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CLOSING REMARKS: PIECES OF THE PUZZLE,
CIRCLES IN THE STREAM

Leonard A. Brennan
Caesar Kleberg Wildlife Research Institute, Texas A&M University, Kingsville, TX 78363-8202, USA

Citation: Brennan, L. A. 2002. Closing remarks: pieces of the puzzle, circles in the stream. Pages 2#6-249. DeMaso,
W. P. Kuvlesky, Jr., F. Hefmalez, and M. E. Berger, eds. Quail V: Proceedings of the Fifth National Quail Symposium. Texas Parks
and Wildlife Department, Austin, TX.

““Some quail populations have been on the in which quail struggle to reproduce. Agency directors
decline for more than 2 decades; it will re- (Southeastern Association of Fish and Wildlife Agen-
quire at least that amount of time to under- cies 2000) recently passed a resolution which supports
stand the causes of those declines and institute the philosophy that research on quail predation is a
corrective measures to reverse those trends.” valid avenue of investigation, and that predator man-
(Robel 1993:158) agement to enhance quail productivity is a legitimate

pursuit on private lands, if conducted in accordance
with state and federal wildlife law and policy. The
INTRODUCTION predator research and management resolution by the
. . . Southeastern Association of Fish and Wildlife Agency
_ Individually an_d collectively, we continue to add jirectors represents a major agency policy change re-
pieces to the quail management and research puzzlega ding a topic that was once considered the “third
Nevertheless, 2 important questions remain: “Are 5i" of wildlife management.
these the right pieces’?” “Does the picture on the puz- Despite this progress, the issue of predation,
zle we are putting together really make sense?” whether in the arena of quail management or research,
Nearly a decade ago, Bob Robel (1993) challenged e mains controversial and divisive. Some feel that ag-
quail managers and researchers to consider 6 t0piCSqregsive predator reduction through management is a
with an assortment of associated questions (Table 1),iential silver bullet that will provide significant quail
that he considered were missing from the Quail Ill | nting opportunities where none presently exist. Oth-
program. Since 10 years and 2 National Quail Sym- o5 pelieve that any and all efforts at predator man-

posia have now passed, | thought it would be produc- 54ement are a complete and utter waste of time and
tive to revisit Robel's remarks, and use them as a basisgfiort. The truth. and reality, most likely falls some-

to organize these closing comments. Most of Robel's \,here between these 2 polarized views.
comments and questions emphasized key points of a | fing it curious that biologists and managers often
national strategic planning workshop, which was con- (a4t predation and hunting as 2 separate issues when
ducted at Quail Il (Brennan 1993), and revisited at they are really the same thing. Quail get killed. To
Quail IV (Brennan and Carroll 20'00). This Quail V quote Dale McCullough: “Dead is dead.” Yet, some-
wrap-up, for better or worse, provides an opportunity poy the perception that death by shotgun is different
to elaborate on some points made in my “Progress androm death by tooth or talon continues to fascinate me.
Frustration” paper, in the context of all North Amer- | think that future efforts to develop models of quail
ican quails, not just bobwhite<Celinus virginianus). predation (that include human hunting pressure) would
This leads me to my first point, which is to lament the e exiremely fruitful, especially in light of the new
apparent lack of research on and interest in the westergjghts gained from infrared video camera analysis of
species of quail, as shown by these proceedings. nest losses. The impacts of human hunting and losses
to predators are, in many ways, 2 different, but ad-

PREDATION AND HUNTING joining, pieces of the puzzle.

There has been a renewed interest in addressingblSEASES AND PARASITES
the effects of predation on quail populations. New

technology (Staller et athis volume) finally allows us There seems to be little interest in conducting
to obtain a complete inventory of all the predators that comprehensive, contemporary research on quail dis-
attack quail nests. This represents a significant meth-eases and parasites. In contrast to Robel’s plea (Table
odological breakthrough. In the past, we could not 1), agencies, foundations, and private donors seem to
identify up to 30—40% of nest losses to predators. Ob- have little interest in supporting research on issues re-
taining a complete inventory of all predators that at- lated to quail diseases and parasites. There seems to
tack quail nests, and understanding how nest depre-be a perception that while these topics may be inter-
dation varies among sites and years, is absolutely cru-esting, they are not a priority to be addressed at the
cial for understanding the different predator contexts present time. This may be a mistake. For example, the

246
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Table 1. Six topical areas and related questions that Robel (1993) considered missing from the Quail 11l program and proceedings.

Topic Question
Predation and hunting In today’s setting, what are the effects of predation and hunting on North American quail populations?
Diseases and parasites How do these events [fragmentation, contamination, exotic species and exposure to domestic livestock] alter

the effects of pathogenic organisms on wildlife?

How does the stress of human intervention alter the immunosupperssion systems of wildlife?

Specifically, what are the effects of the above alterations on the susceptibility and vulnerability of quail to
diseases and parasites, and how do these factors alter the reproductive responsiveness of North American
quail?

Habitat loss What are the effects of habitat alteration and fragmentation on quail populations in North America?

How do farm and forestry policies affect quail populations, and how can these policies be modified or
formulated to benefit quail populations in North America?

What are the economic values . . . of quail populations and how can those values be melded into state and
federal programs to foster healthier populations?

How can interest groups help develop these policies and assure that necessary legislative guidelines be
adopted and programs initiated?

What is the most effective way to develop policies and programs to benefit quail populations in North
America?
Long-term data sets Where are the 20- and 30-year data sets?
Without solid data, how can we monitor trends?
How can we determine impacts of agricultural policies on quail populations?
How can we determine if any of our efforts are beneficial to quail populations?
Changing social values What will be the economic impact of decreased sales of hunting licenses and equipment on the management
of North American quail populations?
How will passage of biodiversity legislation affect our efforts to manage habitat for specific species of quail?
Basic biology How can we really determine the quality of quail habitats when we do not understand the macro- and micro-
nutrient needs of quail?

How do agricultural chemicals and industrial pollution alter the many metabolic and enzymatic pathways in
North American quail?

recent discovery oBaylisascaris (a severely debili-  quirements needed to sustain quail populations, despite
tating nematode) in northern bobwhites from Kansas our best efforts at conducting research on quail- habitat
(Williams et al. 1997) points out that there is still much relationships.

to be learned on this front.

LONG-TERM DATA SETS

Several 20- and 30-year (or longer) data sets called
for by Robel (1993) have actually started to appear
(Brennan et al. 1997, Brennan et al. 2000, Guthery et

HABITAT LOSS

Quail V continues a habitat-based theme that has
been constant through the National Quail Symposia.
With 17 titles on habitat or landscape-scale investiga- . . .
tions, this topic is the backbone of Quail V. Improve- &l this volume, Palmer et althis volume, Thogmartin
ments in GIS technology are finally allowing quail re- et al.this volume). The information in these long-term

searchers to assess broad scale land use dynamics if}at@ Sets is revealing on several levels. First, data from
relation to quail population changes. Using GIS to an- Private lands managed for quail typically show level
alyze habitat use and movement data from radio- rénds over time, in contrast to other broad scale data
marked quail also represents a major step forward.from hunter bags or landscape-level monitoring. Sec-
Still significant issues related to understanding quail ©nd, the presence of cyclicity may be more widespread
habitat ecology remain. Comparative studies that con-in quail than we once thought (Thogmartin et this
trast used and available habitat structure are surpris-volume). Third, hunter effort in relation to covey lo-
ingly scarce in the bobwhite literature. cations may be more valuable at providing crude den-
Two papers at Quail V raised the ugly possibility Sity estimates than we once thought (Palmer ethés.
that traditional quail habitat management methods mayVvolume). Fourth, temperature and precipitation appar-
be counter productive, because they can potentiallyently influence bobwhite productivity in a nonlinear
benefit fire ants and therefore have unintended negainanner, with thresholds and asymptotes that call into
tive consequences for quail. These papers make an inquestion the use of linear models for assessing such
teresting point about quail management in the contextsynamics (Guthery et athis volume). These studies,
of the contemporary landscape, which is that many of while still relatively short-term compared to the data
the tried and true management techniques that workedsets compiled from bag records in the United Kingdom
well in the Stoddard-Rosene era no longer seem (Tapper 1992), will only become more important and
effective today. This is probably because we do not useful over time. It would be especially welcome if
yet have a reasonable handle on the habitat-area remore state resource agencies would make a renewed
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commitment to collect, analyze, and publish long-term to answer questions pertaining to the relatedness of
data on quail populations and habitats. quail broods and coveys, how specific alleles are pre-
sent (or not) in relation to boom and bust population
dynamics, and whether there really ar20 subspecies
CHANGING SOCIAL VALUES of northern bobwhite, among other things. Roseberry
. (1993) raised many of these issues, and to date, only
Despite the recent study by Burger et al. (1999) G ihery (1997) and his colleagues have systematically
on quail economics in the Southeast, UnderSta”d'ngapproached quail research with a set of multiple work-

how changing social values are effecting quail popu- jg hypotheses based on theory (Hemez et al.
lations remains a backwater of quail research. Note the2002)_

lack of such material in this volume. Past quail sym- Despite the need for basic research, applied studies
posia have contained important material on attitudes,,; probably remain the backbone of quail research

of quail hunters (Roseberry and Klimstra 1993), their i, the foreseeable future. This represents opportunity.
demography (Crews and DeMaso 2000), and the po-gmpjrical studies can, and should, be designed and
tential effects of altering bag limits (Peterson and Per- congucted to test theoretical ideas about how living
ez 2000). Understanding the changing social contextpatyre is assembled. Consider, for example, the use of
in which quail, and other upland game birds are pre- Gps and radiotelemetry technology to analyze point-
sent, is absolutely critical for developing effective jhg dog effectiveness. Taking such data, and evaluating
wildlife policy. Yet, there is little activity on this front,  jt ‘i light of the theory of hunter-covey dynamics
despite the fact that such analyses can have huge po(radomski and Guthery 2000), elevates such an in-

tential impact on setting bag limits, which are often yestigation to a new, more productive level.
done more for political than biological reasons (Peter-

son and Perez 2000).
We are headed down a slippery slope in North IN SUMMARY: CIRCLES IN THE
America. Modern quail hunting, as Mahoneli§ vol- STREAM

Emez statesci Is mO\;ing t(t)r\:va,ré(\j the_ Europear_}rr]r_]odetlhof Scientific research, when published, is like a stone
unting and away from the American one. 1NiS IS € 45564 jn the water. Most of the time, research gener-

Grand Opera that Stoddard predicted. Mahoney raises,;os smajl pebbles that make small splashes. Once in

an interesting point. For example, like Robel (1993) '\ hile a big rock from research makes a big splash.

we lament the loss of hunting license and equipment,, qither case, pebbles and rocks generate concentric,
revenues generated from quail hunters (Table 1). HOW- .0 1ar wave patterns over the surface of the water

ever, is it realistic for us to think that we can, or per- ;4 \which they are tossed. Research works the same
haps even should, strive to provide more quail hunting o, Ten years ago, Bob Robel tossed half a dozen
opportunities in light of the habitat fragmentation and gignes in the stream of quail research. Today, their cir-
declines faced by quail populations? Can we afford, or ¢|eg s;ill resonate. Some of these circles obviously res-
are we willing to pay, the societal and economic costs gnate more than others. The challenge is to understand
to do this? As quail managers and researchers, aré Wgyhere and how these and many other circles in the
really prepared to tackle these challenges if we aregyeam of quail research fit together and overlap.
given the dollars and the green light to do so? Is it \we have made significant quail research progress
even possible? Maintaining quail habitat (especially g issues related to predation (but not so much with
one of the most expensive forms of wildlife manage- population trends. We have virtually ignored issues re-
ment in the world, except perhaps for captive breeding |ated to quail diseases, and how changing societal val-
of endangered species. For quail hunting to becomeyes are affecting quail populations in North America.
available to the majority of hunters with modest means we hold hope and promise that modern research tools
and incomes will require a massive change of direction and techniques will provide new insights into the basic
in land use. Such changes can only happen if societybiology and management of these birds that we cher-
is willing to provide incentives, and individuals are ish. We need to make better use of theory as we search
willing to make the sacrifices, that will be required to to unify our understanding of the factors that regulate
reserve a space for quail on the landscape. Given whatind limit wild quail populations. We need to pay more
| have seen in an early draft of the 2002 Farm Bill, attention to the quails of the American West.
there seems to be virtually nothing coming with re-
spect to incentives for people to implement quail-
friendly land use practices on farms, forests, or rangeACKNOWLEDGMENT
lands. This is technical article number 01-117 of the Cae-
sar Kleberg Wildlife Research Institute at Texas A&M

University, Kingsville.
BASIC BIOLOGY

The new availability and economy of molecular LITERATURE CITED
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al. this volume). Unique genetic markers will allow us Proceedings of the National Quail Symposium 3:160—169.
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INTRODUCTION communities (Brown 1989). Gambel’s quail are also
) ) ) ) ) common in brushy or waste areas adjacent to agricul-
Arizona is blessed or cursed with a diversity of yre (Bent 1932, Gullion 1960, Johnsgard 1973). Be-
habitats and quail species. Quail are an important wild- cayse the species is easily trapped, it has been intro-
life resource in Arizona. These birds are a source of gyced into a number of areas outside its native range.
recreation and enjoyment for thousands of consump-\ost of the occupied range is either federal or state
tive and non-consumptive wildlife users and generate |g55¢ |and open to hunters holding a valid Arizona
considerable economic benefits to local communities hunting license.
and to the State. Four species of Arizona quail (3 native Gambel's quail are an arid-land species that are
and 1 introduced) are classified as game birds: Monte-g,demic to hot and dry habitats like the Sonoran de-
zuma Cyrtonyx montezumae), scaled Callipepla squa- sert. The Sonoran desert is a shrub/succulent domi-
mata), Gambel's Callipepla gambelii), and California  ated ecosystem where fires are rare events. Therefore,
(Callipepla californica). A fifth species, the masked oyond annual grasses and forbs that respond to an
bobwhite Colinus virginianus ridgwayi) was extirpat-  apiindance of seasonal rainfall, the Sonoran desert

ed at the turn of the century, and is now being rein- 5015 perennial bunchgrasses. Since Gambel's quall
troduced into southern Arizona by the United States g\qjyed in the Sonoran Desert, they require signifi-
Fish and Wildlife Service. cantly more woody vegetation than do the other native
, i quail species in Arizona. For example, Brown (1989)
Gambel's Quail reports that unlike the other quail species, Gambel’s
The most widely distributed is the Gambel’s quail. 9uail roost in shrubs and mast makes up a greater per-
Gambel's quail are found in the deserts of Arizona, c€ntage of their diet compared to the diets .of scaled
Colorado, Utah, New Mexico, Nevada, southern Cal- quail and masked bobwhites. Gambel's quail also do
ifornia, and northern Mexico (Gullion 1960). Bent hot require perennial bunchgrasses to nest successful-
(1932) thought birds occurring in Colorado were “ex- ly. Often Gambel’s quail nests are simply a depression
otics” (i.e., transplanted from California in the late in the litter near the base of a shrub (Brown 1989). On
1900s) but other authors thought the birds were nativethe semi-arid grasslands of the Buenos Aires National
(Mearns 1914, American Ornithologist Union 1957). Wildlife Refuge (BANWR) south of Tucson on the
The largest United States population of Gambel’s quail international border with Mexico, Gambel’s quail pre-
occurs in Arizona. Of the 3 hunted quail, Gambel's is ferred shrub-dominated grasslands, riparian areas and
the most abundant in Arizona, found in a variety of thickets (King 1998). Indeed, Gambel’s quail were
habitats below 1,600 m elevation. It is strongly asso- more shrub-tolerant than masked bobwhites or scaled
ciated with arroyos, riparian areas, and habitats havingquail, and it was evident that herbaceous cover was
a mesquite Prosopis velutina) component. It also oc- not as an important habitat variable for Gambel’s quail
curs in upland Sonoran desert, Mojave desert-scrub,as it was for the other two species (King 1998). Gam-
scrub-invaded desert grassland, chaparral, oak woodbel's quail populations have probably increased on
land, Great Basin desert-scrub, and pinyon-juniper semi-arid grasslands in Arizona over the past century
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2 ENGEL-WILSON AND KUVLESKY

in response to shrub invasions that have prevailed asoccur in riparian habitats, ponderosa pine forest, and
result of overgrazing and the accompanying reductionrarely in sub-alpine forests and meadows. Montezuma
of lightening-induced fires. They are the most adapt- quail can be found in semi-desert grasslands and pin-
able of Arizona’s 4 native quail species as evidenced yon-juniper woodlands following years of above-av-

by their ability to maintain self-sustaining populations erage summer precipitation. The range of Montezuma
in the rapidly developing suburban environments of quail in Arizona has contracted since European settle-

Phoenix and Tucson. ment (Davis 1982).
In Arizona, Montezuma quail are primarily found
Scaled Quail in encinal oak woodlands with a grass understory

(Bent 1932). Previous research (Leopold and McCabe
1957, Brown 1982) suggested that the grass understory
provides food and cover. Stromberg (1990) found
Montezuma quail in Arizona preferred south-facing

The geographic range of scaled quail overlaps that
of the Gambel's quail in Arizona. Scaled quail are
found in western Texas, New Mexico, and eastern Ar-
izona, south into Mexico. They also extend into south- ¢ ; ; ;

’ opes for night roosting. Also, during the day they
eastern Colorado, southwest Kansas, and the Texas anareferred hillsides with oak trees together with inter-
Oklahoma panhandles. Scaled quail have been trans:

planted in eastern and central Washington and easterr%mdiat(e under-story vegetation. Similarly, Albers and
Nevada (Aldrich and Duvall 1955). In Arizona, scaled ehibach (1990) characterized Montezuma quail feed-

; ; ; - ing habitat in Texas as Madrean oak woodland on dry
quail are primary found in the southeastern portion of g 5,04 \with a tall grass under-story. They found tall
the state, with scattered populations along the Little o055 cover predicted locations of feeding sites more
Colorado River, from Springerville north to the Sand- often on a grazed ranch where tall grass cover was
ers-Chambers area (Brown 1989). The largest poD“'patchy
lations are found in the Sulphur Springs Vallda- )

. . . There is currently a lot of interest in the Monte-
jadas (the flat rolling hills at the bottom of western ;5 quail. It is a bird that holds a lot of mystique for
mountains) northeast of Oracle Junction, and the

. i ird h ith fi |
mountain foothills in the Altar Valley (Brown 1989). bird hunters with dogs because of its general tendency

. . ' ) to hold very tight, it occurs in a limited area, and the
Kﬁgg:%?Orgz;%ghao:etshfltvc\)/fhllgial\f?#trr]é?jlggficl)rr]\se?s:ﬁlm scenery where it is hunted is terrific. We like to com-
. : . b ; " pare Montezuma quail hunting to dry fly fishing native
lips et al. 1964). In Arizona, scaled quail inhabit desert b 9 9 y Iy 9

X trout in high mountain streams. You may not catch
grasslands at 1,060—1,400 m elevation (Brown 1989). ; ; 3
Historically, scaled quail had a wider distribution in very many, oh but what a great time trying. The att

. . tudes of serious Montezuma quail hunters are probably
Arizona, but their range has contracted due to loss andsimilar to those of dry fly purists. They long for the

alterat|c_)n of grassland_ habltats (Rea 1973). . solitude, scenic grandeur, and the action at the end of
Unlike scaled quail in south Texas where habitats gun or line

dominated by shrubs are preferred (Hammerquist-Wil- '

son and Crawford 1987), scaled quail in Arizona pre- ; : :

fer open grasslands. Brown (1989) stated that scaledcalllfornla Quail

quail prefer open semi-arid grasslands consisting of The last species that can be hunted is the Califor-

perennial bunchgrasses scattered with low shrubs andhia quail. These are the remnants of transplant attempts

cacti. Similarly, (King 1998) reported that of the 3 in the 1960s. A small population may remain on some

quail species she studied on the BANWR, scaled quail private lands in northeastern Arizona. The season is

seem to prefer open uplands dominated by perennialopen to allow for an individual to take a bird if they

bunchgrasses with about 10% woody cover. In fact, happen upon one.

open grasslands are so important to scaled quail that

Brown (1989) stated that as woody cover invades Masked Bobwhite

grasslands, scaled quail begin to disappear and are

gradually replaced by Gambel's quail. The masked bobwhite quail is a federally-listed

endangered species (Code of Federal Regulations
2000), though it is in fact, a subspecies of northern
bobwhite. It was not discovered and described as a
Montezuma quail are found primarily in Mexico. species until around the turn of the " 8entury by
The northern most of 3 subspecies of Montezuma quailwhich time ornithologists who encountered it thought
occurs in Arizona, New Mexico, and southwest Texas it was almost extinct (Brown 1904). Masked bob-
(Swarth 1909, Leopold and McCabe 1957). In Arizo- whites were finally extirpated from the United States
na, Montezuma quail occur primarily in the south- a few years after 1900 (Brown 1989). Naturalists of
eastern portion of the state, from the Baboquivari the time, and quail biologists today, attribute its near
Mountains east to New Mexico, and from the Mexican extinction to habitat destruction from livestock over-
border north to the Mogollon Rim (Swarth 1904, Bish- grazing (United States Fish and Wildlife Service 1995,
op 1964). Montezuma quail occur over a wide range Kuvlesky et al. 2000). Its historic geographic range has
of elevations, between 1,219-2,743 m. They are pri- always been small, extending from possibly as far
marily associated with evergreen Madrean pine-oak south as Guaymas, Sonora, Mexico through the grass-
woodlands with a grassy under story (Leopold and lands of north central Sonora up to the Altar and Santa
McCabe 1957, Bishop 1964). Montezuma quail also Cruz Valleys in Arizona. Today the masked bobwhites

Montezuma Quail
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distribution is reduced to approximately 49,000 ha of bel’s quail reproductive organs in the spring following
Sonoran savanna grassland on the BANWR in southa dry and cold winter. Swank and Gallizioli (1954)
central Arizona and possibly 100,000 ha of private found that sharp annual differences in rainfall coincid-
ranchland in northwestern Sonora, Mexico. The largested with changes in Gambel’s quail populations. They
population of wild genetic stock occurs on Rancho concluded that winter (Dec-Apr) rainfall was the pri-
Carrizo, a large cattle ranch near Benjamin Hill, So- mary factor limiting quail abundance. Campbell et al.
nora. A second, and much smaller wild population oc- (1973) also found Gambel's quail populations to be
curs on Rancho Grande, approximately 10 km south positively correlated with fall and winter rainfall
of Rancho El Carrizo. The population inhabiting the amounts. Gambel’s quail use water when available, but
BANWR was established from chicks produced by a normally satisfy their needs with moisture contained
captive population maintained by the Refuge that orig- in plant and insect foods (Vorhies 1928, Gorsuch 1934,
inated from wild birds trapped in Sonora during the Lowe 1955, Goodwin and Hungerford 1977). Avail-
late 1960s. Captively propagated chicks have been re-ability of water sources is most important during the
leased on the BANWR on an annual basis since thedry months of April-September (Goodwin and Hun-
late 1980s. gerford 1977). Physiological studies have shown that
Biologists who have studied masked bobwhites Gambel’s quail adjust kidney function to conserve wa-
believe that most populations frequent the floodplains, ter when water is scarce (Braun and Dantzler 1972,
drainages of rivers, and creeks where deeper, moréWilliams et al. 1991).
poorly drained soils permitted the growth of dense her- Livestock grazing can also affect Gambel’s qualil
baceous vegetation. However, these habitats were als@opulations. Early studies concluded that overgrazing
favored by cattle, which were introduced by the thou- had a deleterious effect on quail humbers (Gorsuch
sands to Sonora, Mexico and southeastern Arizonal934, Griner et al. 1941, Kimball 1946). However, be-
during the mid-to-late 1800s. Since cattle concentratedcause they are not as dependent on herbaceous cover
on floodplains for the abundant food and shade theseas other quail species that inhabit Arizona, Gambel’s
areas typically provided, essential herbaceous coverquail are probably more tolerant of grazing than
was significantly reduced, if not entirely eliminated, masked bobwhites, scaled and Montezuma quail. The
by <20 to 30 years of unmanaged grazing (Kuvlesky effects of hunting on Gambel’s quail are generally con-
et al. 2000). The decline of the masked bobwhite in sidered compensatory for natural sources of mortality
the United States and Mexico during the late 1800s, (Gallizioli 1965), and therefore not limiting. Quail har-
and its extirpation from Arizona, seemed to coincide vests are strongly correlated with total October—March
with increasing cattle numbers and the simultaneousprecipitation. As rainfall increases, so does the number
loss of essential habitats. Specific information on of Gambel's and scaled quail harvested per hunter dur-
masked bobwhite habitat requirements was unavail-ing the season. Record rainfall amounts for October—
able until several research projects were conducted reMarch during 1978, 1979, and 1980 were accompa-
cently on the BANWR (Goodwin 1982, Simms 1989, nied by high quail harvests. During the late 1980s,
King 1998) and in Sonora (Guthery et al. 2000, Guth- rainfall and quail harvests both declined.
ery 2001). These studies indicated that masked bob-  Habitat conditions for all 3 quail species have
whites require a reasonably tall, diverse herbaceouschanged to varying degrees, since the 1970s. Thou-
community, as well as about 20—25% woody cover on sands of hectares of prime Gambel’s quail habitat have
semi-arid grasslands. Additionally, it was apparent that been lost to suburban sprawl adjacent to major popu-
masked bobwhites were indeed sensitive to overgraz-lation centers (Phoenix and Tucson). As mentioned
ing. previously, Gambel's quail can persist in urban and
Though accurate census information is unavail- suburban areas where native plant communities are
able, BANWR biologists estimate that no more than partially retained. Such areas are almost always off-
2,000 masked bobwhites currently exist in both coun- limits to quail hunting. Expansion of smaller towns
tries. Therefore, the masked bobwhite continues to beand cities in southeastern Arizona has resulted in loss
threatened with extinction, particularly wild popula- of habitat for scaled and Montezuma quail. Habitat
tions in Sonora where their continued existence re- changes on undeveloped public and private lands have
mains tied to the grazing management decisions of pri-likely occurred since the 1970s.
vate landowners. If the wild Sonoran populations dis-
appear, maintaining populations from captive-reared Scaled Quall
chick releases will be a real challenge.
Grazing levels can affect scaled quail populations.
Ligon (1937) reported scaled quail were negatively af-
MANAGEMENT NEEDS fected by excessive grazing in eastern New Mexico.
He attributed grazing with widespread destruction of
forbs, essential for scaled quail cover and food. Camp-
Gambel’s quail populations are strongly influenced bell et al. (1973) found scaled quail on moderately
by climatic factors, primarily precipitation. Of the 3 grazed New Mexico ranges with a variety of forb spe-
quail species, the Gambel’s most strongly typifies the cies for food and moderate amounts of brushy cover
“boom and bust” population cycle. MacGregor and were more productive. Saiwana (1990) found moder-
Inlay (1951) found no development of female Gam- ate cattle grazing favored scaled quail food and cover

Gambel’s Quail
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conditions in New Mexico. In Arizona, Bock and Bock did nearly eliminate quail populations by removing
(1988) also found more scaled quail on grazed sitestheir escape/hiding cover. Brown (1978) recommended
compared with ungrazed sites. In south Texas, Camp-grazing levels should not remove35-40% of annual
bell-Kissock et al. (1985) found quail were more abun- herbaceous production. Albers and Gehlbach (1990)
dant on high intensity, short duration pastures com- confirmed this conclusion. They suggested when graz-
pared with pastures grazed year-long in drought con-ing removed 40-50% of the grass height within oc-
ditions. Scaled quail evidently favored short duration cupied range, Montezuma quail could not survive
pastures because these pastures had higher abundaneéthin the habitat.
of forbs and grass cover than pastures not included in Forest management practices are also important to
the grazing system. Montezuma quail. Leopold and McCabe (1957) noted
Medina (1988) found Lehmann lovegradsrd- that in the pine-oak belt in Mexico, neither logging
grostis Lehmanniana) was poor scaled quail habitat. nor frequent fires eliminated Montezuma quail as long
He recommended burning and intensive grazing in as fencerows, gullies, and roadsides remained undis-
habitats dominated by Lehmann lovegrass to reduceturbed. The Coronado National Forest has established
its cover and provide more foods for scaled quail. In standards and guidelines for forest management in
other habitats, Bock and Bock (1988) found that fire high-quality Montezuma quail habitat. These call for
had no effect on scaled quail numbers in a sacatonretention of uncut areas interspersed with openings
(Sporobolus wrightii) grassland in southeastern Ari- <46 m wide, and maximum forage utilization by live-
zona. Fall counts of scaled quail on burned and un- stock of 45% (by weight).
burned grasslands were similar. Shrub density influ-
ences scaled quail habitat suitability. Homogenous \15sked Bobwhite
grasslands without shrubs were unsuitable for scaled
quail (Schemnitz 1961). Brown (1989) recommended Masked bobwhite management largely involves
thinning dense shrubs on ridges to improve habitat. improving and managing habitat because it is unlikely
Chaining large areas of bottomland in Texas was notthat this species will be removed from the federal en-
recommended (Tharp 1971). In contrast, chaining a 10dangered species list anytime in the near future, which
km? desert area near Oracle Junction, Arizona, seemedmeans that legally hunting masked bobwhites is an
to improve the habitat for scaled quail (J. Phelps, Ar- unreasonable expectation. Nevertheless, masked bob-
izona Game and Fish Department, personal commu-white abundance could be increased if appropriate
nication) but there are no data to verify this. Griffing habitat management was implemented in Sonora,
(1972) found quail on grasslands sprayed to control Mexico and the BANWR. Guthery et al. (2000) dem-
mesquite had heavier body weights than those on con-onstrated that the habitat requirements of masked bob-
trol areas. Earlier in the century, available surface wa- whites and Texas bobwhite€.(v. texanus) were sim-
ter was thought important to quail survival (Grinnel ilar enough to justify using habitat management tech-
1927). In contrast, Snyder (1967) found that water was niques that improve habitat for Texas bobwhites to im-
the least important of the 3 habitat requirements (food, prove habitats for masked bobwhites. Disking,
water, cover). Campbell (1960) found that scaled quail chaining, and soil aerating were initiated on Rancho
used surface water especially in dry regions, but useEl Carrizo, Sonora during the early 1990s to improve
was not great enough to justify the cost of guzzler masked bobwhite habitat with excellent results. Brush
construction. Similarly, supplemental feeding does not coverage was reduced on all of the areas mechanically
appear to be cost effective (Campbell 1959). However, manipulated and native grasses and forbs responded
Snyder (1967) recommended supplemental feeding onvigorously to the soil disturbance as soon as summer
public lands to keep the birds available to hunters.  rains began. The United States Fish and Wildlife Ser-
vice estimated that the mechanical operations im-
Montezuma Quail proved almost 20,000 ha o_f_ masked bobwhite ha_bitat
on Rancho EI Carrizo. Additionally, ranch owners im-
Many authors suggested that some grazing levelsproved almost 6,000 ha of habitat by installing a short
decrease population numbers of Montezuma quail duration grazing system, and by removing cattle or
(Miller 1943, Leopold and McCabe 1957, Bishop reducing stocking rates on important masked bobwhite
1964, Bishop and Hungerford 1965, Brown 1978, pastures.
Brown 1982, Albers and Gehlbach 1990, Brennan The mechanical methods used to improve masked
1993a), though direct mortality effects were never re- bobwhite habitat on Rancho EI Carrizo would no
ported. Although the effects of grazing are not fully doubt improve masked bobwhite on the BANWR.
understood (Brennan 1993b), overgrazing can destroyHowever, it is unlikely that disking, chaining or soil
key food sources, greatly reduces grass height that pro-aerating will ever be conducted on the Refuge, because
vides cover, and has coincided with severe declinesany type of action that disturbs the soil surface is pro-
and extirpations in some areas (Miller 1943, Leopold hibited on National Wildlife Refuges for fear of dis-
and McCabe 1957, Bishop 1964, Bishop and Hunger- turbing archaeological sites or destroying endangered
ford 1965, Brown 1978, Brown 1982, Albers and species, particularly plants. Habitat improvement could
Gehlbach 1990, Brennan 1993a). Brown (1978) re- be implemented after an area designated for manage-
ported that grazing did not limit production of food, ment has been totally surveyed for archeological sites
but removal of>55% of available forage by weight and endangered species, and then only after appropri-
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ate protective measures are put in place. In reality then,the season is really good. This was observed when
mechanical habitat improvement will never be imple- Arizona added a State Waterfowl Stamp requirement
mented on the BANWR because staff and funding to hunt waterfowl. The number of individuals report-
shortages will not permit the necessary pre-treatmenting hunting waterfowl dropped from 12,000 to 8,000
surveys to be completed. Prescribed fire and livestockhunters, days/hunter, and birds/season/hunter in-
prohibition will remain the only habitat improvement creased, indicating that the average hunter was the one
measures utilized on the BANWR. who stopped going. The total number of birds har-
vested did not change; they were just harvested by
fewer hunters. There was no change on the impact to
FUTURE MANAGEMENT the population. There may have actually been a higher
) harvest. A similar result was observed when Arizona
Where can we go from here? First let us do a changed the fall turkey hunt from a general hunt to a
reality check. Gambel’s quail population fluctuations permit hunt. Number of hunters was reduced by almost
are primarily driven by the amount of rainfall that oc- 5094 yet the harvest remained unchanged. In both cas-
curs in thell’ hab|tats from OCtObel‘ to MarCh eaCh yeal’. es the net result was hunter recreation being provided
In Gambel's quail habitats lots of rain means more \yas reduced.
quail, little rain means fewer qualil in the fall. If the Is this a good thing or a bad thing? It could be
hunting pressure is reduced on the population follow- viewed in the political world as a bad thing. If these
ng the winter It C_IoeS not rain, will the re(_juctlon IN were voters that a po||t|ca| party was try|ng to get to
hunting pressure increase the number of birds the nextyote as a block and the party leadership disenfran-
year? In the long run, the reduction will probably not chised 25-50% of its party they would not stay in
change anything. Do agencies need to adjust the seapower very long. Today as agencies struggle to main-
son length and bag limit in poor years to reduce the tain hunter numbers and license sales, every effort
number of birds harvested and the number of huntershould be made to provide as much hunter recreation
days? No, average quail hunters are, by and large, selfas possible. If there is not a biological reason for re-
regulating. If the season is not very good and the ducing bag limits, shortening seasons or adding restric-
catch-per-unit effort is low, average hunters do not har- tions, we as researchers, managers, and quail hunters,
vest very many birds per day and they do not hunt should keep as many “voters” as possible on our side.
very many days. Serious and dedicated hunters maywe need individuals to be interested in the species and
hunt the same number of days as they normally do,the sport. Hunters are our friends and we need them.
and their catch-per-unit-effort may be higher than that They are powerful allies when we comment on forest
of the average hunters, but still lower than in good management plans, land management plans, grazing
years. allotment plans, housing developments, and other ac-
The big difference between average hunters andtivities that reduce or affect suitability of thousands of
serious hunters is their comments on the bag and seahectares of quail habitat. Making statements that the
sons. The average hunter hunts 1 to 3 days/year angroposed action will impact 90,000 quail hunters
harvests between 0 and a limit. In years of high quail makes a bigger impression than the same statement
populations, they may hunt a few more days and may using 45,000 quail hunters. The biggest threat to the
harvest a few more birds/day, but in general their quail future of quail hunting in the west, is the “Avid” quail
harvest does not vary much year to year. Changing thehunter. We do not know what an “avid” quail is, and
season length or the bag limit does not affect the out- second if one looks at the definition of “avid” in the
come of their trips to hunt quail, thus they seldom dictionary, it is not very pretty. An “avid” quail hunt-
voice recommendations to change the bag or seasorer could be considered greedy; in fact they might be
limit. They have accepted the fact that weather is driv- “greedy to the point of gluttony.” Avid equals greedy,
ing the quail populations, or they may not care. Seri- and glutton equals a person with a remarkably great
ous or dedicated quail hunters have a different view desire or capacity for something. Most of these indi-
of quail management. They truly believe that changing viduals have good intentions, but what they want is to
the bag limit or season lengths will improve their quail reduce the bag limit and shorten the season or charge
hunting experience. In reality what they want is the additional fees to hunt quail; the end result is fewer
same thing that the dry fly fisherman wants to be in quail hunters. In a period in hunting history when ev-
the wilderness alone, pitting their skill against a wily ery hunter is important to the continued ability of
quarry. If they see another person, fishing or hunting hunters to enjoy the sport these individuals are trying
or not, or even if they think someone has set foot in, to implement strategies that will reduce their numbers.
heaven forbid, their secret spot, they consider their en-Wildlife agencies should be very careful when catering
joyment compromised. If the season is shortened orto the desires of these individuals, especially if these
the bag limit is reduced to make the season unattrac-individuals are making money from the recreation be-
tive, the belief is that the average hunter will not go. ing provided by wildlife. If indeed wildlife is held in
This is only true if there is a drastic reduction in either the public trust, one of the first questions asked before
bag limit or season length. any restrictive management activity is implemented on
Cost, however, does reduce the number of individ- hunters should be “Is there a biological benefit to the
uals hunting. If an additional charge is required to population or a negative consequence if not imple-
hunt, some of the average hunters will not go, unlessmented?” If there is no positive biological reason to
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implement and no negative consequence if not imple-Brown, R. L. 1978. StateV\_/ide investigati(_)ns: an ecological st_udy
mented, then the next question should be “If imple- of Mearns quail: a_flnal report. Arizona Game and Fish
mented will it reduce the number of hunters?” If the Department, Phoenix. . .
. the manaaement activity should not beBrOV\_/n, R. L. 1982. Effe_cts of livestock grazing on Mearns quail

answer IS yes, ) Yy SN - in southeastern Arizona. Journal of Range Management 35:
implemented. P. J. Daugherty, Northern Arizona Uni- 727-732.
versity, School of Forestry, has said that American campbell, H. 1959. Experimental feeding of wild quail in New
hunters come from a long line of poachers and when Mexico. Southwestern Naturalist 4:169-175.
we settled here we were adamant that the King would Campbell, H. 1960. Evaluation of gallinaceous guzzlers for quail
not control the take of wildlife. As resource managers '”bNﬁWHMeé'CE- J'\‘Z””_‘a' ,Oaf ‘I’EV"l‘i"f?(M"?‘"ﬁge“;egt i4:|2_|1_2_6-
we should be very careful not to allow kingdoms, fief- ©ampbell, H., D. K. Martin, P E. Ferkovich, and B. K. Harris.
d lite clubs to b . ial t t t 1973. Effects of hunting and some other environmental fac-

Oms’,or even elite ¢ u.s 0 _e.glven special treatmen tors on scaled quail in New Mexico. Wildlife Monograph
when it comes to hunting privileges. Whether or not 34.
populations of quail in Arizona are in jeopardy is not Campbell-Kissock, L., L. H. Blankenship, and J. W. Stewart.
the issue. There will be quail here long after the entire 1985. Plant and animal foods of bobwhite and scaled quail
state is a city. Maybe not as many species nor as wide- in southwest Texas. Southwestern Naturalist 30:543—-553.
ly distributed, but they will be here. What is in jeop- Code of Federal Regulations 2000. Code of Federal Regulations
ardy is quail hunting. It could very well become the 2000. Tite 50, Volume 1, part 17.11.

. . . Davis, G. P, Jr. 1982. Man and wildlife in Arizona: the American
sport of the rich and the elite, managed by the guides exploration period, 1824—1865. N. B. Carmony and D. E.

and special interest groups. Brown. eds. Arizona Game and Fish Department, Phoenix.
Gallizioli, S. 1965. Qualil research in Arizona. Arizona Game
and Fish Department, Phoenix.
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EMERGING TRENDS IN MIDWEST BOBWHITE CULTURE

Thomas V. Dailey
Missouri Department of Conservation, 1110 South College Avenue, Columbia, MO 65201, USA

ABSTRACT

We begin the 2% century with the Midwestern northern bobwhit@dlinus virginianu} range reduced to a small portion of its historic
distribution. This precipitous decline occurred largely during the last quarter of thee2@ury, coincident with widespread intensive
agricultural land use, unchecked natural plant succession, and frequent severe weather. Various bobwhite enthusiasts of the 1960s—
1980s era including Klimstra, Dumke and Stanford had evaluated agricultural land use trends and predicted the near demise of
bobwhites that we now lament. Alarmed upland bird hunters have repeatedly spurred policy makers and administrators into action.
However, because bobwhites still are only an incidental product of modern agriculture, the potential for reversing declining population
trends is limited. Moreover, as society and the wildlife profession become progressively less interested in consumptive uses of wildlife,
the political will to appropriate agency resources for bobwhjges seis disappearing. Such a pattern has been seen in the Midwest
where bobwhite conservation has become a marginal issue on the periphery of the species’ range (e.g., la., Wis., Mich., Ont.). This
paradigm shift is occurring in much of the bobwhite’s historic range where habitat and bird populations remain at low levels. The
result is that bobwhite culture as we know it (i.e., research, management, and hunting) will decline and be replaced by ecosystem
conservation. At the state and national level (e.g., North American Bird Conservation Initiative, Conservation and Reinvestment Act),
potential funding for restoration and management of savannas, prairies, agroecosystems, etc., can provide habitat for bobwhites.
Bobwhite enthusiasts should embrace this change, and participate in the process to ensure that the needs of bobwhites are included.
Importantly, our knowledge base for bobwhites is relatively strong and should bolster efforts to include needs of bobwhite in ecosystem
management.

Citation: Dailey, T. V. 2002. Pages 8-18 S. J. DeMaso, W. P. Kuvlesky, Jr., F. Héndez, and M. E. Berger, eds. Emerging trends
in midwest bobwhite culture. Quail V: Proceedings of the Fifth National Quail Symposium. Texas Parks and Wildlife Department,
Austin, TX.

Key words: abundance, access, agriculture, artificial propagation, attitude, biodiv&sltgus virginianushistory, hunting, Midwest,
Phasianus colchicusjng-necked pheasant, socioeconomic, urban, wildlife profession

INTRODUCTION Historical accounts in Wisconsin indicate a tremen-
B L . ) dous peak in the mid-1800s, followed by a long-term

_ “Perhaps it is time, indeed past time, to come t0 gecline (Schorger 1944). Bobwhites were abundant
grips with some basic questions regarding the bob-gng easy to catch in northern Missouri during this
vv_hlte’s future” (Ros_eberry and Kl|mstra 1984:194). time, and men commonly herded large flocks into
Fifteen years later, in remarks at Quail 1V, John RO- \y4|k-in nets from horseback. The journal of attorney

seberry (2000:244) reluctar_1t|y concluded that “. . . in Alexander Slayback (1844) (paraphrased) reveals the
the face of an ever-expanding human presence on the. i h. «jan. 10, Went Partridge hunting—caught 77:

landscape, only a relatively few wildlife species will . : ; .
ultimately thrive, and the bobwhite will probably not ggﬂgﬁf 'gjéuf;; 4%;3&#?5;?53995 Eﬂrr:silr?g—i%adght

be one of them.” Indeed, as we begin thet2&ntury :

. - ; . . 103. Caught 28 at one drive. | have wasted several
the ill-health of bobwhite populations in the Midwest, : : . .
especially toward the north, is even clearer. To betterClays hunting partr!dge§ lately but | think | will not

waste much more time.” Such large catches made bob-

understand the future of bobwhite in the Midwest, | ; . ; .
review trends in bobwhite abundance, bobwhite hunt- whites popular for comme_rmal .”app'r.‘g and _shlpment
' to the east coast. In Beloit, Wisconsin a shipment of

ing and management, society, the wildlife profession, 12 tons (ca. 55,000 birds) was reported in 1850 (re-

and agriculture. It appears there is potential for im- -
provement in living conditions for bobwhites based on Viewed by Kabat and Thompson 1963), and Nebraska

emerging, but complicated land use trends; however, raPpers shipped 1 load of 18,700 bobwhite in 1875
the nature of professional bobwhite conservation will (Nebraska Game and Fish Department 2001). This era
change as efforts on the species’ behalf are absorbe®f extreme exploitation did not last long, and during

into a larger, ecosystem approach to habitat restorationthe late 19 century, and early 20century depressed
and management. bobwhite abundance reduced hunting. For example,

Wisconsin bobwhite hunting was discontinued during

1895-1931 (Kabat and Thompson 1963). Kozicky

BOBWHITE CONSERVATION (1993:3) concluded that the great Midwest bobwhite

peak of the 1800s “is a glamorous relic of the past, a

relic we wish to fully understand but that we can only
Bobwhite flourished in the Midwest following Eu- reproduce on a small scale.”

ropean settlement and the beginnings of agriculture. Population surveys by individual states since the

8

Bobwhite Abundance
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Table 1. Long-term (1966—1999) population trends and relative QUAIL HUNTERS IN KANSAS & MISSOURI 1967-1999
abundance (mean birds/route) for northern bobwhite based on 200000 — R —
the North American Breeding Bird Survey (Sauer et al. 2000).
Region Trend P-value Abundance ‘ ’,f"’ \M \\\
lllinois -1.9 0.00 21.45 \
Indiana -23 0.00 18.73 / . \,,,,,\ y M
lowa -3.8 0.00 7.84 2N I
Kansas -1.0 0.17 30.49 150000 A \
Michigan -7.0 0.05 4.95 A .
Missouri -2.0 0.00 37.43 N P
Nebraska ~1.1 0.27 8.82 CLSA NN
Ohio -6.2 0.00 10.62 : ooV
Ontario -19.2 0.05 1.67 \¢ \ // \
Wisconsin -1.0 0.41 1.67 \ / //\\
100000 : B\
) \
\\\
1950's reveal wide annual fluctuations from drought, A
flooding, and severe winter weather, and a long-term
downward trend. The most uniform survey for states e
in the Midwest is the North American Breeding Bird 50000 — —
Survey. The long-term (1966—1999) trend is negative,
with rates varying by latitude and longitude (Table 1). .
Northern-midwestern states (Mich. and Oh.) and On- o o
tario, Canada showed the largest decline$.p to " e o0
—19.2%), and central-west states (Ind., Ill., Wis., Mo., ©°
Kans., lo., Nebr.) declinee3.9%. T,
Midwest bobwhite abundance reached its last no- 1967 1973 1979 1985 1991 1997
table peak in the late 1960s. This peak coincided with Missouri Residents  Kensas Residents
reduction in the Soil Bank Program (United States De- ®  Kansas Nonresidents

Eatrtrp]egt gf Agrl(&ulture),_dwhlcbl’ll h%d plega6k66d Il_)n ﬁ|961’ Fig. 1. Number of licensed quail hunters in Missouri and Kan-
u a ropped consi _era y by (Dahlgren sas during 1967-1999. Missouri data from Missouri Department
1988). Roseberry and Klimstra (1984:155) observed ot conservation files, Columbia, and Kansas data from Roger
that the late 1960s peak was in phase with a 10-yearapplegate, Kansas Department of Wildlife and Parks, Emporia.
cycle. Severe winter-weather in the late 1970s greatly

reduced any potential large upswing cycle. For lllinois, )

Edwards (1972:180) proved to be prophetic in his Hunting

evaluation of bobwhite abundance during 1955-1970: Bobwhite harvest and the number of hunters varies

“my personal view is that we will never again see widely across the Midwest. Ontario does not have a
bobwhite as abundant in lllinois as they were in 1968 popwhite hunting season and Michigan only recently
and 1969.” Indeed, by 1999 many Midwest states had reinstated its season. Annual harvest ranges from
recorded historic low bobwhite abundance (e.g., Mo., =3 ooo (e.g., Wis. 1999 season, Dhuey 2000) to 1.3
Dailey and Heidy 1999; Ind., McCreedy 2000). million in Kansas during the 1999—2000 season (Rog-
The precipitous long-term decline during the last g Applegate, Kansas Department of Wildlife and
quarter of the 20 Century has been blamed on inten- parks, personnel communication). The largest modern-
sive agricultural land use (Klimstra 1982, Brady 1985, day harvest occurred in Missouri during the 1969—70
Roseberry and Sudkamp 1998). Modern agriculture season when 3.9 million bobwhite were harvested
provides few benefits to bobwhite with numerous neg- (sheriff and Kulowiec 1996). Along with recent low
ative aspects (e.g., large field size, monocultures, pesharvest, hunter participation has been down, with the
ticides, less waste grain, overgrazing, pastures andhumber of resident bobwhite hunters ranging from 890
hayfields dominated by exotic grasses). Intensive com-jn Wisconsin in 1999 (Dhuey 2000) to 117,600 in
modity production has been particularly egregious be- Kansas during 1999—-2000 (Roger Applegate, Kansas
cause the potential for bobwhite is negatively impacted Department of Wildlife and Parks1 personne| commu-
in 2 ways. First, farm products that benefit bobwhite nication); the next highest bobwhite hunter count is
(e.g., grain, grass) are almost totally removed by effi- much lower, 52,500, in Missouri (Dailey and Heidy
cient machinery and intensive harvest of grass. Sec-2000). Kansas has the reputation as the best bobwhite
ond, the methods for producing the products (e.g., pes-hunting state in the Midwest, and attracted 30,000 non-
ticides, fall plowing, double cropping, large field size) resident bobwhite hunters in 1999 (Fig. 1). Bobwhite
diminish overall living conditions for bobwhite. De- hunters come from many states to Kansas and the state
pressed bobwhite abundance in the 1990s in somemight be attracting hunters that have abandoned their
Midwest states also coincided with abnormally wet home states’ bobwhite hunting. Although all Midwest
breeding seasons (e.g., massive flooding in Mo. andstates have lost bobwhite hunters since the 1960s, the
Mississippi River watersheds in 1993 and 1995). downward trend in Kansas was shallower. The relative
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strength of bobwhite hunting in Kansas is shown in dictable recreation than a covey of 10 bobwhite flush-
Figure 3, in this case relative to a neighboring state, ing chaotically. From a marketing perspective, relative
Missouri. The potential effect of these trends on future to bobwhite, these species offer an exciting hunt with
bobwhite conservation is discussed later in the paper.the pheasants and/or chukar being colorful, noisy and
larger targets. State natural resource agencies, like-

Special Interest Groups wise, could use similar criteria in selecting game birds
for programs designed to recruit and/or retain hunters.

Pen-raised bobwhites are no longer used for hunt-
ing by state agencies in the Midwest, however, pen-
raised pheasants are still being used for put-and-take
hunts or to supplement wild populations prior to hunt-
ing seasons (e.g., lllinois Department of Natural Re-
sources, Ohio Department of Natural Resources, Ne-
braska Game and Fish Department, Wisconsin De-
partment of Natural Resources). In summary, it ap-
pears that Midwest game bird enthusiasts will be less
reliant on propagated bobwhites than will be their
southern counterparts, partly because of alternate, suit-
able game birds. Furthermore, as discussed later, as the
influence of a decreasingly small hunter constituency
wanes, the will to translocate wild bobwhites and/or
to artificially propagate bobwhites will disappear.

One index of interest in upland game birds is par-
ticipation in special interest groups such as Quail Un-
limited, Inc. (QU). Examination of the QU fiscal report
for 1999—-2000 reveals strong membership in the Mid-
west relative to the rest of the country (Quail Unlim-
ited 2000). The top 10 states in membership include
Kansas (ranked number 1), Missouri (5), Indiana (7),
and lllinois (9). The majority of membership nation-
ally is in eastern Kansas and western Missouri, with
the major cities of Topeka, Wichita, and Kansas City
boasting a membership of 1,324; this would rank as
4t on the state membership list with Kansas and Mis-
souri removed. Whether these groups accurately rep-
resent the “voice” of bobwhite hunters is unknown.
For example, in Missouri and Kansas in 1999, QU
membership of<2,000 per state was2.5% of the
states’ resident bobwhite hunter populations. Riding the Wave

At the turn of the 2% century bobwhite conser-
vation has swelled once again with an abundance of

“Have those of us in the wildlife management pro- research and conservation efforts. In 1997, John Rose-
fession forgotten artificial propagation is a tool of berry (2000:243) described the roller-coaster that bob-
wildlife management?” (Kozicky 1993:4). Midwest white conservation had been on since the 1920s and
biologists have a rich history of manipulating game spoke favorably of the resurgence that began in 1992
birds to meet hunter demand. Bobwhite managers typ-at Quail Ill. There, in a strategic planning session,
ically use artificial propagation or translocation of wild Lenny Brennan (1993:167) summarized the dismal
birds because landscape isolation and severe wintestate of bobwhite populations and called for a turn
weather have extirpated or greatly reduced popula-around: “The prognosis can be reversed if wildlife
tions. Large scale restoration via artificial propagation professionals and natural resource policymakers do a
has been abandoned because it is expensive, ineffeceomplete about-face and begin to make bobwhite man-
tive, and ecologically indefensible (Roseberry et al. agement and research a priority.” Bobwhite conser-
1987). Restoration in localized areas via propagation vation efforts have indeed turned around with a pleth-
or translocation remains viable (Roseberry et al. 1987, ora of programs including experimental restoration in
Griffith et al. 1989). High cost, and lack of success Georgia, Virginia and Missouri, creation of the South-
with translocation in Indiana (Brian R. Frawley, Mich- east Bobwhite Technical Committee as part of the
igan Department of Natural Resources, personnel com-Southeastern Association of Fish and Wildlife Agen-
munication) and West Virginia (Crum 1993), demon- cies, and increased emphasis on research, in particular
strate the serious challenges of this management toolthe establishment of 2 endowed chairs in bobwhite

As bobwhites have become increasingly scarce,ecology in Oklahoma and Texas.
uses of propagated bobwhites for dog training, and pri- As we go about this business, it’s critical that we
vate and commercial hunting have increased. Kozicky not operate in a vacuum. Experience from the periph-
(1993), a longtime advocate of artificial propagation ery of the bobwhite’s range teaches us that we must
to meet recreational demand, argued for increasedbe realistic about the challenges of a landscape un-
study of development of wild behavior in pen-raised suitable for bobwhite and of a people not interested in
bobwhites. However, businesses generally prefer to usgectifying the situation. Moreover, the societal trend to
ring-necked pheasantRlfasianus colchicysand chu- disfavor consumptive use of wildlife indicates that the
kars @lectoris chuka), and not bobwhites, because of current resurgence could be relatively short-lived. On
the former species’ tendency to behave as single unitsthe bright side, society’s tendency to provide more
or in small groups of a few individuals. There are sev- support for conservation in general should benefit con-
eral advantages of hunting these alternative gameservation of species such as bobwhite.
birds. They are safer, with a typical hunt encounter

involving only 1-2 targets in relatively predictable EMERGING TRENDS IN SOCIETY AND

flight, versus a covey of bobwhite flying in many di-
rections. For a dollar-conscious hunter, this behavior is NATURAL RESOURCE MANAGEMENT

also more attractive, reasoning that 10 pheasants The nature of future bobwhite conservation will
flushed in separate events would provide more pre-be determined by a complex of interrelated factors in-

Translocation and Artificial Propagation
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cluding loss of rural populations and values, benefits residents (states of Mo., Kans., la., Minn., Neb., N.D.,
to society of bobwhite hunting, behavior of bobwhite and S.D.) hunting, 8% of east-north-central (Wis.,
hunters, hunting participation, bobwhite abundance, Mich., lll., Ind., Oh.) and west-south-central (Okla.,
ecological thought, etc. Ark., Tex., La.) hunting, 10% of east-south-central
(Ky., Tenn., Miss., Ala.) and 6% of south Atlantic
(Fla., Ga., S.C., N.C., W. Va., Va, Md.) hunting (Unit-
ed States Department of the Interior 1997:27).
Even more ominous for the future support of bob-
In the United States in 1990, about 190 million white conservation are the negative attitude and dwin-
people lived in urban areas and 60 million lived in dling interest in hunting by American teens and young
rural areas. During 1950-1990, urban populations adults. For the United States population 16—-17 years
nearly doubled and rural populations grew less rapid, old, only 9% hunted in 1996 (United States Depart-
resulting in a decline in the fraction of the population ment of the Interior 1997:29). In the southeastern Unit-
living in rural areas from about 33% to about 25% ed States, Burger et al. (1999) found that the average
(The H. John Heinz Ill Center for Science, Economics age of bobwhite hunters was 38 years.
and the Environment 1999). A particularly alarming aspect of the lack of young
In Missouri, the farm population declined 50% hunters is that university students, our future wildlife
during 1970-1990 to 180,100 (Seipel et al. 1995). As managers and researchers, increasingly do not hunt
the United States becomes less rural, the nature of at{Hodgdon 1999). In the Midwest, the University of
titudes toward hunting grows increasingly negative. In Wisconsin-Madison, and the University of Missouri-
Illinois, 47% of survey respondents disapproved of Columbia, offer training in hunting in an attempt to
state programs to maintain or increase game animalsfamiliarize students with this fundamental manage-
and 79% of respondents 18-34 years old valued wild- ment tool. Mere familiarity with hunting, however, is
life the same as pets and people (Mankin et al. 1999).not the traditional background of agency biologists. It
A majority of survey respondents in Missouri (Mis- is clear from my own experience with70 temporary
souri Department of Conservation 1996) and lllinois research assistants (minimum of Bachelors Degree)
(Mankin et al. 1999) approved of hunting for food, but over the past 14 years that trained biologists that hunt
disapproved of hunting for “sport” or trophies. It's are a minority. It is likely that future professionals will
unknown how bobwhite hunting might be viewed, al- have less interest in game bird management and wiill
though compared to deer hunting, the latter is more of not relate well to hunters.
a pursuit of food. Harvested bobwhites, on the other Clearly, the balance of power in the United States
hand, provide a tiny fraction of the average hunter’s is concentrated in the hands of people with relatively
sustenance. For example, if we assume that the cookedlistant ties to consumptive use of natural resources.
meat of a bobwhite weighs 50 g, the average Missouri As trapping and hunting have been criticized over the
hunter (about 10 bobwhite bagged per season) con-ast few decades, the first step taken by agencies, out-
sumes about a pound of bobwhite flesh annually. Bob- door writers, hunting groups, etc., was to change hunt-
white hunting is also at a disadvantage if society holds er behavior using education (e.g., hunter safety instruc-
that hunting in general is not acceptable, except in raretion) to improve the perception of hunting. The degree
situations, (e.g., when hunting benefits society). Deer of society’s tolerance for hunting, or game programs,
harvest provides benefits to society by providing food is dependent on the taxa being hunted (people are
and reducing damage to property and life. It's doubtful more sensitive to death of mammals than birds), ethics,
the youth surveyed in lllinois would view bobwhite perception of fair chase, benefits to society, etc. So-
hunting as anything other than sport, (i.e., not a ne- ciety has begun to eliminate the more objectionable
cessity of life). aspects of consumptive recreation as evidenced by the
Hunting is a declining part of American society, loss, or near loss, of trapping, lion hunting or fox hunt-
with urbanization, lack of time, negative societal atti- ing in California, Colorado, Oregon, Washington, and
tudes, etc., contributing to the downward trend. The Great Britain. These losses of professional jurisdiction
proportion of the United States population that hunts over management demonstrate that game enthusiasts
declined during 1955-1996 with a high of 11.2% in cannot take public support for granted. Burger (1988:
1960 and a low of 7% in 1996 (United States Depart- 18) noted the precarious situation we are in: “While
ment of the Interior 1997: Table B-3 and page 30, largely apathetic, nonhunters have the capacity to shift
respectively). Furthermore, hunters are a smaller pro-the balance of public sentiment in either direction, sud-
portion of the population of large cities, the places denly and overwhelmingly.” Unfortunately, bobwhite
where media and political power are concentrated. In enthusiasts have recently shown a dark side when
1996, only 3% of residents in cities with populations predators were illegally poisoned in the southeastern
>1 million hunted, 7% hunted from cities with pop- United States. At a minimum this has alerted the rest
ulations of 250,000 to 999,999, 9% hunted from cities of society to the nature of bobwhite hunting and man-
with 50,000 to 249,999, and 15% hunted from cities agement. Research on predator control puts bobwhite
with <50,000 residents. In lllinois, 11% of urban and conservation on a slippery slope, as noted in a discus-
29% of nonurban residents hunt or trap (Mankin et al. sion of predation by Leopold and Hurst (1994):
1999). The status of hunting is better in some parts of “Therefore, most citizens will not appreciate the need
the bobwhite’s range with 14% of west-north-central to increase game bird abundance through predator con-

A More Urbanized and Nonconsumptive Philosophy
in Society
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trol, instead assigning aesthetic and ecological, rather
than recreational and utilitarian, values to wildlife.”
Indeed, the perception of bobwhite hunters being
greedy, at the expense of all fauna except bobwhites,
could negatively affect major conservation initiatives
beneficial to bobwhites, and it could ultimately doom
the sport. With today’s conservation initiatives (e.g.,
Conservation Reserve Program [CRP], North Ameri-
can Bird Conservation Initiative, Conservation and
Reinvestment Act [CARA]) involving a diverse coa-
lition of interests (e.qg., Sierra Club, Audubon Society),
bobwhite conservationists have to be particularly sen-
sitive to the views of society.

Environmentalism: Do Bobwhites Fit?

Other societal views, some originating in environ-
mental concerns, have a potentially negative effect on
the future of bobwhite habitat management. Askins
(2001), in an article entitled, “Sustaining biological
diversity in early successional communities: the chal-
lenge of managing unpopular habitats,” pointed out
that society’s embrace of conservation of climax forest
resulted in disdain for habitats manipulated by man, in
this case early-successional forest stages created by
logging. Bobwhite habitat management is seemingly
unpopular, too, with long-held concepts of edge man-
agement for bobwhite being contrary to the ecological
movement to avoid fragmented forests (Roseberry
1993). We have an example of such philosophy in
Missouri, where unpopular habitats include hedgerows
in grasslands. Hedgerows were created by farmers, and
thus are viewed as “unnatural” in a landscape “in-
tended” to have an open vista; further benefits of
hedgerow removal are believed to be realized for area-
sensitive grassland birds. In some cases, bobwhite
hunters objected because of their experience finding
bobwhite in these hedgerows; hedgerow removal could
diminish habitat carrying capacity for bobwhite (Kabat
and Thompson 1963, Roseberry and Klimstra 1984:
30). Regardless, lower value is being placed on tan-
gible resources and constituents (i.e., bobwhite and
bobwhite hunters), apparently in pursuit of something
more “natural.” Bobwhite habitat management in gen-
eral poses potential environmental risks. Management
for early-successional habitats can impact the environ-
ment in several ways including burning of fossil fuels
for cultivation, soil erosion from disturbance of
ground, and air pollution from fire. Prescribed fire is
the most sensitive issue, and societal tolerance for deg-
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management on private lands; however, plan detractorslohn Roseberry in a paper entitled “Bobwhite and the
remain unconvinced of the merit of a species plan. It New Biology.” One important needed change recom-
is clear in Missouri that diminishing bobwhite hunter mended by Roseberry was less study of “site man-
numbers 160,000 annually in 1970s, 100,000 in agement skills and approaches” and more research on
1980s, <50,000 in 2000) have influenced attitudes; population ecology and the spatial structure of habitats
one administrator commented that the agency should(Roseberry 1993:17). Similarly, Guthery (1997:291)
be less sensitive to bobwhite hunters because they reperiticized the tendency for micromanagement of bob-
resent a “declining interest group.” Similarly, for the white and the redundancy of bobwhite research (“Nu-
Wisconsin Department of Natural Resources, Petersermerous papers have dealt with management practices
et al. (2000) noted that although substantial resourcessuch as grazing, prescribed burning . . . and combi-
had been committed to bobwhite management up tonations of 2 or more of these practices.”) and called
the 1980s, future funding was in doubt largely becausefor testing of unifying principles he had conceived. By
the agency’s priorities are tied to harvest, and bob- 2001, the rarity of bobwhite research in scholarly sci-
white harvest was in a seemingly permanent slump. entific journals (Science, The Journal of Wildlife Man-
agement, Ecology, etc.) and the plethora of unrepli-
Kansas: The Traditional Paradigm in Midwest State cated and descriptive studies in the Quail IV proceed-
Agencies ings indicate that we are still largely stuck in the old

A stark contrast to Missouri’s system can be found Paradigm of bobwhite conservation. That view was ar-
next door in Kansas. Kansas and plains states to theiculated at the first National Bobwhite Symposium by
north differ from their eastern counterparts in that they Komarek (1972:375): “Today in some circles, we
are largely rural in character and rely more on eco- S€em to have lost the premise that the purpose of game
nomic benefits generated from hunting, especially research, particularly where it is financed by the
from nonresident hunters. Kansas Department of Wild- SPortsman’s dollar, is that these people who furnish the
life and Parks (KDWP) is funded largely by hunting funds ‘naturally desire a practical outcome to the in-
and fishing permit fees, and its Strategic Plan reflectsVvestigation.” Thus it is heartening to me that in spite
that funding base: “In the 21century, management of the d_lscussmns now going on in those circles as to
of the state’s harvestable wildlife resources for con- the merits of ‘pure’ game research versus management
sumptive recreation will continue to be a primary fo- research, that at least in bobwhite management there
cus of the Department.” (Kansas Department of Wild- iS no such hiatus.” The roots of what Komarek refers
life and Parks 2000). Kansas Department of Wildlife to as ‘pure’ game research were from the Midwest and
and Parks is aggressively working to shore up its up- included the likes of Errington, Hamerstrom, Kabat,
land hunting tradition and to cultivate hunting via a Thompson, Klimstra, and Roseberry. Long-term re-
hunter retention and recruitment program and by pro- search such as practiced by these men did not come
viding access to private land for hunting. The newly easy. In the 1940s, Pittman-Robertson funding for Paul
developed KDWP Hunter Recruitment and Retention Errington’s research was threatened and at the 13
program Kansas Hunting: Carry on the Tradition— North American Wildlife Conference, the role and na-
Ensure the Futurgoffers a comprehensive approach ture of research was being debated. In support of Er-
aimed at raising hunting participation to 15% of the rington’s long-term studies, Aldo Leopold (1948:44)
state’s populace. However, the Missouri Department of provided his perspective on the balance between ap-
Conservation’s mission statement reflects its diverseplied and basic research: “Much of the confusion
funding base and mentions hunting only in reference about wildlife research arises, | think, from a false pre-
to the fact that its funding base no longer comes pri- mise as to its purpose. It is often assumed that its sole
marily from hunting licenses: “To provide opportunity purpose is to produce bigger crops. | challenge wheth-
for all citizens to use, enjoy, and learn about fish, for- er this should be the sole purpose, or even the main
est, and wildlife resources.” (Missouri Department of purpose. | suspect that too much emphasis on bigger
Conservation 2000). Such differences have fostered acrops is the least likely way to get bigger crops.”
false impression among Missouri hunters that Kansas For state natural resource agenciesst 2éntury
offers more to game bird hunters. Although MDC bobwhite research will increasingly be less about pro-
doesn't offer as many programs targeted specifically ducing bigger crops of bobwhite, largely because the
at bobwhite hunters, the abundance of public hunting political will for such intensive management is disap-
land in northern and western Missouri, and an aggres-pearing. More importantly for bobwhite conservation,
sive private land management program, both madeand ultimately for the fate of hunting, as populations
possible partly by the sales tax, provide substantial, of bobwhite become more fragmented, the need to un-
but fewer tangible benefits to bobwhite hunters. Hunt- derstand population viability will spur basic research
ing success, measured as average daily bag (daily limitof population genetics, sink-source dynamics, exploi-

of 8), is nearly the same for Kansas (2.34 in 1980s, tation by hunters and cyclic population phenomena
2.19 in 1990s) and Missouri (2.32 in 1980s, 2.07 in (Roseberry 1993).

1990s).
Research Changes Ecosystem Management
The changing nature of bobwhite conservation, So, if our traditional state bobwhite programs are

particularly research, was discussed at Quail Ill by dwindling, how will bobwhites figure in future agency
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programs? They will be absorbed by ecosystem man-Oak savannas are typified by widely spaced trees and/
agement. What should bobwhite enthusiasts do? Em-or shrubs with a dominant understory of graminoids
brace ecosystem management, and participate in theand forbs. Savannas are perpetuated by fire, and con-
process to ensure that needs of bobwhite are includedsequently species such as northern bobwhites that
Bobwhites have historically been a prominent part thrive in the early-successional habitats created by fire,
of only one national initiative, the United States De- benefit from savanna restoration (Callahan 1996). Sa-
partment of Agriculture Conservation Reserve Pro- vannas are one of the rarest plant communities in
gram. Bobwhite habitat requirements have been di- North America, with about 2% of the original 11 mil-
rectly incorporated into the CRP. Beyond the CRP, the lion presettlement hectares in the Midwest remaining
success of attempts to develop a national-level focus(Nuzzo 1986). The amount of presettlement savanna
on bobwhites and upland game birds has largely beenvaried widely among states, with tremendous potential
limited to planning and information transfer (e.g., for positive change for bobwhite in some cases. For
North American Game Birds: Developing a Manage- example, Missouri's presettlement savannas covered
ment and Research Agenda for thetZlentury; the about 15% of the state, or some 2.6 million ha; the
Quail 1l Strategic Management Plan, Quail 1lI/IV current area is 2,024 ha (Mike Leahy, Missouri De-
Symposia). Federal funding of these efforts was infin- partment of Conservation, personnel communication).
itesimal, totaling less than $30,000. Unlike migratory Interest in savanna restoration is increasing as evi-
wildlife, bobwhite conservation efforts are highly frag- denced by the publication of the Proceedings of the
mented with little or no national focus or federal fund- Midwest Oak Management Workshop, Eastern lllinois
ing. Significant new opportunities for federal support University, in 1991.
of upland game bird initiatives now exist. To improve Natural plants and natural plant communities are
bobwhite conservation, the directors of the Southeast-being restored throughout the Midwest by numerous
ern Association of Fish and Wildlife Agencies (SEAF- public agencies and private organizations. Efforts
WA) created the Southeast Quail Study Group and range from miles of narrow roadside plantings in lowa
called for formulation of a national quail plan (North- to larger tracts, containing 2,000—4,000 ha, in Missou-
ern Bobwhite Conservation Initiative, NBCI) for im- ri, Illinois and lowa. A plethora of community types
plementation within the North American Bird Conser- exist (shortleaf pine woodlands, glades, etc.) that could
vation Initiative (NABCI), a program of the Interna- provide habitat for bobwhites. The extent of restora-
tional Association of Fish and Wildlife Agencies (IAF-  tion of natural communities could be limited by cost,
WA). The NBCI is being developed by bobwhite amount of public land, willingness of private land-
biologists around the country under the direction of gwners to implement, air quality concerns regarding
Ralph Dimmick, University of Tennessee. Northern prescribed fire, etc.
bobwhites are considered a NABCI priority species
within several Bird Conservation Regions (BCR) that
occur in the Midwest (e.g., BCR 22-tall-grass prairie, AGRICULTURAL TRENDS
BCR 24-central hardwood forest, BCR 19-central
mixed grass prairie). Game bird enthusiasts also have  Given that agriculture will dominate land use in
a formal position in NABCI, the Resident Game Bird the Midwest in the 2%century, the importance of bob-
Working Group. Partners in Flight (under the authority white conservation in agroecosystems cannot be over-
of the IAFWA) considers northern bobwhite a priority stated. John Roseberry, in concluding remarks at Quail
species in most Midwestern ecological regions. IV (2000:244) posed the situation this way: “Given
In order to ensure successful implementation of enough time, space, and opportunity, | think we have
bobwhite conservation in the NABCI, bobwhite en- sufficient knowledge and skill to produce locally abun-
thusiasts from all levels, public and private, need to dant bobwhite populations. To be a viable game spe-
increase their involvement at the local, state and re-cies, however, it is not sufficient for bobwhite to be
gional level. Several states have already created plandocally abundant. They must be reasonably abundant
to facilitate implementation of the NABCI. Important- over relatively large portions of the landscape. The
ly, we have an excellent understanding of bobwhite problem, of course, is that bobwhite biologists and
ecology compared to what's known for species of pri- managers do not control large portions of the land-
mary focus in some initiatives, (e.g., rare Henslow’s scape.” The solution, Roseberry continued: “Finding
sparrows in grasslands); this advantage should increasavays to accommodate the needs of bobwhite in emerg-

the chance of achieving effective habitat practices. ing agricultural and forestry programs will be chal-
Numerous ecosystems, or natural plant communi- lenging, but absolutely essential.”
ties, in the Midwest can provide habitat for bobwhites. Midwest agriculture is extremely diverse with a

The largest in area are the tall-grass prairies and oak-plethora of influences including local, state, national,
savannas. Midwestern tall-grass prairie and savannaand international economies, the expanding human
ecosystems are a tiny fractiorn90%) of their historic population, the culture of family farms, biotic and abi-
range (Noss et al. 2001). The outstanding exception isotic elements (e.g., global warming, disease, weeds)
the Flint Hills region of Kansas, which also happens and environmental concerns of society. Although the
to be a stronghold for bobwhites. Grasslands within potential for agricultural trends is relatively easy to
the range of bobwhites in other Midwest states, how- identify, the nature of those trends, and the potential
ever, exhibit extreme (99%) loss (Noss et al. 2001). effect on bobwhite are very speculative. A guiding
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idea for such evaluation is that as intensity of land use
increases, quality of habitat for bobwhites declines.
Demographics

For bobwhite conservation to be successful on ag-
ricultural lands biologists must understand basic char-

acteristics of rural landowners and the landscape. For.

example, in Missouri, demographic data have led bi-
ologists in rural northeast Missouri to hold landowner
workshops>100 miles away in St. Louis. The abun-

15

scapes, providing more “edge” for bobwhites.
Negative aspects for bobwhite conservation of these
smaller land holdings increase with increasing density
of landowners. These include urban landscaping (Bur-
ger 1988), pets, and reduced access for hunting. Work
with conservation-minded landowners such as these is
the bread-and-butter of wildlife management. The shift
toward smaller land holdings could be stimulated by
agricultural trends that make production on marginal
lands uneconomical.

dance of absentee landowners necessitated such effort.

Study by Constance et al. (1996) of land owner-
ship in Missouri provides an example of important de-
mographics in Midwest agriculture. In the early 1990s
in the Midwest, about 44% of all cropland was rented,
and these rental acreages were concentrated in th

majority of landlords were old (71% are60 years
old and 45% are=70 years old), and lived far from
their land (54% live=50 miles from their farms). In
Missouri and nationally, about 40% of rented noncor-
porate agricultural land is controlled by women, and
47% of these women are widowed, and typically el-
derly. Moreover, women own smaller tracts, and im-
portantly rely more heavily on this income as a per-
centage of total income. The rental situation is further
complicated by the fact that most landlords70%)
leave farm decision-making to the renter.

Clearly, private land efforts must involve a team
approach with researchers identifying the nature of
land ownership and landscape physiogamy, and urba
and rural biologists collaborating to reach all parties
involved in management (owner, renter, government
agencies, agribusiness, Non-governmental Organiza
tions [NGOs], etc.). Timing is also critical, particularly
for large-scale bobwhite restoration efforts. For ex-
ample, chances of success are dependent on landown
willingness to cooperate; this in turn is affected by a
plethora of factors, not the least of which is the per-
son’s discretionary income. Unlike government work-
ers that have steady income, agricultural income is cy-
clical, with a deficiency in about 4 out of 10 years
(Womack 2001).

Farm Size

Midwest farm size is changing with mid-size

Marginal Agricultural Lands: Opportunity for
Bobwhite Conservation?

Several trends have the potential to shift intensive
agricultural production away from marginal (unprof-

most productive landscapes (e.g., riverbottoms). TheTtabIe) lands. Although such reduction in intensive

and use could benefit bobwhites, the CRP demon-
strates well that plant succession quickly renders such
unmanaged lands unsuitable for bobwhite (Burger et
al. 1990). The chances of these marginal lands being
managed for bobwhite is not great because many of
the landowners could lack the discretionary income, or
time, necessary to manipulate plant communities. Rel-
ative to intensive agricultural land use, however, these
marginal lands could provide opportunity for bobwhite
management.

Some inherent land characteristics that contribute
to profitability include plant growth capacity (soil fer-
tility, moisture, etc.), and distance to suppliers and
markets. Any one of these factors, or a combination,

tan affect profitability. Erosive, infertile lands with er-

ratic rainfall that are far from suppliers and markets
would be the most likely to be unprofitable and to go

out of production. Other major forces, including tech-
nology and international economics, are also contrib-
uting to change in the profitability of America’s rural

§Ands.

Advocates of biotechnology argue that genetically
engineered higher-yielding crops will reduce cultiva-
tion of marginal lands. Dennis Avery, director of the
Hudson Institute’s Center for Global Food Issues (Av-
ery 2001), states that “If we are successful in 2020,
the world will have free trade in farm products of all
kinds, so that it can use its best land to produce the
products for which each acre is best suited. As a result,
we will meet the food demand of seven bhillion peo-

farms being replaced by larger and smaller tracts. Theple—all more affluent by far than the average people
latter are often used for recreation, residence and ag-of the year 2000—without taking any more land away
riculture, although only as a minor source of income. from nature.”

In Missouri, large farms dominate production with 4% Marginal lands could be shifting out of production
of the farms producing 42% of the state’s agricultural by the trend toward concentration of production in the
output; they do so on only 17% of the total farmland hands of a few corporations. Monsanto’s failed attempt
(Seipel et al. 1995:31). For the smaller farms, agricul- to acquire American Home Products, Inc., is part of
ture is a secondary consideration, and thus, wildlife an ongoing strategy to create what'’s called a “dirt-to-
might be able to compete better for a place in the man-dinner plate company” with control of what, when and
agement of these lands. In addition, because incomewhere seeds are planted and harvested, and the man-
of these landowners is supplemented by off-farm in- ufacture and distribution of final products (ASI Global
come, greater discretionary spending is possible, a po-Landletter, Spring 1999). The model for this business
tentially important prerequisite for habitat manage- approach is well established with poultry and pork.
ment. Also, the relatively small size of these land hold- This could result in lands going out of production, ei-
ings should increase the heterogeneity of rural land-ther because landowners are unwilling to operate un-
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der contract, or they are unable to compete with large equipment and training, abstenee ownership, lack of
corporations. There also is believed to be an advantageawareness and/or motivation, etc.), however, we can-
for vertically-integrated corporations to have owner- not assume this will result in widespread management
ship of large contiguous tracts, rather than scatteredof CRP. Large-scale CRP management will require in-
tracts, resulting in increased operating efficiency and tensive efforts to promote the need, facilitate contract-
fewer problems with neighboring landowners (ASI ing, connect hunters with landowners, provide tax in-
Global Landletter, Winter 2000). The net effect of in- centives, etc. Furthermore, as reviewed by Brady and
creased corporate ownership on wildlife managementHamilton (1988), farmers have largely ignored wildlife
is unclear, with both positive (e.g., marginal land out components because of inadequate economic return.
of production, corporations’ sensitivity to environmen- Access fees for hunting, whether paid by natural re-
tally-based public relations, large land area controlled source agencies (e.g., Kansas Department of Wildlife
by 1 manager) and negative aspects (decisions ulti-and Parks Walk In Hunting Access), commercial hunt-
mately made by distant executive). Experts predict en-ing operations, or individuals, could increase landown-
vironmental concerns will play a “much bigger part” er motivation for CRP management.

in future production decisions (ASI Global Landletter,

Winter 2000), so biologists need to be aggressive with Sustainable Agriculture

potential corporate cooperators.

Marginal lands could be driven out of the agri- ; o
business mode by foreign competition. Free-trade ad-States Department of Agriculture (USDA), is “A sys-
vocates believe that reduced input costs and less costlyf€™M that is economically viable for farmers and ranch-
environmental regulation will give foreign agricultural ers, enw_rpnmentally healthy,"and supportive of local
producers a competitive edge and result in less agri-Communities and rural areas” (USDA, North Central
culture land use in the United States. Steven Blank, R€9ion. Sustainable Agriculture Research and Educa-
agricultural economist at the University of California- 10N Program 2001). Proponents include the USDA,

Davis, suggested that the United States get out of the(L:ongrledss(i:onal leraflf Cauculs, lowa i’fate _UniveFrsity’s
farming business all together (Kirschenmann 2001). eopo enter, Jeiferson Institute, American Farm-
Although marginally profitable lands would be the land Trust, and a plethora of other university, state,
most vulnerable to foreign competition, the best lands g_nd NG%S' Ogt?de thfe USPA’ pt;'lopone'ntsltuse ‘::‘ more
could also be affected by competition. Particularly per- Ilvgrse escrtlp lon r? Sus "".'nta ﬁ aghrlcu uLe o 1n-
tinent to bobwhite conservation is the prediction that ¢'Yd€ CONCEPLS Such as spirtuaiity, Nope, harmony,
American farmers will move away from bulk com- the earth as community” and social justice. lkerd
modities such as corn and soybeans (ASI Global Land-(1997)’ describes sustainable agriculture as farmer-ori-

letter, Winter 2000). Analysts figure that some of these Qnted, with little relation to “agribusiness” and that it

crops could be replaced by specialty products, with IS known variously as practical farming, organic farm-
large fields that once grew 1 or 2 crops now producing 'n%’ small f,arrgggsl, and altfern?r;uv? agrlcfultt#ref. tK|r—
10-15 different products. Further, these producers will _sctr?rlrn“atﬂns (.” ) ) vision orl € da_rm o | € tu uhre
work more closely with manufactures, customizing 'S nat: th€y will bé more ecology driven, [ess tech-
their acreage to meet specific demands. Although this"°l09y dependent. Biodiversity will be the key to their
scenario of diversification and small “field” size is €cONOMIC and QCOIOQ'Cal reS|I|9nce - - - Mmore of the
grossly appealing to bobwhite enthusiasts, it wouldn't value of the agricultural enterprises will be retained on
be surprising if such systems required a level of in- € fl_ahrm? ?nd ]lnﬂl:_)cal commur;mes.d tential impli

tense management that leaves little habitat for wildlife. € late of this movement, and potential impii-

Regardless of the development of such markets andcations for bobwhites are uncertain. The generaliza-
tions sound promising, harkening back to a day when

land use, a net reduction in corn and soybean produc-b bwhit lued the f for thei

tion has implications for bobwhite conservation, and a t'o wfl_es w;are vta ue doln de arm for I er _cc;nsump—l
change to non-production or specialized production (G %y e Pt nto effects of sustainable agri-
could bring new opportunity for bobwhite conserva- culture on bobwhites could be gained today by study

tion. . :
The existing government-sponsored marginal land of farmland areas owned by the Amish or Mennonites.

program, the CRP, has well-known significance to bob-
white enthusiasts in the Midwest (Burger et al. 1990).
Because of the dominance of overly thick stands of Wildlife experts agree that intensive agriculture
grass in CRP fields, the potential for bobwhite will not provides little if any habitat for bobwhite and other
be realized except where management (disking and/orfarmland wildlife (Burger 1988, Roseberry 2000). In-
prescribed fire) is conducted. The 2002 Farm Bill tensive agriculture has led to higher yields through hy-
could provide another iteration of bobwhite-friendly bridized seed, weed and pest control, multiple crop-
change if policy makers agree to make the $5/acre perping, high inputs of fertilizer, continuous and manage-
year management a reimbursable cost instead of amment intensive grazing, etc. Theoretically, higher ef-
upfront payment. At this rate, and assuming discing ficiency in crop, forage and animal production could
costs $10/acre, the 3-year strip discing protocol rec- result in greater production on the same or less area
ommended for CRP could result in a net economic of land. However, higher yields and/or increased de-
gain for landowners. For numerous reasons (lack of mand for food or fiber, could also stimulate use of

Sustainable agriculture, as defined by the United

Biotechnology and World Food Demand
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marginal lands and/or conversion of native plant com- toxicology tests because many normal foods in great
munities to agricultural production. Some combination quantities create an adverse reaction (e.g., soybeans in
of these factors led to an increase of about 4.4 million tests on bobwhite, Robert J. Robel, Kansas State Uni-
hectares in cropland in the Midwest during 1945-1992 versity, personnel communication).

(The H. John Heinz Il Center for Science, Economics In the 2F century demand for food/fiber will in-
and the Environment 1999), rendering the theory of crease initially because of removal of restrictions on
conservation of land area via higher yields suspect. free trade, particularly China’s potential admission to

Biotechnology figures heavily in the future of ag- the World Trade Organization (FAPRI 2001). Further,
riculture, with various implications for bobwhite. Early the world population is predicted to increase from 6
genetically modified organisms (GMOs) such as billion today to 7 billion in 2020 (Avery 2001) placing
Roundup Ready Soybeans and Bt corn were designedremendous demand on food production.
to increase production. Theoretical benefits for bob-
whites include lower use of insecticides where the
GMO involves insect resistance, and lower use of her- CONCLUSION
bicides where Roundup Ready products are used. The
later could result in weedy field borders and non-pro-
duction areas because of the need to perpetuate th
genetic makeup of the population from which crops
are being protected. For example, engineers of Bt corn
have called for untreated refuge areas amongst field
of Bt corn so that the GMO’s effectiveness lasts longer.
Such refugia can potentially provide habitat for bob-
white in an agricultural setting otherwise cleansed of
natural biota.

On the other hand, the effort in biotechnology to
add value to agricultural products could result in mar-
ginal lands increasingly being used for production. As
discussed above, this could be relatively hurtful for
bobwhite. Within agriculture there are major expecta-
tions for GMOs adding value to agricultural products.
Value is added using chemical, physical, and enzy-
matic methods to generate valuable foods, food addi-|_ I TERATURE CITED
tives, nutraceuticals, pharmaceuticals, and industrial _ _
products. As agricultural products become more valu- APHIS. 2000. Frequently asked questions: USDA and biotech-

. - ; - . nology. Animal and Plant Health Inspection Service, U.S.
able, the interest in production on marginal lands will Department of Agriculture. Washington, D. Chtip-//

Faced by such formidable challenges to wide-
spread quail restoration, quail enthusiasts must adopt
few strategies if we are to be successful. For most, we
must join mainstream ecological movements such as
the North American Bird Conservation Initiative, and
Sshed ecologically indefensible practices such as pred-
ator control and artificial propagation of game birds.
Only time will tell if John Roseberry is a prophet in
suggesting that “. .. in the face of an ever-expanding
human presence on the landscape, only a relatively few
wildlife species will ultimately thrive, and the bob-
white will probably not be one of them,” or if the ever-
evolving world society has room for a species such as
bobwhite whose abundance has been so closely tied to
agriculture.

increase, at least for landowners who own their land, www.aphis.usda.gov/biotechnology/fags. html

and thus have lower fixed costs; otherwise, owners of askins, R. A. 2001. Sustaining biological diversity in early suc-
the best agricultural land will still have a competitive cessional communities: the challenge of managing unpop-
advantage in an era of “value-added” products. Re- ular habitats. Wildlife Society Bulletin 29:407-412.

gardless of any effect on the amount of land in pro- ASI Global Landletter Spring 1999. Giant agribusiness mergers

duction, it's clear that increased value of an agricul- raise concern. Agricultural Services and Investments Glob-
! al. Lucerne, Switzerlandhtp://www.asiglobal.com

tural product leads producers to more zealously Protectag; Giobal Landletter Winter 2000. The future of agriculture:

their crop, a Scene_\rio_ that probably leaves little room looking ahead in the new millennium. Agricultural Services
for the needs of wildlife. and Investments Global. Lucerne, Switzerlanttty(/
All the above potential gains for bobwhite conser- www.asiglobal.comn

vation can be wiped out by catastrophes released byAvery. D. T-d2001- quson’sgg‘;mpecm’fs on i”tem?o”a' pf’"'

biotechnology and/or by increased demand for food/ (Cgt'tp'_'»‘ Wmhhndségﬁtgr gl/futuriggir-];lzb;%%%rthxm ianapolis.

flber. from a growing h,uman population. Enw_ronmen- Brady, S. J. 1985. Important sc_)il conservat_ion techniqges that
tal risks associated with GMOs are uncertain despite  penefit wildlife. Pages 55-62 Technologies to benefit ag-

recent media reports. Preliminary warnings of delete- riculture and wildlife: workshop proceedings. United States
rious effects of Bt corn on monarch butterflies by lowa Congress, Office of Technological Assessment, OTA-BP-F-
State university researchers was followed by contra- 34, Washington, D.C. . L
dictory reports by both the researchers and the Envi- Brad_y, S.J., and R. Hamilton. 1988. Wildlife opportunities with-

. in federal agricultural programs. Pages 95-0D. L. Hal-
ronmental Protection Agency (EPA) (APHIS 2000). lett, W. R. Edwards, and G. V. Burger, eds. Pheasants:
Based on differences between laboratory testing and  symptoms of wildlife problems on agricultural lands. North
field application, the EPA reported that data are insuf- Central Section of The Wildlife Society, Bloomington, In-

ficient to cause undue concern of widespread risks to diana. ) _
Monarch butterflies. Recently in Missouri a rumor was Brennan, L. A. 1993. Strategic plan for quail management and
circulating that bobwhites, deer, turkeys, etc., would research in the United States: issues and strategies. Pro-
not eat Roundub Read S,O ber;ms We ,Coultlj' find no ceedings of the National Quail Symposium 3:170-171.

p y y sove '~ Burger, G. V. 1988. 100 years of ringnecks: an historical per-
te_StS of ef'_fe_CtS of such beans on W|Id||fe Indeed, it Spective on pheasants in North America. Pages 1rIB.
might be difficult to test for such effects using standard L. Hallett, W. R. Edwards, and G. V. Burger, eds. Pheasants:
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symptoms of wildlife problems on agricultural lands. North www.ag.iastate.edu/centers/leopold/pubinfo/papersspeeches/
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ABSTRACT

In the Southeastern United States, Breeding Bird Surveys that bobwhite populations have been declining at 3.8%/year over the last 3
decades. Declines have been attributed the cumulative effects of large-scale deterioration of quail habitat quality associated with
advanced succession, intensive monoculture farming, and intensive timber management. Additional factors such as changing role of
predation, expansion of red imported fire ants, and metapopulation processes may exacerbate declines. Declining bobwhite hunter
participation, changing public values, and realignment of conservation emphases have diminished the emphasis on bobwhite manage-
ment nationally. However, within the Southeast 3 states, Virginia, Georgia, and North Carolina, have developed targeted private lands
initiatives to enhance local and regional bobwhite habitats and populations. Additional opportunities exist for enhancing regional
populations through broad avian conservation initiatives such as the North American Bird Conservation Initiative and Partners in
Flight. Potential benefits from these regional efforts will be accrued only if greater value and emphases are placed on conservation of
early successional habitats. As anthropogenic activities and natural successional processes influence regional usable space for bobwhite
in the Southeast, established paradigms regarding relationships among predation, harvest, habitat management, and population dynamics
may no longer be germane. Restoration of local and regional bobwhite populations will require a much greater understanding of
bobwhite population processes at a mechanistic level across local and regional spatial scales.

Citation: L. Wes Burger. 2001. Quail management: issues, concerns, and solutions for public and private lands—a southeastern per-
spective. Pages 20-34 in S. J. DeMaso, W. P. Kuvlesky, Jr., F higgmaand M. E. Berger, eds. Quail V: Proceedings of the Fifth
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POPULATION TRENDS mated 17.1 million birds in 1970 to 3.5 million in
1995. The rate of decline in hunter numbers from
~ With few exceptions, northern bobwhi{€olinus 1980-1995 ¢ 6.9%/year, Burger et al. 1999) exceeds
virginianus) populations have declined over most of the rate of bobwhite population decline 4.8%/year)
the range during the last 3 decades (Sauer et al. 2000)¢yring the same period (Sauer et al. 2000), reflecting
State agency harvest trends (Burger et al. 1999),5 reduction in hunter participation. As northern bob-
Christmas Bird Counts (Brennan 1991), and North \yhite populations continue to decline this pattern will
American Breeding Bird Surveys (BBS) all show sim-  cqntinye. Reductions in bobwhite hunter populations

ilar declining trends. From 1966 through the present, .ohresents a loss of a kev constituency group needed
the BBS conducted by the United States Geological forphabitat management a)(/jvocacy. y group

Survey, Patuxent Environmental Science Center, pro-  Ayhough declining bobwhite populations have
vides the most consistent range-wide measure of bob, .o, ributed to a variety of factors including coy-
white relative abundance and population trends. In the

. . ; tes, nest predators, fire ants, pesticides, and avian
southeastern United States (United States Fish and’ . .
Wildlife Service, Region 4), e BBS Indeatos & 3 By Predators, the primary cause has been the cumulative

year decline from 1966—1999 (Sauer et al. 2000). The effects of large-scale deterioration of bobwhite habitat
rate of decline is apparently increasing; IéBS for. the quality associated with advanced succession (Roseber-

southeastern United States from 1966—1979 indicated” €t al- 1979, Fies et al. 1992), intensive monoculture
a 1.7%lyear decline, whereas those from 1980—1999/arming (Vance 1976, Exum et al. 1982, Roseberry
show a 5.3%/year decline (Sauer et al. 2000). During 1993), and intensive timber management (Brennan
the period 1966-1979, 4 of 11 southeastern states ex1991)- In the terms of Guthery (1997), this is a range-
hibited significant declining trends, whereas from wide reduc_tlon in useable space. Specmc factors_that
1980-1999 11 of 11 states were declining (Table 1). have contributed to population declines vary region-
Such a dramatic decline in a ubiquitously distributed ally. In agricultural systems, farming practices have
species is of additional concern because of the loss ofchanged from diverse rotational cropping of row crops,
recreational opportunity and associated economic im-small grains, hay, and legumes to intensive monocul-
pacts on local economies (Burger et al. 1999). As bob- tural production of cotton, corn, soybeans, and rice. In
white populations have declined, harvest of bobwhite intensively cultivated regions, lack of suitable grassy
in 10 southeastern states (Ala., Fla., Ga., Ky., La., cover for nesting, weedy areas for brood rearing, and
Miss., N.C., S.C., Tenn., Va.) declined from an esti- woody fencerows for winter and escape cover has re-
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Table 1. Northern bobwhite population trends in the southeastern United States as indexed by Breeding Bird Surveys, 1996—19992,

1966-1999 1966-1979 1980-1999
State Trend P n Trend P n Trend P n
Alabama -4.2 0.00 89 -1.2 0.10 42 -6.2 0.00 88
Arkansas -3.2 0.00 33 0.5 0.49 29 -5.3 0.00 33
Florida -3.4 0.00 74 -1.5 0.22 34 —-4.4 0.00 70
Georgia —-4.3 0.00 67 -1.9 0.17 54 —5.4 0.00 66
Kentucky -25 0.00 46 -3.6 0.00 38 -2.8 0.00 41
Louisiana -4.8 0.00 49 -1.7 0.13 24 —4.8 0.00 43
Mississippi -35 0.00 34 -0.9 0.42 27 -4.9 0.01 32
North Carolina —-4.5 0.00 65 —-3.4 0.00 29 -6.5 0.00 58
South Carolina —-4.7 0.00 29 —-2.8 0.00 20 -5.6 0.00 25
Tennessee -3.6 0.00 44 -1.6 0.00 41 -5.5 0.00 44
Virginia -4.1 0.00 55 —2.4 0.00 43 -5.6 0.00 48
Southeast Region® -3.8 0.00 530 -1.7 0.00 338 -5.3 0.00 500

aTrend estimates from Sauer et al. (2000).
b U.S. Fish & Wildlife Service Region 4, includes: Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South
Carolina, Tennessee.

duced the overall capability of the land to support bob- we as a society use our natural resources. Loss of early
white (Kabat and Thompson 1963). In forested regions successional communities and reduction in landscape
of the southeast, reduction in extent and frequency of heterogeneity associated with large scale, intensive,
fire (Brennan et al. 1998), increasing forest coverage,and monocultural production of agricultural and forest
loss of small agricultural fields to natural succession products is likely the direct causes of region-wide pop-
and reforestation, expansion of densely planted pineulation declines of these species.
plantations, and increasing use of total vegetation con-
trol in clearcuts and regeneration stands have reduce
availability of grassy and weedy areas required for
nesting, foraging, and brood-rearing (Fies et al. 1992). Throughout the southeastern United States, pri-
Modern land use practices which strive to maximize vately-owned, rural, agricultural and forested lands
food, fiber, and forest products have the net effect of constitute 79% of the total land base and provide im-
simplifying the landscape. This reduction in landscape portant wildlife habitats. The Southeastern landscape
complexity, or heterogeneity, has simply reduced the s forest dominated, in 1997 being comprised of 48.3%
proportion of the landscape in usable space for bob-forest, 14.2% rowcrops, 11.4% pasture, 1% rangeland,
white (Guthery 1997), and the population size which 19 Conservation Reserve Program (CRP), and 3.5%
a given location is able to support. other rural uses (United States Department of Agri-
culture 2000). Land use practices throughout the
Southeast have changed dramatically during the pre-
LAND USE PATTERNS vious 5 decades. These changes have included farm
In the southeastern United States, bobwhite are in-consolidation, replacement of native communities with
extricably linked to early successional ground cover exotic or offsite monocultures, and conversion of ag-
communities, although in other regions, they might oc- rlcgltural lands to urban uses and_ forest. Based on the
cupy mid- to late-successional habitats (Spears et al.United States Department of Agriculture—Natural Re-
1993). These communities may occur as spatially stat-sources Conservation Service, Natural Resources In-
ic patches in annually disturbed systems such as ag-ventory (USDA-NRCS, NRI) survey of 12 Southeast-
ricultural landscapes or as spatially and temporally dy- €rn states (Ala., Ark., Fla., Ga, Ky., La., Miss., N.C.,
namic patches created by timber thinning, clear cut- S.C., Tenn., Va., W.Va.), from 1982-1997, 4.7% of the
ting, and site preparation in forested systems. In for- rural land base (3.9% of total surface acres) was lost
ested systems, early successional communities occufo urbanization or other uses (USDA-NRCS, N
as ephemeral patches, coming into existence following//www.nhg.nrcs.usda.gov/NRI/1997/). Twenty percent
timber harvest, persisting for a brief (2-5 years) pe- of cropland (3.6 % of total landbase), 5.8% of pasture
riod, then lost through natural succession. Early suc- (0.7% total landbase), and 29% of range land (0.4%
cessionalground cover might occur, and be perpetu- of total landbase) in these southeastern states were
ally maintained, by intermediate disturbance (e.g., fire) converted to other uses, while forested acres remained
in an otherwise climax forest ecosystem such as pine/relatively stable (0.8% loss of forested acres, 0.4% of
grassland. Declining populations are not unigue to total landbase).
bobwhite, but rather reflect the alteration of an entire Simultaneously, more intensive management of re-
ecosystem characterized by region-wide loss of early maining habitats has reduced the quality of these lands
successional plant communities and associated faundor wildlife. From 1950—-1990 mean farm size doubled
(Church et al. 1993). Factors contributing to declines and the number of farms declined by nearly 60 per-
in early successional species are complex and cumu-cent. Specialized, high input, monocultural agriculture,
lative, attributable to the changing manner in which increased field size, and elimination of idle areas have
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reduced the quality of agricultural lands for bobwhite. fect of the CRP in the Southeast was the conversion
Introduction of exotic forage grasses, and increasedof agricultural lands to forest or forage grasses result-
grazing intensity have reduced the availability and ing in a long-term loss of potential habitat.
quality of early successional habitats in agricultural
landscapes. From 1982-1992, cattle numbers in-
creased by more than 25% and cattle/100 acres in-
creased by 34%. Much of the existing range and pas- Although forested acreage in the Southeast has
ture has been planted to non-native forage grasses sucbeen relatively stable during the past 2 decades, forest
as tall fescue, bermuda grass, and bahaia grass. Sieomposition and quality have changed (Trani et al.
multaneously, reduction in the use of fire has degraded2001), reducing habitat quality for many wildlife pop-
the quality of remaining grasslands (Brennan et al. ulations. In general, there has been a conversion of
1998). longleaf pine to fast-growing slash and loblolly. The
Implementation of federal farm programs, such as longleaf pine community once stretched from Texas to
the CRP, in the Southeast has had a significant effectvirginia (Frost 1993) and was the dominant upland
on land use changes as well. Following CRP signup ecosystem across much of the southeastern coastal
22 almost 2.8 million acres were enrolled in CRP in plain, covering more than 60% of uplands and 40% of
12 southeastern states (Ala., Ark., Fla., Ga, Ky., La., the entire region (Noss et al. 1995). Today, less than
Miss., N.C., S.C., Tenn., Va., W.Va.). Conservation 2% of the historic longleaf remains (Noss et al. 1995).
practices (CP) CP1 (cool-season grasses), CP2 (nativéncreasing human populations combined with increas-
warm-season grasses), CP3 (trees), CP4 (wildlife hab-ing per capita consumption of paper products have
itat), CP10 (existing grass), CP11l (existing trees), contributed to a continuously expanding demand for
CP21 (filter strips), and CP22 (riparian buffers) col- pulpwood. Southern pulpwood production increased
lectively accounted for 97.6% of all enrolled acres. In more than 4-fold from 1953—-1993 and will likely con-
contrast to the Midwest where grass establishment waginue to increase in the foreseeable future (Johnson
the predominant conservation practice, tree planting1996). In a 1995 survey of 7 Midsouth states (Ala.,
(CP3 and CP11) was the most commonly selected CPArk., La., Miss., Okla., Tex., and Tenn.), most (67%)
in the Southeast, accounting for 61.9% of total en- of 40,000,000 ha of timberland was in non-industrial
rolled acres. Current enrollment in tree planting prac- private ownership (Rosson 1995). An increasing pro-
tices is approximately equitably distributed between portion of this timberland (16%) is artificially regen-
newly established stands<{5 years of age, 43.7%) erated stands (plantations), mostly loblolly pine. Most
and reenrolled stands (52.2%410 years of age). The (55%) plantation acreage in the Midsouth occurs on
most commonly established tree species was loblolly industrial forest lands with 39% on non-industrial pri-
pine, although a longleaf pine National Conservation vate lands and 7% under public ownership (Rosson
Priority Area (CPA) was established beginning with 1995). In the Coastal South, 32% of all timberland was
signup 18. The longleaf pine CPA included parts of 9 in the seedling/sapling stage (Trani et al. 2001) but a
southeastern states and provided special incentives (insubstantial proportion (55%) of plantation acreage was
creased EBI and exemption from HEL requirements) in the seedling-sapling size-class. Thus, pine planta-
for establishment of longleaf pine on eligible cropland. tions will likely constitute an increasing component of
Through the 22 signup, 168,541 acres of longleaf the southern landscape and a significant proportion of
have been enrolled in this CPA. Grass cover practicesearly successional habitats. In the Gulf coastal plain,
account for 33.1% of current enrollment in the South- intensive plantation management has influenced both
east, and field border practices (CP21, CP22) accounforest composition and age distribution (Trani et al.
for 2.6% of enrolled acres. The distribution of enroll- 2001). Use of genetically selected fast-growing seed-
ment between grass and tree practices differed subdings and herbicidal competition control speed the time
stantially among southeastern states. Georgia and Florfrom planting to canopy closure, potentially reducing
ida enrolled almost exclusively trees (92.3%), whereasthe window of early successional opportunity in re-
Kentucky, Tennessee, and West Virginia enrolled pre- forested pine plantations.
dominantly grasses (90.9, 85.9, 80.9%, respectively). Southern pine ecosystems are fire dependent. Fire
As a result of strong involvement by state wildlife has been one of the primary abiotic processes that has
agencies, native warm-season grasses were more wideshaped the biota of the southern forest landscape
ly adopted in Virginia (9.5% of enrolled acres) and (Brennan et al. 1998). The frequency and intensity of
Kentucky (7.0% of enrolled acres), but 1% were fire determines the composition and structure of pine
implemented in other states (e.g., Fla. 0.1%, Miss. forests in this region, particularly the degree of hard-
0.2%). Field border practices (CP21 and CP22) werewood component in the mid- and understory. Presence
extensively used in Kentucky (5.6% of enrolled acres), and dominance of hardwood midstory canopy strongly
North Carolina (12.3% of enrolled acres), and South influences herbaceous ground cover, and hence bob-
Carolina (11.1% of enrolled acres), but seldom used white habitat. Fire exclusion over the last 50 years,
in Florida (0.1%), Georgia (0.3), or Louisiana (0.3%). attributable to landscape fragmentation, intentional fire
Thus, CRP in the Southeast is quite different from that suppression, and declining application of prescribed
in other regions and tremendous variation exists fire (Brennan et al. 1998), has resulted in changes in
among southeastern states as a result of differing landforest ecosystems, including loss of herbaceous ground
use and conservation goals and potentials. The net efcover and expansion of forest land within former open
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habitats (White and Wilds 1998, Trani et al. 2001). The stantial resistence. This is illustrated in opposition by
impact of fire exclusion on bobwhite habitat and pop- many ornithologists to mechanical or herbicidal re-
ulations in the Southeast cannot be overemphasizedmoval of hardwoods from fire excluded pine systems,
Dramatic reductions in fire frequency in southern land- even when accomplished for the purposes of red-cock-
scapes has resulted in decline and loss of numerousaded woodpecker management. Within a recent special
fire-adapted species, including northern bobwhite section in The Wildlife Society Bulletin, dedicated to
(Brennan et al. 1998). Fire exclusion in pyric southern maintenance of early successional systems, Hunter et
pine systems is perhaps the greatest habitat problengl. (2001) acknowledged that direct management in-
facing bobwhite in the Southeast. terventionmay be justified, but “restoration should not
be at the expense of developing future old-growth con-
ditions in many areas where mid-successional stands

PUBLIC PERCEPTIONS now dominate.” Bobwhite are indeed associated with
unpopular systems (Askins 2001).
Tom Dailey this volume) thoroughly documents Historical land use patterns accidently produced

the changing characteristics and attitudes of our “in- such abundant populations over broad areas. As Rose-
creasingly urbanized and nonconsumptive society.” berry (1993) noted, bobwhite habitat can be affected
Despite trends in urbanization we see an ever increasby too much disturbance, or not enough disturbance.
ing, but superficial sense of environmental awareness.This is the paradox facing bobwhite populations in the
With this new awareness comes increasing public ex- Southeast. Essential plant communities, appropriately
pectations for resource stewardship. Changing publicinterspersed, have been lost in both agricultural and
expectations are expressed through regulatory actionforested systems because of too much and not enough
consumer pressure, and evolving priorities of legisla- disturbance, respectively. Bobwhite are no longer an
tion and governmental programs. Although conserva- @ccidental by product of broadly applied land use re-
tion of natural systems and resources has broad publicddimes. In modern landscapes restoration of bobwhite
support, it seems that the public does not equally valuePopulations requires prer_nedltated creation and main-
all systems. Studies of public perception of forest land- {€nance of essential habitats on a spatially broad ex-
scapes indicate that, generally, aesthetic preference in{€Nt: In modern southeastern landscapes, locally abun-
creases with forest stand age (summarized in Askinsdant populations can be produced, but only through
2001). Furthermore, as Askins (2001) acknowledges, Nt€Nsive management over extensive areas. In the
the history of extensive forest clearing in the eastern _Southeast, this _has pro_duced a dIChOquOUS situation
United States has resulted in tree planting and forest" Which bobwhite persist at low densities over large
protection becoming synonymous with conservation. POrtions of the range with high density populations
Although many of these forests have regenerated, pub-Only occurring on primarily private land where
lic perceptions of conservation remain linked with a wealthy landowners aIIoc_ate substantial resources to
single-minded focus on climax forest systems. Thus aproduce huntable populations.

“not so subtle” conservation bias against early suc- The common goal of species conservation is to
g y maintain viable populations. In contrast, to be a viable

cessional systems seems evident. Despite the fact thaéame species, bobwhite must be reasonably abundant
nearly 80% of the perilously endangered ecosystems, o large portions of the landscape (Roseberry 2000).

in eastern North America are disturbance-maintained ; e ; ;

) Increasingly, within the professional conservation
systems (Noss et al. 1995, Askin 2001, Thompson andeqmmynity, management gbjectives for bobwhite pop-
DeGraaf 2001) conservation of early successional sys-|ations sufficiently abundant to produce moderate lev-
tems has not received high priority. Askins (2001) Sug- g|g of sustainable harvest are viewed with disdain. Ex-
gests that a barrier to sustaining and restoring these,,nged funding bases, changing constituencies, broad-
systems is a perception that they are uninteresting ore; conservation objectives, and ecosystem manage-
unappealing and their maintenance often requires “re- ment philosophies have led conservation agencies in
moving trees to favor vegetation 'assomated with hu- the Midwest to question the legitimacy of management
man disturbance.” These perceptions of conservation,regimes developed around production of sustainable
qoupled with a m_lsmformed attitude that simply “Ie'g— harvest of a focal species (Dailafiis volume). Al-
ting nature take its course” (Hunter et al. 2001) will though increasingly common in northeastern and mid-
restore or maintain “natural” systems have resulted in western states, and evident in conservation forums
little conservation attention focused on disturbance- sych as The Wildlife Society listserve, this emerging
maintained systems. In the southeastern United Statesparadigm has largely not yet reached Southeastern
bobwhite are inextricably linked to disturbance-main- Fish and Wildlife Agencies. Most southeastern fish and
tained systems. Insofar as many natural disturbancewildlife agencies are still funded primarily by license
processes have been permanently disrupted, human infees, and hunters and fishermen remain a key constit-
tervention with premeditated disturbance regimes uency. Although participation in bobwhite hunting has
(management) is essential for restoration and mainte-declined throughout the Southeast (Burger et al. 1999),
nance of the communities to which bobwhite are northern bobwhite remain a high profile species for
adapted. Even among natural resource professionalsmany resource management agencies. This is illustrat-
creation of early successional systems through distur-ed in several state level initiatives targeting bobwhite
bance regimes deemed “unnatural” meets with sub- habitat management on private lands.
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PROACTIVE INITIATIVES The Virginia Bobwhite Plan did not provide for a spe-
i . . cific evaluation of the efficacy of habitat management
To address creation and maintenance of bobwhiteyractices in increasing local bobwhite populations.

habitat, 3 Southeastern states (Va., Ga., and N.C.) have
developed specific programs that provide technical and

financial assistance to private landowners interested inG€0rgia

enhancin_g bobwhite habitat. These programs Qiffer in In 1999, the Georgia Department of Natural Re-
their spatial extent, level of support, and specific prac- 5oy rces implemented the Georgia Bobwhite Quail Ini-
tices subsidized. tiative (BQI). The BQI is a comprehensive program
that provides technical assistance and cost share to en-
Virginia hance bobwhite habitat on private lands in Georgia.

o The BQI is primarily directed at providing nesting and

~In 1996, Virginia Department of Game and Inland prood rearing habitats in 3 focus areas comprised of
Fisheries (VDGIF) developed the Virginia Bobwhite 20 counties in central Georgia. Within focus areas,
Quail Plan. This plan identified specific changes that \yj|dlife Resource Division (WRD) biologists provide
have occurred in pasture, rowcrop, and forest manageopperators with detailed technical assistance on bob-
ment practices that have contributed to declining bqb- white habitat management. Cooperators may receive
white populations. These problems included: a) in- jncentive payments for establishment and maintenance
creased reliance on cool season forages for livestockyf specific types of early successional habitats. Habitat
forages; b) decreased use of prescribed burning; ) in-management plans are developed for all interested
creased acreage of dense pine plantations; d) trendgandowners and incentive payments are allocated on a
toward “cleaner” farming; e) lack of consideration for - competitive basis. To be eligible for incentive pay-
wildlife in USDA farm programs; f) unrealized op- ments potential coopeorator’s property must be located
portunities to improve utility right-of-ways for bob- in 1 of the focus counties, must be at least 50 contig-
whites; g) lack of areas which demonstrate good quail yous acres, must include commercial rowcrop agricul-
habitat; h) lack of knowledge on availability of quail ture, must be enrolled in the CRP longleaf Pine Con-
habitat and effects of landscape changes; i) lack of servation Priority Area, or in the Piedmont Physio-
understanding of predation impacts on quail in frag- graphic Province and must be a pine forest not cur-
mented habitats; j) impacts of changing pine forestry rently under intensive management for quail. Habitat
practices; k) impacts of pesticides on quail; and 1) im- management plans are competitively ranked for fund-
pacts of releasing pen-reared quail on wild quail pop- ing and plans containing multiple habitat practices re-
ulations (Capel et al. 1996). The Virginia plan devel- ceive higher rankings and increased chances for fund-
oped specific strategies to address each of these probing. Incentive contracts are for 3 years and are renew-
lems. This plan included components to establish dem-able annually based on cooperator performance. Spe-
onstration sites, provide technical assistance, and costific cost-shared practices include herbaceous field
share to facilitate implementation of bobwhite habitat borders, hedgerows, fallow patches and center pivot
management. Five years after the initial implementa- corners, pine forest openings, linear practices, pre-
tion of this plan, VDGIF has documented a number of scribed burning in thinned pine forests, and conser-
tangible products produced through the program. In anvation tillage. Funding is distributed annually contin-
effort to increase information transfer VDGIF has pro- gent upon successful implementation of habitat prac-
duced 5 excellent technical bulletins addressing bob-tices and approval by WRD biologists. Funds are de-
white habitat requirements, pine management, broodlivered through the local Soil and Water Conservation
habitat management, and wildlife plantings and hosted Commissions. During 1999 and 2000, WRD biologists
59 workshops attended by3000 people. The Virginia  provided technical assistance for 98 cooperators man-
Bobwhite Plan targeted habitat enhancement on pri-aging 203,466 acres. Cooperators enrolled 2,716 acres
vate lands in 9 counties in the Piedmont and Tidewaterin cost-shared practices at a total cost of $258,775 in
regions. To implement this plan, VDGIF hired a ded- incentive payments. Prescribed burning, field borders,
icated biologist and reallocated substantial time of a and center pivot corners were the most commonly
second biologist to program delivery. This plan pro- adopted practices. To deliver this program, Georgia
vided cost share funding for adding field borders to Department of Natural Resources-WRD hired 6 wild-
agricultural fields, idling land, converting fescue to na- life biologists with exclusive responsibilities associat-
tive warm-season grasses, and adding wildlife plantsed with the BQI. The Wildlife Resources Division is
to field buffers. These practices and cost shares weresvaluating the efficacy of the BQI through a cooper-
delivered through the Best Management Practices Pro-ative research project with University of Georgia. The
gram of the Department of Conservation and Recrea-goals of this project are to monitor baseline popula-
tion and Soil & Water Conservation Districts. A total tions before and after initiation of BQI practices and
of $272,000 was invested in cost shared agricultural compare treated and untreated farms. Fall covey den-
practices in 3 of the 5 years and an additional $90,000sity is being used as a response variable in an obser-
in prescribed burning cost share in 4 of 5 years. During vational study that compares bobwhite abundance on
1996-2001, the Virginia Bobwhite Plan established lands enrolled in the BQI and neighboring farms not
103 demonstration areas and cost shared 3,510 acresnrolled in the program. Both grid census methods and
of habitat improvement on more than 400 landowners. single-observer point counts are being used to index
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fall abundance. All fields enrolled in the BQI will be 39% of the land area of 10 southeastern states and
monitored with one of these monitoring protocols. Ini- provides perhaps the greatest opportunity for bobwhite
tial results indicate a positive bobwhite response on restoration in the Southeast. Bobwhite is a priority spe-
75% of BQI enrolled properties (R. Thackston, Geor- cies within BCR 27. Strategies identified in the NBCI
gia Department of Natural Resources, personal com-were developed under the assumption that the avail-

munication). ability of grasslands suitable for nesting and brood
rearing limit bobwhite populations in agricultural and
North Carolina forest lands within BCR 27. The NBCI provides spe-

cific habitat acreage goals for each BCR and landscape
type (crop, pasture, forest lands, etc). Under this plan,
population objectives would be achieved primarily
through conversion of crops to native grasslands, im-
‘plementation of field borders and riparian corridors,
conversion of exotic cool-season pastures to native
arm-season grasses, reestablishment of longleaf, and
enhancement of forest ground cover through pre-

The North Carolina Wildlife Resources Commis-
sion has developed a new private lands initiative
named CURE (Cooperative Upland habitat Restoration
and Enhancement) to create and maintain early suc
cessional upland habitats for the benefit of northern
bobwhite and associated early successional specie
This program is targeted at those areas in North Car-

olina where existing land use and other habitat con- _ . . : P : ;
. . X scribed burning, thinning, and improved site prepara-
ditions provide the greatest potential for successful tion 9 9 P brep

habitat restoration and enhancement. Funding and | -q4ition to the NABCI, Partners in Flight (PIF)

technical assistance will be concentrated in focal areasy 5o developed regional bird conservation plans (BCP).
where combinations of agricultural, pasture, woodland, The 2 primary PIF physiographic regions in the south-

and shrubland exist in proportions that indicate overall gagtern United States are the East Gulf Coastal Plain
suitability as small game habitat. Suitable habitat was

identified from a habitat suitability model based on
resampled and reclassified 1993-95 LANDSAT TM
data. Three focal areas have been identified, 2 in the
coastal plain and 1 in the Piedmont region. Within
these focal areas, technical assistance and incentives
will be available for landowners or landowner coop-
eratives that wish to implement habitat management
on at least 5000 acres for a minimum of 5 years. Once
enrolled in a cooperative, landowners will be eligible
for technical assistance for management plan devel-
opment and financial assistance for land rental, vege-
tation control and management, forest management,
and fencing. North Carolina Wildlife Resources Com-
mission proposes to allocate 7.5 full-time positions at
a cost of nearly $500,000/year to program delivery.
Additionally, $150,000/year will be allocated for prac-
tice cost-sharing. Bobwhite response to management
regimes will be evaluated annually with a 50% sample
of all potential habitat within participating landowner
cooperatives using the fall covey call index.

Regional Initiatives

In addition to state-level initiatives, bobwhite pop-
ulations could benefit from several regional and na-
tional initiatives. A Southeast Quail Technical Com-
mittee has been formed under the auspices of the di-
rectors of the Southeastern Association of Fish and
Wildlife Agencies and charged with developing a na-
tional plan for restoration of bobwhite populations
within the context of the North American Bird Con-
servation Initiative (NABCI). Ralph Dimmick is spear-
heading development of this plan, called the Northern
Bobwhite Conservation Initiative (NBCI), with assis-
tance from biologists around the region. The NBCI has
set ambitious goals of stabilizing population declines
within 5 years and restoring regional populations to
1980 levels within 20 years. Under the NABCI, the
Southeastern Coastal Plain is designated as Bird Con-
servation Region (BCR) 27. This region comprises
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gional conservation planning will only be accrued
through collaboration among quail ecologists, avian
ecologists, and conservation biologists. We must be
plugged in to broader conservation initiatives.

CHANGING PARADIGMS

As anthropogenic activities and natural succes-
sional processes influence regional usable space for
bobwhite in the Southeast, established paradigms re-
garding relationships among predation, harvest, habitat
management, and population dynamics may no longer
be germane (Robel 1993, Roseberry 1993, Hurst et al.
1994). On both public and private lands throughout
the Southeast, bobwhite populations, and the biologists
who would manage them, face a myriad of circum-
stances that challenge prevailing paradigms.

Predation

Among the most controversial challenges is the
poorly understood interactions between predator com-
munities and bobwhite populations in modern land-
scapes. Under the influence of Errington’s teaching
and in an effort to maintain a public focus on habitat
management, several generations of biologists have
confidently promoted the enduring paradigm that “pre-
dation has no effect on bobwhite populations.” How-
ever, the role of predation in limiting avian populations
has received substantial attention in recent years (Hurst
et al. 1996, Rollins and Carroll 2001, Jimenez and
Conover 2001, Nelson 2001). Increasingly, the ecolog-
ical community is recognizing that, contrary to histor-
ical paradigms, predation may limit recruitment and
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area. Guthery (1997) argued that, after controlling for in the absence of information on the abundance and
the frequency and severity of catastrophic weather composition of the predator community.
events, a general constant of proportionality might de- Beyond simply affecting quantity of usable space,
scribe the relationship between abundance and usableéhe predator context may influence the nature of den-
space-time throughout the range. It follows from this sity-dependent demographic processes. Guthery et al.
that habitat quality, and therefore mean fitness, are the(2000) suggested that the reason it is not feasible to
same whereever populations persist (Guthery et al.“...increase demographic capacity or stabilize pop-
2000). Guthery (1997) referred to this as “operational ulations with management that increases production or
constancy.” survival” is that “...density-dependent processes
Southeastern state resource management agenciesould mediate against a survival-production approach
are coming under increasing pressure from stakehold-to augmentation of demographic capacity.” However,
ers to liberalize wildlife codes to facilitate increased working on gray partridge, Potts (1986) suggested that
opportunities for predator management. These calls forpredator management (altering the predator context)
enhanced flexibility in predation management go con- altered the nature of the density dependent relationship
trary to prevailing public sentiment that increasing har- between partridge density and mortality rates. Rollins
vestable surplus is not a legitimate justification for le- and Carroll (2001) suggested that predator removal
thal control of predators. Renewed emphasis on pre-might suppress the predator-mediated density-depen-
dation management as a viable, even essential, tool fodent mortality of adults and nests leading to higher
bobwhite management is based on the premise thatates of recruitment at a given density than would be
reductions in predator abundance or efficacy would en-predicted by the density-dependent reproduction rela-
hance demographic parameters such as nest succes®nship (Roseberry and Kimstra 1984). Thus, if alter-
and survival. But Guthery et al. (2000) suggest that ing the predator context alters the functional nature of
for bobwhite, because of this operational constancy in the density-dependent relationship, a survival-produc-
mean demographics, it is not feasible to increase “de-tion approach to enhancement of demographic capac-
mographic capacity” or stabilize populations with ity might work. Further theoretical and empirical re-
management practices designed to increase survival osearch is needed to understand relationships among
production (Guthery et al. 2000). This is in contrast to predator context, usable space, and demographic ca-
empirical observations by Cote and Sutherland (1997) pacity. Integration of predator monitoring into ongoing
and Tapper et al. (1996) that, for gray partridge and demographic studies of bobwhite would provide a first
other ground nesting birds, selective reduction in abun- step in this direction. A large, replicated, manipulative,
dance of important nest predators can increase nestnulti-institutional study in Georgia is currently inves-
success, recruitment, fall densities, and in some casesigating relationships among predator density and bob-
breeding densities. Predator removal, or habitat mod-white demographics (B. Palmer, Tall Timbers Research
ification that alters use of the landscape by predators,Station; personal communication; J. Carroll, Univer-
changes the predator context. What is not yet under-sity of Georgia; personal communication; C. Sisson,
stood is how predator context affects usable space andAuburn University, personal communication). Empir-
demographic capacity in a landscape. By analogy, For-ical and theoretical work directed at understanding re-
rester et al. (1998) clearly demonstrate that, in the aridlationships among vegetation structure, landscape
southwest, operative temperature alters the distributionstructure, and vulnerability to avian and mammalian
of usable space for bobwhite during portions of the predators would provide additional insight. Approach-
year. Vegetation mitigates the effects of ambient tem- es such as Guthery’s “cone of vulnerability” and the
perature and solar radiation, influencing the distribu- multi-resolution methodology in Stockett et al. (2001)
tion of habitable (standard operative temperature with- illustrate promising avenues of investigation.
in the thermal neutral zone or at least below the upper Management responses to mitigate the effects of
critical temperature) in the landscape. A given distri- predation on prey species include modifying the pred-
bution of vegetation produces a different distribution ator community, providing alternative prey, habitat
of usable space under different thermal and radiantmodification, and manipulation of patch and landscape
conditions. Similarly, predator context might alter the characteristics (Jimenez and Conover 2001). Although
distribution of habitat space. Research has not ade-direct manipulation of predator communities has been
quately addressed how the abundance and types oBhown to enhance productivity of some prey species
predators affect the suitability of a given location to (Cote and Sutherland 1997) public acceptance depends
quail. In the context of usable space, the quantity of on the specific objectives of removal efforts (Messmer
usable space through time might vary in relation to et al. 1999). Rollins and Carroll (2001) suggested an
extant predator community. More specifically, a point integrated pest management (IPM) approach to pre-
in space (i.e., foraging location) that is usable in the dation management involving establishment of “eco-
absence of a particular predator, may be unusable innomic thresholds” of predation damage and applica-
the presence of abundant populations of that predatortion of non-lethal and lethal means of predation man-
Throughout the ecological literature it has been dem- agement. They suggested that non-lethal means (e.g.,
onstrated for numerous other species that optimal for-habitat manipulation) are the first line of defense.
aging strategies and habitat use differ in the presenceFleske and Klaas (1991) and Herkert (1994) suggest
and absence of efficient predators. Thus, we cannotthat abundance and composition of a local predator
understand habitat use and optimal habitat compositioncommunity might be manipulated by removing den
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Fig. 5. Estimated beta distributions for seasonal precipitation in south Texas for fall (a« = 1.0342, 8 = 1.9060), winter (a = 1.1467,
B = 3.3001), spring (e = 1.1944, B = 2.6173), and summer (« = 1.0161, B = 1.9073) during 1908-1997 (11 years missing; Falfurrias
station). Numbers under the curves give approximate probabilities that precipitation falls within the indicated range.

length of the laying season, seasonal distribution of gests patterns or processes that have gone undiscov-
nest initiation, and survival of adults and juveniles, ered in previous work.

among others. Our modeling effort was an attempt to Certain aspects of the model predictions were con-
synthesize weather influences on the complex demo-sistent with published results. Our analysis identified
graphic and dynamic influence leading to an age ratio. spring precipitation as a key variable influencing age
The effort necessarily required simplification that re- ratios, as did Kiel's (1976) work in the same region.
sulted in some level of mismatch between the variablesln contrast to Kiel (1976), however, our analysis sug-
used in modeling and the reality of the field. For ex- gested an asymptotic effect of spring precipitation,
ample, we assumed data from the Falfurrias stationwhereas his findings were linear over age ratios rang-
reflected conditions for the region of inference. Also, ing from 0.6 to 7.0 (we would have eliminated the
modeling an age ratio on means (temperatures) andhigher age ratio as an outlier). The asymptotic effect
totals (precipitation) fails to account for the frequency, seems more realistic, biologically, than the linear ef-
pattern, and intensity of weather events. A given meanfect. Theoretically, the age ratio is an asymptotic func-
maximum temperature might or might not be associ- tion of the number of nesting attempts (Guthery and
ated with intense heat waves, and a particular total for Kuvlesky 1998), and the number of attempts in any
precipitation might or might not have accrued from a breeding season is time-limited. This would lead to the
deluge. Because of the complexity of an age ratio per expectation, if precipitation lengthens the breeding
se and variation quashed by modeling on means andseason and thus increases the potential number of nest-
totals, the neural model predictions were associateding attempts, that production could be an asymptotic
with considerable uncertainty. The model performed function of precipitation.

with at best moderate predictive power (explained Our results were consistent with the findings of
59% of variation in training data, 29% in validation Heffelfinger et al. (1999) concerning weather effects
data). on age ratios of Gambel's quail in Arizona. They re-

A model with the specified level of performance ported that mid-winter (Dec—Jan) precipitation was
should be viewed with skepticism, especially since it more influential than early-winter (Oct—Nov) or late
was developed with a relatively small samphe=( 35). winter (Feb—Mar) precipitation. Although we found
However, such a model may contain useful informa- spring rainfall to be more important than rainfall in
tion if it is consistent with known weather-related pro- other seasons, the Arizona and south Texas results
cesses affecting quail production. Also, such a model, were consistent if timing of rainfall is placed in phe-
given empirical support, may be informative if it sug- nological context. Gambel’s quail in Arizona start nest-
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ing before bobwhites in south Texas; the common viously, nonlinearity renders linear outlooks on the
property between studies was the importance of rain-weather-production relation incomplete and, in certain
fall associated with the beginning or early portions of domains of inference, inaccurate. For example, if the
the nesting season. Heffelfinger et al. (1999) reportedproduction response to precipitation is approximately
declining age ratios with increasing July temperatures, asymptotic (Fig. 2), then there are precipitation levels
regardless of the quantity of rainfall. On the contrary, that invoke a null response in quail productivity. There
we observed a threshold effect of July temperature atis a tendency for human beings to linearize and sim-
a given rainfall (Fig. 1). However, the results were plify, which likely will lead to false expectations of
consistent in that higher July temperatures were asso-bobwhite population performance in the system we
ciated with lower predicted age ratios in each study. studied.
The threshold effect of July temperatures and other

results were consistent with known aspects of the ther-
mal biology of bobwhites. Heat stress, as evidenced MANAGEMENT IMPLICATIONS

E)y _gular flutter, appears at a temperature of about 35 The weather is beyond management control. How-
C in quails (Henderson 1971, Spiers et al. 1983). The gyer knowledge of the nature and strength of weather
model predicted a collapse in production at a mean sfiyences on bobwhite demography assists managers
maximum temperature of about 36 in July (Fig. 1). 5 placing proper perspectives on practices aimed at
A possible process Ieadln'g to a collapse in productlon enhancing the reproduction performance of quail in
at temperatures near 38 is reproductive quiescence gemiarid environments such as south Texas. Weather
associated with heat stress. In contradiction, however,, 5 iaples may explain at least half, and perhaps more
the model predicted increasing age ratios with inCreas-qf the variation in bobwhite age ratios in south Texas
ing June maxima beyond the threshold value. Thesegie| 1976, this study). Adding random variation as-
results were enigmatic. The age ratio e_ssentlal_ly failed ggciated with depredation events (nest, chick, adults)
to respond to August temperature maxima, which may gnq other limiting factors to the variation explained by
merely indicate most production has completed before yeaather leaves little room for variation explained by
August. We recognize that bobwhites may lay during papjtat management practices. Moreover, the power of
any month in south Texas (Lehmann 1984:84) but this \eather suggests that such practices should be aimed
occurrence does not preclude a strong seasonal peaf imarily at ameliorating the negative reproduction ef-
in reproduction effort (Guthery et al. 1988). Based 0n fects of low rainfall in association with high temper-
data presented in Guthery et al. (1988), the breedingay,res. Management for positive thermal effects in-
effort essentially collapses by July in the western Rio \qyes preservation of adequate amounts of herba-
Grande Plains and is in strong decline in the easternsgo,s and woody cover to reduce heat loads near the
Rio Gr_ande Plains. Data fr(_)m the Chapar_ral Areawereground and provide thermal refugia (Guthery et al.
reflective of the western Rio Grande Plains. 2001). In the absence of prohibitively costly measures
_ Rainfall in semiarid environments generally ben- g,ch’as widespread sprinkler irrigation, it is likely that
efits birds and, with the exception of winter precipi- management never will be able to fully reverse the
tation, this generalization held for bobwhite age ratios gffects of weather on reproduction because the habitat

in south Texas (Fig. 2). We can speculate that winters gy cture to which quail are adapted renders them vul-
with more precipitation are colder, leading to energy nerabple to thermal insult.

stress that inhibits early season production. Indeed,

Koerth and Guthery (1988) reported that body fat lev-

els of bobwhites in April were negatively correlated ACKNOWLEDGMENTS
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ABSTRACT

Weather plays a substantial role in annual changes in populations of northern bobwhite (Colinus virginianus) within and among
ecological regions. Few studies have tested this relationship within the confines of specific sites. We examined the fine scale influence
of annual (12-month), seasonal (6-month), and monthly Modified Palmer Drought Severity Indices (PMDI) and raw precipitation on
abundance, breeding success, and harvest of northern bobwhites on 2 sites in south Texas. We used 18 years (1984-01) of roadside
census, juvenile: adult ratios, and harvest records from the Chaparral Wildlife Management Area (CWMA) in La Salle County and 15
years (1984-99) of juvenile: adult ratios and harvest records from a private property in Brooks County (BCP) to examine relationships
and trends with weather variables. Bobwhite abundance was correlated (r = 0.50, P = 0.035) with 12- and 6-month sums of precip-
itation and PMDI. Breeding success was correlated (r = 0.53, P = 0.023) with 12-month precipitation for both sites and was correlated
(r = 0.53, P = 0.040) with 6-month precipitation for BCP only. Harvest variables for CWMA were correlated (r = 0.54, P = 0.022)
with 12- and 6-month PMDI, while BCP harvest/ha was correlated (r = 0.54, P = 0.027) with the 12-month precipitation sum.
Monthly correlates with precipitation increased from spring to summer until July when they became negatively related to rainfall on
both sites. Monthly PMDI correlates became increasingly important from spring through summer including July. Our findings account
for at least part of the annual variation in northern bobwhite abundance in south Texas and provide information useful in understanding
of the influence of weather at fine spatial scales.

Citation: Perez, R. M., J. FE Gallagher, and M. C. Frishbie. 2002. Fine scale influence of weather on northern bobwhite abundance,
breeding success, and harvest. Pages 106110 in S. J. DeMaso, W. P Kuvleksy, Jr., E Hernandez, and M. E. Berger, eds. Quail V:
Proceedings of the Fifth National Quail Symposium. Texas Parks and Wildlife Department, Austin, TX.

Key words: abundance, breeding success, Colinus virginianus, harvest, Modified Palmer Drought Severity Index, northern bobwhite,
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INTRODUCTION Botsford et al. 1988). Abundance, breeding success,
and harvest have also been correlated with weather
Climate and wesather have a magjor effect on bird variables for northern bobwhite and scaled quail (C.

populations. Weather dictates the growth of plants and squamata). These relationships are more apparent in
the foods they produce (Welty and Baptista 1988). The
growth stage of shrubs and grasses and the amount of
food available throughout any given year affects the
population dynamics of ground nesting birds (McMil-
lan 1964, Roseberry and Klimstra 1984:128, Giuliano
et al. 1996). The relationship between weather vari-
ables and populations has been examined for many
gallinaceous species (Peterson and Silvy 1994, Sheafer
and Maleki 1996, Roberts and Porter 1998). Heffelfin-
ger et al. (1999) found that reproductive failure was
associated with low rainfall (0—6.3 cm) in October—
March and high mean daily temperatures (32.2°-35.0°
C) during the brooding season (Jun—Jul) for Gambel’s
quail (Callipepla gambelii). Conversely, ample season-
al rainfall and soil moisture have been positively cor-
related with the reproductive success of California
quail (C. californica; McMillan 1964, Francis 1970,
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tested these relationships within the confines of spe-
cific sites (Francis 1970). Furthermore, fine scale re-
search may illuminate relationships, which are not ap-
parent at larger scales, and may provide information
helpful in understanding annual variation in bobwhite
populations at the local level.

The objective of this study was to assess the re-
lationship between weather and bobwhite populations
at a fine spatial scale (i.e., ranch-level). Annual, sea-
sonal, and monthly raw precipitation and PM DI values
for 2 south Texas study sites were correlated with bob-
white abundance, breeding success, and harvest to test
the following hypotheses. 1) annual PMDI from the
nearest weather station is correlated more strongly
with abundance, breeding success, and harvest than
raw precipitation alone; 2) seasonal (Sep—Nov and
Apr=Jun) PMDI from the nearest weather station is
correlated more strongly with abundance, breeding
success, and harvest than raw precipitation for the
same time period; and 3) Monthly raw precipitation
and PMDI values exhibit similar trends when corre-
lated with abundance, breeding success, and harvest.

METHODS
Study Areas

Two areas were selected within the Rio Grande
Plains ecological region of Texas (Gould 1975): the
CWMA and the BCR. The CWMA encompasses 6,151
ha in Dimmit and La Salle Counties, Texas, approxi-
mately 32 km south-southwest of Cotulla, Texas. The
Duval fine sandy loam and Dilley very fine sandy
loam soils that predominate on the CWMA support
very diverse plant communities. The major vegetative
associations present are mesquite-granjeno (Prosopis
glandulosa-Celtis pallida) parks and mesquite-black-
brush (Acacia rigidula) brush (McMahan et al. 1984).
Introduced perennia grasses (Lehmann lovegrass [Er-
agrostis lehmanniana] and buffelgrass [Cenchrus cil-
iaris]) were seeded by previous owners or have invad-
ed and presently constitute the majority of the herba-
ceous biomass found on the CWMA. Native grasses
such as plains lovegrass (Eragrostis intermedia),
plains bristlegrass (Setaria macrostachya), and tangle-
head (Heteropogon contortus) have been reduced as a
result of past overgrazing by livestock. The landscape
is dominated by mesquite, various acacias (Acacia
spp.), cacti (Opuntia spp.) and other chaparral species.
Topography is gently rolling, with elevation ranging
from 143 m to 187 m above sea level.

The BCP has ranged in size over the course of this
study from 9,700 to 13,760 ha, but has remained at
13,760 ha since 1988. This site is predominately fine
sandy soils and is entirely within the mesquite-gran-
jeno parks vegetative association (McMahan et al.
1984). Common native grasses include brownseed pas-
palum (Paspalum plicatulum), Pan American balsam-
scale (Elyonurus tripsacoides), purple three-awn (Ar-
istida purpurea), hooded windmillgrass (Chloris cu-
cullata), and lovegrasses (Eragrostis spp.) Introduced
grasses are present, but not dominant. Topography is

flat with a O to 3% slope and elevations between 12
to 20 m above sea level.

Long hot summers and short mild winters char-
acterize the climate for thisregion. In La Salle County,
mean winter temperature is 12.7° C with a mean min-
imum of 6.7° C, and mean summer temperature is
29.4° C with a mean maximum of 36.1° C. The two
areas typify the mgjority of South Texas with over
60% of both sites having been subjected historically
to mechanical treatment to reduce brush. Woody veg-
etation dominates the landscape because of a variety
of factors, but the primary causes are probably historic
overgrazing by livestock and the suppression of nat-
ural fires. Coverage of woody plants varies from
<30% canopy coverage, usually found on undisturbed
sites, to >90% canopy coverage on drainages and ar-
eas that have been mechanically manipulated. Previous
and present mineral exploration has resulted in severa
oil or natural gas well sites and numerous seismic and
pipeline clearings. Water is well distributed on both
areas and mean annual precipitation for CWMA and
BCP is 55.4 and 65.4 cm, respectively.

Data Collection and Analysis

Rainfall data for CWMA are for the period Janu-
ary 1982—January 2001, whereas BCP data are for the
period January 1984—December 1999. All raw precip-
itation data were collected from rain gauges located on
site.

Annual and seasonal PMDI data used for CWMA
are from NOAA station 4109, located west of Freer,
Texas in northeast Webb County, approximately 72 km
from the CWMA, and from NOAA station 4110 for
BCPR located near San Manuel, Texas in northern Hil-
dago County, approximately 64 km from BCP
Drought index data for both areas cover the period
September 1982—January 2001.

Survey data were available only from CWMA and
represent bobwhite observed/km along two 16.1 km
survey routes on CWMA for the period 1983—2000.
Counts were conducted 4—8 times per year, from mid-
July through mid-October, and results were averaged.

We used harvest records to obtain juvenile:adult
ratios as an index of breeding success and as an index
of abundance expressed as the total bobwhite harvest
for a given season. Additional harvest data collected
from the BCP include the number of birds harvested
divided by number of hectares hunted. Additional har-
vest parameters collected from the CWMA include the
mean hunter bag for bobwhites across the whole sea-
son (total bobwhite harvest/number of hunters partic-
ipating).

We assumed that harvest indices are related di-
rectly to bobwhite abundance; however, the relation-
ship is not necessarily proportional. The CWMA is
part of a public hunting system where hunting pressure
is largely unregulated, whereas BCP is a commercial
hunting camp and adjusts annual harvest to reach a
target spring breeding density of 60% of the estimated
fall bobwhite population. For the period 1983 through
2000 mean annual bobwhite harvests for CWMA and
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Table 1. Correlations between annual (Sep—Aug) sums of raw precipitation (Precip) and the Modified Palmer Drought Severity Index
(PMDI) and northern bobwhite abundance (Bobwhite/km), breeding success (Juv:adult), annual total harvest (Harvest), mean harvest
per hunter (Bag), and harvest per hectare (Harvest/ha) for the Chaparral Wildlife Management Area (CWMA), La Salle county, Texas,
1982-01 and a private ranch (BCP), Brooks county, Texas, 1984-99.

Raw precip PMDI
CWMA BCP CWMA BCP

Variable r P r r P r P
Juv:adult 0.53 0.023 0.72 0.003 0.15 0.566 0.25 0.313
Harvest 0.44 0.066 0.48 0.058 0.54 0.022 0.30 0.220
Bag 0.42 0.083 0.58 0.011

Bobwhite/km 0.50 0.035 0.51 0.031

Harvest/ha 0.54 0.027 0.42 0.086

BCP were 1,839 (min = 30, max = 11,219) and 3,356
(min = 471, max = 7,712) respectively, and mean
annual hunter days for the same time period were
1,396 (min = 212, max = 3,796) and 448 (min = 152,
max = 680), respectively.

We plotted abundance and harvest variables
against raw precipitation data and PMDI data. We then
visually inspected plots for non-linearities, in particu-
lar, anything that would suggest a threshold effect. All
variables were tested for normality using the Lilliefors
test (Wilkinson 1990). Because most variables were
significantly non-normal, we used Spearman Rank
Correlations to examine the relationship between
abundance, breeding success, and harvest with raw
precipitation and PMDI. We calculated relationships
for the sum of the 12-month period (Sep—Aug) pre-
ceding each hunting season, the fall (Sep—Nov) and
breeding season (Apr—Jun) time periods (6-month
sum) and single month values. Tests were considered
significant at the P < 0.05 level.

RESULTS
Abundance

Correlations with CWMA census were essentially
the same for raw precipitation (r = 0.50 [P = 0.035])
and PMDI (r = 0.51, P = 0.031) for the 12-month
sum (Table 1). Bobwhite abundance was also corre-
lated with 6-month precipitation (r = 0.58, P = 0.013),
and 6-month PMDI (r = 0.58, P = 0.012, Table 2).
Monthly raw precipitation values were correlated with
bobwhite abundance for May (r = 0.55, P = 0.018)
and June (r = 0.63, P = 0.005, Fig. 1). Monthly PMDI

values were correlated (r = 0.49) during 3 months
(May—Jul) with the strongest correlation coming in
July (r = 0.56, P = 0.017, Fig. 2).

Breeding Success

Age ratio was correlated (r = 0.53) with 12-month
and 6-month raw precipitation for BCP and was cor-
related (r = 0.53) only with 12-month precipitation for
CWMA (Tables 1-2). February was the only monthly
raw precipitation value correlated (r = 0.53, P =
0.025) with age ratio, and August was the only month-
ly PMDI value correlated (r = 0.49, P = 0.040) for
CWMA (Figs. 1 and 2). There were no monthly pre-
cipitation values correlated with BCP age ratio, but
August and June BCP PMDI vaues were correlated (r
= 054, P = 0.021; and r = 0.46, P = 0.050, respec-
tively) with age ratio (Fig. 2).

Harvest

Annua harvest and bag were correlated (r = 0.54)
with 12- and 6-month PMDI for CWMA (Tables 1—
2). Bobwhite harvest/ha was correlated (r = 0.54, P
= 0.027) with 12-month raw precipitation for BCP
(Table 1).

June was the only monthly raw precipitation value
correlated (r = 0.47, P = 0.047) with annual harvest
for CWMA and May was the only precipitation value
correlated (r = 0.51, P = 0.042) for BCP (Fig. 1). The
only monthly PMDI value correlated (r = 0.52, P =
0.027) with annual harvest was August for BCP (Fig.
2).

May was the only monthly raw precipitation value

Table 2. Correlations between seasonal (Sep—Nov and Apr—Jun) sums of raw precipitation (Precip) and the Modified Palmer Drought
Severity Index (PMDI) and northern bobwhite abundance (Bobwhite/km), breeding success (Juv:adult), annual total harvest (Harvest),
mean harvest per hunter (Bag), and harvest per hectare (Harvest/ha) for the Chaparral Wildlife Management Area (CWMA), La Salle
county, Texas, 1982-01 and a private ranch (BCP), Brooks county, Texas, 1984—99.

Raw precip PMDI
CWMA BCP CWMA BCP

Variable r P r r P r P
Juv:adult 0.30 0.230 0.53 0.040 0.07 0.795 0.14 0.569
Harvest 0.46 0.057 0.44 0.095 0.57 0.013 0.20 0.433
Bag 0.40 0.105 0.61 0.007

Bobwhite/km 0.58 0.013 0.58 0.012

Harvest/ha 0.50 0.057 0.27 0.288
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CWMA

Jl AUG

02

-04

BCP

Month

%—a—Harve;l'-: :l»::Ju!:;aderllr- -0 - -7Harv/h§ j

Fig. 1. Correlations between monthly raw precipitation for 12
months preceding hunting seasons (Sep—Aug) and northern
bobwhite annual total harvest (harvest), breeding success (Juv:
adult), abundance (Bobwhite/km) and mean harvest per hunter
(bag) for the Chaparral Wildlife Management Area (CWMA), La
Salle county, Texas, 1982-01 and for a private ranch (BCP) in
Brooks county, Texas 1984-99. Note: birds harvested/ha were
only estimated on the BCP and abundance was estimated only
on the CWMA.

correlated (r = 0.56, P = 0.026) with bobwhite har-
vest/ha for BCR. However, monthly PMDI values were
correlated (r = 0.49) during 3 months (Jun—Aug) with
the strongest correlation coming in August (r = 0.62,
P = 0.006, Fig. 2).

DISCUSSION

Drought index data used for the purpose of this
study were taken from the nearest NOAA weather sta-
tion. Data collected at these stations certainly differs
to some degree from weather conditions on site. If the
weather stations were actually located on the study
sites the PMDI may have accounted for more vari-
ability. We did not test variables against a regional
PMDI index because the purpose of this study was to
examine fine scale trends and relationships.

Annual roadside counts were only conducted at
the CWMA. This index of abundance was correlated
with the 12- and 6-month sums of raw precipitation
and PMDI; however, there was little difference be-

CWMA

——Harvest - - # - - Juv:adult —+— Bobwhite/km - - 4 - -Bag |

BCP

Month
i—n;ri;lﬂarrivés't -~ #--Juv:adult - o - -Harv/ha

Fig. 2. Correlations between monthly Modified Palmer Drought
Indices (PMDI) for 12 months preceding hunting seasons (Sep-
Aug) and northern bobwhite annual total harvest (harvest),
breeding success (Juv:adult), abundance (Bobwhite/km) and
mean harvest per hunter (bag) for the Chaparral Wildlife Man-
agement Area (CWMA), La Salle county Texas, 1982-01 and
for a private ranch (BCP) in Brooks county, Texas 1984-99.
Note: birds harvested/ha were only estimated on the BCP and
abundance was estimated only on the CWMA.

tween PMDI and precipitation for both time periods.
These findings do not support the hypothesis that
PMDI accounts for more variability in abundance than
raw precipitation alone at finer scales and contrasts the
findings of Bridges et al. (2001) at coarser scales.
The 12- and 6-month sums of raw precipitation
were more strongly correlated with breeding success
than PMDI sums for both study sites. This does not
support the hypothesis that the PMDI accounts for
more variation in age ratios than raw precipitation
alone. The complexity of factors influencing thisindex
leads us to believe that bobwhite reproductive efforts
are influenced by weather differently from indices of
abundance. Precipitation can only partially account for
the variation in the breeding success of bobwhites.
Other factors such as high summer temperatures could
directly and negatively affect re-nesting attempts, re-
productive condition, juvenile survival, and available
thermal space (Guthery et al. 2001, Heffelfinger et al.
1999, Forrester et al. 1998). Although PMDI incor-
porates several weather variables including tempera-
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ture, our results did not show a significant correlation
with age ratio. At fine scales, other factors including
degree of grazing pressure, amount of ground distur-
bance, and habitat management practices may also in-
fluence breeding success.

The CWMA harvest variables were correlated
more strongly with annual and seasonal sums of PM DI
than with raw precipitation sums. These findings are
consistent with our hypothesis that PM DI accounts for
more variation in harvest as an index of abundance
than precipitation alone at fine scales. However, BCP
harvest variables were conversely related and were in-
consistent with the same hypothesis, but that may be
the product of uneven hunter effort. Harvest at the
CWMA was through a public hunting system and was
regulated only by the number of days the area was
open to quail hunters (mean annual hunter days =
1,396). Conversely, harvest at the BCP was regulated
to reach atarget spring bobwhite breeding density. The
number of outings per season varied greatly from year
to year and did not necessarily reflect the availability
of birds (mean annual hunter days = 448). In other
words, hunter effort was notably different between
sites. For this reason we expected differences in cor-
relations with weather variables between sites. We
have more confidence in the CWMA harvest variables
because consistent annual hunter effort may be related
more closely to abundance.

Trends in monthly precipitation correlates were
similar for both sites. With the exception of CWMA
age ratio, rainfall became increasingly important from
spring through summer until July where correlations
became negative (Fig. 1). Precipitation has been
shown to have direct and detrimental effects on young
birds (Welty and Baptista 1988, Healy and Nenno
1985). Furthermore, Rosene (1969:145) suspected that
heavy rainfall during the nesting and brooding season
could greatly reduce bobwhite recruitment. Although
our results do not provide definitive evidence that large
amounts of July rainfall negatively influence bobwhite
production, we feel that July precipitation and bob-
white production warrants further investigation.

Monthly PMDI values did not demonstrate thisre-
lationship with July (Fig. 2). Instead, PMDI became
increasingly important from spring through summer
including July. This does not support our hypothesis
that monthly raw precipitation and PMDI values are
correlated similarly with abundance, breeding success,
and harvest.

In conclusion, at fine scales raw precipitation ac-
counted for more variation in bobwhite census, and
age ratio than PMDI, whereas PMDI accounted for
more variation in harvest variables only at the public
hunting area, CWMA. Our findings provide informa-
tion useful in understanding of the influence of weath-
er on annua variation of bobwhite populations in
South Texas.
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BROOD SEASON HABITAT SELECTION BY MONTEZUMA
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ABSTRACT

Habitat conditions during brood season can affect Montezuma quail (Cyrtonyx montezumae) population levels in Arizona, and land
use practices can affect these habitat conditions. General habitat affinities of Montezuma quail are known, however, information on
specific habitat selection patterns is limited. We investigated seasonal habitat selection by Montezuma quail in the foothills of the
Huachuca and Santa Rita mountains in southeastern Arizona. We used pointing dogs to locate quail during brood seasons (Aug—Oct)
of 1998 and 1999. We measured habitat components at 60 flush sites and 60 associated (<100 m) random plots. Compared to random
plots, quail used areas with higher grass and forb species richness, and more trees (P < 0.10). Low level (=50 cm) visual obstruction,
usually associated with bunchgrass cover, was greater (P < 0.10) at flush sites than at random plots. Optimum brood season habitat
for Montezuma quail should contain = 6 species of forbs/0.01 ha, tree canopy cover between 10 and 50%, and grass canopy cover
between 50 and 85% with a minimum average height of 25cm. Maintaining these habitat characteristics could minimize negative
impacts of land-use practices on Montezuma quail.

Citation: Bristow, K. D., and R. A. Ockenfels. 2002. Brood season habitat selection by montezuma quail in southeastern Arizona.
Pages 111-116 in S. J. DeMaso, W. P. Kuvlesky, Jr., FE Hernandez, and M. E. Berger, eds. Quail V: Proceedings of the Fifth National
Quail Symposium. Texas Parks and Wildlife Department, Austin, TX.

Key words: Arizona, Cyrtonyx montezumae, grazing, habitat selection, livestock, Madrean evergreen woodland, Montezuma quail

INTRODUCTION 1982). Limited livestock grazing can increase avail-
. . ability of food for Montezuma quail, but excessive re-
Montezuma quail population levels are affected by moval of grass cover could eliminate quail from an

seasonal precipitation patterns and land-use practices area (Brown 1982). Brown (1982) considered avail-
that i’T‘paCt ha_bitat conditions (BVOW.” 1979). Habitat able g(jrass cover du)ri ng spring(] the r)nost important fac-
conditions during brood season are important to sur- tor affecting Montezuma quail survival and reproduc-

vival of young quail and can have a great impact on S Lo
. tion in grazed areas, however, the relative importance
population levels (Stanford 1972). Brown (1978) con- of grass cover during brood N is uNKNOWn.

sidered survival more important than productivity in Because most gr that provide cover for Mon-
determining Montezuma quail population levels. Gen- . asses L
tezuma quail grow in summer, cover availability

eral habitat affinities of Montezuma quail have been .
described (Wallmo 1954, Leopold and McCabe 1957, ShO.UId be grester during brood Season (Aug-Oct),
which occurs after the summer growing season. Some

Bishop 1964, Brown 1978), however, brood season studies have indicated that Montezuma quail habitat

habitat selection has_ not been'studied. : selection is less affected by grass cover in ungrazed
Montezuma quail populations are affected by cli- than in grazed areas (Albers and Gelbach 1990, Strom-

matic and habitat conditions prior to and during brood
season. Montezuma quail feed primarily on subterra- berg 1990). Although Brown (1982) found Montezu-

nean bulbs and tubers (Bishop and Hungerford 1965), ma quail were absent from heavily grazed but other-
and seem dependent on perennial bunchgrasses for wise sur[able_ areas, Stromberg_ (1990) found quail in
hiding and thermal cover (Brown 1979, Brown 1982). ungrazed habitats used areas with |ess understory cov-
Most of these perennial bunchgrasses, and forbs that € than randomly selected sites. This suggests that a
Montezuma quail consume, are dependent upon sum- range of cover is important to Montezuma quail.
mer precipitation. Summer rains usually begin in July, _Relative importance of specific habitat factors, and
coincidental with onset of Montezuma quail nesting. their impacts on brood season habitat selection are un-
Brown (1979) found a positive correlation between clear. Information on preferred vegetative characteris-
summer rainfall amounts and percent young harvested tics is necessary for managing land to protect or en-
during subsequent hunting seasons. hance Montezuma quail habitat. Some authors have
Reduction of grass cover by livestock grazing is described the general habitat associations of Monte-

considered an important factor affecting distribution zuma quail (Leopold and McCabe 1957, Bishop 1964,
and abundance of Montezuma quail (Leopold and Brown 1978), however, only Stromberg (1990) at-
McCabe 1957, Bishop 1964, Brown 1978, Brown tempted to relate habitat characteristics quail use to the
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range of available habitat characteristics. We quanti-
fied brood season habitat selection and contrasted hab-
itats used in grazed and ungrazed areas. Our goal was
to provide data to help land managers better design
management strategies that will maintain or enhance
Montezuma quail habitat.

METHODS
Study Area

We conducted our study in the foothills of the San-
ta Rita and Huachuca mountains, Santa Cruz County
in southeastern Arizona. The area is composed pri-
marily of Madrean evergreen woodlands interspersed
with semi-desert grasslands (Brown 1994a). We con-
centrated efforts within Madrean evergreen wood-
lands, considered typical Montezuma quail habitat
(Brown 1982). These woodlands were dominated by
various live oaks, including Mexican blue (Quercus
oblongifolia), Emory (Q. emoryi), and Arizona white
oak (Q. arizonica) (Brown 1994a). Alligator juniper
(Juniperus deppeana) mimosa, (Mimosa spp.), man-
zanita (Arctostaphylos spp.), and mesquite (Prosopis
juliflora) were found in more xeric locations (Brown
1994a). Trees and shrubs dominated north-facing
slopes, whereas perennial bunchgrasses (Aristida spp.,
Bouteloua spp., Eragrostis spp., and Trichachne spp.)
dominated south-facing slopes and flats (Brown
1994b). Riparian areas contained mixtures of cotton-
wood (Populus fremontii), willow (Salix spp.), and
sycamore (Platanus wrightii) (Minckley and Brown
1994).

Topography consisted of rolling hills broken by
numerous small canyons, and elevation ranged be-
tween 1,200—1,500 m. Mean annual precipitation was
37.2 cm and bimodally distributed, with peaks in win-
ter and late summer. Seasonal temperatures averaged
10.4° and 24.2° C for summer and winter, respectively
(Sellers et al. 1985).

We collected data in 2 subunits. The Research
Ranch Sanctuary of The National Audubon Society in
the foothills of the Huachuca Mountains represented
an ungrazed subunit. The Research Ranch (TRR),
managed in cooperation with United States Bureau of
Land Management and United States Forest Service
(USFS), had been protected from grazing since 1968
(Brady et al. 1989). The USFS Coronado National
Forest managed the grazed subunit, in the foothills of
the Santa Rita Mountains. Recreation and cattle graz-
ing were major land uses within Coronado National
Forest (CNF) subunit. The CNF used recommenda-
tions from Brown (1982) to manage livestock grazing
to protect Montezuma quail habitat. Range conditions
within CNF varied from overused to lightly used, with
some pastures being temporarily deferred from graz-

ing.
Habitat M easurements

We used pointing dogs to locate Montezuma quail
between 31 August and 29 October 1998 and 1999.

We avoided sampling each covey more than once per
season, however, because we did not have telemetered
birds we could not be certain that all flush sites rep-
resented independent coveys. We estimated number of
males, females, and total covey size at flush sites. We
centered habitat component measurements at the ap-
proximate center of aflush site. We recorded date, time
of day, study area subunit, and used a Global Posi-
tioning System unit (GPS) to obtain Universal Trans-
verse Mercator (UTM) coordinates for each site.

At flush site centers, we described landform and
substrate of flush sites by classifying terrain type, and
measuring aspect of slope and soil compaction. We
assigned each site a terrain category based upon po-
sition on a slope. Terrain categories were ridge top,
upper half of ridge, lower half of ridge, or drainage
bottom. We measured sl ope aspect with a compass and
assigned each site an aspect category, of north (316—
0°, and 0-45°), east (46-135°), south (136-225°), or
west (226-315°). We measured soil compaction (tons/
m?) with a penetrometer at 1-m intervals along 2 per-
pendicular, 6-m transects that intersected at their mid-
points on the site. We averaged the 12 readings as an
estimate of soil compaction at the site.

At flush sites, we estimated vegetation species
composition within a 100-m? circular plot (radius =
5.6 m) by counting the number of grass, forb, shrub,
and tree species. We measured distance (m) to and
diameter (DBH = diameter cm at 1.2 m high) of the
nearest tree (>2 m tall). We also recorded distance to
nearest shrub (>0.3 m tall). We estimated percent can-
opy cover within a 25-m radius circle using 4 perpen-
dicular transects that intersected on flush site centers.
This method yielded 100 points oriented in 4 direc-
tions at 1-m intervals. We used a random numbers ta-
ble (Zar 1984) to orient the first transect line, and sub-
sequent lines were oriented by increasing 90° from the
previous line. At each 1-m point, we recorded all veg-
etation that could provide canopy cover for a quail
(>10 cm high). We classified canopy cover as grass,
forb, shrub, or tree. We calculated percent canopy cov-
er as total number of hits within each class.

We measured vertical structure around flush sites
by estimating visual obstruction using a 50-cm? visi-
bility board with a 5-cm grid. Thus, the board had 10
height classes, each with 10 intersections. We centered
the board vertically on the flush site and counted num-
ber of intersections visible, from a 1-m height, within
each height class from a distance of 4 m, similar to
Thomson (1975). We took measurements oriented
along the 4 transect lines, then averaged values for
each height class. We also recorded maximum height
of 50% obstruction as the height category at which the
mean number of visible intersections was =5.0 (i.e,,
visual obstruction =50%).

Random Plots

We measured the same habitat variables in the
same manner at flush sites and associated (<100 m)
random plots. We located random plots by travelling
a random number of paces (0—100), in a random di-
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Table 1. Means (= SD) of habitat variables at Montezuma qualil flush sites (n = 29) and associated random plots (n = 29) in the
foothills of the Huachuca Mountains, southeastern Arizona, Aug—Oct 1998 and 1999.

Variable Flush Random pa

Soil compactness (tons/m?) 19.2 = 105 23.1 = 11.7 0.184
Grass species richness 53+ 14 41 =15 0.003
Forb species richness 6.1 +1.3 4315 <0.001
Tree species richness 05+ 0.5 03 +15 0.186
Shrub species richness 12+10 16 =13 0.136
Distance to nearest tree (m) 10.3 = 11.3 16.3 = 14.3 0.079
DBH of nearest tree (cm) 125 = 8.7 103 £ 7.3 0.305
Distance to nearest shrub (m) 6.4 + 9.7 43 + 45 0.290
Percent grass canopy cover 73.3 £ 10.8 65.6 = 16.5 0.040
Percent forb canopy cover 19.7 £ 11.5 15.6 + 9.6 0.142
Percent tree canopy cover 21.1 = 14.3 104 = 10.1 0.002
Percent shrub canopy cover 7.3 =101 10.7 + 12,5 0.262
Maximum 50% obstruction (cm)® 26.2 = 12.4 16.9 = 13.7 0.009

a Differences determined by 2 sample t-tests.
b Average maximum height at which the visual obstruction =50%.

rection (0—360°), from each flush site. We used a ran-
dom numbers table to determine random direction and
number of paces (Zar 1984). Transect lines at plots
were oriented in the same random direction as the as-
sociated flush site.

Statistical Analysis

Using data collected at TRR (ungrazed subunit),
we compared habitat measurements from quail flush
sites with habitat measurements collected at random
plots to determine factors that influenced habitat se-
lection. To determine if the grazing program admin-
istered by the USFS on CNF impacted Montezuma
quail habitat use, we compared flush site habitat mea-
surements between study area subunits. To describe
habitat preferences of Montezuma quail over a range
of habitats, we pooled data collected at flush sitesfrom
both study area subunits and calculated means (+ SD)
of habitat variables that differed between flush sites
and random plots at TRR.

We redlized that we performed multiple tests of
variables with a potential lack of independence, and
the experimentwise error rate could have been high.
However, because this study was designed to provide
improved guidelines for habitat management of Mon-
tezuma quail, and relatively little is known about their
habitat selection patterns, we accepted Type | errors as
preferable to Type Il errors. Therefore, to minimize
potential for Type Il errors, we chose not to apply
Bonferroni corrections to o levels. We considered dif-
ferences to be statistically significant if P = 0.10.

We used 2 sample t-tests for all continuous data
sets (Zar 1984). For categorical data on TRR, we cal-
culated Bonferroni confidence intervals for habitat pa-
rameters at flush sites (Neu et al. 1974, Byers et al.
1984). If availability, as determined from random
plots, differed from use, we calculated a Jacobs D
selectivity index (Jacobs 1974) to determine magni-
tude of selection.

RESULTS

We located 60 coveys of Montezuma quail during
brood seasons of 1998 (n = 30) and 1999 (n = 30).

Based on distribution of flush sites and the average
brood season home-range size of Montezuma quail
coveys calculated by Stromberg (1990), we were con-
fident that we sampled =21 coveys each year. We |o-
cated equal numbers of flush sites on both study areas
in 1998, and located 16 coveys on CNF and 14 coveys
on TRR in 1999. We found 97% of the coveysin Sep-
tember (40%) and October (57%). Locating coveys in
August was difficult due to higher daily temperatures
that made it difficult to effectively and safely use dogs
to locate Montezuma quail.

We flushed 520 birds; most (=55%) coveys were
male female pairs with their broods. However, as the
brood season progressed into October, it became dif-
ficult to discern adult quail from young of the year.
We estimated 74% of birds found were young of the
year. Mean covey size was 8.7 birds/covey, and 82%
of the coveys contained broods. Brood sizes ranged
from 1 to 16, with a mean of 6.6. We were able to
classify 80% of adult birds encountered as male or
female. We were able to classify activity of 60% of
coveys found. We classified 57% of the coveys as
feeding, 2% roosting, and 1% travelling.

Habitat Measurements

At TRR, species richness was greater at flush sites
for grasses and forbs than at random plots (P = 0.10)
(Table 1); species richness for trees and shrubs did not
differ between flush sites and random plots. Flush site
centers were closer to trees than were centers of ran-
dom plots, but DBH of the closest trees were not dif-
ferent between flush sites and random plots (Table 1).
Percent canopy cover characteristics differed between
flush sites and random plots. Flush sites had more
grass and tree canopy than did random plots (Table 1).

Both methods we used to measure visual obstruc-
tion indicated that Montezuma quail used areas with
more vertical cover than that found at random plots.
Maximum heights at which 50% of the visibility board
was fully obstructed from view were higher at flush
sites than at random plots (Table 1). Visual obstruction
was greater at flush sites for al 10 height levels of the
visibility board than that seen at random plots (P =
0.027) (Fig. 1).
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Fig. 1. Mean visual obstruction by height class determined by
visibility board readings taken at Montezuma quail flush sites at
the Research Ranch (TRR, n = 29) and Coronado National For-
est (CNF, n = 31) study area subunits, compared to associated
random plots (n = 60), in the Huachuca and Santa Rita moun-
tains, southeastern Arizona, 1998 and 1999. All differences sig-
nificant (P = 0.10) according to 2 sample t-tests.

Montezuma quail at CNF used sites that were clos-
er to trees and had higher tree canopy cover than at
TRR. Whereas flush sites at TRR had higher grass
canopy cover. All other habitat variables were similar
for flush sites at different study area subunits (Table
2).

Montezuma quail flush sites on TRR and CNF (n
= 60) contained a mean of 6.4 (+ 2.3) species of
forbs/0.01 ha, mean tree canopy cover of 31.8% (*
20.3) and mean grass canopy cover of 67.2% (* 16.2).
Mean maximum heights at which =50% of the visi-
bility board was obstructed was 24.8 cm (= 13.7) for
al flush sites.

DISCUSSION

We found that vegetation richness and cover af-
fected habitat selection of Montezuma quail within

Madrean evergreen woodlands, during the brood sea-
son. Flush site characteristics were different from ran-
dom plots for half of the habitat variables we mea-
sured. Our specific findings during brood season were
similar to earlier general descriptions of year-round
habitat use patterns (Leopold and McCabe 1957, Bish-
op 1964, Brown 1978, Stromberg 1990).

The most marked difference between flush sites
and random plots was in the amount of visual obstruc-
tion and cover. Most perennial bunch grasses that pro-
vide cover for Montezuma quail are summer growing
species, and are at their greatest densities and heights
during brood season (Stromberg 1990). Despite in-
creased availability of grass cover during brood season
throughout the study area, flush sites had greater per-
cent canopy cover of grass and greater visual obstruc-
tion than randomly available. Possible explanationsfor
this selection include predator avoidance and feeding
strategies.

Montezuma quail are typically associated with
dense grass cover (Leopold and McCabe 1957, Bishop
1964, Brown 1978, Brown 1982). However, some
studies have found that Montezuma quail habitat se-
lection isless affected by grass cover in ungrazed areas
(Albers and Gelbach 1990, Stromberg 1990). Strom-
berg (1990) found that Montezuma quail on TRR used
areas with less understory cover than randomly se-
lected sites. Although flush sites at CNF had less grass
canopy cover than at TRR, amount of visual obstruc-
tion at flush site centers was consistent between grazed
and ungrazed areas. Thus, Montezuma quail were still
able to find suitable cover in areas with moderate graz-
ing pressure. This evidence tends to support Strom-
berg’s (1990) contention that protection from grazing
increased availability of cover beyond requirements of
the species.

Raptor depredation is the greatest source of natural
mortality for Montezuma quail (Bishop 1964, Strom-
berg 1990). The primary predator avoidance strategy
of Montezuma quail is to remain motionless, relying
on cryptic coloration to avoid detection (Leopold and
McCabe 1957). This behavior can only be effective
when there is sufficient cover to hide birds. Brown
(1982) found that Montezuma quail were absent from
otherwise suitable habitat where available grass bio-
mass had been reduced by more than 55% of annual
production. He speculated that reduced cover exposed
birds to increased threat of predation and made these
areas uninhabitable.

Table 2. Means (+ SD) of important habitat variables at Montezuma quail flush sites collected on The Research Ranch (TRR, n =
29) and Coronado National Forest (CNF, n = 31) study area subunits in the foothills of the Huachuca and Santa Rita mountains,

southeastern Arizona, Aug—Oct 1998 and 1999.

Variable TRR CNF pa

Grass species richness 53*+14 57+14 0.214
Forb species richness 6.1 +1.3 6.7 = 3.0 0.325
Distance to nearest tree (m) 10.3 = 11.3 50+ 44 0.024
Percent grass canopy cover 73.3 £ 10.8 61.4 + 184 0.003
Percent tree canopy cover 21.1 = 143 41.8 + 20.1 <0.001
Maximum 50% obstruction (cm)® 26.2 = 12.4 23.5 = 15.0 0.456

a Differences determined by 2 sample t-tests.
b Average maximum height at which the visual obstruction =50%.
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We found that flush sitesin grazed areas had high-
er tree canopy and lower grass canopy than in un-
grazed areas. We might speculate that Montezuma
quail are compensating for reduced grass cover avail-
ability in grazed areas by selecting sites with more tree
cover. However, since differences in grass and tree
canopy cover between study area subunits were con-
sistent for random plots as well as flush sites, we feel
that these habitat use patterns simply reflected avail-
ability.

We found that visual obstruction was important at
each height level =50 cm. However, differencesin vi-
sual obstruction between flush and random points de-
creased with increasing height and would probably be
insignificant at levels reaching maximum heights of
native bunch grasses. Based on average grass canopy
and visual obstruction at flush sites, optimum brood
season Montezuma quail habitat should contain 50—
85% grass canopy in a mosaic of heights between 10
and 40 cm. Minimum average grass heights should be
>25 cm to adequately protect broods and adults from
ground predators. Higher grass cover may be neces-
sary to reduce the threat of aerial predators.

Although grass species richness was greater at
flush site than random plots, this may be a function of
grass densities, as areas with higher grass densities of -
ten have increased diversity (Brady et al. 1989). This
may also be related to diet. Bishop and Hungerford
(1965) found that insects composed nearly 50% of the
volume of Montezuma quail crops during brood sea-
son. Areas with greater vegetational diversity would
likely have greater insect diversity and density. This
may be especially important for young chicks, which
are more dependent upon insects than are adults (Bish-
op and Hungerford 1965).

Vegetation at flush sites was typical of that found
on more mesic north-facing slopes of our study area.
Most accounts of Montezuma quail consider oak trees
to be indicators of their habitat (Leopold and McCabe
1957, Bishop 1964, Brown 1978, Stromberg 1990).
However, Bishop and Hungerford (1965) found that
mast from various species of oaks were important in
Montezuma quail diets only during spring. Montezuma
quail populations also exist in mesquite grassland hab-
itats that contain few oaks. Selection for proximity to
trees and greater tree canopy, therefore, may be more
related to microclimate conditions or predator avoid-
ance rather than to mast availability.

Forb richness was greater at flush sites than ran-
dom plots. This is probably a function of dietary re-
quirements of Montezuma quail. Holdermann and
Holdermann (1997) found that Montezuma quail in
New Mexico were associated with yellow nutsedge
(Cyperus esculentes) and Gray's woodsorrel (Oxalis
grayi), and that these plants were associated with rel-
atively mesic deep loamy soils, where forb diversity
was high. Yellow nutsedge and Gray’s woodsorrel
composed a substantial portion of Montezuma quail
diets in Arizona (Bishop and Hungerford 1965), and
their habitat selection may be largely affected by hab-
itat requirements of these plants.

In summary, habitat selection of Montezuma quail

is likely affected by dietary and security requirements.
Brown (1982) found heavily grazed areas devoid of
birds, presumably due to lack of cover, although those
areas had higher food availability for Montezuma
quail. We found that visual obstruction was important
relative to habitat selection, yet other factors, such as
proximity to trees, tree canopy, and vegetational di-
versity may be more related to microclimate and diet.
Although our study did not look at relative densities
or productivity of populations in different habitats,
habitat quality typically influences population viabili-
ty. Future Montezuma quail research should focus on
relative bird densities and nesting success under dif-
ferent habitat conditions, especially with respect to
availability of cover and specific food resources.
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ABSTRACT

There is little information on the status of Montezuma qu@yrfonyx montezumae) in Texas. Most of the literature that does exist is

either outdated or from out-of-state sources (i.e., New Mexico and Arizona). We initiated a pilot study to document and update general
life history information of Montezuma quail at Elephant Mountain Wildlife Management Area, Brewster County, Texas in March 2000.

To establish the study area, we used sign of recent Montezuma quail use (i.e., diggings) to document areas of use, resulting in a 114-
ha area on top of Elephant Mountain proper. This study plot subsequently was sampled by the 3 line drives consisting of 17, 12, or
10 observers/line. The observers walked abreast of each other towards a designated point, covering the entire width (600 m) of the
sample area. Two line drives were conducted in December 2000 (17- and 12-observer lines) and 1 in March 2001 (10-observer line).
All line drives were conducted in the morning between 0900-1200 hrs. Average distances between observers for the 17-, 12-, and 10-
observer lines were 35, 50, and 60 m, respectively. The average speed for all 3 line drives was 2.5 km/hr. Only the 17-observer line
drive detected quail. Two coveys were flushed, 1 of 4 birds (1 M and 3 F) and 1 of 5 birds (2 M and 3 F). The birds only flushed if
the observer was<l m from them. One possible reason for the low detection of quail may be their defense strategy, which is to
crouch down and lay motionless. Based on these limited data, we infer that to increase the probability of effectively locating Montezuma
quail, the distance between observers muskb®85 m and the number of observers increased. Line drives with few observers and
large spacing between observers may not be a suitable technique to locate Montezuma quail.

Citation: Hernandez, F, L. A. Harveson, and C. Brewer. Efficacy of line drives to locate Montezuma quail at elephant mountain

wildlife management area. Page 1iti/S. J. DeMaso, W. P. Kuvlesky, Jr., F. Hénd&z, and M. E. Berger, eds. Quail V: Proceedings
of the Fifth National Quail Symposium, Texas Parks and Wildlife Department, Austin, TX.
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ABSTRACT

Five native quail species inhabit arid and semi-arid ecosystems in the southwestern United States. One species is endangered, one
species is declining throughout it's historic range, another species is declining in portions of its historic range, and the other two species
may be beginning to decline in selected portions of their respective ranges. A number of factors have been implicated for these declines,
though habitat loss is frequently cited as the most common factor associated with southwestern quail declines. Exotic species invasions
in the United States represent a significant economic and biological threat to the United States. Many exotic organisms introduced to
the United States are threatening entire ecosystems, replacing native species and even threatening other native species with extinction.
Numerous exotic grasses are invading arid and semi-arid ecosystems in the Southwest. Most exotic grasses were intentionally introduced
for erosion control and to provide forage for livestock. Cattlemen sometimes favor exotic grasses in spite of their impacts to native
biodiversty. The impacts of exotic grasses on vegetative communities are discussed, as well as their potential impacts on the five native
quail species that inhabit the southwestern United States. Exotic grass eradication and control are also discussed, as well as introducing
exotic grass pest management into existing land management programs. Research designed to determine the impacts of exotic grass
invasions on quail and their habitat is recommended.

Citation: Kuvlesky, W. P., Jr., T. E. Fulbright, R. Engel-Wilson. 2002. The impact of invasive exotic grasses on quail in the southwestern
United States. Pages 118-1i28S. J. DeMaso, W. P. Kuvlesky, Jr., F. Héndez, and M. E. Berger, eds. Quail V: The Fifth National
Quail Symposium. Texas Parks and Wildlife Department, Austin, TX.

Key words: Callipepla gambelii, C. squamata, Colinus virginianus, C. v. ridgwayi, Cyrtonyx montezumae, eradication, exotic grass,
forb, Gambel’s quail habitat, insect, management, Masked bobwhite, Montezuma quail, native vegetation, northern bobwhite, research,
scaled quail, southwest

INTRODUCTION quail (C. gambellii) occur in portions of West Texas
) ) and New Mexico and throughout most of the arid and

Quail are an important component of ecosystems semi-arid regions of Arizona (Brown 1989). Monte-
they inhabit throughout southwestern North America. zyma quail Cytronyx montezumae) inhabit select
Recently, quail were one of the most abundant terres-grassiand and oak savanna habitats in west Texas,
trial nonmigratory bird SpeCieS that inhabited arid and northern Mexico’ southwestern New Mexico and
semi-arid ecosystems in this area. Five species of quailsoutheastern Arizona (Brown 1989). California quail
are native to southwestern North America, and one (C. californicus), the only species not native to the
species has been introduced. The northern bobwhitesouthwestern United States, were introduced to a small
(Colinus virginianus) has the widest geographic dis- area in eastern Arizona (Brown 1989).
tribution, because it occurs throughout most of Texas Quail were fairly common residents of a variety
and northern Mexico, however it is absent in the arid of arid and semi-arid habitats in southwestern North
regions of west Texas and the western Panhandle ofamerica and occupied an important functional niche
the state (Lehmann 1984:7). Masked bobwhit€s (  wherever they were found. Because quail are capable
virginianus ridgwayi), an endangered subspecies of the of responding very rapidly to an improvement in hab-
northern bobwhite, inhabit a restricted range in south- jtat conditions by producing large numbers of young,
eastern Arizona and northwestern Sonora, Mexicothey can become very abundant locally in a short pe-
(United States Fish & Wildlife Service 1995). Scaled riod of time (Stoddard 1931:102, Rosene 1969:65).
quail (Callipepla sqguamata) occur in semi-arid to arid  Quail are an important prey species to many mam-
regions of south and west Texas, northern Mexico, andmalian and avian predators (Lehmann 1984:265, Hurst
throughout arid and semi-arid regions of New Mexico et al. 1996). Today, quail are not only of ecological
and southeastern Arizona (Brown 1989). Gambel's importance to the ecosystems they inhabit. They are
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also of aesthetic and economic value to humans. In-impact usable space during at least portions of the
deed, hunting is an important tradition in many south- quail year. Usable space could be reduced during early
eastern states that has existed for more than a centurgummer if insect abundance is low in exotic grass pas-
(Stoddard 1931:435). Many southern plantations existtures because insects comprise a substantial portion of
today solely for the purpose of maintaining a viable the diets of nesting hens and young broods during
quail population that is hunted in the traditional south- April-July. Conversely, exotic grass plantations may
ern manner which includes the use of mule-drawn increase useable space in regions where grass cover is
wagons, gaited horses, and well-trained bird dogs.limited if these areas provide correct habitat structure.
Quail hunting is also of economic importance in por- Abundant speculation exists regarding the exotic grass/
tions of Texas (Lehmann 1984, Guthery 1986) and quail issue because few scientific facts are currently
Oklahoma, and to a lesser extent, in Arizona and New known. We postulate that exotic grasses render space
Mexico (Brown 1989). Hunters funnel millions of dol- unusable by quail. The conversion of millions of hect-
lars annually into numerous rural southwestern com- ares of native rangeland in Texas, New Mexico, Ari-
munities for hunting leases, guided hunts, lodging, zona and northern Mexico to exotic grass plantations
food, and ammunition. Healthy quail populations, par- is a serious threat that has been largely ignored. The
ticularly bobwhites, therefore offer a financial boon to primary objectives of this paper are to first review the
tens of thousands of people. current state of our knowledge regarding the impacts
Because quail are so important to the livelihood of exotic grass invasions on quail populations in the
of so many people, and they are of aesthetic impor- southwestern United States, and then provide sugges-
tance to both consumptive and nonconsumptive userstions for future research projects regarding the exotic
the current continental decline of quail populations grass/quail issue.
(Brennan 1991, Church et al. 1993) has aroused con-
siderable alarm among quail biologists, hunters, bird-
watchers and people in local communities where quail EXOTIC GRASSES IN THE SOUTHWEST
are an important stimulus to business. Recent qualil
declines have been attributed to numerous phenomena. Exotic flora and fauna have become a major threat
Loss of habitat as been cited frequently as one of theto the natural resources of the United States over the
primary reasons quail populations have declined past 50 years. Exotic species, also known as invasive,
(Brennan 1991, Church et al. 1993) and rangeland andalien, foreign, introduced, nonnative and/or nonindig-
forest degradation has largely been responsible for theenous species, are plants and animals that have been
declines of western quail populations (Brown 1989, introduced into an environment in which they have not
Kuvlesky et al. 2000, Engel-Wilson and Kuvlestys evolved and usually have no enemies to limit their
volume). In addition to habitat destruction, Guthery et reproduction and expansion into new habitats (West-
al (2000) suggested that slight temperature increasedrooks 1998). Pimm and Gilpin (1989) and Randall
due to global warming could be rendering some por- (1996) recently ranked exotic species invasions, be-
tions of current bobwhite ranges uninhabitable becausehind habitat loss as the second greatest threat to en-
maximum summer temperatures now exceed the phys-dangered species in the United States. However, exotic
iological thermal limits of bobwhites. Increased rates plant invasions often represent habitat loss so the in-
of mesomammalian predation has also been suggestesiasion of exotic species may be an even greater threat
as stimulating quail declines, particularly in the South- than previously realized (Wilcove et al. 1998). Be-
east (Hurst et al. 1996). Unfortunately, one factor tween one half (Wilcove et al. 1998) and two thirds
alone is almost certainly not the reason for the contin- (Westbrooks 1998) of the endangered species in North
ued decline of quail populations in North America. America and Hawaii are threatened by exotic species.
Instead, Hurst et al. (1996) suggest that declining quail Introduced plants alone threaten many ecosystems
and wild turkey Meleagris gallopavo) populations in throughout North America. Like most of the United
the southeast are probably the result of a combinationStates, exotic plants have also become naturalized in
of factors, such as the interaction of habitat losses andthe southwestern United States and have, to varying
increased vulnerability to predators, operating within degrees, simplified native vegetative communities
and across landscapes on a regional scale of resolutionthroughout this region. A number of exotic grass spe-
Another perspective has been offered by Guthery cies were introduced to the southwestern United States
(1997) when he argued that the recent decline of quailby livestock producers and federal and state agricul-
populations is in reality a spatial/temporal issue. He tural agencies, to curb erosion and provide forage for
claims that given sufficient useable space, quail pop-livestock (Bahre 1991, Roundy and Biedenbender
ulations should be able to maintain themselves at self-1996). Buffelgrass@enchrus ciliaris), Kleberg blue-
sustainable levels. Loss of habitat, increasing temper-stem Dicanthium annulatum), King Ranch bluestem
atures, and increased predator populations simply rep+{Bothriochloa ischaemum), Lehmann lovegrass=(a-
resent factors that decrease useable space for quatyrostis lehmanniana), and Boers lovegras&(curvula
populations. If Guthery’s assessment of quail declines var. conferta) represent some of the more common ex-
is accurate, then anything that reduces useable spacestic African grass species introduced to the southwest.
time represents a threat to quail populations. It is con- The majority of these grasses have naturalized and
ceivable that exotic grass infestations and lack of barehave been enormously successful in expanding their
ground due to the prevalence of sod-forming grassesranges. Typically exotic grasses become established on
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disturbed sites such as highway right-of-ways, oil and Certain plant communities or vegetation types are
gas pipelines, and drilling sites, and then aggressivelymore vulnerable to invasion of exotics than others
invade additional areas by modifying the environment (Larson et al. 2001). Riparian zones are particularly at
in a manner that favors their establishment. For in- risk (Stohigren et al. 1998). Communities with higher
stance, buffelgrass, Lehmann lovegrass and cheatgras@&inctional group richness may be slightly more resis-
(Bromus tectorum), modify natural fire cycles by in-  tant to invasion by exotics (Symstad 2000).
creasing the periodicity of fires which creates better Invasion and establishment of non-native plants is
growing conditions for plant, and in this manner exotic often facilitated or increased by soil disturbance (Park-
grasses invades more acreage. Consequently, exotier et al. 1993, Morgan 1998). Mowing allows the in-
grass invasions in the Southwest are likely occurring vasion of exotic plant species in tallgrass prairie (Gib-
at a rate far more rapid than people realize and mostson et al. 1993). Different soil disturbances may not
ecologists have no idea what impact this invasion is pe equivalent in the degree to which exotic plants in-
haVing On the native flora and fauna. Nevel’theless,. the\/ade fo”owing the disturbance (Kotanen 1997) Dif-
few studies that have been conducted elsewhere indiferent types of disturbances have different effects on
cate that invasive exotic plants negatively impact na- pative plants. Certain disturbances were more favor-
tive wildlife populations. able to exotics than to native plants, but none were
effective in preventing occupancy by exotics. Road-

side planting of exotics increases the invasion of ex-
IMPACTS OF EXOTIC GRASSES ON otics into adjacent grasslands (Tyser and Worley

PLANT COMMUNITIES 1992).

Soil disturbance is widely used by wildlife man-
agers to increase the abundance of early-successional
herbaceous plants that produce seeds or herbage eaten
" by quail (Robel et al. 1996). Rather than improving
habitat for quail, disking may increase the invasion of
exotic plants. In southern Texas, canopy cover of buf-
felgrass was 7 times greater on soils disked 5 years
earlier than on undisturbed soils (T. E. Fulbright, un-
published data). More frequent disking may intensify
the invasion of exotic plants. Russian thistialéola
kali) was absent on undisturbed soils. One year after
the final disking treatment, soils disked annually for 5

pea Cassia fascicullata), 2 forbs that produce seeds Y&&'S supported a 40% canopy cover of Russian thistle
important as food for quail (Nurdin and Fulbright compared to only 13% on soils disked only once.
1990). Planting extensive stands of these exotic grass- | € effects of livestock grazing on invasion by
es could be extremely detrimental to quail food plants, exotic plants are varlab_le. Grazing has Il.ttle effect on
particularly if other native forb species are equally sus- SPread of exatic plants in Rocky Mountain grasslands
ceptible to germination inhibition. (Stohlg_ren et al. 1999). Lehmann lovegrass |r_1vades
Soil nutrient availability is reduced by stands of Seémiarid grassland in the absence of cattle grazing, but
exotic plants. Soils under stands of crested wheatgras4igher grazing intensities increase relative abundance
(Agropyron cristatum) have lower available nitrogen, ©f the grass (McClaran and Anable 1992).
total nitrogen, and carbon than soils under stands of  Although disturbance may exacerbate the spread
native prairie grasses that established abandoned agPf exotic plants, disturbance is not a prerequisite for
ricultural fields (Christian and Wilson 1999). Similar- Invasion (Symstad 2000, Larson et al. 2001). Crawley
ly, pastures seeded to monocultures of crested wheat(1987) suggested that all communities are susceptible
grass or Russian wildryeElymus junceus) are lower to invasion if the introduced species has superior com-
in organic matter and nitrate than native mixed prairie Petitive or demographic traits. Five of 6 abundant ex-
(Dormaar et al. 1995). The reduction in soil nutrients Otic plant species in Theodore Roosevelt National Park
caused by exotic grasses may inhibit efforts to replacehave distributions unrelated to disturbance (Larson et
exotics with native plants to improve habitat for quail al. 2001). _ _ _
and may lower overall ecosystem productivity. Exotic plant invasions clearly alter the ecological
Soil characteristics may influence susceptibility of processes of the native plant communities that are in-
an area to invasion by exotics. Many invasive exotic vaded. Some alterations are subtle while others are
species colonize disturbed sites characterized by highmore obvious. Perhaps the most striking negative ef-
levels of nitrogen. Exotic plant abundance in Australia fect that exotic grass invasions may impose on native
is positively correlated with soil phosphorus, whereas plant communities is reduction of soil nutrients. Native
native plant abundance is negatively correlated with forb and grass diversity and abundance declines as in-
decreased soil phosphorus (Morgan 1998). Perennialvaded soils become impoverished. The negative effects
exotic grasses of high biomass depended on high soilmay cascade and eventually include reduced insect and
nutrient levels for successful establishment in the Aus- bird biodiversity and abundance as reported by Bock
tralian study. et al. (1986) for an invaded southeastern Arizona

Many exotic plants form dense monocultures that
reduce species diversity, and inhibit survival and re-
establishment of native species (D’Antonio et al. 1998
Christian and Wilson 1999, Brown and Rice 2000),
many of which may be important plants for insects and
for producing seeds eaten by quail. Many exotic plant
species are highly competitive and are able to out com-
pete natives for nutrients, water, and light. Allelopathy
is another mechanism by which exotic grasses inhibit
establishment of other plant species. Buffelgrass and
Kleberg bluestem inhibit seed germination of lllinois
bundleflower Desmanthus illinoensis) and partridge-
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grassland. It would appear that exotic grass invasionson southwestern quail populations based on what we
result in simplified ecological communities. know about important habitat requirements for each
species. More importantly, we will relate some of the
plant community alterations that result from exotic
QUAIL POPULATIONS AND EXOTIC grass invasions identified in the previous section, to
GRASSES the availability and abundance of important quail hab-
itat attributes in areas that have been invaded.
Each of the 4 native quail species that inhabit the
southwestern United States. have specific habitat re-
quirements. Some of these habitat requirements areMASKED BOBWHITES
specific to each species, while other requirements ap- ) )
pear to be universally shared among species. Forbs for ~Masked bobwhites are the least studied of the 4
example, are essential dietary items for masked bob-species of quail native to the Southwest. Therefore,
whites (Brown 1989, United States Fish & Wildlife their life history is not well documented. The few re-
Service 1995), scaled quail (Schemnitz 1961, Medina search projects completed, indicate that masked bob-
1988), Gambel's quail (Brown 1989), northern bob- White life history is similar to that of bobwhites in
whites (Lehmann 1984:188, Guthery 1986:145), and south Texas (Simms 1989, King 1998, Guthery et al.
to a lesser extent Montezuma quail (Leopold and 2000). Nevertheless, the habitat needs of masked bob-
McCabe 1957, Brown 1989). Similarly, habitats that Whites remained very obscure until recently. This
support a diverse and abundant invertebrate commu-dearth of information prompted biologists from the
nity are important to all four quail species because United States Fish & Wildlife Service (USFWS) to
insects are essential food items of young chicks, asassume for years that Lehmann lovegrass on and
well as adults for at least portions of the year (Schem- around the Buenos Aires National Wildlife Refuge
nitz 1961, Lehmann 1984:192, Guthery 1986:147, (BANWR) in the Altar Valley south of Tucson, and
Brown 1989). Additionally, herbaceous habitats that buffelgrass in northcentral Sonora, Mexico were det-
provide adequate nesting, escape, thermal and broodfimental to masked bobwhite recovery efforts (Kuv-
ing cover are important to each quail species (Schem-lesky et al. 2000). Based on meager, mostly anecdotal
nitz 1961, Brown 1989, King 1998, Guthery et al. observations, it was assumed that diverse stands of
2000), except Gambel's quail relative to their nesting native grasses provided better habitat than exotic grass
requirements, because Gambel’s quail nests are ofterstands. However, recent research indicated that masked
nothing more than a depression in the shade of a shrutbobwhites inhabiting BANWR were equally as likely
(Brown 1989). Therefore, exotic grass invasions could to be found in stands of Lehmann lovegrass as in
negatively impact southwestern quail populations if in- stands of native grass (King 1998). Though no scien-
vasions limit one or more of the habitat attributes re- tific proof currently exists, exotic grass stands may
quired by quail to fulfill their specific life history re- provide essential cover to masked bobwhites during
quirements. However, it is also possible that the pres- periods of drought. For example, Sonoran and USFWS
ence of exotic grasses benefit quail populations by pro-biologists monitoring masked bobwhite populations on
viding a habitat attribute that was limited or missing Rancho El Carrizo, Sonora, Mexico during a severe
prior to exotic grass invasions. drought in the mid-1990s noted that most masked bob-
Unfortunately, few studies have been conducted to white observations occurred in buffelgrass, because
determine how exotic grasses specifically impact quail cattle had consumed virtually all of the native grasses
populations, and the few studies that have been com-eaving buffelgrass as the only herbaceous cover avail-
pleted were done in the Southeast and Midwest andable (Kuvlesky et al. 2000). During another drought
offer mixed results. For example, Burger et al. (1990), in 1998, while masked bobwhites were being located
and Burger (1993) believed that Conservation Reservefor translocation to BANWR, every covey found was
Program (CRP) fields consisting of the exotic grass tall utilizing the cover provided by buffelgrass, again be-

fescue Festuca arundinacea) and red clover Trifoli- cause it was the only herbaceous cover available (Kuv-
um pratense) established in northern Missouri provid- lesky et al. 2000).
ed habitat conditions suitable for northern bobwhite However, during drought when masked bobwhites

production. However, Barnes et al. (1995), concluded used pastures where buffelgrass was the dominant her-
that tall fescue fields in Kentucky provided poor bob- baceous feature, prairie acaciAcécia angustisima)
white habitats. Washburn et al. (1999) advocated im- seeds, a favorite masked bobwhite food (United States
proving areas dominated by tall fescue in Kentucky by Fish & Wildlife Service 1995), appeared to be abun-
killing the plant and replacing it with native grasses, dant. When droughts ended and native grass and forb
because native plants provided better habitat condi-populations recovered, quail began utilizing areas
tions for bobwhites. Clearly additional research is dominated by native vegetation, though continued use
needed to quantify the specific impacts of exotic grassof buffelgrass remained evident. Buffelgrass and Leh-
invasions on quail populations throughout the country, mann lovegrass may serve as important herbaceous
but particularly in the Southwest where almost none cover for masked bobwhites, particularly when native
of this type of research has been conducted. herbaceous cover is limited. The superior structural
In the absence of relevant research results, we will and species diversity of native grass stands probably
discuss the potential impacts of exotic grass invasionsoffer more food advantages, and possibly cover ad-



122 KUVLESKY ET AL.

vantages, than stands of exotic grass. It is possible thagrass Getaria grisebachii) seeds were the dominant
masked bobwhites would have used, or even preferredgrass component of diets. Insects were important foods
native grass cover on Rancho El Carrizo during during the summer, and on an annual basis ranked
drought had it not been preferentially removed by cat- third behind forbs and grass seeds. Lehmann lovegrass
tle. Also, as mentioned previously in this paper, forb appeared to be an unimportant food item. Schemnitz
populations generally decline as exotic grass invade(1961) noted similar habitat preferences in the
native plant communities, and this situation cannot be Oklahoma Panhandle. He reported that during his
good for masked bobwhites because an importantstudy in the mid-1950s, scaled quail thrived on the
source of food is less available. Another important low-successional habitat conditions provided by the
food, invertebrates, could also be negatively impactedlivestock and grain crop agricultural production typical
by exotic grass invasions in the Southwest, though re-on the shortgrass prairie at the time. Forbs and insects,
search conducted by Burger (1993) in a more mesicwhich made up most of quail diets were abundant.
area of Missouri indicated that diverse and abundantWhen Schemnitz (1993) visited his former study site
invertebrate fauna inhabited tall fescue fields that in- during the early 1990s he reported that scaled quail
cluded red clover. Nevertheless, in the arid southwestpopulations had declined and he attributed this decline
insect diversity and abundance is likely lower in exotic to the prevalence of modern farming and CRP fields
grass plantations (Bock et al. 1986) than native grassthat consisted of dense stands of perennial grasses
stands because legumes and forbs that attract insecte/hich provided scaled quail with some cover, but little
are suppressed by exotic grass infestations (Medinafood. Other studies have also indicated that scaled
1988). Native plant communities likely provide better quail avoid areas of dense vegetation in favor of hab-
habitat conditions than exotic grass plantations be-itats with more diverse species composition and struc-
cause herbaceous species and structural diversity igure (Goodwin and Hungerford 1977, Campbell-Kis-
probably superior, and these characteristics yield bettersock 1985).
cover and food conditions for quail. Masked bobwhites Perennial grasses, including Lehmann lovegrass,
obviously use exotic grass, however it is probably use- therefore may offer some cover value to scaled quail
ful only as cover. Unless food-producing plants like populations, but if Lehmann lovegrass offers little food
prairie acacia occur in exotic grass plantations, food and quail are supposed to avoid dense stands of Leh-
supplies are probably limited forcing masked bob- mann lovegrass, why do scaled quail appear to fre-
whites to fulfill their nutritional requirements else- quent uplands on the BANWR dominated by this ex-
where. For example, King (1998) found that masked otic plant? Medina (1988) probably provided a clue
bobwhites displayed no preference for native grasswhen he stated that scaled quail preferred washes and
stands over Lehmann lovegrass stands. She did notether disturbed sites on his Arizona study area. The
that masked bobwhite coveys found in Lehmann love- BANWR, and many other federal, state and private
grass were never far from extensive stands of nativelands inhabited by scaled quail in Arizona, has nu-
grasses suggesting that native grasses were importanherous dirt roads, and dry washes located within its
to masked bobwhites. boundaries that represent frequently disturbed areas.
Moreover, thousands of rodent excavations as well as
hundreds of headcuts created by sheet and rill erosion
SCALED QUAIL provide numerous additional frequently disturbed sites
o ) ) where forbs are abundant. Scaled qualil that inhabit ex-
In addition to masked bobwhites, King (1998) also tensjve uplands dominated by Lehmann lovegrass may
studied scaled and Gambel's quail on the BANWR, pe aple to exist on these areas because of numerous
and much of this work was later summarized by Guth- gisturbed sites that provide a reliable source of seeds
ery et al. (2001). Like masked bobwhites, scaled and gng greens. Invertebrates may also be more abundant
Gambel's quail did not prefer native grass. Instead, on these sites than in Lehmann lovegrass stands.
scaled quail preferred upland habitats with 10-15% gscaled quail probably tolerate exotic grass plantations
woody cover, and on the BANWR, the dominant her- if 5 sufficient number of disturbed areas are present to
baceous species on these uplands was Lehmann lovesypport forb and insect populations. However, exten-

grass. Brown (1989) also noted that scaled quail in sjye exotic grass plantations that lack disturbed sites
Arizona preferred level, semi-arid grasslands inter- gre unlikely to be used by scaled quail.

spersed with short shrubs and cacti. He did not men-

tion Lehmann lovegrass, stating only that grasslands

favored by scaled quail consist of perennial bunch- GAMBELS QUAIL

grasses. Medina (1988) however, reported that scaled

quail in Arizona were less abundant in stands of Leh- Unlike scaled quail, Gambel’s quail require habitat
mann lovegrass and more abundant in open areas wittwith more woody cover (Guthery et al. 2001). Gam-
low perennial grass cover and high forb cover. Washesbel's quail not only consume more mast than scaled
and other disturbed sites that were characterized byquail or bobwhites, they also roost in bushy shrubs and
low perennial grass cover and high forb cover were small trees (Brown 1989). Overgrazing in the South-
frequented by scaled quail. His food habit data re- west generally favors the development of shrublands
vealed that scaled quail consumed proportionally more (Burgess 1995) which benefits Gambel’'s quail over
forb seeds than any other plant item, and that bristle- scaled quail and masked bobwhites because both spe-
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cies are less tolerant of the conversion of grasslandsightening-caused fires are rare in the Sonoran Desert,
to shrublands (Brown 1989). Gambel's quail are an and lack of fire facilitates the continued dominance of
arid-land species that have successfully adapted to theshrubs and succulents. However, saguafCer rfegia
Sonoran Desert in Arizona, where perennial grassesgigantea), mesquite Prosopis glandulosa), and iron-
are infrequent (Brown 1989). However, they are also wood (Olneya testota) populations gradually decline
the most abundant quail species on semi-arid grass-with the increased fire frequency that accompanies red
lands that are at higher elevations within and around brome invasions of the Sonoran Desert. It seems likely
the Sonoran Desert. Gambel’s quail are also extremelythen, that Gambel’'s quail populations will decline in
adaptable, a behavioral trait that permits them to suc-areas invaded by red brome in response to the gradual
cessfully occupy large urban areas like Phoenix anddisappearance of the native Sonoran Desert shrubs
Tucson. Since, numerous exotic shrub species arewhich are critical to quail survival (Engel-Wilson un-
propagated in these urban habitats frequented by Gampublished data). If red brome invasion of the Sonoran
bel's quall it is likely that they have adapted to the Desert continues unabated, the future status of Gam-
presence of these plants and use them as roosting halbel’'s quail may begin to resemble the current status of
itat and escape cover. bobwhites in the Southeast.

The adaptability of Gambel’s quail permit them to
occupy virtually every vegetation cover type on the
Sonora savanna grasslands that make-up the BANWRMONTEZUMA QUAIL
and they are the most abundant quail species in most ) ) )
cover types on the Refuge (Kuvlesky unpublished Like the masked bobwhite, Montezuma quail have
data). During annual winter quail surveys, BANWR hot been studied to any great extent by quail biologists.
Biologists observed more Gambel's quail on uplands Therefore, nothing has been done to quantify the im-
dominated by Lehmann lovegrass than scaled quail.pacts of exotic grass invasions on this species. Mon-
Gambel's quail were also the most abundant speciestezuma quail typically occupy Mandrean o&pugercus
on Rancho EI Carrizo, Sonora, Mexico, and were as Sp.) woodlands at elevations1200 m though they use
likely to be located in buffelgrass pastures as pasturessemi-arid grasslands slightly below this elevation dur-
dominated by native grasses. Large expanses of Lehing certain times of the year (Brown 1989). Like
mann lovegrass and buffelgrass likely impact Gam- masked bobwhites, Montezuma quail require substan-
bel's quail populations less than other quail speciestial herbaceous cover to survive. Brown (1982) de-
because sufficient shrub cover is present and bare disscribed optimal habitat as consisting of 30% tree
turbed areas have abundant forb populations, Gambel'ssrown cover and 70% grass cover. Native warm sea-
guail seem able to maintain self-sustainable numbersson, perennial bunchgrasses represent preferred her-
where exotic grasses are the dominant grass specieaceous cover. Brown (1989) does not mention exotic
It is possible that Lehmann lovegrass and buffelgrassgrass species as being important to Montezuma quail.
enhance Gambel’s quail habitat on semi-arid grass-Instead he states that bunchgrass species composition
lands by providing an additional source of cover. Nev- varies with locality and site though preferred herba-
ertheless, where exotic grasses suppress forbs and inceous habitats consist of tall native species, such as
sect populations, Gambel’s quail populations may be sideoats gramaBputeloua curtipendula), cane beard-
reduced. grass, Bothriochloa barbinodis), wolftail (Lycurus se-

Another exotic grass species however, may pose atosus), green sprangletop éptochloa dubia), and Tex-
genuine threat to Sonoran Desert ecosystems and thas bluestemAndropogon spp.). Montezuma quail also
Gambel’s quail populations that occupy areas that areuse sites consisting of shorter species such as blue
being invaded. Red broméi{omus rubens) probably grama B. gracilis), hairy grama B. hirsuta), and
first appeared in California from the Mediterranean re- three-awns Aristida spp.), though these habitats are
gion of Eurasia several decades ago where it becamdess desirable than those composed of taller grasses.
naturalized and then rapidly began invading semi-arid Montezuma quail food habits do not include grasses
and arid ecosystems at an alarming pace (James 1995pther than the seeds of paspalums (Brown 1989). The
Like cheatgrassBromus tectorum) in the Great Basin  bulbs of wood sorrels@xalis spp.) and bulbs and tu-
deserts and bufflegrass in Sonora, Mexico, red bromebers of flat sedge<C/preus esculentus, C. rushyi) are
is a fire adapted species that modifies natural fire cy-the predominate foods consumed during October—June
cles in a manner that continually perpetuates invasion(Leopold and McCabe 1957, Bishop and Hungerford
of additional acreage (D’Antonio and Vitousek 1992). 1965). Acorns are important foods when they are
The abundant fine fuel loads produced by red brome available and insects, particularly beetles (Coleoptera),
increase fire frequencies in invaded areas which resultsare important to both adults and chicks during the nest-
in the suppression of shrubs. Red brome invasion ofing and brood-rearing season of late summer and early
the Sonoran Desert is a serious concern because shrulfall (Brown 1989).
and succulents are the dominant vegetation types of  Given what is known about the life history and
this desert. Native herbaceous vegetation consists alhabitat requirements of Montezuma quail, exotic grass
most entirely of desert annuals that are ephemeral ininvasions apparently result in habitat loss. A diversity
that these species must have winter precipitation to of tall bunchgrasses, abundant oxlais bulbs and sedge
complete their life cycles. Consequently, because finetubers, as well as abundant and diverse insect popu-
fuels are largely absent during summer thunderstorms,lations are required to maintain viable Montezuma
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quail populations. Since exotic grass infestations re- able to quail and thus were probably not a limiting
duce native grass and forb diversity, we speculate thatfactor. Clearly buffelgrass infestations on this ranch
Montezuma quail populations decline in response to did not completely suppress forb populations. Never-
exotic grass invasions. theless, given what is known about the impacts of ex-
otic grass invasions on forb abundance, it is possible
that forb numbers were considerably higher on the
NORTHERN BOBWHITE ranch prior to buffelgrass invasion. Pre-buffelgrass
forb abundance may seem irrelevant from a quail man-
agement perspective because post-buffelgrass forb
abundance was sufficient to support a density of 5
%irds/ha. However, during drought, forb abundance in
“buffelgrass pastures may be much lower than in a
comparable pasture composed of native grasses, there-
y reducing the quality of buffelgrass habitat to bob-
hites.

A substantial amount of research has been con-
ducted on northern bobwhites throughout the species
range in Texas and Oklahoma because bobwhites ar
popular among hunters and private landowners (Guth
ery 1986:251, Brown 1999). Quail biologists have am-
ple information available to them to effectively imple-
ment brush management, grazing management, an

hunting management programs that benefit northern . . - .
bobwhite populations in the Southwest. It is odd, that thatGouggeéﬁgJﬁjsi%;Chérr]]esrc;lljitzhe-rzggit'ntﬂ'ece}ﬁd;gtg'rgf
few researchers have examined the impacts of exotic . ; ot g . mp

exotic grass invasions on bobwhite populations (per-

grass invasions on bobwhites when hundreds of thou—sonal communication). Though Lehmann (1984:287)

sands of hectares of exotic grass exist in Texas alone_ " . : ;
Perhaps bobwhite researchers have avoided broachinﬁe“eve.oI that exotic grass represented poor quail hab-
at, this belief was based largely on several decades

the subject with private landowners, because many cat- f observation. which. th h valuable. is not an al
tleman believe that exotic grasses, especially buffel- O observation, ch, though valuable, 1S not an al-
ternative to good science. Similarly, Guthery and

rass, are good livestock forage. However, it would be : ; . .
ign the bestginterests of many granchers who derive in- Koe'rth (1992) did not desug_m the_|r research to quantn‘y
come from quail hunting to know if exotic grass in- the Impacts o_f buffelgrass Invasions on bobwhite pop-
vasions are detrimental to bobwhite populations inhab- Ulations. Their research was simply conducted on a
iting their properties. Despite this logic, exotic grass/ ranch over a period of time _vvhen quail were abundant
quail research has been neglected for northern bob-O" their buffélgrass study sites. They never suggested
that buffelgrass provided either good or bad habitat

whites in the Southwest. o .
A few notable quail biologists with years of ex- conditions for bobwhites. Instead we speculated that

perience working with quail in south Texas, developed bobwhite populations were not significantly impacted
opinions regarding the impacts of exotic grasses on by k_)uffe!grass during their study. Unfortunately, spec-
quail populations. For instance, Lehmann (1984:287) u!atlon like ane_cdotal observatl_on, _does not prove or
advocated restoring rangelands to high quality peren-disprove anything. The t“"”} is, like masked bob-
nial bunchgrasses and legumes in order to increaseVhites, scaled quail, Gambel's quail, and Montezuma
bobwhite densities in south Texas. He furthermore duail, we really do not know what impacts, if any,
stated that management activities that promote large€XOtic grass invasions have on northern bobwhite pop-
expanses of buffelgrass, Kleberg bluestem or any otherulations.

nonfood-bearing exotic species should be avoided if

increasing quail numbers is a management goal. Guth-

ery’s (Oklahoma State University, Stillwater, personal RESEARCH AND MANAGEMENT
communication) extensive research on northern bob-NEEDS

whites in south Texas lead him to believe that it was

unreasonable to assume that exotic grass invasions The recent work of Burger et al. (1990), Burger
were universally negative for bobwhite populations in- (1993), Barnes et al. (1995), and Washburn et al.
habiting southwestern rangelands. For example, he ob{1999, 2000) in the Midwest and Southeast represents
served that King Ranch bluestem infestations and in- almost all of the published research that addresses the
vasions provided poor quail habitat conditions impacts of exotic grasses on quail. Significantly more
throughout south Texas. Conversely, he noted that inresearch needs to be conducted in a variety of ecore-
one instance, quail surveys on ranch infested with buf- gions in North America to assess the impacts of exotic
felgrass produce estimates of 5 birds/ha (Guthery andgrass invasions on quail populations. The research of
Koerth 1992) which is a high density for south Texas. Bock et al. (1986) indicated that exotic grass invasions
Precipitation was average to above average during theresulted in lower avian diversity in southeastern Ari-
beginning and middle of the study, which suggests thatzona, and Schemnitz (1993) believed that exotic grass
native foods were probably adequate. Moreover, quail species planted to CRP fields in the Oklahoma Pan-
feeders and waterers were established on the study sitéandle have negatively impacted scaled quail habitat
at a density of 1 feeder/9 ha and 1 waterer/8 ha. Thus,conditions. Additionally, numerous anecdotal obser-
bobwhites had ample food and water available to themvations by other quail biologists working throughout
otherwise a density of 5 birds/ha could not have beenthe southwest suggests that exotic grass invasions may
produced or sustained. Habitat quality on the study site prove harmful to quail populations. Nonetheless, little
was considered high, indicating that forbs were avail- scientific evidence presently exists implicating exotic
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grass invasions as a legitimate threat to quail popula-tions. The results of these research projects are en-
tions of the southwest. couraging, because they indicate that tall fescue and
Clearly, a logical beginning is to determine if a Lehmann lovegrass populations can be reduced in
problem exists! Coarse-scale, retrospective analyses oKentucky and Arizona, respectively.
trends in quail abundance could be correlated to trends  There are however complications associated with
in exotic grass invasions across regional landscapes t@xotic grass suppression that need to be considered on
determine if scaled quail population declines in south- a species specific and site-by-site basis. For instance,
eastern Arizona for example, are related to increasingmethodology developed to slow or stop Lehmann
exotic grass dominance of grassland landscapes. Simiovegrass invasions in Arizona, may not succeed in
ilar retrospective studies could be done in south TexasTexas where climatic and edaphic factors are markedly
for bobwhites and buffelgrass, in the Sonoran Desertdifferent. Similarly, techniques that increase tall fescue
for Gambel’s quail and red brome, and in northcentral mortality may have no impact on buffelgrass or red
Sonora, Mexico and the BANWR of Arizona for brome. Another problem associated with attempting to
masked bobwhites and buffelgrass and Lehmann love-improve quail habitat conditions by reducing exotic
grass, respectively. In addition to retrospective studies,grass populations concerns replacing the exotic grass
Geographic Information Systems could be used in con-with vegetation that is favored by quail. Presumably
junction with landscape-scale quail and vegetation datagrasses and forbs native to the treated site would be
collected today to determine if quail abundance is im- the preferred post-treatment cover crop, however often
pacted by landscapes dominated by exotic grassesnative seedbanks have diminished or no longer exist
One would simply need reasonably accurate Globalon treated sites, because of sheet and rill erosion. Con-
Positioning Systems, reliable four-wheel drive vehi- sequently, if a native cover crop is desired, seed must
cles, access to a regional landscape and sufficient helgpe purchased from commercial sources, and commer-
to conduct quail surveys and regional assessment ofcial sources of native herbaceous species endemic to
the impacts of exotic grass on quail abundance couldspecific locales are extremely limited in the Southwest
be accomplished. and often impossible to acquire. Most often available
If it can be established that quail numbers are low- native grass seed stocks are cultivated great distances
er on landscapes dominated by exotic grasses com{rom treatment sites where native grass seeding is de-
pared to quail numbers on landscapes dominated bysired, and attempts to establish native grass stands
native grasses, then research designed to determine theEom commercially produced seeds sometimes yields
specific mechanisms responsible for lower quail num- poor results (Roundy and Biedenbender 1995).
bers can be initiated. Incorporated in such a research  Despite these challenges, successfully rehabilitat-
project would be studies that illuminate the life history ing exotic grass infestations to improve quail habitat
of the exotic grasses of interest so that potential vul- in the Southwest could be achieved if it is deemed a
nerabilities of the exotic plant could be identified, and problem, and quail conservation is a priority among
then possibly exploited in an effort to reduce the neg- private and public land stewards. Clearly, additional
ative impacts of the exotic grass on quail populations. research devoted to studying specific exotic grass spe-
For example, Biedenbender et al. (1995) knew that cies in specific locales will be required. However, be-
Lehmann lovegrass seed germination is enhanced byfore these research projects are initiated, important re-
red light and fluctuating diurnal temperatures so they alities associated with exotic grasses in the Southwest
exploited these aspects of Lehmann lovegrass life his-need to be understood by everyone advocating exotic
tory in an effort to suppress seedling germination. grass suppression. First, certain exotic grass species
They succeeded in suppressing seedling expression irare perceived as important livestock forage by many
favor of native grass seedlings in southeastern Arizonalivestock producers. As mentioned earlier in this paper,
by altering light, temperature and moisture relations in hundreds of thousands of hectares of a variety of ex-
seedbed environments via a combination of spring gly- otic grass species have been established in the South-
phosate and June mowing treatments. Biedenbender etvest over the past 50 years by ranchers, as well as
al. (1995) did not discuss how quail might benefit from federal and state agencies to provide reliable forage
the results of their work, however, suppression of Leh- for cattle. Ranchers in south Texas and northern Mex-
mann lovegrass in favor of native vegetation would ico in particular, continue to seed thousands of hectares
benefit masked bobwhite and scaled quail populationsof buffelgrass annually. Livestock producers are un-
if the observations of King (1998), Guthery et al. likely to advocate exotic suppression. So exotic sup-
(2000), and Schemnitz (1963) are correct. pression will have to be implemented on areas where
In addition to the work of Biedenbender et al. exotic grass is viewed as a pest. Federal land managers
(1995), other researchers have demonstrated a direcof National Wildlife Refuges and National Parks are
relationship between suppressing exotic grass populatequired to implement management activities that re-
tions and improving quail habitat. Barnes et al. (1995) store native flora and fauna, so Federal Refuge and
determined that tall fescue provided poor habitat con- Parks represent areas where exotic grass suppression
ditions for quail, then Washburn et al. (1999, 2000) research would likely be welcome. Exotic grass sup-
determined that a combination of seasonal herbicidepression would also be welcome on properties owned
application and prescribed burning significantly re- by private conservation organizations, such as the Na-
duced tall fescue density on treated fields in favor of ture Conservancy and the National Audubon Society,
native grasses that enhanced bobwhite habitat condi-because these organizations are very interested in na-
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tive flora and fauna conservation and restoration. Also, units and then focusing suppression activities on a dif-
many ranchers actively promote exotic grass establish-ferent management unit each year would be an orga-
ment, however, there are some private landowners whonized and economical way of managing exotic grass
would prefer to manage for native vegetation for com- invasions on a ranch. Monitoring quail responses to
mercial and aesthetic reasons. These individuals mayexotic grass management activities could also be ac-
believe that native vegetation provides better habitat complished quite easily by establishing whistle counts
for bobwhites, and because quail are a valuable com-surveys throughout management units, and then con-
modity in Texas, for example, some ranchers may be ducting quail surveys on an annual basis.

interested in initiating exotic grass suppression if they

know that quail will benefit. Therefore, it is important

to focus research efforts on lands where exotic speciesCONCLUSIONS

are regarded as pests and where suppression is desired. ] ) )

The other important rea“ty regarding exotic grass ThOUS_aI"IdS of exotic §peCIeS have been introduced
suppression is to understand very clearly that eradi-t0 the United States during the past century and nu-
cating established exotics that are resilient aggressiveNerous species that have successfully naturalized por-
invaders is impossible. Eradicating many naturalized tions of North America are threatening the native bio-
exotic species, and perhaps even controiling them, arediversity of the ecosystems that they currently occupy.
unrealistic expectations. Once established, non-nativelnvasions of exotic plants modify microclimatic and
plants are extremely difficult to remove, since they are €daphic features of native vegetative communities in
often subject to less pressure from competition or pre-a manner that creates progressively better conditions
dation than native species (Palmer et al. 1997). Re-for the exotic plant invading the native system, thereby
moval of exotic grasses by hand resulted in an increasePerpetuating invasion. An important consequence of
in native shrubs in Hawaii (D’Antonio et al. 1998). €exotic grass invasions appears to be the simplification
Hand removal is impractical over large areas, and few Of native biodiversity of the ecosystem being invaded.
economically feasible methods of biologically, chem- EXotic grass invasions are currently occurring on thou-
ically, or mechanically removing exotics are available. sands of hectares of rangeland in the southwestern
Rice blast Pyricularia grisea) is pathogenic to buf-  United States and little research has been conducted to
felgrass. However, the fungus may also affect agricul- determine how these invasions are impacting wildlife
tural crops, thus its use as a biological control agent populations inhabiting these rangeland ecosystems.
may not be advisable (Tix 2000). The meager work that has been done indicates that

Nevertheless, Heady (1999) believed that it may exotic grass invasions have a negative impact on the
be possible to reduce populations of some exotic plantplant and animal communities that are being invaded.
species, but he also believed it highly unlikely that Bird communities in particular, may be impoverished
elimination could be achieved once exotic vegetation as a result of exotic grass invasions because these in-
becomes naturalized and firmly established. He notedvasions typically reduce herbaceous structural diver-
that on a worldwide basis, efforts to eradicate alien sity, which not only reduces niche diversity, but also
invaders have generally failed. Furthermore Heady probably reduces forb and insect diversity.

(1999) recognized that weed management, where the Like northern bobwhite populations throughout
objective is partial or reasonable economic control, re- most of their historic distribution, populations of most
quires carefully designed research programs more tharof the 5 native southwestern quail species are also de-
the selection and application of pesticides. Adopting a clining in at least portions of their range. Scaled quail
management philosophy is probably the most realisticand Montezuma quail populations continue to decline
approach to effectively deal with exotic grass infesta- throughout Texas, New Mexico, and Arizona. Masked
tions and invasions. Many private landowners in south bobwhites remain endangered in Arizona despite an-
Texas have implemented an integrated natural resourcewual supplementation of captive-reared chicks to an
management program on their properties which inte- introduced population. What is even more disturbing
grates livestock, water, brush, and wildlife manage- is that Gambel’s quail and northern bobwhite popula-
ment in a manner that maximizes the economic poten-tions that have been at least stable for decades in Ar-
tial of the natural resources on their properties. Be- izona and south Texas, respectively, have recently ex-
cause bobwhites are important commodities to many hibited indications that population declines are under-
of these landowners they often manage livestock andway. These declines have largely been attributed to
brush in a manner that enhances quail production. If habitat loss due to overgrazing, increased agricultural
these landowners learn that exotic grass invasionscrop production, and urban development. However,
could pose a threat to quail populations, they may be quail populations could also be losing useable habitat
very responsive to cooperating in research projects de-space to exotic grass invasions. Few studies have been
signed to determine if, and how exotic grasses nega-conducted addressing the exotic grass/quail issue, and
tively impact quail populations. Similarly, these land- most of those that have been completed were con-
owners may also be very receptive to incorporating ducted in the midwest or southeast and yielded mixed
exotic grass management into their integrated naturalresults. Nevertheless, recent grassland community
resource management programs, especially if exoticstudies indicate that essential quail habitat features
grass management benefits quail populations. Desig-could be negatively impacted by exotic grass inva-
nating a series of pastures as exotic grass managemersions. Concern that exotic grass invasions could neg-
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atively impact quail populations is therefore justified, Church, K. E., J. R. Sauer, and S. Droege. 1993. Population

i i i i tional Quail Symposium 3:44-54.
need exists to experimentally quantify the impacts of Crawley, M. J. 1987. What makes a community invasible? Pages

exotic grass invasions on quail populations in the = 459" 453'in A. 3. Gray, M. J. Crawley, and P. J. Edwards
southwest. Until research projects specifically de- eds. Colonization, succession, and stability. Blackwell Sci-
signed to evaluate the impacts of exotic grass on quail entific Publications, Oxford.
populations are implemented, we will remain ignorant D’Antonio, C. M., and P. M. Vitousek. 1992. Biological inva-
regarding the exotic grass invasion/quail issue. sions by exotic grasses: the grass/fire cycle and global
change. Annual Review of Ecology and Systematics 23:63—
87.
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