SOME ASPHCTS OF THE PIRE ECCLOGY
0F THE BOBWHITE GQUAIL

(Colinug vivrinianus} .- .
2l

B \a'}

ant 2

CARROLL ALLEN LANGE 1=

B. S., Kansas State University, 1971

4 MASTER'S REPORT
submitted in partial fulfillment of the
requirements for the degres
MASTER OF SCIENCE
bepartment of Agronomgr

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1973

Aprroved by

nter Livened,




19
[ 35 ' TABLE OF
pe
S

INTRODUCTION. o o o o o o o s o o o &
HISTORY CF FIRE II XNORTH AMERICA, . .
EVOLUTION OF THE BOBWEITE 4 o o « o o
BOBWHITES AND NEW BURNS o o o o o o o
MULCE AXD ROUGH 4 o + o o o o o o o o
BURKING AJD QUAIL FOOD PLANTS o « . .
FIRE AND THE ANIFAL FOODS OF QUAIL. .
BURNING AND QUAIL-RODENT COMPETITION.

QUAIL EESFONSE TC BURNED EABITATS . .

BURNING AS A TOOL FOR QUAIL MANAGLMENT,

COST OF PRESCRIBZD BURNING FOR QUAIL PRCDUCTICN

SU}MAIRY L] - - * - . -* L] L] L » * L] L] L] L ] - - L ] -

LITEB-AT-L]RE)CITE)I'.O...I..l...l‘..

PAGE

12
14
17
20
22
26
28
34
38
40



INTRODUCTION

The noticn that fire is a destructive agency is largely the product of
modern civilized man (Sauer, 195€6), It probably had its origins when man
first began to lose the products of his own ingenuity, such as planted crops
and shelters, to the ravages of fire, ZFrom such destruction arose the idea
of fire prevention in defense of human endeavor. In light of heavy economic
lozses to fire, it was not difficult for early civilized man to apply that
thinking to his natural surroundings., All that was needed was the technol=-
ogy with‘which to guppress fire on a large scale,

That attitude toward fire was probably developed iﬁ the 014 World and
transported to North America by the early settlers (Sauer, 1944), and is
still the attitude of most Americans today. It is fostered by the mass
media, which frequently broadcasts or distributes news of catastrophic fires
in the western United States or the Florida Everglades. Piciureg of tne
charred remains of forests are televised and published in newspapers with
little or no explanation of the fire's real cause., It is almost always'
blamed on the careless fire users such as smokers, campers or arsonists who
actually get the fire. Attention is seldem given to possible mismanagement
of such areas, which allows fuels in the form of dead and dying plant mater-
ials to accumulgte in unnatural amounts, waiting to be ignited by the first
spark regardless of its origin., Such accumulations become the primary
sources of energy to fuel catastrephic fires (Martin, 1972). Historically,
thoge fuels were removed by fires, caused by lightning or primitive man,
usually before they accumulated enough to carry a crown fire over vast for-
ested areas. The suppressicn of fires by modern man has allowed those fuels
to accumulate over many years resulting in cataclysmic fires which desiroy

whole forests (Sauer, 1956; Wilson and Dell, 1971).



The general public naturally concludes that fires which destroy forests
also destroy wildlife, "Wildlife has strong public appeal and conservation
campaigns, particularly those of forest interest, frequently use wild ani=
mals to capture public attention" (Komarek, 1963, p. 35). Slogans such as
"Pire destroys forests and w:'Llfitlife'-| have been widely circulated on posters
and in advertising, and leave the impressiﬁn that wildlife lives happily in
the forest. Few people would suspect the developing forest of choking off
the food supply of some wild animals associated with eaﬁlier succesgsional
stages (Komarek, 1963), But when fire is excluded, changes occur in the
plant environment; the'résulf.of ﬁﬁich has béen the destruction of wildlife
habifat leading to severe depletion of some wildlife species., Lehman and
Mauermann (1963) blamed the decline of Attwater's prairie chicken (Tympanuchus

cupido attwateri) populations in Texas and Louisiana, in part, on exclusion

of controlled burning., Sharp (1963) noted a decline of ruffed grouse (Bonasa
umbellus) in habitat which had been allowed to proceed through-plant succes=
sion after cutting. Aldrich (1963) states, "One race, the extinct eastern
prairie chicken (T. c. cupido) survived, before elimination by man, in what
were probably fire created 'prairies' or blueberry barrens along the northerm
Atlantic seaboard."

Habitat destrﬁction through natural plant succession may result in ser-
ious reduction of many species of wildlife, However, many species may also
increase as succession advances., As 015 niches disappear, new ones are
created, Grange (1949) outlined the relationship between wildlife popula=-
tiong and community succession, He pointed ocut that many animals can occupy
land only so long as appropriate successional patterns persist. Many succes-
sional stages are short-lived. Therefore, the tenure of the wildlife species

associated with them is equally short-lived.



Miller (1965, p. 19) pointed outs

With only few minor exceptions, upland wildlife has a marked
affinity for subclimax plant associations, This indicates that dis-
turbance (whether wildfire, or other natural phenomena) has been a
common oceurrence throushout the vast reaches of evolubtionary times.
Theze creatures would nsver have survived the ages were this not so,
If we wish Lo pervetuzte thege wildlife species we must mainlain the
particular subclimax vegetation which is their natural habitat.

There are several methods by which successional stages can be perpet=-
uated, namely; plowing, grazing, spraying, cutting and burning. It is the
purpose of this paper to review the use of fire in disturbing plant succeg=-

sion for developing and maintaining bobwhite quail (Colinus virsinianus)

habitat.
HISTCRY OF FIRE IN NORTH AMERICA

Open woodlands, savennas, grasslands and prairies in regions of enough
precipitation to support clocsed canopy, climax forest, will become such for-
est if plant succession is not interrupted by fire or other agencies, Kucex

(1960) found that American elm (Ulmus americana) readily invaded tall-grass

prairie in east central Missouri. He stated (Ibid,, p. 640), "The stability
of pfairie under primeval-conditions faverable to forests would indicate
that, in addition to geological .and edaphic influences, fire was probably ar
important. ecblogical factor in arresting tree invasion and maintaining vege-
tational equilibrium,"

Bragg (1971) in Geary County, Kansas, found that woody species had in-
creased in area covered from 5 percent in 1937 to 34 percent in 1970 on his
unburned study areas, while the areas burned by management increased about
one percent, He attributed this slight increase to grazing by catile. Vogl
(1967, p. 19) stated that "all prairie types in Wisconsin have undergone

brush and tree invasion since the cessation of fires." Invasion by brush



and trees is visible in the Flint Hills region of eastern Kansas., Many
areas around Manhattan and Fort Riley, Kansas, are being invaded by brush
and trees where fire has been withheld for many years. Rangelands in that
area which have been subjected to pericdic burning by stockmen or accidental
ignition from artillery fire on Fort Riley are free of invasion. Sweeping
prairie fires in the Kansas Flint Hills haﬁe probably occurred regularly

as long as the grasslands have existed (Anderson et al., 1970),

Catlin (1842, p. 16~18) reported shooting 75 "prairie hens" (probably
T, c. pinnatus) in one afternocon in front of an advancing prairie fire in
the vicinity of Fort Leavenworth, Kansas., He also tells of escaping from
a fire on horseback under the guidance of an Indian who stated:

Over the beautiful plain dwells the spirit of fire, He rides
yonder cloud = hig face blackens with rage at the sound of trampling
hoofs = the 'fire-bow'! iz in his hand = he draws it across the path
of the Indian, and quicker than lightning, a thousand flames rise to
destroy himj such is the talk of my fathers, and the ground is whitened
with their bones,

In that statement he indicates such fires occurred and were common in the
days of his ancestors,

The Indian further stated that a small party of hunters from his tribe
had been annihilated by a fire in this same area only twelve moons (one
year) ago; indicating that fire had occurred over the same area in two coﬁ—
secutive years; Lewis (1814) mentioned prairie.firea 12 times during his
journey from Council Bluffs, Iowa, to the Grand River in South Dakota
(Kirsch and Kruse, 1972).

Any estimate of the frequency of prairie fires before the coming of
white men can only be conjecture, Before the landscape of the prairies and

savannas was interrupted by roads and agriculiural fields, fires could burn

for days over thousands of square miles before being extinguished by rain



or stopped by a natural barrier such as a river (Jackson, 1965), Few points
of ignition would be needed to provide annual burning over wide expanses of
prairie._ However, this wzs probably not the case., Many areas probably
eacaped fire from year to year, depending on location relative to natural
barriers and wind direction, Bragg (1971) concluded that natural fires
probably occurred more than once per decade over most of Geary County, Kan-
sag, on the western edge of the Flint Hills.

Komarek (1966, 1967) concluded that lightning was the most frequent
cause of wide spread fires before the coming of Europeans., Sauer (1944,
1950, 1956) believed the coming of primitive man to North America, at least
15 to 20 thousand years ago, drastically inc?eased fire frequency over much
of the continent, He states (1950, p. 20):

¥or millennia, and tens of them, fires, for the most part set by
man, have deformed the vegetation over the large plains of the world
and their hill margins., The time of human disturbance is probably

long enough even in the New World, to allow for the development or

soils of characteristic profile and structure that are known as 'prairie

soils'!, a secondary product rather than a cause of grassed surfaces.

Fire, as a tool of man, probably had its origins early in primitive
man's existence as a hunter. His hunting weapons consisted of stone knives,
axes and lances seemingly inadequate for killing the largg animals which he
hunted (Sauer, 1944). He discovered that those animals could be driven $o
their deaths over escarpments, or trapped and even killed by properly set
fires., He also learned that they were attracted to new growth on burned
areas, S0 important was fire to primitive people in many aspects of their
daily lives and their survival that Sauver (1950, p. 19) called their socie-
ties "fire economies." Many fires in daily use of those people probably
escaped or were turned loose on the landscape. OSuch fires along with those

get naturally, played an important role in spreading the gragslands, savannas



and open woodlands over large areas of Horih America,
- The benefits of fire to wildlife did not escape notice by early settlers
in North America, Jackson (1965, p. 243) related the followings:

During the 1%930's I undertook fo investigate in what ways the early
settlers of Texas were influenced by the great abundance and variety
of wildlife the state afforded. A considerable number of the early
gettlers of the western half of Texas were interviewed, In addition,
Journals, diaries, and books abouf early Texas were searched., The
files of 83 early=-day newspapers were scanned, Notes were made of
references to prairie fires because of their close relation to wildlife
habitat, The notes are far too numercus to cite in this paper and would
be repetiticus in any case., Suffice to zay, the picture which emerged
was one of incredibly abundant wildlife in an environment which seemed
to be on fire, somewhere, all of the time.

Anderson et al. (1970, p. 81) stated:

Together with grazing by the abundant wild fauna, fire periodically
removed dead plant tops that otherwise would accumulate to rather sube
stantial depths. Indeed it is unlikely that prairies could exist as
guch without repeated removal of t0DSess

Fire not only has prevented excessive and, therefore, harmful
buildup of mulch, but it also has helped maintain the prairie by kill=-
ing, or at least suppressing, species with growinz points above the
ground, Fires favor grassland, as grass and grassland climaces favor
fire,

Thus grasslands, savannas and woodland - graésland complexeg from the Flint
Hills of Kansas east to the Atlantic Ocean and south to the Gulf of Mexico
are probably the result of frequent widespread fires. Those plant communi-
ties may be described as fire dependent,

Mutch (1970, p. 1046) hypothesized:

If species have developed reproductive mechanisms (underground
rhizomes, root sprouting, serotinous cones) and ancotomical mechanismg
(thick bark, epicormic sprouting) to survive periodic fires, then fire-
dependent plants might also possess characteristics obtained through
natural selection that actually enhance the flammability of these com-
mmities., Although plant commnities may be ignited accidently ox
randomly, the character of burning is not random., The following
hypothesis treats this interaction beiween fire and the ecosystem.
Fire dependent plant communities burn more readily than nen fire de-
pendent communities because natural selection has favored development
of characteristics that make them more flammable,

-He does not offer his limited experiments as proof of his hypothesis, but



proposes more research on the subjeet, His hypothesis, if substantiated,
could explain the existence of grasslands, savannas and open woodlands in
regions of enoush precipitation to support closed canopy forest,

Ferestera and plant ecolozists have become increasingly aware of fire's
role in the ecoleogy of a variety of grassland, savamna and transitional com=-
munities in which the bobwhite is found (Shelford, 1963), Those communities
are subclimaxes created and maintained by periodic burning over long periods
of geologic time (Ahlgren and Ahlgren, 1960)., The frequency and intensity of
fires in the various plant associations of North America prior to the arrival
of BEuropean Man is unclear, However, our present knowledge of plant ecology,
plus descriptions of vegetation and the-use of fire by Indians as reported
in the diaries of early explorers, indicate that extensive areas of this con-
tinent burned regularly (Sauer, 1944; Komarek, 1964, 1965, 1966, 1967; Arnold,
19643 Kirsh and Kruse, 1972). 1In those plant associations, created and main-
tained by fire and other disturbances, the bobwhite was able to expand its

range northward and eastward from probable origins in Middle America (Johns=-

gard, 1973).
EVOLUTION OF THE BOBWHITE

The origin of bobwhite is apparently closely linked with origins of all
other quail species native to the New World, Jchnsgard (1973, p. 5) states:

Central and South America exhibit the largest total species, number
of species as well as the largest number of endemic quail species (nearly
all of which are in the large genus Odontophorus), whereas North America
exhibits the larsest number of genera and endemic .genera, Since the
apparently most primitime genera (Dandrorivx and Cdontoshorus) are of
Mexican or more gcutherly distribution it scems apparent that the center
of origin of this group must be regarded as lMiddle American.

Both Dendrortyx (tree quail) and Odontophorus (spotted wood quail) are

-indiginous to heavy damp forests of Mexico and Certral America (Leopold, 1959).



Bolman (1961, 1964) reported that the genus Dendrortyx exhibits many skeletal
charactericstics suggeétive of those found in more primitive gallinaceous
families,

Johnggard (1975) draws two evoluticnary lines (Fig. l) representing the
evolution of Kew World quails. He includes in the seed-eating "xeric-adapted"
quail genera, Philortvx (barred quail), Oreortyx (mountain quail), Callipevla
(elegant quail and scaled quail) and Colinus (bobwhite quail}., It is inter-
esting to note, Colinus is the only genus in this "xeric-adapted" group with
representative species in South America (Blair et al., 1968; Johnsgard, 1973).
The other evolutionary line consists of primgrily Middle American forest
dwellers which feed mostly on bulbs, rootlets and tubers, and include the

genera; Dactylcrtiyx, Cyritonyx and Rhynchoriyx (Jotnsgard, 1973). Only one

genus of that group cccurs in the United States, Harlequin quail (ertoryz
montezumae) occurs in the Pine-Oak asscciation of the southwestern United
States (Blair et al., 1968).

If Middle America is accepted as the place of origin of Colinug, it must
have inhabited grasslands and savannas, and the associated riparian, woody
habitats of Texas, Oklahoma and Kansas prior to inhabiting the eastern sea=-
board. There is evidence of its early habitationrin Kansag, Wetmore (1944)

attributed fossil bones of the Upper Pliocene, from Meade County, Kansas, to

this genus. He speculated that it (Colinus hibbardi) was probably a resident
of "forests, or regions where thickets én& groves grow amid plains, prairies
or savannas" (Ibid., 1944, ». 96), Another fossil species of this genus was.
reported from the Pleistocene Epoch. Those remains (C. guilium) were found

in Florida and Texas (Holman, 1961)., That species is thought to have existed
concurrently with €. vircinianus and has since become extinet. Rosene (1969)

speculated that C, hibbardi may be the ancesior of the eastern bobwhite (C,



Figure 1. Evolutionary tree of extent genera of Quails, Adapted
from Johnsgard, 1973, p. T.



COLINUS

10

CALLIPEPLA
OREORTYX
PHILORTYX

== DENDRORTYX
ODONTOPHORUS
DACTYLORTYX
CYRTONYX

Smmmmees  RIYNCHORTYX

Arid-Adapted / Forest=-Adapted \Fores‘b—ﬁdapted
Terrestrial Semi-arboreal Terrestrial .



B §

virqinianus){

The ability of the bobwhite, aé demonstrated by its western subspecies
(c. v. texanus, C. v. taylori, C. v. ridgwayi), to inhabit arid and semi=-
arid grazsland and prairie regions, was probably instrumental in its range
expansion eastward into more humid environments, Since it is primarily a
seed eater, (considered to be a xeric adaption by Johnsgard, 1973) it was
abvle to invade grassland and savanna plant associations where many grasses
and forbs provided an abundant food supply. In all parts of ita range today,
even in the humid forest regions of the eastern United States, it is depend=
ent. primarily on seeds of grasses, forbs and shrubs for ité %ood supply
(stoddard, 1931). This characteristic makes it a resident primarily of grass-
land, savanna, and transitions zones up to woodland edge, and not of the deep
forest where such plants are not abundant because of shading by the tree can=-
opy. The bobwhite meets its nutritional needs almost entirely from the soil
surface to a height of eight inches {Rosene, 1969), and probably could not
survive where low ground cover vegetation is not plentiful.

The habitats of the bobwhite in the more humid parts of its range are
tﬁose which, if left undisturbed, would succeed to closed canopy forest, a
condition which it can not tolepate (stoddard, 1931).

The coming of the early pioneering settlgrs, with their clearcut, burn,
farm and move agriculture, especially to states east of the Mississippi River,
no doubt contribu{ed greatly to increased abundance of bobwhites in those
states, Farming land until fertility was lost énd abandoning it to clear new
land resulted.in many stages of succession on any large acreage, This was a
condition preferred by the bobwhite and resulted in remarkable population
increases., FKabat and Thompson (1963) attributed the vast abundance of bob=-

whites in Wisconsin during the mid 1800's (schorger, 1944; Leopold, 1931) to
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the settlement of land by farmers, Their road building activites and farme-
ing practices created extensive edges and field borders preferred by quail,
Kabat and Thompson (1963) attributed the later decline of bobwhite popula-
tions in Wisconsin to clean farming practices and hedgerow removal by farmers
geeking increased crop production., Those edges and hedgerows were subclimax
commuities with which the bobwhite is almost éxclusively asgociated,
The role of fire in pre- and peost-settlement periods in creating
and reducing the value of gquail habitat is difficult to appraise. We
don't believe pre-settlement fires which greatly contributed to the
maintenance of the grassy prairies and oak savannas {Curtis, 1959)
contributed equally to creating and destroying quail habitat (Ibid.,
1963, p. 60).
Fire, by suppressing climax, may have been responsible for the bobwhite's
presence in Wisconsin and other gtates in pre-settlement days, though not in
the peak abundance later experienced.

We will never know precisely, the role of fire in the evolution and range
expansion of the bobwhite, Whether the term "fire-adapted” (Komarek, 1967,
P. 143) applies to the bobwhite can only be conjecture on a basis of research
to date, A distinction should be made between the bird's response to fire and
its reaponse to fire created habitat. Fire has played an important role in

development and maintenance of virtually all non-agricultural plant associa=-

tions in which the bobwhite resides.
BOBWHITES AND NEW BURNS

Although guail, guail Eabitat and effects of fire are interrelated, the -
proof of Komarek's (Ibid., 1967) hypothesis that "certain of 6ur_wild fauna
are fire-adapted' should be restricted to research done on behavioral aspects
of the bird during and after the fire until its immediate effects are again
covered by vegetation, Aftef a short period of time, the bird is responding

to the new vegetation and other environmental factors, and not directly to
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the fire, I cnce witnessed prairie chickens performing their annual boom-
ing rituals on hilltops in the Kansas Flint Hills, which had been burned only
two or three days earlier. On that cccasion our party of about 35 people
approached within 75 to 100 yards of approximately 10 cocks booming on the
blackened hilltop. They seemed obliviougs to our approach even in the absence
of cover,

Bigham et al. (1964) reported finding two coveys, one of five and one of
“eight bobwhites on a 400 acre burn in Oklahoma the day following a fire, They
attributed the low population to an extended drought and nobt necessarily to
the fire, Jackson (1965) found six bobwhites in a pasture 16 days after a
March 3, burn in Texag. There was a complete absence of ground cover and no
visable source of food. Xdwards and Ellis (1969) observed quail and fire in
Illinois and reported the following:

Three bobwhites were heard giving covey calls, one east, one south
~and one northwest, within 200=300 yards of the burning field, Two single
and one pair of guail were observed to fly directly to the burning field
and land within a few feet of the flames.,

Earlier in the afternoon, on a different part of the study area, a
covey of about 16 quail had been observed to flush less than 6 feet
ahead of the fire. When flushed, they flew approximately 80 yards and
landed as a covey. There was neither covey disorganization nor calling
behavior to indicate eitheralarmor fright exhibited by these birds, The
following morning a covey, presumably the same one, again flushed from
this earlier burn; three more coveys were flushed from other new burns
that morning, . -

From these and other observations we conclude that bobwhites typi-
cally respornd very quickly to burning and newly burned fields...

. The significance of these observations is that quail respond posi=-
tively rather than negatively to fire in their enviromment., These obser-

vations are in agreement with Komarek's (1967) hypothesis that certain
of our fauna may be fire adapted.

"So important is fire in bobwhite management that this bird might be
c¢alled the 'fire=bird's Quail are attracted by burning in their pineland
habitat, and may flock to burns almost before they stop smoking® (stoddard,
1963, p. 166),

Availability of food is probably the most powerful abttraction to new
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burns. Mulch and litter serves as a siefe through which seeds may fall beyond
the reach of quail, It also serves as a hiding place for over-wintering
insects, Removal of this accumlation by fire in the spring uncovers many
seeds and probably kills many hiding insects leaving their écorched carcasses
in the ashes, The black ashes serve to warm the soil (Kucera and Ehrenreich,
1962) earlier in the spring, and possibly stimulates early emergence of many
surviving insects into an enviromment of little cover and few hiding places.
Seeds and insects ére then readily available to quail. Crops can be filled
quickly, Feeding time is danger time because birds have to move around to
feed, This motion may attract predators (Jackson, 1947). By minimizing feed-
ing time bobwhites can reduce exposure to predation,

If there is adequate brushy cover interspersed in the burned area, quail
will ﬁrobably ;;mﬁin. "Quail, however, are ver& timid and fear fo feed fax
f{om tﬁicket cover, in spite of being color protected" (Stoddard, 1963, p.

167).

MULCH AND ROUGH

Probably the most important function of fire is thé removal of mmlch and
litter which acowmilates during years of no burning., The implications against .
litter and mulch‘as being detrimental to quail and quail habitat are many,

Accumulation of mulch and litter is important in preparing the environ=-
ment for advanced woody stages of succession. The open grassland and savanna
commnities which developed under repeated fires typically have little mulch
and litter accumilation and thrive in that open environment. But when fire
ig withheld, mulch accumulates, The environment is no longer fhe same, The
grasses and forbs adapted to fire lose some competitive advantage. Weaver

and Rowlend (1952) reported 53 percent less production (air dry) of big blue=
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stem (Androposon gerardi), and 57 percent less production of switchgrass

(Panicun virgatum) on mulched plots, opposed to plots on which milch had been

mechanically removed, They stated (Ibid., p. 13), "That the effects of the

mulch had greatly thinned the stand was shown both by stem counts and measure-
ment of basal area." Anderson et al, (1970) reported increases in basal cover
of all the key decreaser species, big bluestem, little bluestem (é, scoparius),

indiangrass (Sorshastrum nutans)'and switchgrass with mulch removal by burn-

ing in the Kansas Flint Hills., Kucera and Ehrenreich (1962) observed a marked
increase in dry matter and seed production of prairie grasses in Missouri with
annual mulch removal by fire.

Mulch suppresses species from which it develops and enhances invasion by
mulch tolerant, non-fire adapted shrubs such as buckbrush (Symphoricarpos

orbiculatus) and roughleafed dogwood (Cornus asperifolia), and trees such as

gsage orange (Mag}ura ponifera), eastern redcedar (Junigrous virginiana) and

American elm., The next stage of plant succession is at hand. The open habitat
which supports large quail populations will diminish as woody species become
dominant plants. Quail populations will also decline (Rosene, 1954) until the
next fire or other disturbance occurs and reopens the ground cover.

Mulch accumulation also has a direct effect on bobwhites. If present
over large areas, it renders much of the quail's food supply unavailable. The
bobwhite is a "weak scratcher and can not obtain food from heavy litter"
(Komarek, 1965, p. 189). Stoddard (1931, p. 406) states:

Cover for the birds at their level should be open enough for them

to run about easily and find their food without having to dig down in a

mat of surface litter. So great is their aversion for unbroken areas of

0ld broomsedge or wiregrass, or for areas covered with an accumulated

mat of pine needles, that they avoid ihem except for temporary shelter

when versued by enemies. "Rough" is not necessary even for shelter, for

quail are equally safe in thickets and in cover of the more open type
that they prefer.
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Reating and rocsting are also activities of the bobwhite which mequire
oper habitat with the absence of heavy litter aceumilation., Although fire is
an effective litter remcver, its effect on gquail nesting can be harmful or
beneficial, Bobuwhitas upe dead plant materials from previocus yeara' growth
almost exclusively, for nest cemstruction {Etn&darﬂ, 1931; Rosene, 1969;
Klimgtra and Scot, 1957} Lehman, 1946; Parmalee, 1955). Dimmick (1971) re-
ported, of 534 in wse nests, cnly 107 were in areas burned the previocus geason,
Of 600 nests studied by Stoddard (1931), 89 percent were in unburned growih
of the preceding season, 82 percent in growth open enocugh at the birds' level
for them to run about freaely and 75 percent were within 50 feet of open grasay
edge. Klimstra (1950, p. 389) noted, "Areas of dense plant growth, such as
idle fields &nd grassed waterways, were never found to be used for nesting or
rearing the young exeept at the edges.” Klimstra and Scott (1957} observed,
open cover at ground level aeemed %o be important to nesting quail.

Either too little or too mich dead plant material can be detrimental to
gquail nest site selection, Anmual burning of an entire managemert area might
impose severe limitations on gquail nﬂatiné, but heavy litter accumlation as
a result of complete fire suppreesion could be just as severe, This problem
might be soclved by using one or more of the following burning methods,

1, Backfire when litter is dasp for litter redustion rather than litter

elimination,
2. Prevent areas from burning each year so they may be used for nesting,
i,e., patch burn (Vezl, 1967).

3, Burn any area no more than every three or four years, i,e., retatien
burn (Dimnick, 1971}

Periodic disking, plowlng and cropping may be suitable altermatives to

turning on small aveas, for maintenance of subclimax vegetaticn.
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Klimstra and Ziceardi (1963) found wintering quail in southern Illinoie
intoalerant of heavy lititer aceumulation in reoosting site selection. They re=
ported that 50,4 percemt of the roosting sites found cccurred on bare ground,
31,0 percent cn duff and only 8,6 percent on vegetation, Ellis et al, (1969)
noted that relative sparseness of vegetation seemed characteristic of roost
gites. Most sites wers on bare ground or om light duff, Only five of 23
were on matted grasses or low forba.

Management practices for bobwhites should include litter suppression by

graging and burning or mechanical removal.
BURKING AMND QUAIL FOCD FLARTS

Withholding fire from naturally succeeding plant communities for exceasive
periods of time interferes with quail production by permitting a shift in
botanical compeogition away freom abundant quail food plamts ineluding legumes
and composites to heavy stands of broomsedge (Andropesen spp.), wiregrass
(Aristida spp.) er other mon-food types (Ellis et al., 1969). Nost legumes,
other dicote and some grasses, the seeds of which are & large part of the beb-
white's diet, are typlecally early succeseional speciss. Thay become moat
abundant when they are allowed to piomeer om bare ground.

Robinson {1957) reported that smoothseed wildbean (Strophostyles leio-
gperma) grew in profusicn en cultivated ground in south central Kansas. He

found this legume provided & major winter foed for bobwhites in his study area.
Korschgen (1948) found common ragweed (Ambrosia artemisiifolia) to be the third
most impertant late fall and early winter food of bobwhites in Missourl and

is abundant in the aftermath of smell grain crops throughout that state. Com-
mon Tagweed, jerusalemartichoke (Heliantlms tubercsus) and sensitive pariridge-
pea (Cassia pictitans) were all found to be important matural fall and winier
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foods of bébwhites by Robel (1964) in eastern Kansas., The above mentioned
quail food plants are typically associated with repeated soil disturbance
and'pioﬁéér on barrsn ground. A ﬁulch free envircnment may also be created
by burning. Anderson and Schwegman (1971) found that showy partridgepea (C. |
fasciculata), sensitive partridgepea, smoothseed wildbean, pencilflower

(Styloszanthes biflora) and common ragweed all increased after the first spring

burn of native vegetation in southern Illinois. Morse (1963) compared two-
year trends in the vegetation on burned areas and adjacent unburned areas in
Texas, The number of perennial grass plants decreased 13 percent on burned
areas and 6 percent on unburned areas, while_a group of plants rated as key
winter food sources of quail averaged a 15 percent increase on burned areas
and decreased 30 percent on unburmed areas, Of these, he found fringeleaf
paspalun (Pasgalum ciliatifolium) increased 16 percent in frequency on burned
areas but decreased 24 percent on unburned areas., Erect dayflower (Commelina
erecta) increased 58 percent on burned areas and decreased 14 percent on

unburned areas, Western ragweed (g, psilostachya) was unchanged from the

previous year on burned areas, but decreased 35 percent on unburned areas.

Texas croton (Croton texensis) increased on both areas, but rate of increase
wag double on the burned area. |

An analysis of vegetation on burn and check areas in Alabama Piedmont
conducted by Speake (1966) revealed a much higher coverage of important quail
food plants on the burned area compared‘to those on the check area. He foundl
that percent coverage by those plants on the burned area was similar to that
found occurring naturally on old fields in the most favorable stage of plant
successién. Speake (1960) concluded that attractiveness of old fields in the
Piedmont td quail is associated with wild legume abundance largely determined

by plant succession. Cushwa and Brender (1966) found legumes significantly
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more abundant on burned plots than on unburned-controls in a Georgia Piedmoni
study area.

The specific composition of plant communities, resulting from burning,
is dependent in large vart on edaphlc factors associated wifh the region. But,
ghift in composition has been documented over most of the bobwhite's ranges;
in the southeastern United States by Stoddard, (1931); Speake, (1960, 1966);
Cushwa and Brender, (1966); in Texas by Morse, (1963); iﬁ Illinois by Ellis
et al,, (1969); Anderson and Schwegman, (1971); and in Kansas by Anderson
et al,, (1970). By properly timing the burn, succession can be forced back,
the vegetation opened up and a high density of geed bearing dicot plants
attained.

Not only are food plant densities increased by properly timed burning,
but Lemon (1967) suggested that their fruit and seed production might also be
stimuléted. Stimulation of legume growth noticed after fires may be due to
the removal of déad plant parts of the competing grasé, to plant-food reléased
in the ash or to increased germination of haid séeds by tire (Stoddard, 1931).

Kucera and Ehrenveich (1962) found three species of native grass, big
bluestem, little bluestem and indiangrass increased flowering stalk production
by 270, 1200, and 400 percent reépectively after burning. During the three
years of their experiments, resumption of growth by these grasses in the
spring was seven to ten days earlier on the burned than on the unburned plots,
They attributed this primarily to higher soil temperatures resulting from th§
removal of mulch and greater heat absorption by ash blackened soil,

Those grasses 4o not produce primary quail foods, but they are fire
tolerant, dominant, perennial grasses, Fire tolerant, perenniai legumes and
composites might respond similarly to maintain their stature in fire=disturbed

subclimax communities, More quantitative research is needed to study the
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fruiting and seed production response of guail food plants to burning,
FIRE AND THE ANIMAL FOODS OF QUAIL

The role of insects in food habits of the bobwhite has not been adequately
researched, Insects are taken in greatest numbers during late spring to early
fall {Cottam, 1931). There is great reluctance among researchers to kill
quail during the reproductive season to accomplish such research {Robinson,
1957)s A few studies of the spring and summer food habits have been under-
taken in conjunctionwith larger projects by Cottam (1931), Handly (1931),

Frye (1954, 1956), Jackson and Green (1964, 1965) and Hurst (1970). Those
studies have indicated, animal matter may not be critical in the diet of adult
quail, but is taken as the opportunity arises.

Data from Handly (1931), however, leads one to the oppesite conclusion
in the case of young birds:

During the first two weeks of existence, young bobwhites, as with
young of practically all birds, congume a much greater proportion of
animal food than do their parents. OFf the food of 20 chicks under two
wveeks of age, 83.7 percent consisted of animal matter, compared with
22 percent in 154 adults collected during the same period. The animal
matter taken by chicks was composed of beetles, 31.7 percent; grass=-
hoppers and their allies, 26,7 percent; spiders, 8 percent; caterpillers
and moths, 7.9 percent; bugs, 7.l percent; miscellaneous insects, 1.8
percent; slugs and snails, 0.5 percent, All the 20 birds had eaten
beetless 17 had taken grasshoppers and their allies; 16 of them spiders;
11, caterpillers and moths; 18, bugs; and three had taken slugs and
snails, The kinds of insects and other animal matter eaten, although
of smaller size, were just as varied and of the same character as those
eaten by adults, '

Southwood and Gross (1969) concluded from their studies of partridge

(Perdix perdix) chicks in the British Isles, that insect availability was

more important than mean daily sunshine or mean temperature in successful

rearing of young.

Dependence of gallinaceous chicks on insects is probably related to
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protein regquirements. Nesiler et al, (1942) found the optimum dist of pen
reared bobwhites under ten weeke of age, contained 25 percent protein while
22 percent was optimm for adults, Adult wild quail probably can survive
without larse soounts of Iinsect matter in their diet, But insocts provide a
readily available scurce of protein, essential amino acids and trace outri-
ents in the gquail's natural enviromment, This is especially true In rearing
young birds, which would be hard pressed to find and ingest encugh vegetable
protein and amino acids during a time of rapid growth and development.,

If insects are &ver esgsential To gquall, it is during the first two or
three weeks after hatching (Stoddard, 1931). @Quail chicks likely are not as
dependent cn a high bicmass as on a highly available biomass of insects,
Burning could decrease insect biomass and still inecrease availability by re-
moving litter and opening the vegetation.

There ls evidence, howsver, that soms insects respond positively to
bturned-over habitat, Three important findings by Rice (1932) were (1) soil
temperatures at time of bumning were not high encugh to kill all animals
hiding beneath the soil surface, (2) animals surviving the burm scught shel-
ter in safe cover, and (3) many phytophagus insects and herbivores scon re-
turmed to the burnmed area because of the rapidly growing vegetation.

Komarek {1955}. noted that populations of red-legged grasshoppers
(Melanoous femurrubrun) moved from unburned patches of grass to interspersed
burned grass within one week of turning and were apparently feeding upon
fresh mutritious young grass.

Cancelads and Yanke (1970) captured pignificantly greater nusbers of
Homontera, Hemiptera, Cicadellidae and Lygaedas in Malaige traps on burmed
than on untmrned areas, Two sweep samples they teck on burmed areasz pro-

duced as mamy Miridae as ten other samples combined.
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Hurst (1970) found that total biomass of arthropods on burned plots was
nearly doudble that on unburned plots, He found this true in both D=vac and
sweep samples (Table 1), He collected further data on 126 quail chicks, aged
two days to two weeks, which were turned out to forage with.bantam hens on
the burned plots. All the insectis eaten by the chicks were also identified
in D-vac and sweep samples. He found that beetles (Curculionidae and Chryso=
melidae) were most frequently eaten by the chicks, followed by Hemiptera,
Homoptera, Orthoptéra and various other groups, respectively.

Southwood and Gross (1969) indicated that partridge chicks feed most
heavily on insects most available., Whether this is true of bobwhites remains
to be learned, -If insects which tend to increase with burning are also pre-
ferred by quail chicks, chick survival, as it depends on insect availability,
would be enhanced as a result of periodic bturning., The relationship between

quail chicks and insects as affected by burning, needs further study.
BURNING AND QUAIL-RODENT COMPETITION

Although research concerning direct dompetition between bobwhites and
small rodents isg lacking, food habit studies cf each grdup are available,
Comparisons of those studies indicate that such competition might be severe
during the winter and early spring months. Both quail and small rodents sus-
tain themgelves ﬁredominantly on seeds, but théy also eat large numbers of
insects and some green vegetation during the warmer months.

Williams (1959) analized the stomach contents of 122 deer mice (Pero-

myscus maniculatus) trapped in VWyoming and Colorado. He found starchy in=-

teriors of seed integuments comprised roughly two-thirds to three=fourths of
the material found in the sfomachs. One~tenth to one-fifth of the material

identified was arthropod remains. Grubs and caterpillers were frequently
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Table 1., Means and statistical significance of the multiple sample analysis
of the four sweep net and three D-vac samples. Adapted from Hurst,

1970, p. 196,

, - o . ‘Mean number Dry Wt. (=)
Category Treatment D=vac Sweep net D=vac Sweep net
Araneida B 107 . b2%* 184 . 246%%
U 100 47 164 C L.146
Formicidae B 112%%* 42%% « 042% .018%
1) 41 17 <017 .008
Diptera B T9% 20 »030 .025
U 62 26 .03%6 +031
Tettigoniidae B A2%% ACH¥* « L6O¥* « 3TE¥%
U 18 21 050 +183
Gryllidae - B 8o 43 64 3%% .028% .028%
U 3.6 2.6 013 015
Tetrigidae B 7. 9%¥ 2,6%% 051 %% «043%%
U 0.3 0.2 - 4002 .002
Acrididae B 27,5%% 55.9%% + 165%% « 9903%
i} 10,6 25.5 069 419
Homoptera B 162%% 130%* . 166%% « 205%%
U 87 61 .096 .101
Hemiptera B go2%¥* 100%* e 1l59%¥ 263
Coleoptera B 8T¥¥* 124%* « LO6¥** .198%%
1] 51 64 - L066 132
Total Sample B , 1.222%% 2,657%*
Weight U : 0.660 14356
¥ 5% confidence level B Burned

*¥% 1% confidence level U Unburned
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represented, Fruits, fungi, annelids and green vegetation comprised the
other foods eaten,

The mbre important foods of the house moﬁse (Mus musculus) in studies
conducted by Whitaker (1966) were Setaria seeds, lepidoptera larvae, variocus
weed seeds; various animal materials and cultivated crops including corn (ggg

mays), wheat (Triticum aestivum), soybeans (Glycine max) and Sorghum., Among

the more important foods of P. maniculatus bairdi, he found lepidoptera

larvae, weed seeds, animal materials and cultivated foods, especially wheat
and soybeans, The more important foods of ;5 leucopus were various kinds of
seeds, lepidoptera larvae and mast,

Small populations of rodents are probabiy not detrimental to quail, but
large populations could be a serious problem, on a basis of competition for
food (Scott, 1958). Competition is probably most intense during the winter
and early spring months when both populations are competing for a diminishing
food supply {Robel, 1964).

Bamilton (1941) calculated food consumption per acre per day for a mixed
population of small rodents as follows:

The amount of food eaten by these small mammals is considerable,
We can determine this by weighing the contents of a series of full
stomachs for the various species, It is known that the stomach is
f£illed at least twice a day (a conservative estimate based on the feed-
ing habits of captive species), From this may be judged the total
amount eaten by a mixed population of small mammals in a forest region.
Under natural conditions, adult deer mice eat about thirty percent of
their weight daily, or 6 grams of food; jumping mice and red=back mice
a similar amount; lemming mice considerably more than thisi short-tailed
shrews 2 to 4 grams of food daily. If we have a mixed population from
60 to 100 mammals per acre, we thus find that the swall mammal popula-
tion is consuming from .85 to l.2 pounds of food daily. In addition to
the food actually eaten, much is stored, a proportion of which is never
eaten,

When abundant, mice may efficiently consume and gather so much food that
they seriously deplete the food supply of quail., BSome measure of rodent con-

trol may be nscessary if abundant winter foed is to be maintained. Limited
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research indicates that fire may be used for rodent control,
Clubine (1971) concluded that the white~footed deer mouse (gg maniculatus)
was the only species in the Flint Hills to succeed under burning., Three other

species, white=footed mice (P. leucopus), meadow voles (Microtus ochragaster)

and least shrews (Cryptotis parva) were almost non-existent on burned plots

but were common on unburned plots. He assumed burning tp be a hazard to their
existence and grazing a mild deterrent since both retard shrub invasion,

Eadie (1953) noted a direct response of Microtus to measurable differ-
ences inramount of vegetative cover. The area of high Microtus density had
almost tﬁice as much vegetative cover as the area of low density. In central
Kansas, Frydendall (1969) found the largest concentrations of rodents in the
relic habitat, on his study area of four habitat types. That habitat had been
relatively undisturbed for 60 years, while the other types had periodic dis-
turbance by grazing and farming, Cooksey (1970) concluded that disturbance
of any kind,.graziﬂg, farming or burning, was detrimental to Mic;otus habitat
in the Manhattan, Kansas, area.

Springer and Schramm (1972) conclude&:

Burning has a temporary adverse effect on nearly all small mammal

species found in the restored prairie., Exceptions are the white~footed
mouse (P, leucopus), which invades from wooded areas, and possibly the
Junmping mouse (Zapus hudsoniuvs). It is evident that the population
density of the short-tailed shrew (Blarina brevicauda), is substantually
reduced the summer following a spring burn, taking two full years, plus
one growing season, for the population to recover to the maximum density.

Clubine (1971) further concluded that burning in the Kansas Flint Hills
did not necessarily reduce the bioﬁass of small rodents, but that P, maniculatus
was able to increase under burning énd replace, at least in part, the biomass
lost with the disappearance of other species. Thal increase iﬁ P. maniculatus
could still represent serious competition for quail,

Quail-rodent competition likely can only become a problem in marginal
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quail habitéﬁ;'ubﬁfiﬁuﬁ habitﬁftconditions for quail are not optimum for
most small rodents. . Many rodents have a preference for heavily mulched and
littered habitats while.quail prefer the opposite, Perhaps increasing pop=-
ulations of certain small rodents such ag Microtus are indicators of declin=-
ing quail habitat, Additional research on quail-rodént-habitat relationships
might uncover valuable quail management possibilities., Fire appears capable

of manipulating habitat in favor of bobwhites,
QUAIL RESPONSE TO BURNED HABITATS

In any wildlife management program, the best indicator of success is
response of the managed species, There is evidence in the literature of the
positive response by quail populations ito burned habitats,

Ellis et al., (1969) in managing historically timbered, previously farmed,
go-back land, in Illinois, increased quail populations with a combination of
sharecropping and burning, and by burning alcne, Over a six year period
(1963-1968) quail populations on burned and sharecropped lands increased by
140 percent, Where burning was the principle tool, pepulations increased by
91.4'percent. On the area where sharecropping and food plantings were used,
the quail population increased by only 57 percent, and where only food plant-
ings were used the population declined by 14 percent.

Jeckson (1965) studied effects of a wildfire (March 3, 1962) on bobwhite .
populations in the Texas sandhills, He observed the following:

During September, roost call=-counts were carried out in the sand-
hills burn area. A total of ten stations at one mile inftervals were
manned at dawn on two successive days., Thirty-one coveys wers counted,
of which szeven were in the 576 acre Persimmon Pasture. Rechecks of
Persimmon Pasture with dogs on the same dates resulted in locating nine
coveys, or approximately 150 bobwhites. A surprising density of one

bobwhite per 3.8 acres had been attained in six months following a
sweeping grass fire which had erased all semblance of quail habitat.
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Iuring the December-January hunting season, a seriea of controlled
hunts were permitted on the Gene Howe Area for regearch purposes. The
hunters found quail most abundant in thome pastures which bhad been burned
off in the [arch fire, The previous seascn, bobwhites had been few in
the zzndhkills, but comcentrated in bottomland habitats. In the casze of
privately owned ranches which had been imvolved in the grass fire,
hurters reported Cinding the most coveys in those areas which had been
burned off.

Kelloge et al. I:l?'fﬂ] reported a fall quail population density, of 1.5
birds per scre on 1118 acres, 90 percent of which iz burned anmually in Feb=
ruery and March, Speake {1566) reporting on burning in the Alabama Piedmont
atated:

The fall qusil population on the burn area greatly inereased dor-
ing the years of intensified burning (1960-1665), During this six
year pericd, the fall quail population aversged 50.1 birds per 100
acres on the burn area, and for three of these years (1960-1962) the
check-area populaticn averaged 27.5 birda per 100 acres.

The highest population he measured was 66 birds per 100 acres on the burmed
area, and was considerably higher than 40,8 per 100 acres, the highest popula-
tion woen the area was considered to be in the most faverable atage of plant
guccagsion.

fuail populations in several aress have been increaged by applying current
imowledge of fire ecclogy to management, But many aspects of bturning on quail
populationz are poorly understood and remain to be explored. The answers to
the following questicns are still lacking:

1. How doea burning affect parasitism of gquail by intermal and external

paragites?

2, Eow does burning affeet predation on queil, gumail nests and brooda?

3. What iz the real effect of litter accumulation on the ground move=

pments of quail?

4, With what intensity and under what weather conditiona should pre-

soribed burning be carried cut to attain the maximm benefit?

Stoddard {1*;.'51} and other workers have made cbgervations concerning these
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preblems, but herd datn from which to draw conclusions is still needed. FPer=
haps with the ansvers to the above queations, and others, it will be possible
to refine quail zanagement go populatioms of 1,5 birds per acre as reported
by Eellogs et al, (1970) will be a matter of course rather than isolated

QCCUTTENCES,
EURMING AS A TOCL FOR QUAIL MANAGEMENT -

As Grange (1545) and Howard et al. {1952) have pointed cut; fire, in its
ability to alter plant commnities and succesalon, also has indirect ability
to alter animal communities to the benefit of some and detriment of cthers,
Burning tends to suppress plant successlon while withholding fire and cther
dipgturbances allows succession to advanse to elimax, Each successional plant
gommnity, ineluding elimax, hae its characteristic wild fauna, Fire alters
type and abundence of niche of any specles resident to the burned area.

8ince moat wildlife mapagement techniques are hn#ed on habitat manipula=
tien to provide maximum niche availability for the managed species, it 1s not
possible to manage an area for maximum preduction ef two or more species whose
optimum niche requirements do not normally occur in the same successional
plant comounity. For example, one could not maximize both Microtus and bob-
white populatiens in the same area, Management for cne would be at the expense
of the other.

Bobwhites are usually a more desired product of the habitat than Migrotua,
therefore, it is the species for which the management plan is formulated, and
Microtus 1s forced to do with the conditions provided by management. Sveciezs
which do well in habitat managed for guail will flourigh. Whether burning in
quail management 1s beneficial or detrimental to cther forms of wildlife is

dependent o¢n whether they are adapted o cohabiting the same environment as
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quail, If fire is to be used in quail management, it should be done with the
expectation that some cf the resident wildlife species will decline and others
will increase, In this respect, fire is like any other %00l used in wildlife
managenent, If it can be properly implemented and will aid in fulfilling
management's goal without undue destruction to other entities considered val=-
uable to the public good, it should be used.

Biswell (1969) proposed the following definition fof prescribed burnings

Pregcribed bturning, also knoﬁn as control burning, is the judicious
use of fire for a constructive purpose and according to a management
plan, Its objective is to employ fire scientifically for maximum net

benefits at minimum damage and acceptable cost,
When burning occurs in departure from tbis definition, it can become detri-
mental to ﬁiidlife and man, This most often occurs in the case of wildfires,
Wildfires, although sometimes beneficial to quail (Jackson, 1965) and other
wildlife, should be prevented. Man has lefi little to be accomplished by
‘wildfire in his creation of an artificial environment suitable to-his needs,
This does not mean that man with his technology has nothing to learn from the
ecological impact of naturally occurring wildfires., It is for him to under-
stand this impact and convert its benefits to his own use. Fire thus becomes
a habitat management tool, which when properly used has no greater impact than
properly used plow, disk, harroﬁ or ax.

The temptation to abuse or overuse burniﬁg in habitat management is easily
understood, Fire is so easily applied that the careless or unskilled manager
mzy be tempted to drop a few matches in areas where other tools might be moﬁe
appropriate, ‘

For maximum benefits from use of fire, a plan of prescribed burning,

based on experimentally produced'predictablg results, must be incorporated

into the management plan for an area, -
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The moet important bemefits of burmning in quail management are probably
control of plant succession and reduction of mulch and litter. That can be
gocomplighed by burning at any time of the year, whenever litter is in heavy
enoush agoumulation and dry enough to burn, DBurning in this fashion, however,
wonld be a non=judieious use of (ire in terms of the definitiomn, Conmtrol of
succession and litter reducticn are not the only criteria onm which to formm=-
late a burning prescription. Poorly timed bturning could have disastrous
affects on guail populatione., Burning in late summer or fall, for example,
would remove most of the birds winter focd supply. At that time much of thu
food supply is still hanging in seedheads and is subject to destruction by
fire, Fall fires alec remove mich of the vegetation which quail need fer
winter cover and protection from predators.

late spring and early sammer fires can be harmful to nesting success.
Kests and flightless brocds may be destroyved by improperly timed burns, Sted--
dard (1931) observed that such fires might be useful in isclated instances to
disocourage quail nesting in low=1lying,; fregquently flooded areas. That might
force nesting paira to select nest sites in well-drained areas,

| Prescribed buming is used for a variety of purposes other than quail
managzement, Fire, as with any other tool; is subject to the planned banefit
it offers to the major product of the land., In livestock producing areas it
is uged to maximize forage production and quality. In timber producing re-
glons it is used to control tree diseases, destroy undesirable ahrubs and
trees, and reduse threat of wildfire (Zontelk, 1966).

Bobwhites gomatimes benafit even when burnine ig carried out for othar
purposes, Owanasby {persun&l comrunication, 1971) has observed that gquail
are abundant on late-spring (May 1) burmed pastures, but almost non-existent

on unburned pastures in the Range Hesearch Unit at Kansas State University,
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Manhattan, EKarzas. Those pastures are used for research in maximizing beef
production, and are bturned without consideration for quail. Iate spring
borning is not considered, by most gquail biologists, optimal for quail pro-
ducticn.

Tra Internaticonal Faper Ceompamy, Bainbridge, Georgia, uses prescribed
burping in manacement for saximom timber production. They have been able to
fit guail management into their burning program by adjusting time of fire and
rotation burning to benefit quail while accomplishing management purposes
(Perkins, 1967).

Peak gquail production likely cannoi be attained on land managed for other
purposes, but in some cases they respond positively to burning practices even
if ths fires deo not occur at optimum times or with optimum frequency.

Fire prescriptionz can be formulated to optimize quail habitat where peak
quail production is the primary land use. On ghooting preserves and public
bunting areas, other production is secondary but may help pay for implementa=-
tion and maintepance of guail managsement programe.

Probably the two most important guesticns the gquail manager mist answer
gorrestly in formulating a successful preecribed turning program ared

1. At what time of the yesr should the burning be done?

2, How frequently ghould the vegetation be turned?

Answers to those guestions appear regularly in the literature, Scott (1958)
suggested that burning dates ranged [rom November 1, to April 1. ©Stoddard,
(1931) suggested that exceptions might renge to mid-summer. Answexra to the
gecond question range from not at all te anmually depending on the rate of
litter accumlation (Devet and Hopkins, 19673 Kellogz et al,, 1970).

The best snswers to both gquestions probably lie between the extremes In

both cases. No two guail management units are alike. Therelore, the same
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fire prescription will not appiy over the entire bobwhite range. The ménager
must formilate his plan from the research and experience of workers in other
areas and experiment with it. It may be successful and inerease the quail
population the first year after the burn (Jackson, 1965). But it is not
likely to produce a peak population. Peak populations probably cannot be
produced from low populations in Just one year. OSuch increases may be limited
by reproductive potential. Peak populations are most likely to occur when the
manager after several years of observation has modified and tailored his burn-
ing prescription and other practices to his particular area., It will take
many years, énd a vast amount of research and experimentation, to provide all
the right answers and to refine prescribed bﬁrning for quail management.

The overriding effect of fire to be considered in properly timing the
burn is the shift in botanical composition. Anderson and Owensby (1965) and
Anderson et al, (1970) indicated that late-spring burning shifts botanical
composition in favor of warm-season grasses and against perenﬁiél forbs,
shrubs and cool-geason grasses in the Flint Hills, Burning at that time
favors warm-season grasses because their meristems are at or below the soil
surface where damage by fire is minimal, At the time of a late-spring burn
they are just emerging and still have energy reserves stored in their roots.
Fire removes most old growth, warms and fertilizes the soil, and removes cocl-
season grass and forb competition when the warm-season grasses are ready to
take advantage of those conditions. Lafe-spring burning does not remove all
.cool-season grasses and forbs from the True Prairie plant community. Many

species including common ragveed, goldenrods (Solidaso s7D. ), Louisiana sage-

wart {Artemesia ludoviciana) and many legumes remain in substantial numbers.
High production of legumes and other forbs is imperative for production

of larse quail populations (Stoddard, 1931; Moore, 1957; Morse, 1963; Jackscn
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and Green, 1964), Thersfore, timing the burn to faver legumes is important,
Anderson et al, (1970) have demonstrated that early-spring (March 20) burne
ing causes such a ghift in the Flint Hills,

Mary quall inveatigators resecarching in other reglons have arrived at
approximately the same conclusion (Scott, 19585 Speake, 1966; Ellis et al.,
196%), They have timed burning to least interfere with the quail's life
oycle, Early=spring burning allows for adequate revegetation before onset of
nesting. It clears old vegetation, fertilizes the soil and results in a warm,
blackenad soll surface when legumes and other forbe can best gain advantage
over warm-season species. Ferbs have not yet sprouted, and early-spring
turning represents no hazard to their growing points, They gain their advant-
age by emerging a few days ahead of the warm-season species and exploiting
the conditions made avallable by the early-spring burn (Anderson et al., IETD}.

Complete coverage of the land by fire is not needed. Steddszd (1963)
tried %o leave small areas of "rough" of two to four years exclusion froe fire.
That provides refuge for insects which are important summer foods, and also
small brushy coverts, or refuges to assist quails' escape from predators.

Vogl (1957) commented on fire's feel for the land:

On occamicn, the fire destruction of habitat may indirectly destroy
the wildlife dependent on that habitat, Extremely large burns may re-
duce protective cover to a minimum, In this connection, I have heard
managers speak with dismay of a partioular area which was not uniformly

burned because the fire miszsed here and there or didn't turn hot enough .

in places, Ferhaps this is a carry-over from plowing straight furrows
or planting trees in rowa, The varisty of intensities and the spotty
effecta of fire on a given piece of terrain is to be desired, since this
provides the greatest variety in plant succession and edges, Fire has &
1ittle better "feal for the land" than man with a spray gun, brush saw
ar ulldozer, and leaves or skips the proper smounts anmd kinds of cover.

In anawer to how frequently to turn, several questions must be answered
copoerning the area to be bummed.

1. Hag plant succession advanced past the stage considered optimum for
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bobwhites?

2, Will litter accumulation, with the addition of next season's growth,

become great enough to retard ground movement and feeding by quail?

3, Has guail food production decreased since the last fire or other

disturbance?

4, Has the gquail population declined as a result of any of the abéve

conditions?

Quail habitat is a condition comprised of several important factors, and
not just 2 matter of cover and food supply. There is no pat answer to the
question of how often to burn, If any of the above questions can be answered
"yes", the habitat cannot produce a peak quail population and would probably
benefit from a timely burn.

In areas of high soil.fertility and rainfall, the answer to the second
question might be "yes" after one growing season, and annual burning might be
reconmended at least over most of the area, 1In areas of loweﬁ fertility or
rainfall, vegetative recovery after a burn would be slower (Launchbaugh, 1972)
and fire should be withheld up to three or four years depending on the advance-
ment of succession, litter accumulation and the condition of the quail popula-

tion,
COST OF PRESCRIBED BURNING FCOR QUAIL PRODUCTION

Fire is one of the least expensive management tools available to the
wildlife manager. It can be applied in many cases for a few cents per acre
(Bllis et al., 1969). Vogl (1967) reported burning 200 acres in Wisconsin,

in 1941, for about $0.30 per acre. Concerning other burns, he stated (Ibid.,

p. 89):
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The aveiage cost for 3,783 acres burned in northwestern Wisconsin -

was $0.68 per acre, Cosits ranged from a high of $8.30 per acre on a

3,7 acre burn to #0,05 per acre on a 1,940 acre fire on sandy soils.

Preliminary results indicate that costs for heavier soils will average

between £1.00 to $1.20 per acre....Burning costs on the Mead Area from

1960 throush 1962 ranged from $0.05 per acre on 920 acres %o $1.06 on

50 acres, with an average of $0.4l per acre for 5,905 acres, Costs

included labor, equipment and supplies.

The direct expense of using fire varies, depending on how large an area is to
be burned, how difficult the fire will be to contrel, type and amount of
equipment needed to control it, number and experience of the men doing the
burning, topography and vegetation.

If large continuous areas can be burned using a minimum of equipment, and
with an experienced crew, the cost will be small, As the area to be burned
decreases in size or the amount of equipment and number of men needed increases,
cost per acre increases.

On the public hunting areas in eastern Kansas, the sharecropping farmers
and the range leasing stockmen do the burning on their leases as prescribed by
the Kansas Fish and Game Cermission (R. E. McWhorter, personal communication,
1973). Since most of them either own or have access to tractor mounted spray
rigs suitable for controlling fire, equipment expense is small. 1In early
spring they also have spare time in which to complete the job with the aid of
biologists and hunting area nmanagers. N -

One way to evaluate the cost of a game management program is on a cost
of management per animal harvested or bag limit bagged. Ellis et al. (1969)
prepared such an evaluation (Table 2) for one of his management areas in
Illinois,

In using fire as a management tool, there may be some additional, not

so obvious costs resulting from burning. Presently, inadeguate data is avail=

able to assess the following costs suggested by Zivnuska (1972):
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Table 2. Approx,imate;c‘qs'ts} of producing harvested quail under
three managerment systems in Illinois. Adapted from

Management . Food Sharecrop Burn

system patch and burn only
Quail/100 acres 37 96 67
Harvest/100 acres 20 50 33
Acres/quail bagged 5 2 3
Memt. cost/acre $4.57 - 30,16 - §0,22
Cost/quail $22.85 $0.32 $0.66
Acres/limit (8) 40 16 22

Cost/limit (8) $182,80 $2.56 $5.28
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1, Cost of keeping men and egquipment avéilable while waiting for proper
meteorological conditions for burning.
2., Probability that the fire might escape and become a wildfire doing
unintended damage, |
%. Contribution of the smoke of prescribed fire to air pollution,
4, Effects of accelerated water runoff on down stream ;quatic systems,
A detailed discussion of these and other indirect costs of prescribed
burning is outside the purpose of this paper, However, such costs do exist
and have to be considered in the decision of whether to_use prescribed fire
and in the formulation of the burning prescription. Such costs, once calcu=-
lated, could render prescribed burning less éfficient than other methodé of
succession manipulation and litter control., But, based on direct costs, pre-
seribed burning is still the least expensive and probably the most natural
method of quail habitat development and maintenance available to the game
manager. Methods for caleulating indirect or spillover costs-and benefits of

prescribed burning are still needed,
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SUMMARY

Histérically, fire has been an important ecological factor in control-
ling the evolution and maintenance of grasslands, savannas and transition
plant communities in the eastern half of the Upited States. --The bobwhite,
with its evolutionary origins in Middle America, had to adapt to living in
arid grasslands in order to expand its range to the forested regions of the
eastern seaboard., It was probably able to inhabit those humid forest re-
gions only so far as it could survive in early stages of plant succession,
which were the result of fires or other disturbing agencies, Those plant
comﬁunities were similar to many communities of the grassland to which the
bird had become adapted in its range exﬁansion through what are now the
prairie states,

@uail populations decline in most areas of native vegetation in those
reglons when'fire is withheld and successioca is allowed to proceed o a
conditicn of dominantly woody species over an extended period of years,
Prescribed burning mey be favorable alternative to mechanical or grazing
methqu for manipulating succession so that large quail populations can be
maintained, .

The benefits of fire from a quail management standpoint, include lit-
ter removal, increased ground mobility for the birds, increased food avail=-
ability, control of botanical composition and maintenance'of favorable
stages of plant succession,

Prescribed burning has been applied for increased quail preoduction in
geveral management areas with excellent success. It is probably the least
expensive management tool, at least on a direct cost basis, avallable to
quail managers, and has produced resulf; which far outweigh direct cost of

application.
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Prescribed fire is potentially a very powerful tool for quail managew
ment, but its use must be weighed against indirect costs such as contribu-
tion to air pollution, chance of fire escaping and doing unintended damage,
and the effects of increased run=-off on down stream aquatic systems. Pre=-
scribed burning is certainly worthy of trial on an experimental basis over

mich greater portions of the bird's range than it is currently being used.
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Historically,_fire has been an important ecological factor in control-
ling the evolution and maintenance of grasslands, savamnas and transition
plant communities in the eastern half of the United states. The bobwhite,
with its evolutionary origins in Middle America, had to adapt to living in
arid grasslands in oﬁder to expand its range to the forested regions of the
eastern seaboard., It was probably able to inhabit those humid forest re=-
gions only so far as it could survive in early stages of plant succession,
which were the result of firés or othei disturbing agencies. Those‘plant
commmities were simllar to many communities of the grassland to which the
bird had become adapted in its range expansion through what are now the
prairie states,

Quail populations decline in most areas of native vegetation in those
regions when fire is withheld and succession is allowed to proceed to a
condition of dominantly woody species over an extended pericd of years.
Prescribed burning may be favorable alternative to mechanical or grazing
methods for manipulating successicn so that large quail populations can be
ma;ntained.

The benefits of fire from a quail management standpoint, include lit=
ter removal, increased ground mobility for the birds, increased food avail-
ability, control of botanical composition and m#intenance of favorable
stages of plant succession.

Prescribed burning has been applied for increased quail production in
several management areas with excellent success, It is probably the'least
expensive management tool, at least on a direct cost basis, available to
quail managers, and has produced results which far outweigh direct cost of

application,



"Prescribed fire is potentially a wvery powerful tool for quail manage=
ment, but its use must be weighed against iﬁdirect costs such.as contribu=
tion to air pollution, chance of fire escaping and doing unintended damage
and the effects of increased run-off on down stream aquatic systems., Pre-
scribed burning is certainly worfhy of itrial on an experimental basis over

much greater portions of the bird's range than it is currently being used.



