model was
found to be significant (P> 0.05) for either species.

DISCUSSION
Year-to-year Trends

Year-to-year differences in abundance of many
species of quail have been associated with varying
precipitation regimes. Research on California
quail (Callipepla californica; Leopold 1977,
Botsford et al. 1988), and Gambel's quail (Cal-
lipepla gambelii; Swank and Gallizioli 1954, Gal-
lizioli 1960, 1965, Raitt and Ohmart 1968) found
significant relationships between the amount and
timing of precipitation and reproductive success
and survival.

Studies throughout the northern bobwhite
range have found significant positive relation-
ships between year-to-year quail abundance and
reproductive success, and breeding season rain-

Table 1. Significant (P < 0.05) relationships between year-to-year rainfall and changes in northern bobwhite and
scaled quail abundance based on Christmas Bird Counts in Texas, 1966-91.

Northern bobwhite Scaled quail

Precipitation class r r P r r P

Winter -0.059 0.003 0.458 0.163 0.027 0.029
Fall -0.170 0.030 0.032 -0.029 0.001 0.702
January ~0.099 0.010 0.212 0.283 0.080 0.000
June 0.168 0.028 0.034 -0.078 0.006 0.295
October -0.159 0.025 0.046 0.015 0.000 0.840
Previous total 0.276 0.076 0.000 -0.040 0.002 0.593
Previous breeding season 0.292 0.085 0.000 0.061 0.004 0.414







BREEDING STRATEGIES OF THE NORTHERN BOBWHITE IN MARGINAL
HABITAT
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Abstract: We studied nesting behavior of radio-tagged northern bobwhite (Colinus virginianus) in south-central
Towa from 1984 to 1988. Female bobwhite incubated 78% of 81 clutches where incubation was observed and males
incubated 22%. On only 1 occasion were both a male and female observed to incubate the same clutch. Incubation
was initiated on 73% of the nests by females before 1 July, while incubation was initiated on 56% of the clutches
by males after 1 July. Males hatched 16% of all clutches, first nests by females accounted for 69%, renests for 4%,
and second clutches by females that had already hatched 1 clutch for 11%. Chicks from 3 of the first broods of
females that hatched 21 brood survived for 21 week and were not accompanied by other adults. These breeding
strategies appear to provide bobwhite populations multiple chances at recruitment in variable environments.
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Nesting ecology of the northern bobwhite has
been extensively studied (c.g., Stoddard 1931,
Errington 1933, Klimstra 1950, Simpson 1972,
Dimmick 1974, Klimstra and Roscberry 1975,
Roseberry and IKlimstra 1981). Although these
studies have described many aspects of bobwhite
population dynamics, many others remain poorly
understood. Recent miniaturization of radio
electronics allows direct observation of bobwhite
nesting, survival, and productivity. Some aspects
of bobwhite breeding bchavior can only be
answered using radio-tagging to follow birds in
the wild.

Several studies have documented that males
regularly incubate clutches (Stoddard 1931,
Klimstra and Roseberry 1975). Usually males ap-
pear to incubate nests by themselves. This raises
the question about the role males play in overall
productivity. Few studies document the relative
importance of these activities to overall produc-
tivity in wild populations.

Sermons and Speake (1987) obscrved 2 female
bobwhite successfully raise second broods in the
wild. Stanford (1972a) observed this phenomenon
for pen-reared birds. However, an assessment of
the importance of second broods to overall produc-
tivity was not addressed by these studics.

This paper deals with part of the results from a
larger study on quail population dynamics. The

"Present address: Iowa Department of Natural
Resources, Rt. 1, Boone. A 50036.

goal of the larger study was to identify
mechanisms that allow quail populations to
recover quickly after dramatic declines. Here we
will specifically examine what strategies male
and female bobwhite use to successfully con-
tribute to productivity.

We thank J. Tellen and many other people who
worked long hours collecting data; J. Wooley, B.
Rybarczyk, and J. Kienzler for initiating the
project; J. Kienzler, P. Curtis, and W. Burger for
their helpful comments; and especially B. Fistler,
whose dedication made this project a success.

STUDY AREA AND METHODS

Two arcas were selected, a 794-ha site in Lucas
County and a 938-ha site in Wayne County, in
south-central Iowa. This is in the heart of Iowa’s
best remaining bobwhite habitat. It consists of
rolling topography with flat, narrow ridges
separated by deeply cut drainages. Almost all of
the land (about 90%} is used for agriculture either
as rowcrops (primarily corn and soybeans) or as
pasture and hay ground. The proportion of land
in each cover type varied during the study, rang-
ing from 35-45% rowcrops, 20-30% pasture, and
15-20% hay. Topography, however limits field size
in most areas and results in a greater intersper-
sion of cover types. Most woody cover is found in
small woodlots of remnant oak-hickory (Quercus-
Caryaspp.) forest or along fencerows and riparian
areas. These cover types make up about 12% of
the area. Most woodlots were grazed.
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males when making their estimates. But even if
we divide the number of nests hatched for all birds
by the number of females entering the nesting
season, only about 55% produce nests. Nesting
effort did not appear lacking, as almost 90% of
females still alive on 1 September had at least
initiated incubation on 1 nest and 70% had
hatched 1 or more nests. Almost 20% of males still
alive had also hatched a nest, with 30% having
initiated incubation.

Nest success recorded for both males and
females was higher than most studies reported
(Stoddard 1931, Dimmick 1974, Klimstra and
Roseberry 1975). This may be because nest suc-
cess in those studies was calculated for all nests,
whereas we only used nests that reached incuba-
tion. If nests have a different rate of loss during
the egg-laying and the incubation stage as sug-
gested by Klimstra and Roseberry (1975), then
our higher success rates might be expected. The
timing of nest establishment had little effect on
nest success. Nests established late in the nesting
season hatched only slightly less frequently than
those established at any other time. Other studies
have reported a difference in success rates be-
tween nests established during these different
periods (Simpson 1972, Klimstra and Roseberry
1975), although the period with the higher suc-
cess rates differed.

Nesting chronology of our birds closely
resembles that reported by Stanford (1972b) in
Missouri. Both initiation of incubation and hatch-
ing dates were distinctly bimodal, with peaks
about 8 weeks apart. First nests by females made
up the majority of clutches hatched before 1 July.
Clutches hatched after that date were fairly
equally divided among first nests by females,
second nests by females, and nests by males.
Renests by females made up a surprisingly small
part of the nesting effort, although this again may
reflect our definition of what constitutes a nest
attempt. If, as suggested by Klimstra and
Roseberry (1975), all nests established after 2
June were renests, then nests where incubation
was initiated after 15 June would count as
renests. Using this definition, about 18% of all
nests hatched by females were renests, 13% were
second nests after successful first nests, and 68%
were first nests.

We found that a significant number of females
did produce second nests after hatching first
nests. These females typically raised broods to
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approximately 3 weeks of age, left, and became
paired with males. The dates of hatch for first
nests and timing of brood abandonment are near-
ly identical to what Sermons and Speake (1987)
described. Fortunately we were able to determine
the fate of 3 broods abandoned by these females.
These broods appeared to do as well as broods
accompanied by adult birds. The frequency with
which this was observed was surprising but has
been suggested by Stanford (1972a). It appears
that double broods are an important aspect of
bobwhite productivity. The fact that we did not
observe this during the last 2 years of the study
may be coincidental because only 2 females in
1987 and 5 in 1988 hatched nests prior to 5 July.
If we were to view these second nests as if they
were random events, then there is about a 10%
probability that we would not observe this simply
by random chance. Since bobwhite numbers on
the study areas were higher during the last 2
years than during the first 3 years, this behavior
could be related to population densities.

MANAGEMENT IMPLICATIONS

Bobwhite populations appear to recover very
quickly from catastrophic weather events such as
prolonged cold and heavy snows (Suchy et al.
1991). These events drastically reduce bobwhite
numbers in states like Towa which are on the
fringe of their range. We have described several
mechanisms that might contribute significantly
to these recoveries and we have more clearly
defined what roles male and female bobwhite play
in recruitment into these populations. Manage-
ment efforts directed to take advantage of this
tremendous reproductive potential may provide
real dividends. Efforts to provide undisturbed,
quality nesting cover throughout the nesting
season might improve the success of these various
reproductive strategies.

We believe we raise some interesting ques-
tions. Does the breeding behavior observed
occur in other areas or are these behaviors the
result of natural selection in areas where large
voids intermittently occur in the population?
How variable are these behaviors from year to
year? Are they affected by population density?
Whatever the answers, this increased under-
standing of the breeding behavior of northern
bobwhite will allow wildlife professionals to bet-
ter understand the impacts of management ac-
tivities on bobwhite.
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Abstract: Radio-tagged northern bobwhite (Colinus virginianus) were monitored in the Sandhills region of North
Carolina to investigate the influences of hunting on seasonal survival. We used the Kaplan-Meier product himit
method with staggered entry design to calculate survival estimates and distributions for 79 radio-tagged bobwhite
representing 33 coveys during November-February 1987-89. Estimated winter survival rates for year 1 (59%) and
for pooled years (67%) in the nonhunted study areas were greater than in the hunted areas (31 and 45%,
respectively; P < 0.05). Survival trends for the second winter were again greater in the nonhunted study areas
(74%) but not different than hunted study areas (63%; P > 0.05). Avian predation was the major proximate cause
of mortality, accounting for 66% of the known losses. Summer whistle count surveys indicated that nonhunted
study areas contained more (P < 0.05) whistling bobwhite per station than hunted areas following winter hunting
seasons.
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Despite the popularity of northern bobwhite as
a game bird, the influence of sport hunting on
their numbers is poorly documented (Roseberry
1979, Brennan 1991). It has been assumed that
annual harvest would substitute for natural
population reductions, based primarily on the
works of Errington (1934, 1967). Several studies
concluded that hunting appeared to have little
effect on standing densities of quail (Mosby and
Overton 1950, Gallizioli and Swank 1958, Glad-
ing and Saarni 1958, Vance and Ellis 1972).
Others have voiced concern for the possible effects
of hunting on small game populations (Wagner
1969, Nixon et al. 1974, Destefano and Rusch
1982, Bergerud 1985). Stoddard (1931:226) sug-
gested bobwhite hunting losses could become ad-
ditive to other forms of mortality. Recent evidence
suggests that bobwhite harvest and other natural
losses may not be completely compensatory (Cur-
tis et al. 1988, Pollock et al. 1989a). The later in
the winter that harvest losses occur, the more
likely they will add to natural mortality (Roseber-
ry and Klimstra 1984:140-150).

The northern bobwhite population at Fort
Bragg, North Carolina, has declined steadily

1Present address: Florida Game and Fresh Water
Fish Commission, 3911 Highway 2321, Panama City,
FL 32409-1658.

during the past decade. Reported bobwhite har-
vests on the military reservation dropped from
about 9,000 birds annually in the mid-1970's to
600 in 1984 (W. M. Hunnicutt, Ft. Bragg Wildlife
Branch, unpubl. data). In 1983, a cooperative
agreement was established between North
Carolina State University and the Department of
Defense to investigate the causes of the popula-
tion reduction and attempt to improve bobwhite
management on the reservation. Valuable
baseline data were the result of initial phases of
the research (Curtis 1990). However, more infor-
mation was needed upon which to base manage-
ment decisions. The objectives of our work were
(1) to investigate the possible influence of hunting
and predation mortality on survival of bobwhite
and (2) to examine bobwhite population trends in
hunted and nonhunted study areas. If minimal
influences were to occur, then we hypothesized
that bobwhite survival and population trends on
control (hunted) and treatment (nonhunted)
areas should be similar.

We gratefully acknowledge support and fund-
ing provided by the U.S. Department of Defense-
Fort Bragg, the North Carolina State Agricul-
tural Research Services, the National Rifle As-
sociation, and the North Carolina Wildlife
Resources Commission. We are indebted to W. M.
Hunnicutt and the staff of the Fort Bragg Wildlife
Branch for assistance throughout this work. Our
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sincere appreciation goes to field assistants, sum-
mer interns, honor students, and volunteers for
data collection and analyses.

STUDY AREA

We studied the northern training portion of
Fort Bragg Military Reservation in Cumberland
and Hoke counties, North Carolina. The 55,000
ha base is located in the Sandhills
physiographic region. Climate was hot and
generally humid in summer with a moderately
cold, but short winter. Mean annual daily
temperature was 16.2 C. Average daily winter
temperature was 6.3 C. As reported by Hudson
(1984), 60% of the average annual precipitation
(115.7 ecm) falls between April and September.
Mean yearly snowfall total of about 8 cm occurs
from December to February.

Predominant overstory species on upland sites
were longleaf pine (Pinus palustris) and turkey
oak (Quercus laevis), with a ground cover of
primarily wiregrass (Aristida stricta). Dense
evergreen shrubs (e.g., Lyonia and Ilex spp.) char-
acterized the mesic habitat. The natural plant
communities of the Sandhills region have been
described by Wells and Shunk (1931).

The research area was divided into study blocks
I and I1. Each block contained 2 quail study areas
(QSAs) with buffer areas to attenuate impacts of
movements between treatment areas. QSAs (ap-
proximately 278 ha each) were selected on the
assumption that there would be minimal move-
ments between areas. During bobwhite hunting
seasons in 1987 and 1988 (November 19-20 to
February 28-29), Block I was open to hunting.
Hunter trips into this area were controlled by Fort
Bragg Hunting and Fishing Center. Block II was
used for comparison and was posted and closed to
bobwhite hunting.

METHODS

We trapped northern bobwhite during Septem-
ber and October each year with baited funnel
traps (Stoddard 1931:443). We placed aluminum
leg bands (size 7) on birds and classified them as
adults or juveniles according to plumage charac-
teristics and molting stages (Haugen 1957,
Rosene 1969). Wing molt and primary feather
length were used to estimate date of hatch of
juvenile birds (Rosene 1969:44-54). Plumage pat-
tern and coloration were used in sex determina-
tion (Stoddard 1931:81).

Birds were fitted with an activity-sensitive
chest mounted radio transmitter (7-8 g) (Shields
et al. 1982). Efforts were made to distribute radio
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transmitters on 2-3 birds per covey. Often, cap-
tured birds were too immature to carry the trans-
mitter. Occasionally, a single bird was captured
with unsuccessful captures of covey mates.
Coveys were monitored once every 1-2 days
during the hunting season. Bobwhite that died
within 7 days of instrumentation were excluded
from survival analyses.

Seasonal and annual bobwhite survival rates
were estimated by the Kaplan-Meier or product
limit estimator (Kaplan and Meier 1958) with
staggered entry design (Pollock et al. 19895). Sur-
vival rates, confidence intervals, and survival dis-
tributions were estimated and compared between
nonhunted and hunted QSAs by use of normal
approximation Z-tests and log-rank tests. Our
test is not a direct experimental test of hunted
versus nonhunted survival rates, but rather a test
of whether bobwhite survival for the 2 hunted
areas is different from bobwhite survival for the
2 nonhunted areas.

Characteristic field evidence and postmortem
conditions were used to assess the proximate
cause of death (after Einarsen 1956). A combina-
tion of the evidence was used to classify apparent
agent-specific causes of death as follows: (1) small
avian predators, (2) large avian predators, (3)
mammalian predators, (4) hunting, and (5) other
or unknown,

Whistle count surveys were conducted during
June 1987-89. A route with 4 listening stations (8
stations per treatment) 1/2 mile apart, was incor-
porated into each QSA. Surveys began at sunrise
on mornings having <50% cloud cover, <19
km/hour winds, and no rainfall. Bobwhite
whistles and number of individual birds whistling
were recorded at each station for 2 consecutive
5-minute periods. Occasionally disturbance levels
due to military activity were high during 1 period,
but acceptable during the other period. When this
disturbance occurred, the period with the high
count was used as the day total for that station.
Call-count routes were repeated 5 times each
June. Student’s t-test (P < 0.05) was used to detect
differences in mean number of whistling bobwhite
and mean number of calls heard between non-
hunted and hunted QSAs for the 3 years.

RESULTS

Forty-three radio-tagged bobwhite, repre-
senting 16 coveys, were at risk during the 1987-88
winter season. Thirty-six bobwhite (17 coveys)
were radio-tagged during the 1988-89 winter
season. Log-rank tests indicated no differences (P
> 0.05) in survival functions within hunted and
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Table 1. Kaplan-Meier survival estimates of radio-tagged northern bobwhite in the Quail Study Areas (QSAs) at

Fort Bragg, NC, winters 1987-89.

Year QSAs n® Survival SE 95% CI°
1987-88 Hunted 17 0.308 0.104 0.104-0.512
Nonhunted 26 0.593°¢ 0.098 0.401-0.785
1988-89 Hunted 15 0.629 0.135 0.364-0.894
Nonhunted 21 0.737 0.097 0.547-0.927
1987-89 Hunted 32 0.453 0.089 0.278-0.627
Nonhunted 47 0.670° 0.070 0.533-0.807

“Number of bobwhite at risk at least 1 full week during the winter season.

bCI= Confidence interval.

°Survival significantly greater (P < 0.05) than the hunted QSAs.

nonhunted QSAs between years, so data were
pooled to reduce variation.

During the 1987-88 winter scason, estimated
survival of bobwhite was greater (P = 0.023) in
nonhunted QSAs (0.593 + 0.098) (mcan + SE)
than in hunted QSAs (0.3077 + 0.104) (Table 1).
During 1988-89, bobwhite survival in nonhunted
QSAs was again higher (0.737 + 0.097) than in
hunted QSAs (0.629 + 0.135), but not significantly
(P = 0.258) (Table 1). For the 2 years combined,
winter survival was greater (P = 0.028) in non-
hunted QSAs (0.670 + 0.070) than hunted QSAs
(0.453 + 0.089).

Survival schedules for the QSAs were not
uniform throughout the hunting season, but ap-
peared to show a sharp decline in midwinter in
nonhunted QSAs. For hunted QSAs. survival
began to decline with onset of the hunting scason
(Fig. 1). A difference was detected (2 < 0.05) in
survival distributions between nonhunted and
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Fig. 1. Northern bobwhite winter survival schedule for
hunted and nonhunted Quail Study Arcas (QSAs) at
Fort Bragg, NC, 1987-89.

hunted QSAs for pooled years. Monthly estimates
of survival indicated that the probability of dying
(1-survival estimate) was highest in December for
hunted QSAs and in January for nonhunted
QSAs. The greatest number of bird deaths (14) for
all QSAs 1987-89 occurred in January. Predation
was the major direct cause of bobwhite mortality
during winter, with avian predators accounting
for 66% of known mortalities. In hunted QSAs,
direct hunter-bagged birds amounted to 14% of
bobwhite mortality.

We did not detect a difference in the number of
whistling bobwhite heard (P = 0.320) between
designated hunted and nonhunted QSAs in 1987,
prior to manipulating hunting seasons. Following
establishment of the nonhunted QSAs, whistle
count surveys indicated more calling individuals
per station for nonhunted than for hunted QSAs
in 1988 (P = 0.022) and 1989 (P = 0.015) (Fig. 2).
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Fig. 2. Frequency distribution of mean number of whis-
tling bobwhite heard per station during June surveys
in hunted and nonhunted Quail Study Areas (QSAs) at
Fort Bragg, NC, 1987-89.
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DISCUSSION

Northern bobwhite naturally exhibit low an-
nual survival. Roseberry and Klimstra (1972,
1984:37-55) and Lehmann (1984:303) suggested
that adverse effects could result, depending on
when during the winter season losses might
occur. Kabat and Thompson (1963) estimated
that winter losses for bobwhite were greatest in
early winter (mid-November-December) on their
Wisconsin study areas. Curtis et al. (1988) ob-
served high natural mortality during January-
March in unhunted bobwhite in Florida and
hunted birds at Fort Bragg. The lower survival
estimates and population trends of bobwhite in
our hunted QSAs compared to nonhunted QSAs
seemed to suggest hunted birds have higher risks
for survival to the breeding season than unhunted
bobwhite.

Similar to other workers in the southeastern
U.S. (Sermons 1987, Curtis et al. 1988), we ob-
served high depredation on bobwhite. Common
predation theory (Errington 1934, 1967) may at
times inadequately explain predator-bobwhite
relationships in the Southeast (Errington and
Stoddard 1938, Curtis et al. 1988, Brennan 1991).
Thought should be given to the survival of birds
based on disturbance leading to indirect mortality
from harvesting activities. Field observations in
the QSAs found that coveys disturbed by hunters
are vociferous in attempting to reassemble, pos-
sibly increasing vulnerability to natural preda-
tion. This interpretation remains to be thoroughly
tested.

One primary approach used to argue that com-
pensatory natural mortality occurs is that hunted
populations are commonly the same as unhunted
populations when spring counts are taken
(Bergerud 1988). Our whistling count surveys
provided some evidence of the response of north-
ern bobwhite populations to hunting. We should
not consider ourselves obliged to harvest the
surplus, as unharvested surplus birds are not
wasted. There is a carryover effect from year to
year (Roseberry 1979, 1982) and managers should
ensure that these carryover populations are not
consistently lower than natural carrying
capacity. Low bobwhite populations cannot be
expected to recover if hunting activities impede
reproductive potential by reducing breeding den-
sities.

Currently, the evidence for compensatory mor-
tality is conflicting (Wagner 1969). However,
there is mounting evidence that hunting, par-
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ticularly late season hunting, and natural mor-
tality are additive. Pollock et al. (1989a) argued
that it was hard to devise a compensatory
mechanism because hunting season coincided
with a time of high natural bobwhite mortality.
As bobwhite managers charged with the main-
tenance of a wildlife resource, we should take a
more tenable and scientific approach to managing
this harvestable crop.

MANAGEMENT IMPLICATIONS

Our work at Fort Bragg suggested that hunting
may be a potential factor depressing bobwhite
populations, particularly low populations. We
should emphasize that this is what occurred on an
area with excellent road access and constant
hunter effort throughout the season. While recog-
nizing that factors other than hunting contribute
to wildlife population declines, hunting is often
the most readily controlled cause of mortality
(direct and indirect). An underlying theme in
what bobwhite do results from the need to remain
mconspicuous to avoid predators. If, at existing
low densities, predation mortality is excessive
and hunting indirectly influences this mortality,
then managers should include practices that im-
prove upon these influences. There is a need to
determine acceptable limits of harvest pressure
while maintaining optimum numbers of breeding
bobwhite. Attention should be given to ex-
perimental testing of bobwhite population
responses tovarying exploitation and disturbance
levels.
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SURVIVAL OF NORTHERN BOBWHITE INFECTED WITH AVIAN POX
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Abstract: Avian pox is an enzootic disease among northern bobwhite (Colinus virginianus) in the southeastern
United States, but occasionally it occurs as local or regional epizootics. Little information exists concerning survival
of wild bobwhite infected with this disease. During the winters of 1985 and 1986, we compared survival of
radio-tagged bobwhite with and without pox lesions. Pox lesions were considered “wet” or “dry” depending on field
evaluations. The incidence of pox was greater in 1985 (X2 = 16.536, df = 1, P< 0.005) than in 1986. Bobwhite with
wet pox lesions weighed less than those with dry pox (¢ =2.550, P =0.014) or no pox ({ =2.393, P=0.018). In 1985

6-week survivorship of bobwhite showing signs of wet pox was different compared to those with dry pox (Z=1.7498,
P =0.0402) and no pox (£ = 2.9992, P = 0.0014). Survivorship of birds with dry pox and no pox was not different
(£ =0.6460, P = 0.2611. Bobwhite with wet pox in 1985 had 45.6 and 53.3% overall lower 6-week survival rates
than birds with dry and no pox, respectively. No difference in survivorship existed between bobwhite with dry pox
and those with no poxin 1986 (Z=1.1727, P= 0 1210). No dlfference in predatory agents responsible for mortalities
between birds with or without pox occurred (X*=0.8851,df =2, P> 0.05). All mortality of infected birds appeared
to be caused by predation and not the disease itself. Imphcatlons of these data for inter- and intraspecific disease
transmission are discussed.

Key words: avian pox, Colinus virginianus, mortality, northern bobwhite, radio-tagging.
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Northern bobwhite are susceptible to numerous
diseases and are hosts to a variety of parasites
(Kellog and Doster 1972). Avian pox virus is
prevalent worldwide, and a diverse array of birds
are susceptible to this disease (Karstad 1971,
Cunningham 1978). Several strains of avian pox
viruses exist, many of which are host-specific to
certain species of birds, while others may infect a
variety of species (Davidson et al. 1982).

Avian pox is characterized by discrete prolifera-
tive lesions on the skin and/or mucous
membranes of the mouth and upper respiratory
tract (Karstad 1971), and can occur in 2 forms.
Dry pox (or the cutaneous form) is characterized
by lesions that develop primarily on unfeathered
skin, such as the legs and feet. Wet pox involves
lesions on the mucous membranes of the mouth,
nasal passages, and upper respiratory tract
(Davidson et al. 1982). In some cases both dry and
wet pox may occur on the same bird.

Present address: American Wildlife Enterprises,
493 Beaver Lake Road, Tallahassee, FL. 32312.

Present address: Joseph W. Jones Ecological Re-
search Center, Route 2 Box 2324, Newton, GA 31770.

Avian pox is spread by direct mechanical trans-
mission of the virus (i.e., pecking at lesions; Cun-
ningham 1978). In addition, the disease can be
caused by inhalation of viral particles in dust or
by blood-feeding insects, particularly mosquitoes
(Davidson et al. 1982).

Reports of avian pox in wild bobwhite are infre-
quent (Stoddard 1931, Davidson et al. 1982, Han-
sen 1987). However, this disease is known to exist
in pen-raised bobwhite, with occasional severe
outbreaks (Shillinger and Morley 1937, Poonacha
and Wilson 1981). Avian pox is endemic in
southeastern bobwhite populations and normally
occurs at low levels (Davidson et al. 1982); how-
ever, local or regional epizootics may occur.
Davidson et al. (1980) described an outbreak of
pox in southwestern Georgia and northcentral
Florida that resulted in an estimated 12-fold in-
crease 1n the incidence of infection among wild
bobwhite and a mortality rate between 0.6 and
1.2%.

Survival rates of wild free-ranging bobwhite
infected with a disease are difficult to determine
due to the rapid removal of dead birds by
predators and scavengers and to the species’ cryp-
tic coloration and secretive nature (Rosene and
Lay 1963). To more accurately assess the effect of
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avian pox on bobwhite, we compared survival of
wild radio-tagged birds with and without pox
lesions. Implications of these data for inter- and
intraspecific disease transmission are discussed.
Additionally, effects of an increased use of pen-
raised bobwhite and their potential to spread this
disease are addressed.

STUDY AREA

We studied 2 sites on Dekle Plantation in Grady
County, Georgia. Site A encompassed ap-
proximately 190 ha forested primarily with ma-
ture longleaf (Pinus palustris), with loblolly (P.
taeda), and shortleaf pine (P. echinata) inter-
spersed in old-field areas. Dominant understory
plants were bracken fern (Pteridum aquilinum)
and wiregrass (Aristida stricta). Agricultural
fields (primarily corn), ranging from 0.5 to 7.0 ha,
occupied about 15% of this site. Area B contained
about 100 ha and had an overstory of naturally
regenerated loblolly and shortleaf pine and a
grass-forb understory characteristic of
southeastern old-field communities. Small (0.5-
3.0 ha) corn fields comprised 30% of the area.

METHODS

Bobwhite were captured with baited funnel
traps (Stoddard 1931) and with nets at roost sites.
Trapping periods were 3-16 January 1985 and 28
December 1985-5 January 1986. Individuals from
25 different coveys were trapped, and radio-trans-
mitters were distributed based on the number of
captured bobwhite in a given covey. Number of
radio-tagged individuals within a given covey
ranged from 2 to 11, (% = 6). Birds were aged
(Rosene 1969), banded, sexed, weighed, radio-
tagged (Shields et al. 1982), and checked for
lesions of pox.

We monitored 73 radio-tagged bobwhite in 1985
and 76 in 1986. The 6-week monitoring periods
were 17 January-27 February 1985 and 6
January-16 February 1986. Bobwhite were
monitored daily and attempts were made to con-
firm mortality within 24 hours.

We determined depredation from field signs,
postpredation condition of the transmitter, direct
observations, and remains in hawk nests. The
predatory agents were categorized as mammal,
avian, or unknown.

Survival was estimated with the staggered
entry design (Pollock et al. 1989). A Z-test was
used for comparing survival curves (Pollock et al.
1989). A 6-week survival time frame was used
because it approximates the average length of a
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pox occurrence (Karstad 1971, Cunningham
1978). Because of our short trapping periods, the
survival time frame began immediately after the
first capture and ended 6 weeks after the last bird
was trapped.

Laboratory confirmation of pox could not be
made on location and utilize the radio-tagged bird
in the field; therefore, field determination of pox
was accomplished by visual inspection using 2
trained observers. Additionally, 5 cases of pox
within the total capture sample were confirmed
by laboratory analysis consisting of his-
topathologic examination conducted by the
Southeastern Cooperative Wildlife Disease
Study.

RESULTS

One hundred and forty-nine wild northern
bobwhite were captured, examined for pox infec-
tion, radio-tagged, and monitored during the
winters of 1985 and 1986. Of this total, 103
(69.1%) had no evidence of avian pox infection,
whereas 46 (30.9%) had pox-like lesions. Of the 46
suspected cases of pox, 27 (58.7%) were repre-
sented by lesions on'the legs or around the nares
(“dry pox”), and 19 (41.3%) had lesions on the
eyelids, in the mouth, or inside the nasal cavity
(“wet pox”).

Survivorship

A difference existed in the prevalence of pox
between 1985 and 1986 (X* = 8.815,df = 1, P =
0.003) and in the survivorship of birds showing
pox-like lesions (g'1985 = 0.4514, 95% confidence
interval [CI] = 0.2822-0.6206; S1986 = 0.8264, 95%
CI = 0.6015-1.0514; Z = 2.1845, P = 0.0146).
Therefore, survivorship data were analyzed by
year. No differences in survivorship (Z = 0.4610,
P =0.3228) or prevalence of pox (X* = 0.905, df =
1, P = 0.342) were noted between sites A (S =
0.7968, 95% CI = 0.7166-0.8770), and B (S =
0.7642, 95% CI = 0.6519-0.8764); therefore study
sites were combined for analysis of data.

1985.—0f the 73 bobwhite monitored, 39 were
free of pox lesions, and 34 had lesions. Of the 34
birds, 18 had lesions typical of wet pox and 16
showed signs of dry pox. Bobwhite with wet pox
had a lower survival (S=0.3277, 95% CI = 0.1287-
0.5268) than birds with dry pox, (5 =0.6027, 95%
CI = 0.3394-0.8695; Z = 1.7498, P = 0.0402) or
those with no pox, (S = 0.7011, 95% CI = 0.5591-
0.8437; Z = 2.9992, P = 0.0014). No difference
existed between bobwhite with dry pox and those
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with no pox (Z = 0.6460, P = (0.2611). Bobwhite
with wet pox had a 45.6 and 53.3% overall lower
6-week survival rate than dry and no-pox birds,
respectively.

1986.—0Of 76 bobwhite monitored, 64 were free
of pox. Of the infected birds, 1 had lesions typical
of wet pox and 11 showed signs of dry pox. The 1
bird with wet pox died 2 weeks after capture; with
only 1 wet-pox bird in 1986, no significance can be
placed on this survivorship. No difference existed
between survivorship of bobwhite with dry pox
(8 = 0.9091, 95% CI = 0.7300-1.0882) and those
without pox (3' = ().7828, 95% CI = 0.6698-0.8959;
Z=11727, P=0.1210).

Weights

Body weight of bobwhite did not differ between
study sites (t = 1.667, SE = 2.162, P = 0.097) or
between years (t = 0.689, SE = 2.151, P = 0.492).
Therefore, study sites and years were combined
for analysis of weight data.

Bobwhite with wet pox weighed less (x = 151.3
g, SE = 8.872) than birds with dry pox (¥ = 162.5
g, SE = 16.663; t = 2.550, SE = 4.399, P = 0.014)
or no pox (t = 2.393, SE = 3.057, P=0.018). There
was no difference in body weight between birds
with dry pox and those with no pox (¥ = 158.6 g,
SE =12.069; t = 1.381, SE = 2.830, P= 0.170).

Predation

Of the 59 mortalities that occurred over the 2
years, we were able to determine the predatory
agent responsible for 40 deaths. Twenty-nine
were caused by avian predators and 11 by mam-
mals. The remaining 19 deaths could not be as-
signed to a specific group with confidence; there-
fore, the deaths were listed as caused by an un-
known predator. No difference existed among the
predatory agent responsible for a given kill and
the disease condition of the bird (dry, wet, or no
pox) (X% =0.8851, df = 2, P> 0.05).

DISCUSSION

While region-wide outbreaks of avian pox are
known to occur (Davidson et al. 1980), most
epizootics of this disease are probably localized
(Davidson et al. 1982). A variety of factors can
contribute to the large variations in year-to-year
mcidence of avian pox (Karstad 1971, Davidson et
al. 1980). The incidence of pox we observed
(30.9%) falls within the range of prevalence for
occurrence in localized areas (Davidson et al.
1980).
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Low mortality of bobwhite infected with dry pox
in our study agrees with observations of other
researchers (Davidson et al. 1982, L. J. Landers,
L. P. Simoneaux and C. D. Sisson, pers. commun.,
Tall Timbers, Inc. and Southeastern Cooperative
Wildlife Disease Study, Tallahassee, FL.). Wet
pox, however, is a virulent disease that appeared
to greatly increase the probability of mortality,
albeit through increased vulnerability to preda-
tion. Domesticated birds infected with wet pox
usually die of starvation or suffocation due to the
proliferative nature of this virus in the moist
portions of the esophagus or respiratory tract
(Cunningham 1978). However, our data suggest
the major cause of death for wild bobwhite in-
fected with wet pox is an increased susceptibility
to predation caused by an overall weakened con-
dition.

We attribute differences in body weights be-
tween wet-pox and dry- or no-pox birds to reduced
food intake. This is reported to be caused by
impairment of vision, respiration, or swallowing
(esophageal occlusion; Cunningham 1978). In
domestic fowl infected with avian pox, weight loss
is principally an economic consideration (Cunnin-
gham 1978); however, among wild bobwhite this
apparent loss of fitness has lethal consequences.

Wet-pox birds suffered higher predation, and
consequently lower survival. The ratio of avian to
mammalian kills in our project appears to be
similar to previous studies (Curtis et al. 1989),
suggesting that wet pox infection increased vul-
nerability to both avian and mammalian
predators approximately equally.

MANAGEMENT IMPLICATIONS

Avian pox is an endemic disease, with an his-
torically low prevalence in the southeastern U.S.
(Stoddard 1931, Davidson et al. 1980, Hansen
1987, Landers et al., pers. commun.). Background
levels of avian pox are normally not a manage-
ment consideration; however, during pox out-
breaks a tremendous potential for intraspecific
transmission of this disease can occur. This trans-
mission can be mechanical (by pecking of lesions)
or through arthropod vectors. The potential for
interspecific disease transmission of pox viruses
infecting bobwhite is less well known. Currently
there are no known methods to prevent or control
epizootics originating in the wild.

The potential for released pen-raised bobwhite
to elevate the incidence of pox in wild bobwhite
populations also is of concern. Pen-raised birds
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Abstract: Brood habitat use and summer mortality of northern bobwhite (Colinus virginianus) chicks and adults
were studied from 1984 to 1986 at Tall Timbers Research Station near Tallahassee, Florida. Adult bobwhite n=
134) were radio-tagged and monitored throughout the breeding season. Fifty-four nests were located and 227
bobwhite chicks were monitored to determine reproductive output and brood status. Counting chicks on the roost
at night provided reliable estimates of brood size reduction. Chick loss rates were 62% to 2 weeks and 71% to 1
month posthatch. Adult mortality from 15 May to 15 October for combined years was 31%. Seventy-one percent
of females surviving to 15 October produced a brood (defined as >1 chick surviving to 2 weeks of age). Fourteen
percent of males which survived the summer incubated a nest and produced a brood. Brood locations were analyzed
for vegetative structure, composition, and insect abundance and compared to random plots. An inverse correlation
(P < 0.05) existed between insect abundance and brood home ranges at 2 weeks. However, there was no correlation
between insect density and chick mortality (P > 0.05). Brood locations had a greater (P < 0.05) occurrence of
Compositae, Gramineae, Leguminosae, Rosaceae, and shrubs than random locations. Preferred brood areas were
old (>5 years), fallow fields with a scattering of shrubby thickets and a relatively open tree canopy. Two cases of
double clutching occurred in which females successfully raised a brood to 1 month of age and subsequently were
found incubating a second nest.

Key words: brood, Colinus virginianus, habitat, mortality, northern bobwhite, north Florida.

Citation: DeVos, T. and B. S. Mueller. 1993. Reproductive ecology of northern bobwhite in north Florida. Pages
83-90 in K. E. Church and T. V. Dailey, eds. Quail III: national quail symposium. Kansas Dep. Wildl. and Parks,

Pratt.

Over 50 years of research has generated nearly
2,800 papers on the life history and management
of northern bobwhite (Scott 1985). Many studies
have concentrated on fall/winter habitat manage-
ment, food habits, and population biology. Tradi-
tional bobwhite management is fairly well under-
stood (Kellogg et al. 1972); however, knowledge of
breeding season ecology and summer habitat use
is limited. The ability of researchers to observe
adults and broods in lush summer vegetation is
one of the principal problems encountered in
breeding-season research. Several studies have
addressed nesting/brood chronology, nesting
habitat, and adult mortality and attempts have
been made to estimate recruitment of chicks into
the fall population (Stoddard 1931, Lehmann
1946, Klimstra 1950, Speake and Haugen 1960,
Dimmick 1972, Simpson 1972, Dimmick 1974,
Roseberry and Klimstra 1984). Much of these
data were gathered through intensive searches in
nesting habitat, vegetative sampling of nest sites,
brood observations throughout the summer,
banding, and harvest data.

'present address: Route 1 Box 519, Newton, GA
31770.

2Present address: American Wildlife Enterprises,
493 Beaver Lake Road, Tallahassee, F1, 32312.

Hurst (1972) and Jackson et al. (1987) studied
preferences of chicks for various insects and in-
sect densities in various vegetation types thought
to be good brood habitat. They emphasized the
importance of insect abundance to survival of
growing chicks.

Survival of juvenile bobwhite immediately
posthatch is 1 of the most important but least
documented aspects of quail biology (Roseberry
and Klimstra 1984). The cryptic coloration and
freezing behavior of young chicks make obser-
vation difficult. Group rearing, brood switching,
double clutching, and adoption also appear to be
more common than previously believed, thereby
increasing variability in survival estimates
(Curtis et al. 1993). It is generally agreed that
the first 2 weeks of life are the most critical to
survival of chicks due to flightlessness, lack of
protective feathering, and high protein require-
ments (Stoddard 1931, Klimstra 1950, Fatora et
al. 1966, Hurst 1972). Current estimates have
been derived from brood surveys and based on
average size of broods sighted of a given age
throughout the breeding season. Estimated los-
ses are highly variable but are commonly
around 50% to 5 months of age.

In addition to the lack of brood/chick informa-
tion, little data exist on survival and timing of
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Because of the difficulty in counting flightless
chicks, we believe that true estimates of brood size
could only be obtained by radio-locating the
roosted parent at night. Once visual contact was
made on the roost, the adult was gently, physical-
ly moved off the brooded chicks. Chick counts with
this technique were quite successful; however,
some adults, particularly males, did not allow
close approach and accurate estimates were not
attainable until chicks reached flight stage at
approximately 2 weeks of age. Weekly flush
counts were made of broods older than 2 weeks.
Two observers were present on most chick counts
to ensure consistency. Other problems en-
countered in brood counts included adults with
chicks other than their own and brooding be-
havior exhibited by chicks 1 month old and older.
Brood size reduction was assumed to be a direct
indicator of brood mortality, and although some
brood switching was apparent it occurred
primarily in the more advanced aged broods (i.e.,
>2 weeks old).

Brood and adult home ranges were analyzed
using Mohr's minimum range technique (Mohr
1947). Adult bobwhite with >20 locations were
used in home range estimation. Differences in
brood ranges between years were tested by
analysis of variance.

All brood locations were sampled for vegetative
composition and structure as soon as broods
reached 15 days of age. Brood locations were
assumed as plot center of a 0.04 ha plot. Flags
were tied 10 m from center in the 4 cardinal
directions. Insects were collected with 40 sweeps
of a sweep net on the compass lines of each brood
plot. All vegetation and insects collected in nets
were put in 3.8 L glass jars with a 50/50 mixture
of alcohol and water. Insects were later separated
to orders, and volume displacement for each order
was recorded. Chi-square analysis was used to
detect differences between brood ranges and ran-
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dom locations. We related 2-week brood home
ranges to insect abundance within brood ranges
by regression analysis.

Vegetative parameters measured for plots in-
cluded percent overstory (>2 m) canopy cover by
ocular estimate, distance of plot center to ecotone,
and number of vegetative intercepts at 1.5 m. A
0.5-m? grid was placed 4 times, at equal spacing,
on both compass lines; percent chick cover at 15
cm, percent bare ground, species composition, and
percent species coverage were recorded in each
grid. In 1986, 6 broods used a relatively small
area, referred to as the “Gay field” (18 ha), and
were analyzed separately. Random plots were
sampled identically to brood locations. Chi-square
analysis was used to detect differences between
brood locations and random plots.

RESULTS

Adult Survival

One hundred and thirty-four adult northern
bobwhite were captured and radio-tagged during
the 1984-86 field seasons. One hundred and four-
teen bobwhite surviving > 2 weeks post release in
1985-86 (n = 60 males and 54 females) were used
in mortality analyses (Table 1).

There was no difference in adult summer sur-
vival between 1985 (0.664) and 1986 (0.729) (X* =
2.689, P> 0.10). Female survival from 24 June to
25 August 1985 (0.548) was less (X = 4.069, P <
0.05) than that of females surviving the same time
period in 1986 (0.819). Survival of females was
lower (X% = 4.296, P < 0.05) than that of males in
both years combined. Predation was implicated in
all bobwhite deaths; of the 29 total mortalities
which occurred over both years, we were able to
determine the predatory agent responsible for 27
(93%) of the deaths. Of these, 16 (59%) were
caused by avian predators and 11 (41%) were
mammalian predation. The proportion of deaths

Table 1. Kaplan-Meier survival estimates (g) for male and female northern bobwhite radio-tagged at Tall Timbers

Research Station, Tallahassee, FL. 1985-86.

Females Males ‘ Total
n S SE n S SE n S SE
15 May -11 Jun 54 0.9773 0.0225 51 1.0000 0.0000 105 0.9881 0.0118
12 Jun - 9 Jul 53 0.7921 0.0633 53 0.9219 0.0387 106 0.8559 0.0372
10 Jul - 6 Aug 42 0.8715 0.0574 50 0.9120 0.0442 92 0.8935 0.0347
7 Aug - 3 Sep 32 0.9310 0.0517 39 0.9688 0.0317 71 0.9508 0.0294
4 Sep - 1 Oct 23 1.0000 0.0000 28 1.0000 0.0000 51 1.0000 0.0000
2 Oct -15 Oct 15 1.0000 0.0000 18 0.9444 0.1323 33 0.9697 0.0700
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volumes in brood locations were higher in 1986
compared to 1985 (X* = 108.293, P < 0.001). No
differences in insect volumes were noted between
1985 and 1986 random locations (Xz =108.293, P
= 0.157). Insect volumes in Gay field brood loca-
tions were greater than in the remaining brood
ranges in 1986 (X*= 13.219, P=0.013). However,
non-Gay brood ranges in 1986 had less insect
volume than 1985 ranges (X% = 33.172, P<0.001).

An inverse correlation existed between brood
home range size and insect densities within brood
ranges in 1985 and 1986 (1985, r* = 0.521, P =
0.008; 1986, r* = 0.479, P=0.013). Although areas
selected by brood-rearing adults had relatively
higher insect densities, no correlation between

Table 3. Physical parameters measured in brood loca-
tions and random plots on Tall Timbers Research Sta-
tion, Tallahassee, FL, in 1985-86.

Brood Random

Physical locations plots
parameter (n=353) (n =96) P
% bare ground® 204.74 53.41 0.8284
% overhea
chick cover 211.80 48.14 0.3617
% overstory cover® 151.79 76.90 0.0050
Distance to
ecotone (m) 953.10 277.00 0.6196
Intercepts 18,356.00 1,865.00 0.0000

P based on X? test of hypothesis of no difference
between brood and random locations.
®Values are the sum of proportion per plot.

Table 4. Volume displacement (mL) of insect orders
collected in brood and random plots on Tall Timbers
Research Station, Tallahassee, FL, in 1985-86.

Brood Random
Insect order locations plots P
Orthoptera
and Homoptera 1,041 157 0.0000
Coleoptera 43 4 0.0271
Hymenoptera
and Diptera 23 1 0.0362
Hemiptera 75 10 0.0249
Arachnids 55 9 0.1328
Miscellaneous
and larvae 86 16 0.1337
Total 1,326 197 0.0000

P based on X? test of hypothesis of no difference in
volume displacement of insects in brood plots (total
sweeps = 14,320) and random locations (total sweeps =
4,000).
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insect densities and 2-week chick loss rates was
detected (1985, r? = 0.029, P = 0.716; 1986, r2 =
0.056, P = 0.511; Gay broods, r* = 0.415, P =
0.229).

DISCUSSION

Successful reproduction is paramount to hunt-
able fall densities of bobwhite. Little can be done
to offset inherently high mortality rates of adult
bobwhite in the winter/spring; therefore, provid-
ing quality brood rearing habitat is essential.
Although reproduction is broadly regulated by
uncontrollable climatic conditions (Lehmann
1946, Speake and Haugen 1960, Rosene 1969,
Klimstra and Roseberry 1975), efforts should be
made to provide quality escape cover for adults,
patchy nesting sites, and high insect density
areas for brood production.

Our summer adult mortality estimates (30%)
were somewhat lower than those reported by
other researchers. Roseberry and Klimstra (1984)
estimated average summer mortality to be nearly
40% over a 16-year period, while Rosene’s (1969)
estimate was a range of 52-63%. Speake and Ser-
mons (1987) reported summer female mortality in
a radio-tagged sample at 64%, with avian
predators responsible for 54% of known bobwhite
deaths. Cantu and Everett (1982) reported breed-
ing season mortality in radio-tagged females to be
44% in 1980 and 57% in 1981. Our female mor-
tality estimates (45 and 30% in 1985 and 1986,
respectively) are similar to the preceding 2 re-
searchers’ estimates of radio-tagged female mor-
tality.

Early spring mortality associated with migrat-
ing hawks may contribute to seasonal variation
in productivity if losses are not compensated for
in the breeding season. Losses in early- and mid-
summer, such as found in our study in 1985, can
have substantial impacts on overall production
(Stoddard 1931, Roseberry and Klimstra 1984,
Simpson 1972, Speake and Sermons 1987) by
removal of reproductively active adults. Stoddard
(1931), Simpson (1976), Speake and Sermons
(1987), and Curtis et al. (1988) noted that mor-
tality rates of females during summer are higher
than those of males and speculated that reproduc-
tive stress associated with nesting/brood rearing
duties were primarily responsible for increased
vulnerability. It was also interesting to note that
47% of the 1985 mortality was associated with 2
nesting pairs of Cooper’s hawks (Accipiter
cooperit) which, combined, accounted for 27
known bobwhite deaths (based on breastbone
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counts and not limited to radio-tagged birds) in
June, July, and August. Bobwhite represented
>70% of the identifiable remains in these 2 nests.
Although survival of adults, in particular females,
was not different throughout the summer, mor-
tality in 1986 was spread more evenly through the
season.

Nest success rates also depend upon a variety
of environmental parameters including weather,
predator densities, nest concealment, and num-
ber and size of nesting areas. Simpson (1972)
reported an average nest success rate of 18% in
south Georgia, and Dimmick (1974) recorded a
23% rate for Tennessee. Stoddard (1931) ex-
amined 602 nests in north Florida and south
Georgia and found a 36% success rate. However,
these estimates included nests which were not yet
at incubation stage. Roseberry and Klimstra
(1984) found 33% of all used nests were successful
and varied from 25 to 53%. Speake and Sermons
(1987) reported a 52% incubated nest success rate
during 1984-86 in central Alabama. We found
similar postincubation results in our study with
success rates of 36% in 1985 to 52% in 1986.

The survival of young chicks and their recruit-
ment into the fall population is important not only
for summer habitat management, but for harvest
strategies as well (Roseberry and Klimstra 1984).
Based on long-term records, Roseberry and
Khmstra (1984) estimated chick loss rates to be
25-47% from hatch to fall. Brood mortality studies
using radio-tagging vield much higher mortality
rates of chicks. Cantu and Everett (1982) studied
radio-tagged females in Texas and the fate of 5
broods from hatch to 2 weeks of age. Out of 55
chicks recorded to have hatched, 7 (13%) survived
to 2 weeks of age (87% loss). In a radio-tagging
study of females and 20 associated broods in
Alabama, Speake and Sermons (1987) found that
64% of chicks hatched were lost by 2 weeks of age
and 75% were lost within 1 month. Undoubtedly,
chick losses are neither consistent from brood to
brood nor year to year. Our results support the
higher chick mortality rates found by Cantu and
Everett (1982) and Speake and Sermons (1987);
however, other factors such as double clutching
and male/single parent broods may offset these
high losses (Curtis et al. 1993).

Annual TTRS adult survival estimates (Curtis
et al. 1988), coupled with our data on summer
reproductive output, yield a realistic example of a
stable population. Low chick mortality estimates
previously reported from observational surveys
indicate a high rate of population increase, which
is undoubtedly not the case across the majority of

Quail 111

the bobwhite’s range. In addition, higher summer
mortality rates reported in other telemetry
studies may be overestimations due to excessive
predation caused by transmitter design or mount-
ing technique.

Brood habitat management is rarely defined,
because individual components of quality brood
range are relatively unknown. Cantu and Everett
(1982) felt that woody cover for shade and protec-
tion and high percentages of bare ground were of
most importance to young broods. Speake and
Sermons (1987) found 51% of brood locations were
in fire-managed upland pine woodlands, and
Hurst (1972) showed that burning increases den-
sities of certain insects. We also noted that most
of our principal brood-rearing areas and high
insect densities were found in fire maintained
upland pine habitat types, especially those where
fields were left fallow for several years and were
being incorporated back into the woodland
management system (i.e., burning and mowing).

The importance of high densities of available
insects to chick survival cannot be overstated.
Bobwhite with broods appeared to select for
brood-rearing areas which had higher concentra-
tions of insects. Brood areas had higher insect
densities in 1986; however, one reason for this
may have been the superior brood habitat utilized
in the Gay field area. Although no differences in
chick mortality were noted in high brood use
areas, it may be advantageous for females to avoid
brood concentration areas due to prey specific
searching by predators who “learn” of these areas.
Our data characterize quality brood range as
open, fire-maintained uplands with greater than
average densities of composites, legumes, gras-
ses, Rosaceae, shrubs, and lower coverage of
vines. Brood habitat includes 50% bare ground
and 50% overhead chick cover, <40 m from an
ecotone (especially field borders) with ap-
proximately 40% overstory canopy coverage and
high insect densities.

MANAGEMENT IMPLICATIONS

The ability of northern bobwhite, across their
range, to successfully nest, hatch broods, and
raise a portion of their young to be incorporated
into fall populations is paramount to offsetting
inherently high adult losses throughout the year.
High mortality rates of chicks less than 2 weeks
of age indicate that, prior to reaching flight stage
and homeothermic independence, they are preyed
upon heavily, primarily by ground predators
(Stoddard 1931) or may succumb to environmen-
tal factors possibly including starvation. The im-
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portance of insects in the diet of these young
chicks has been reported. Insect availability, low-
growing vegetation with a high percentage of
open ground for ease of movement, and overhead
cover for chicks may be the most important com-
ponents. Tiny insects must also be concentrated
at approximately 0-10 cm above the ground and
chick movement must be relatively unrestricted.
Quality brood habitat must also be well dis-
tributed to avoid concentrations of broods into
small patches, yet also be in close proximity to
optimum nesting areas. Large movements or 