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Short-term effects of 3 grazing systems and prescribed burning on

bobwhite (Colinus virginianus) populations were investigated on the

Welder Wildlife Refuge near Corpus Christi, Texas, during spring (April

through June) and fall (September through October) of 1976 and 1977.

Two rotational systems, high intensity-low frequency (HILF) and four-

pasture, deferred-rotation (4PDR), and a continuously grazed system

(CONT) were initiated in 1975. Prescribed burning was executed in

December of 1975.

Each of the grazing systems was represented by 1 pasture; 2 study

areas (16 ha each) were selected within a pasture. Two burned areas

(12 ha each) and an unburned area (12 ha) were located in a 4PDR pas-

ture. On all 9 study areas, herbaceous cover (grass, forb, dead and

bare ground) by life form was sampled with a point frame. Quail popu-

lation indices were determined from 4 methods: number of quail

observed along transects, trapping success, flush censuses, and total

number of calls recorded ("bob-white" in spring and roost call in

fall).

During the spring of 1976, significantly more "bob-white" calls

were recorded in HILF than in the other 2 systems (P=0.024). Remaining
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comparisons of population indices did not yield significant

differences among the 3 grazing systms. Nevertheless, a trend devel-

oped in which quail used the HILF most frequently and used the 4PDR

least often. Preference for the HILF pasture probably occurred in

response to the small amount of grass cover, relatively large amounts

of bare ground and forb cover, particularly of a tall life form. As a

result, long-term research is necessary to determine the effects of

grazing systems on vegetation and therefore, on quail populations.

After winter burning, significantly more "bob-white" calls

(P(0.05) were recorded on the burned areas than on the unburned area

during the spring of 1976. Significantly more (P(0.05) bare ground

existed on the burned areas than on the unburned area during 1976; how-

ever, no significant difference in herbaceous cover occurred between

burned and unburned areas during 1977. In response to this vegetative

change on burned areas, significant decreases (P(0.05) in the number of

quail flushed occurred from 1976 to 1977. No significant changes in

quail use occurred on the unburned area between 1976 and 1977. The

transitory effect of prescribed burning appeared beneficial to bob-

whites, an early successional species. Therefore, a viable bobwhite

management program may involve frequent burning, provided ample rainfall

is available.
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THE EFFECTS OF ROTATIONAL GRAZING AND PRESCRIBED BURNING
ON BOBWHITE POPULATIONS IN SOUTH TEXAS

INTRODUCTION

The bobwhite quail (Colinus virginianus) is one of the most

abundant and widely distributed gallinaceous birds in North America.

Twenty-two subspecies of the bobwhite range eastward from the Rocky

Mountains to southern Minnesota and from southern Maine to Florida and

as far south as Guatemala. Throughout this range, the bobwhite is an

early successional species.

In Texas, the bobwhite is also the most abundant galliform and is

of aesthetic, recreational, and economic value. From an estimated

annual harvest of 35 million bobwhites (Johnsgard 1975), approximately

8 million (23%) were harvested in Texas in 1968 (Johnsgard 1973).

With less than 2,590 km2 of public lands on which hunting is permitted,

a market developed for hunting rights on privately owned lands in

Texas (leer and Forrest 1968). The lease of these hunting rights has

become an important source of income to many landowners. In southwest

Texas, some landowners have received as much as $5.00/ha for quail

Teases (Kiel 1976).

The bobwhite is dependent on rangeland habitat throughout most of

its distribution in Texas. Increased demands are being placed on the

rangeland and various range improvement and grazing practices are used

to maintain or increase the productivity of these lands. For example,

Merrill (1954) found four-pasture, deferred-rotation grazing improved

the range condition of the land and increased financial returns from



pastures. Initially, grazing may have been responsible for the

westward spread of the bobwhite in early post-settlement times by the

invasion of weeds and brush on the grasslands (Edminster 1954). Never-

theless, Murray (1958) reported that overgrazing diminished the food

supply and reduced escape cover in bobwhite habitat. Klimstra and

Scott (1957) found little or no use by nesting bobwhites where over-

grazing occurred. Lay (1954) suggested that heavy grazing by cattle

may have damaged bobwhite habitat in the southern United States. Like-

wise, Johnsgard (1973) noted that the bobwhite existed in fairly large

numbers in western and southern Texas wherever excessive grazing did

not occur. In Texas, Jackson (1969) found overgrazing reduced the con-

cealment value of escape cover, however, heavy grazing of small areas

could be used to improve bobwhite habitat. The areas were heavily

grazed in March and the cattle removed prior to the growing season.

Such manipulation resulted in abundant quail food. After 3 years of

research in West Texas Rolling Plains, Boyd (1977) suggested that mod-

erate grazing was more conducive to maintaining stable quail popula-

tions than were light or heavy grazing pressures.

However, none of these authors investigated alternatives to

traditional grazing methods. Edminster (1954) proposed rotational

grazing as a favorable management practice and Jackson (1969) felt the

best management of nesting cover was range deferment or pasture rota-

tion, but no data were presented.

In addition to grazing methods, prescribed burning has been used

to control brush, thereby increasing forage production for livestock.

For many years, bobwhite quail management in southern pine forests has
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involved prescribed burning (Rosene 1969). In Illinois, Ellis et al.

(1969) found that bobwhite populations responded favorably to burning

numerous small plots, ranging in size from 0.6 to 7.7 ha. Jackson

(1965) considered pastures in excellent condition, (i.e., dense stands

of grasses), as sterile habitats for bobwhites. To provide a habitat

more attractive to quail, prescribed burning was suggested to retard

succession. Jackson (1969) reported on an uncontrolled spring fire

which burned approximately 810 ha on the Gene Howe Wildlife Management

Area in Texas. Following the fire, plants producing quail food

increased 15 percent on the burned area and decreased 30 percent on the

unburned area. By fall, bobwhites were more abundant in the burned

area than in the unburned area. Paradoxically, Jackson excluded fire

as a tool for quail management because of the widely held belief that

fire was destructive to rangelands. Likewise, Edminster (1954) sug-

gested that rangelands, as a rule, should not be burned because of

damage to desirable plants. Klimstra and Scott (1957) found in Illinois

that bobwhites preferred unburned areas for nesting because dead vege-

tation from previous or current years growth was used for nest con-

struction. Terrill (1945) excluded fire as a habitat management

practice because weedy species increased and desirable grasses

decreased after repeated burning.

Because of inconsistent results and apparent conflicts in the

literature, a better understanding of the effects of these range

improvement practices on bobwhite populations is necessary. The objec-

tives of this study were to determine the short-termeffects of 3 grazing

systems and prescribed burningon bobwhite abundance in south Texas.



RESEARCH AREA

Field research for this study was conducted on the Rob and Bessie

Welder Wildlife Refuge which is located approximately 80 km northeast

of Corpus Christi, Texas (Fig. 1). The Welder Refuge occupies 3,157 ha

and borders the Aransas River in San Patricio County, Texas. The

Refuge is situated in a transitional zone between the Gulf Prairies and

Marshes and the South Texas Plains (Thomas 1969).

South Texas is characterized by hot summers and mild winters. The

Refuge has an average yearly rainfall of about 89 cm with extreme fluc-

tuations between years (38 cm in 1956 and 125 cm in 1973) (Drawe et al

1978). The growing season generally exceeds 300 days per year, with

vegetative growth peaks in spring and fall. Elevation is about 12 m

above sea level with a slope gradient of less than 1 percent on the

uplands. The most extensive soil type on the Refuge is Victoria clay,

which is level and drains poorly. Vegetation is predominantly shrub-

grassland.

The Refuge has a long history of grazing both by wild and domestic

cattle and native wildlife. It was not until 1975 that specialized

grazing systems were implemented on the Refuge. Prior, to this time,

year-round grazing existed.

Most of the Refuge has been treated for control of woody plants in

the past. Commonly, this control took the form of roller chopping,

root plowing, or application of kerosene or diesel fuel.

4
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METHODS AND MATERIALS

Field research was conducted during 1976 and 1977. Sampling

periods for each year were divided into spring (April through June)

and fall (September and October).

Grazing Systems

Three grazing systems were implemented in 1975, a continuous

system (CONT) and 2 types of rotational systems; four-pasture, defer-

red-rotation (4PDR) and high intensity low frequency (HILF) (See

Appendix, Fig. A). The CONT system involved year-round grazing in 1

pasture by 1 herd of cattle. The HILF system entailed rotation of 1

herd on 7 pastures; a variable 3-week to 7-week grazing period was

used. Each of the 7 pastures was grazed twice within a 12 month per-

iod and deferred for 6 months between each period. Within the 4PDR

system 3 herds were rotated on 4 pastures, with 1 pasture deferred

(Merrill 1954). One herd was rotated every 4 months to the deferred

pasture. Yearly stocking rates were 5 ha per animal unit on all

systems.

I selected 2 16-ha study areas in 1 pasture of each of the 3

grazing systems (Fig. 1). All 6 study areas were located on Victoria

clay soils. The vegetation was characterized by a mesquite-mixed-

grass plant community (Drawe et al. 1978) (Figs. 2 and 3). This plant

community consisted of moderate stands of mesquite (Prosopis glandu-

losa) interspersed with small, dense stands of chaparral. Chaparral

species included blackbrush acacia (Acacia rigidula), agarito

6



Fig. 2. Appearance of study areas within the continuously grazed
pasture (CONT) (top) and the high intensity-low frequency
pasture (HILF) (bottom), Welder Wildlife Refuge, Texas,
fall 1977.
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Fig. 3. Appearance of a study area within the four-pasture, deferred-
rotation pasture (4PDR), Welder Wildlife Refuge, Texas, fall
1977.



(Berberis trifoliolata), and other woody species. This low growing

woody vegetation had an understory of dense grasses, dominated by

meadow dropseed (Sporobolus asper). The forb composition changed

seasonally. The most common forbs in the spring were Aster subulatus,

frogfruit (Phyla incisa), and Mexican hat (Ratibida columnaris); frog-

fruit was the most common forb during fall.

Prescribed Burning

Certain portions of the Refuge were burned during the winter of

1975-1976. I selected 3 study areas (12 ha each) in Pollita Pasture,

which was part of the 4PDR system (see Appendix, Fig. A). Two of the

study areas were burned on 29 December 1975; the third area was used

as a control (Fig. 1). These 3 areas were located on Victoria clay

soils and the vegetation was characterized as a chaparral-mixedgrass

plant community (Drawe et al. 1978) (Fig. 4). This community consis-

ted of moderate to dense stands of chaparral which contained black-

brush, agarito, lime pricklyash (Zanthoxylum fagara) and similar

species. Herbaceous vegetation among chaparral stands was similar to

the mesquite-mixedgrass community. A variety of forbs were present in

the spring; snoutbean (Rhynchosia minima) was the dominant forb in the

fall. Sumpweed (Iva annua) and longtom (Paspalum lividum) dominated

in low areas with standing water.

Sampling Methods for Vegetation

On each of the 9 study areas, 10 stakes were randomly placed at

initial locations for vegetative analysis. At each stake, a 30.5 m
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line-transect was permanently established in a randomly selected

direction (N, S, E, or W). The line interception method (Canfield

1941) was used to determine cover of shrub species. Along the same

line-transect, herbaceous species were recorded with a point frame

(Radar and Ratliff 1962). The frame was placed at intervals of 2.5 m,

5.0 m, and 7.5 m, to yield 3 plots/transect. The first encounter of

each pin with vegetative matter was recorded. I used Durietz's life-

form classification as modified by Jones (1963) to classify species.

However, I redefined the 3 height classes for the herbaceous vegeta-

tion. The short, mid-, and tall life forms were recorded in under

20 cm, 20-40 cm, and over 40 cm height intervals respectively. Per-

cent shrub cover (dwarf shrub, shrub, and tree) was sampled during

the fall of 1976 and spring of 1977 and the precent herbaceous cover

(grass, forb, and dead) and bare ground were determined during each of

the 4 sampling periods.

Sampling Methods for Quail Populations

Four methods were used to obtain indices to quail populations

among grazing systems and between the burned and unburned areas. In

1976, collection of quail data was initiated in April on 1 of the

burned areas, the CONT system, and 4PDR system. In mid-May of 1976,

the second burned area, the unburned area, and the HILF system were

sampled for quail data.

A transect method was used to determine an index of population

trends. One transect, approximately 1 km, was established on each

study area within the grazing systems and a transect, 0.5 km, was
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established on both of the burned areas and on the unburned area. As

I walked along a transect, the total number of quail were recorded.

Counts were conducted twice daily during alternate weeks from mid-April

to mid-June and during September and October.

Quail were trapped during alternate weeks from mid-April to

mid-June and during September and October. Walk-in traps (90 cm X

60 cm X 24 cm) baited with milo (Sorghum vulgare) were used. A study

area was divided into 4 segments; one trap was placed centrally in

each segment, if possible, where quail use was observed. Once trapped,

quail were banded with aluminum leg bands and age and sex of the

birds were determined.

Flush censuses were conducted with the aid of a bird dog. I

recorded the total number of quail flushed per study area. A study

area was censused once in the first sampling period and 4 times (2

morning and 2 evening counts) during each successive period. During

the fall of 1976 and spring of 1977, the study areas were censused on

horseback.

The total number of "bob-white" calls were recorded for each

system, in the burned areas, and unburned area to provide relative pop-

ulation trends during the spring. Likewise, the total number of roost

calls were recorded in the fall. Each count was conducted from a

permanent position located between the 2 study areas. The audibility

radius was about 0.8 km (Boyd 1977). A count was initiated at 15 min

before sunrise and lasted 75 min. Each count was divided into 5 15-

mm portions. One count per sampling period was recorded in 1976 and

6 counts per period in 1977.
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In some instances, trends in the quail populations, determined by

the 4 methods, differed (Appendix, Table A). Consequently, the indices

were not given equal emphasis in interpretation. The transect method

was performed most frequently; thus, I selected the transect index

(number of quail observed) as the most meaningful index of quail use.

The other indices were considered less reliable for several

reasons. Susceptibility of quail to trapping depended on the avail-

able food source and weather conditions, which were not consistent

throughout any 1 sampling period. Detection of quail by the flush

census method seemingly was related to the degree of activity by the

quail; coveys were more easily flushed than solitary birds. Roost

call counts may not have provided a reliable index because Boyd (1977)

reported that not all coveys called before leaving the roost site.

To provide general trends in quail populations for the Refuge,

roadside counts were recorded once per week along a 9.7 km section of

road. Counts were conducted for 60 min beginning 1 h before sunset.



STATISTICAL ANALYSIS

Vegetative Data

Percent cover of both herbaceous and woody vegetation was

analyzed bipartitely. First, each category of cover in a sampling

period was compared with the same category for the subsequent period.

These comparisons were executed within the 3 grazing systems, combined

burned areas, and the unburned area with paired t-tests (Steel and

Torrie 1960). Secondly, I compared each category of cover during a

particular sampling period among grazing systems and between burned

and unburned areas. To determine differences among the 3 systems,

one-way analysis of variance was used. If the analysis of variance

resulted in a significant F test, means were compared according to

Duncan's new multiple-range test (Steel and Torrie 1960). To deter-

mine differences between the combined burned areas and the unburned

area, unpaired t-tests were used (Steel and Torrie 1960).

Quail Population Data

Frequency histograms revealed that the 4 indices to quail

populations were not normally distributed; thus, nonparametric types

of statistical analyses were used. I compared each index between

sampling periods and used each index to test for differences among

grazing systems and between burned and unburned areas.

In a sampling period, 1 of the 4 indices was compared with the

same index for the subsequent period, for all grazing systems and the

combined burned area and the unburned area. If the 2 sample sizes

14
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were equal, a signed rank test (Wilcoxon) was used (Hollander and Wolfe

1973). However, if 2 sample sizes were unequal, the rank sum test

(Wilcoxon) was used (Hollander and Wolfe 1973). For example, in HILF

I compared the number of quail flushed in the spring of 1976 (sampled

once) to the number flushed the subsequent fall (sampled 4 times).

I compared each index to quail populations during a sampling

period. Simultaneous comparison of rank sum tests (Dave Thomas,

Statistician, Personal Communication) was used to determine differen-

ces among the 3 grazing systems. For example, the number of quail

trapped throughout spring of 1976 on the HILF, CONT, and 4PDR were

compared. To determine differences between the combined burned area

and the unburned area, I used a rank sum test (Hollander and Wolfe

1973).

Fiducial limits for all parametric and nonparametric statistical

tests were set at the 95 percent confidence level.



RESULTS AND DISCUSSION

Grazing Systems

Statistical Analysis of Vegetation

Significantly more forb cover existed on the CONT pasture than on

the 4PDR and the HILF pastures during both spring and fall of 1976

(Table 1). During the winter of 1976-1977, a significant increase in

forb cover was noted on both rotational grazing systems (Table 2). By

spring of 1977, HILF system had significantly more forb cover than

either of the other systems (Table 1). During the second summer, rain-

fall was approximately 6 cm below the 20-year average (Appendix, Table

13). Corresponding to the dry conditions, the percent forb cover

declined significantly in all pastures (Table 2). By the last sampling

period, both HILF and CONT systems possessed significantly more forb

cover than the 4PDR (Table 1). Furthermore, 80 percent of the forbs

in HILF was in tall life-form category, the greatest amount during

any sampling period (Appendix, Table C).

Significantly more grass cover existed on the 4PDR pasture than

either of the other 2 pastures during 1976 (Table 1). In spring of

1976, 38 percent of the grass cover in 4PDR was a tall life form, the

largest amount during 4 seasons (Appendix, Table C). The reason for

this large percentage was the dominance of Texas wintergrass (Stipa

leucotrica), a tall, cool-season bunchgrass. During the winter of

1976-1977 and summer of 1977, a significant decline occurred in the

amount of grass cover on both rotational grazing systems (Table 2).

16



Table 1. Comparisona of relative percent of vegetative cover among 3 grazing systems,b Welder

Wildlife Refuge, Texas, 1976-1977.

aComparison shows increasing amount of cover from left to right.

bCONT = continuous; HILF = high intensity - low frequency; 4PDR = four-pasture, deferred-
rotation.

cUnderscoring indicates no significant difference among the grazing systems.

Percent Cover

Sampling Period Grass Forb Dead Bare Ground

Spring 1976 HILF CONT 4PDRc 4PDR HILF CONT 4PDR CONT HILF 4PDR CONT HILF

Fall 1976 HILF CONT 4PDR 4PDR HILF CONT CONT HILF 4PDR CONT 4PDR HILF

Spring 1977 HILF CONT 4PDR 4PDR CONT HILF CONT 4PDR HILF CONT 4PDR HILF

Fall 1977 HILF 4PDR CONT 4PDR CONT HILF CONT 4PDR HILF 4PDR CONT HILF



aCONT = continuous; HILF = high intensity - low frequency;
4PDR = four-pasture, deferred-rotation.

bS = spring, F = fall.

c* = significant increase or decrease.

18

Table 2. Seasonal changes in percent of vegetative cover within each of

3 grazing systems,a Welder Wildlife Refuge, Texas, 1976-1977.

Seasonb Percent Cover

Change in Percent Cover

CONT HILF 4PDR

S76-F76 Grass 8 - 3 -13*

Forb 0 0 _3*
Dead + 6*c - 1 +13*
Bare +2* +4* +3

F76-S77 Grass 2 -21* -12*

Forb + 2 +16* +16*

Dead 2 +5 - 6*

Bare +2 0 +2

S77-F77 Grass - 2 -10* -10*

Forb -10* -13* -17*

Dead +14* +23* +30*

Bare -2 0 - 3*

S76-S77 Grass -10* -24* -25*

Forb + 2 +16* +13*

Dead +4* +4 +7*
Bare +4* +4* + 5*

F76-F77 Grass - 4 -31* -22*

Forb _8* +3 -1
Dead +12* +28* +24*
Bare 0 0 -1
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Throughout the 1977 sampling periods, the HILF had significantly less

grass cover than the other systems (Table 1).

The amount of bare ground was significantly greatest on the HILF

system during every sampling period except during the second spring

(Table 1). During the first summer, the percent of bare ground

increased on 4PDR and increased significantly on CONT and HILF pas-

tures (Table 2). At this time, rainfall was about 20 cm above normal

causing water to stand in low areas for several weeks (Appendix,

Table 8). Flooding of low growing species may have accounted far

the increase in bare ground.

In contrast to the first summer, rainfall was below normal during

summer of 1977 (Appendix, Table 8). With dry conditions, all 3

grazing systems displayed a significant increase in the amount of

dead plant material (Table 2).

No significant difference in the percent shrub cover occurred

among the 3 pastures during the fall of 1976 (HILF 9.8%, CONT 10.0%,

and 4PDR 6.2%) or during the spring of 1977 (HILF 13.4%, CONT 12.5%,

and 4PDR 10.8%). However, brush cover increased significantly on

each of the 3 systems from fall to spring. This increase was due to

new growth on mesquite (deciduous), a major component of the plant

community.

Statistical Analysis of Population Indices

During the first spring, significantly more "bob-white" calls

were recorded in the HILF pasture than in the CONT or 4PDR pastures

(P=0.024). In addition, significantly more calls were recorded in the



20

CONT pasture than in the 4PDR pasture (P.0.024). During the other 3

sampling periods, the 4 population indices did not yield significant

differences among the grazing systems.

However, within each grazing system some changes in quail use

were noted from one sampling period to the next period. During the

winter of 1976-1977, quail use decreased on CONT pasture and increased

on 4PDR pasture. The number of quail observed increased significantly

in the 4PDR system and the number of quail flushed declined signifi-

cantly on the CONT system. Likewise, when indices from the spring of

1976 were compared to spring of 1977, a significant increase occurred

in the number of "bob-white" calls in the 4PDR and a significant

decrease in the number of quail trapped on the CONT area. By fall,

quail use had increased on the CONT pasture and decreased on 4PDR

pasture as indicated by the number of quail observations (Fig. 5).

addition, a significant decline in the number of quail flushed was

displayed on the 4PDR during the summer of 1977. At this time, the

HILF pasture showed a large increase in the number of quail observa-

tions (Fig. 5). Correspondingly, a significant increase occurred in

the number of quail flushed on the NILE pasture.

The quail population for fall of 1977 on Welder Refuge appeared

to be larger than 1976 as indicated by the roadside counts. These

counts showed an increase from 1.1 birds/km to 2.9 birds/km. Like-

wise, the percent juveniles in the trapped population indicated an

increase in reproduction from 59 percent to 78 percent in 1977.

Apparently, the drier summer of 1977 provided better nesting condi-

tions than the large rainfall of the year before. For the same
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reason, Frye (1948) and Rosene (1969) concluded that excessive summer

rainfall on poorly drained sites resulted in low quail production.

Vegetation and Quail Interaction

Despite few significant differences in quail use among the 3

grazing systems, several trends developed during the course of my

research. As indicated by the number of quail observations, quail use

was greatest on the HILF system throughout 1976-1977, whereas, the

least amount of use occurred on 4PDR (Fig. 5). One exception occurred

during the spring of 1977, the fewest number of quail were observed

on the CONT pasture (Fig. 5).

Heavy use by quail of the HILF study areas occurred in response

to several vegetational trends. For example, the HILF grazing system

had more bare ground than the other 2 systems during both years

(Figs. 6, 7, and 8). Scott and Klimstra (1954) found that bare

ground was an important component of bobwhite habitat in providing

a desired surface for movement and feeding. Klimstra and Ziccardi

(1963) also found a strong preference for bare or nearly bare ground

as roosting substrate.

Furthermore, less grass cover occurred on HILF pasture than the

4PDR during all 4 sampling periods (Figs. 7 and 8). Stoddard (1931)

also found few quail in areas of dense grass. Kiel (1976) reported

insects were limited in number and availability in dense stands of

grass. In addition, Jackson (1969) suggested that matted perennial

grasses made seeds unavailable to quail.

The largest number of quail observations occurred in HILF during

22
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the fall of 1977 (Fig. 5). Apparently the large percent of tall forbs

were important for overhead concealment when feeding and moving. These

forbs also may have been a source of food since forbs represent approx-

imately 60 percent of quail diet during the fall and winter (Jackson

1969).

Fluctuations in quail use on the 4PDR system apparently coincided

with the percent forb cover. Quail use was high when the percent forb

cover was high (21% during spring 1977) and low when the forb cover was

below 8 percent. When quail use was high on 4PDR, quail use was low on

the CONT, despite comparable vegetative composition between the 2 sys-

tems. Unlike any other study areas, 1 study area in the CONT pasture

was located next to a stock pond. As a result, this study area held

standing water during most of the sampling period, which may have lead

to minimal quail use.

Prescribed Burning

Statistical Analysis of Vegetation

During 1976, significantly more bare ground occurred on the

burned area than the unburned area. However, in 1977, the amount of

bare ground declined on the burned area (Fig. 9). Furthermore, the

percent bare ground decreased significantly on the burned areas during

the summer of 1977 and from fall of 1976 to fall of 1977 (Table 3).

In contrast, a slight increase in the amount of bare ground occurred

on the control over the 2 years (Fig. 10). This increase was exem-

plified when the 2 spring periods were compared and the amount of bare
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Table 3. Seasonal changes in percent of vegetative cover within the

combined burned areas and within the unburned area, Welder Wildlife

Refuge, Texas, 1976-1977.

aS = spring, F = fall.

b*
= significant increase or decrease.
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Seasona Percent Cover

Change in Percent Cover

Burned Area Unburned Area

S76-F76 Grass
b

+15* + 6
Forb -10* -10*
Dead - 5* +2
Bare 0 +2

F76-S77 Grass -16* -13*
Forb +10* + 5

Dead +10* + 7
Bare -4 +1

S77-F77 Grass +4 0

Forb -18* -14*
Dead +18* +13
Bare _4* +1

S76-S77 Grass -1 -7
Forb 0 -5
Dead +5 +9*
Bare -4 +3*

F76-F77 Grass -12* -13

Forb _8* - 9*

Dead +28* +20*
Bare _8* +2
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ground had significantly increased from 1 to 4 percent (Table 3).

During the first spring, significantly less grass cover existed

on the burned areas than on the unburned area. Throughout the summer of

1976, the grass cover increased significantly on the burned areas

(Table 3). In addition to the effect of burning on grass cover,

grazing may have enhanced the already decreased production of grass,

for the succulent growth attracted cattle throughout the spring. In

the summer of 1976, the cattle were removed from Pollita Pasture

(Appendix, Fig. A). This rest from cattle utilization may have

allowed the grass to compete, resulting in increased grass cover.

During the first fall, significantly less dead material occurred

on the burned areas than the unburned area. The dry summer 1977

resulted in a significant increase in dead material on the burned

areas (Table 3). The amount of dead material increased a large

amount on the unburned area (Fig. 10). In addition, the percent of

dead material on the burned and unburned areas increased significantly

from fall 1976 to fall 1977 (Table 3).

For the year of 1977, no significant differences occurred in the

vegetative composition between the burned and unburned areas.

Significantly less brush cover occurred on the combined burned

areas than on the unburned area during the fall of 1976 (burned 6.3%

and unburned 16.0%) and during the spring of 1977 (burned 7.6% and

unburned 17.2%). Two possible explanations existed, the effect of fire

and/or the effect of brush control conducted about ten years ago.

However, no significant difference in the percent shrub cover occurred

on the burned areas and on the unburned area from fall to spring.



This lack of difference was likely a result of the chaparral species

(semi-evergreen) losing few leaves ,during the winter.

Statistical Analysis of Population Indices

To compare the number of quail observations on the burned area and

the unburned area during the first spring was difficult. However, high

quail use existed on the burned area that was sampled for the full

season, whereas the least amount of use was observed on the unburned

area (Fig. 11). Furthermore, significantly more "bob-white" calls

were heard on the burned areas than on the unburned area (P=0.01).

Likewise, during the fall of 1976, more quail were observed on the

burned areas than on the unburned area (Fig. 11).

By the second year, a gradual decrease in the number of quail

observations occurred on the burned area, which resulted in comparable

numbers on the burned and unburned area in the fall (Fig. 11). In

addition, a significant decrease in the number of quail flushed

occurred on the burned areas over the winter. Correspondingly, when I

compared both springs and both falls on the burned areas, a significant

decrease occurred in the number of quail calls recorded and the number

of quail flushed from 1976 to 1977.

Despite this general decline in quail use on the burned areas, no

significant changes in quail use occurred on the unburned area during

the 2 years.
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Vegetation and Quail Interaction

Prescribed burning appeared to increase quail use for the first
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year after winter burning. Availability of food (insects and seeds)

seemingly was the most powerful attraction to newly burned areas

because quail do not obtain food in heavy litter (Stoddard 1931, 1963;

Moore 1957).

By the second year, quail use declined on the burned areas,

whereas no change in quail use occurred on the unburned area throughout

the 2 years of study. This decline probably was in response to the

decrease in bare ground on the burned areas, as well as, comparable

vegetation composition between the burned areas and unburned area dur-

ing 1977. Likewise, Ellis et al. (1969) found that as plant succession

progressed, the density of vegetation increased rapidly and the amount

of bare ground decreased. In regard to this transitory effect of fire,

Cable (1967) noted that the immediate effect from fire on perennial

grasses only lasted 1 to 2 years, and Reid (1953) reported that older

burns produced fewer quail food stems than 1- and 2-year-old burned

areas.



IMPLICATIONS

In the prairies of Texas, the bobwhite is best adapted to the

early seral stages of plant succession. As succession progresses, the

carrying capacity of the rangeland for bobwhites is reduced. The

natural rate of plant succession towards climax is dependent on cli-

matic factors, especially precipitation. Unlike the more arid range-

lands to the west and north, vegetation around the Refuge, apparently,

proceeds towards a tall grass climax rather rapidly.

For example, the climatic conditions changed from an extended

drought in the 1950's to above-normal rainfall during the past 10

years. A combination of the wet conditions and light to moderate

grazing pressure resulted in an improvement of range condition, from

poor in the 1950's to high fair or low good at present (Drawe et al.

1978). Additionally, trend counts of bobwhite abundance on the Refuge

(Christmas Bird Counts), were unusually low during the 1970's

(unpubl. Refuge records).

On rangelands, retrogression of successional stages can be

accomplished with agents such as controlled grazing and prescribed

burning. Controlled grazing treatments on the Welder Refuge seemingly

did not change the plant species composition within the 2 years of

study; however, above-average rainfall in 1976 may have affected the

response of the vegetation to the treatments. Correspondingly,

throughout the course of this study, few definitive relationships

between grazing systems and quail use were found. Only with the

necessary long-term research will we be able to determine the effects

34
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of specialized grazing systems on the vegetation and therefore, on

bobwhite populations.

Nevertheless, prescribed burning can be a short-term management

tool on the Welder Refuge and surrounding areas for domestic and wild

animals. For livestock, fire removes unutilized vegetation from the

previous year, encourages new growth of herbaceous vegetation, and

reduces shrub cover to facilitate movement. Likewise, bobwhite popu-

lations benefit from burning, which provides suitable sites for travel-

ing, feeding, and roosting. Therefore, a program of frequent burning

may be a viable management scheme in this region, provided ample rain-

fall is available. Further research is necessary to ascertain the

effects of repeated burning on plant composition and to determine

optimal size of burned areas used by both wild and domestic animals.

Manipulation of vegetative succession for pioneer and mid-seral

stages results in a favorable habitat for bobwhites. Within the dis-

tribution of the bobwhite, grazing practices on many western rangelands

provide habitat in an early successional state. However, an often

stated goal of range management, to attain near-climax grass stage in

order to increase livestock forage, may be incompatible with mainte-

nance of high quality bobwhite habitat.
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Table A. Bobwhite population indices among 3 grazing systemsa and

between burned areas (B) and the unburned area (UB), Welder Wildlife

40

Refuge, Texas, 1976-1977.

Population Indicesb

Method CONT HILF 4PDR BC UB

Quail Observed
Spring 1976

d
April 24 -- 7 23e --

May 29 26 4 9.0 3

Fall 1976
September 8 35 15 14.0 7

October 29 13 1 16.0 9

Spring 1977
April 9 36 22 18.0 5

May 9 9 15 3.5 4

Fall 1977
September 16 62 10 14.0 10

October 31 30 9 1.5 8

Quail Trapped
Spring 1976

April 7 1 6e --

May 9 3 1 0.5 0

Fall 1976
September 4 12 1 5.0 0

October 14 1 5 1.5 0

Spring 1977
April 2 8 1 0.5 0

May 4 1 8 2.0 0

Fall 1977
September 6 25 0 0.5 0

October 8 10 10 0.0 0

Quail Flushed
Spring 1976 11 11 4 7.0 4

Fall 1976
September (N=2)f 8 12 6 11.0 1

October (N=2) 34 17 12 9.0 15

Spring 1977
April (N=2) 3 14 6 2.0 0

May (N=2) 1 4 5 1.0 1

Fall 1977
September (N=2) 6 36 0 0.5 0

October (N=2) 19 32 0 0.0 7



Table A. Continued.

aCONT = continuous; HILF = high intensity - low frequency; 4PDR =
four-pasture, deferred-rotation.

bValues indicated total number of quail observed, trapped, and
flushed and total number of quail calls recorded.

cFor comparative purposes, the total number of quail observed
trapped, and flushed on the 2 burned areas was averaged.

dData were not collected.

eOnly 1 burned area was sampled.

fTotal of morning plus evening flush censuses.

gTotal of 3 counts.
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Quail Calls
Spring 1976 194 631 85 849 215

Fall 1976 101 197 135 95 105

Spring 1977
April (N=3)9 729 684 1036 832 838
May (N=3) 829 1740 1291 1438 724

Fall 1977
September (N=3) 182 486 539 67 261

October (N=3) 339 553 474 267 552

Population Indicesb

Method CONT NILE 4PDR B UB



42

Table B. Monthly comparison of 1976 and 1977 rainfall with the 20-year

average (1956-1976),a Welder Wildlife Refuge, Texas.

aUnpubl. Refuge Records

Rainfall (cm)

Month 1976 1977 20-Year Average

J 0.84 8.86 4.42

F 0.08 3.28 5.89

M 0.06 2.24 2.26

A 12.98 16.46 5.41

M 13.31 14.78 11.13

J 3.00 3.71 10.80

J 27.46 4.85 4.32

A 5.79 2.16 8.81

S 18.01 6.91 16.28

0 19.56 7.77 10.06

N 11.25 6.27 4.60

D 11.43 0.74 4.78

Annual Total 48.96 30.72 34.94



Table C. Percent cover of live herbaceous vegetation by life form on 3 grazing systems,a on the

the burned areas,b and on the unburned area, Welder Wildlife Refuge, Texas, 1976-1977.

Percent Cover by Season (%)

Life Form Category Treatmentc Spring 1976 Fall 1976 Spring 1977 Fall 1977

Forb
Short ( <20 cm) CONT 12 68 30 39

HILF 55 31 29 11

4PDR 20 78 42 57

B 27 28 40 26

UB 17 26 45 27

Mid ((40 cm) CONT 62 27 50 18

HILF 40 42 34 9

4PDR 55 0 40 34

B 44 54 44 21

UB 62 66 45 38

Tall (>40 cm) CONT 26 5 20 43

HILF 5 27 37 80

4PDR 25 22 18 9

B 29 18 16 53

UB 21 8 10 35

Grass
Short (<20 cm) CONT 20 42 34 43

HILF 50 53 60 56

4PDR 8 44 42 60

47 22 40 40

UB 20 13 39 30



aFigures were averages of the 2 study areas on each of the grazing systems.

bFigures were averages of the 2 burned areas.

cCONT . continuous; MILE = high intensity - low frequency; 4PDR = four-pasture, deferred
rotation; B = burned areas; LB = unburned area.

Table C. Continued.

Life Form Category Treatmentc

Percent Cover by Season (%)

Fall 1977Spring 1976 Fall 1976 Spring 1977

Mid (<40 cm) CONT 60 40 48 42

HILF 44 38 36 37

4PDR 54 44 48 33

B 44 48 43 44

UB 65 40 35 55

Tall (>40 cm) CONT 20 18 18 15

HILF 6 9 4 7

4PDR 38 12 10 7

B 9 30 17 16

UB 15 47 26 15




