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Abstract: The declining bobwhite populations evident throughout the Southeast are 
cause for concern. Whereas habitat loss and/or intensified agriculture have been impli-
cated as two potential causal mechanisms for these declines, few studies have directly 
compared bobwhite demographics between agricultural and managed bobwhite plan-
tation landscapes. Therefore, we monitored northern bobwhite (Colinus virginianus; 
hereafter, bobwhite) via radiotransmitters (N = 472) on a center-pivot irrigated agricul-
tural landscape (N = 154) and an adjacent, intensively-managed bobwhite plantation 
(N = 318) to evaluate differences in home range, habitat use, survival, and nest survival 
between these two landscapes. Winter covey home ranges were larger during fall–win-
ter 1998–99 on the agriculture site (P < 0.001). Coveys on the agricultural landscape 
used young planted pines (Pinus spp.) greater than expected (P < 0.05) during both 
years. Annual survival did not differ between sites during 1997–98 (P = 0.199) but 
was lower on the agriculture site (0.081, SE = 0.04) than the plantation (0.297, SE = 
0.05) during 1998–99 (P < 0.001). Daily nest survival was lower on the agriculture site 
(0.939, SE = 0.02) than the plantation (0.979, SE = 0.01) during the 1998 nesting sea-
son (P = 0.030) but not during 1997 (P = 0.782). We surmised that large home ranges, 
low over-winter survival, and low nest survival observed on the agriculture site was re-
lated to poor habitat conditions and subsequent limited food resources. Thus, when ag-
ricultural landowner objectives are to benefit bobwhite, management endeavors should 
focus on augmenting habitat in agricultural fields, particularly during fall and winter, 
and, improving existing habitats (e.g., dry corners, young planted pines).
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Northern bobwhite (Colinus virginianus; hereafter, bobwhite) populations have 
been declining since the mid-20th century (Brennan 1991, Church et al. 1993). The 
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Breeding Bird Survey has indicated range-wide declines of almost 3%/year since 
1966 (Sauer et al. 2004). Numerous factors have been implicated for the decline, but 
the two most prevalent are major landscape changes which negatively affect bob-
white habitat (Vance 1976, Exum et al. 1982, Rollins and Carroll 2001) and chang-
ing predator dynamics (Hurst et al. 1996). Agricultural landscapes once support-
ed high densities of bobwhite across the Southeast by providing “good” habitat as 
an accidental by-product of agricultural management (Brennan 1991). However, 
since the 1970s, farmers have adopted agricultural practices, such as clean fence 
rows, larger fields, and increased pesticide use that have resulted in loss of small, 
low impact farming upon which bobwhite once depended (O’Conner and Shrubb 
1986, Brennan 1991, Rollins and Carroll 2001). Additionally, modern-day agricul-
tural fields generally provide little to no crop residue and/or weedy habitat which is 
known to be critical for brood rearing (Yates et al. 1995).

Southwest Georgia has experienced these landscape changes (Exum et al. 
1982, Odum and Turner 1987). As the size of agricultural fields in this region has 
increased, so has the advent of center-pivot irrigation systems. Due to its circular na-
ture, many areas (i.e., dry corners) of square agriculture fields do not receive irriga-
tion. During the 1980s, the Conservation Reserve Program (CRP) promoted planting 
pines (Pinus spp.) in these “dry corners” of irrigated fields via monetary incentives. 
In the short term, this practice likely benefited bobwhite by creating fallow areas for 
about five to seven years; however, long-term consequences proved detrimental. The 
high stocking density recommended for fiber production and failure/inability to thin 
these young pines resulted in canopy closure and rapidly diminishing quality bob-
white habitat (Brennan 1991, 1993). 

We had access to a unique situation in which bobwhite inhabiting an  
intensively-managed bobwhite plantation and center-pivot agriculture landscape 
could be examined on the same property where only a paved highway divided the re-
spective management regimes. Therefore, during this study we contrasted bobwhite 
demographics within an agricultural ecosystem to an intensively-managed bobwhite 
plantation that maintained a stable/increasing population of wild bobwhites.

Study Area

We conducted our study on private agricultural land (1,520 ha) that was inten-
sively managed for row-crop farming in Baker County, Georgia. The upland portion 
consisted of approximately 1,200 ha and was dominated by nine center-pivot irrigated 
fields comprising 65% of the study area. Pivot fields were planted on annual spring 
rotations of cotton, corn, soybeans, and peanuts. Occasionally winter grains and cov-
er crops including wheat, oats, and lupine also were grown at a smaller scale. How-
ever, most of the land area was disked and the ground left bare during fall and winter 
months. The remainder of the area was comprised of hedgerows, dry corners, and 
hardwood dominated creek bottoms. Dry corners varied in size from 4.4 to 49 ha and 
were planted in slash (Pinus ellioti) and/or longleaf (P. palustris) pine during 1993. 
Herbaceous ground cover in dry corners consisted primarily of Bermuda grass (Cyn-
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odon dactylon) and blackberry (Rubus spp.). Hedgerows were 10–30 m wide and were 
dominated by mature slash pine and live oak (Quercus virginiana) with an understory 
comprised predominately of sassafras (Sassafras albidum), oak scrub (Quercus spp.), 
broomsedge (Andropogon spp.) and blackberry. Additionally, hedgerows were burned 
in small sections on a two-year rotation to control hardwood encroachment.

Our adjacent study area (8,097 ha) was an intensively-managed bobwhite plan-
tation typical of many landholdings in the area which focused primarily on wild bob-
white production and hunting. This site was in the Upper Coastal Plain physiograph-
ic region and was characterized by old-field pine forests with relatively low basal 
area. Intensive habitat management regimes typically included annual prescribed 
burning, seasonal disking, drum-chopping and mowing, supplemental feeding, and 
mammalian nest predator control (see Yates et al. 1995, Sisson et al. 2000a, b). Typi-
cal field management consisted of autumn and late winter disking to stimulate annual 
weed production and arthropods. As a result of these intense management regimes, 
this area maintained abundant wild bobwhite populations ranging from 4.2 birds/ha  
to >7.41 birds/ha (D. C. Sisson, unpublished data).

Methods

We trapped bobwhites twice annually (February–March and October–Novem-
ber) on each study area using standard, baited funnel traps (Stoddard 1931). Annu-
al time-periods were delineated via two seasons: over-winter season (fall–spring; 1 
October–March 31) and breeding season (spring–fall; 1 April–30 September). Bob-
whites were outfitted with a pendant-style radiotransmitter (6.4 g) equipped with an 
activity switch (Holohil Systems Ltd., Ontario, Canada) and leg banded, weighed 
(g), aged (Leopold 1939), and released at their capture site. We monitored radio-
tagged birds ≥3 times weekly. All bird locations were determined using the “hom-
ing” method (White and Garrott 1990) and were recorded on aerial photographs. 
Specific causes of mortality were determined when possible by evidence at the kill 
site and condition of the radiotransmitter (Curtis et al. 1988). Trapping, handling, 
and marking procedures were consistent with the guidelines and approved protocol 
of the Auburn University Institutional Animal Care and Use Committee (IACUC, 
Protocol Review Number: 2002–0364).

Home Range and Habitat Selection

Telemetry locations were marked on an aerial photograph for use in determin-
ing home range and habitat preference/avoidance (Yates 1997). Winter covey home 
ranges were estimated via the 95% Minimum Convex Polygon (MCP) using a pla-
nimeter. Kenward (2001:231) reported that a minimum of 30 locations was needed 
for home range size to stabilize. Thus, home ranges with ≥30 locations were esti-
mated via the 95% MCP as described by Mohr (1947). We divided the agriculture 
study area into four categories for analyzing habitat use: 1) hedgerows, 2) young 
(≤5 years old) planted pines (in dry corners), 3) swamp, and 4) center-pivot irrigated 
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crop fields. The plantation site was delineated into two categories: 1) piney woods 
and 2) fallow fields.

Difference in home range size was determined using an unbalanced 2-way analy-
sis of variance (ANOVA) in a general linear model (PROC GLM; SAS. 2002). Further 
examination between site and year was evaluated using least significant-difference 
(LSD) separation methods to identify differences among means following a signifi-
cant F-test (P < 0.05; CONTRAST and LSMEANS, SAS. 2002). We examined hab-
itat use with second (individual home range as used versus study area composition 
as available) and third (telemetry locations as used versus individual home range as 
available) order habitat selection (Johnson 1980) for individual coveys using com-
positional analysis (CA; Aebischer et al. 1993a, Manley et al. 2000). Second order 
availability was defined for individual coveys (N >3, radio-tagged bobwhites/covey). 
The size of each polygon was determined randomly based on random numbers gen-
erated from the mean and standard deviation of home range sizes of coveys. The av-
erage habitat proportions within these polygons was calculated and considered to be 
second order availability. Second order use was defined as the proportions of each 
habitat type within home ranges. We defined third order availability as the propor-
tion of each habitat type within home ranges and habitat use as the proportion of in-
dividual radiolocations within each habitat type. Prior to analysis, we replaced zero 
values for use with the value 0.001 (Aebischer et al. 1993a). When a habitat was not 
available for use, we replaced missing values in each log-ratio with the mean of all 
non-missing values for the respective log-ratio (Aebischer et al. 1993a,b). All habi-
tat selection analyses were conducted using Compos Analysis (version 5.1; Smith 
2003). 

Survival 

We estimated survival for each site by season, year, and pooled across factors 
using the Kaplan-Meier product limit method via staggered entry design (Kaplan 
and Meier 1958, Pollock et al. 1989). Whereas bobwhites have been reported to be 
differentially susceptible to mortality agents relative to gender (Pollock et al. 1989, 
Burger et al. 1995), male and female survival was not different during this study 
(Hughes 2003). Thus, we pooled male and female bobwhites to compare survival 
estimates across sites and years. To account for potential capture and radio effects, 
mortalities occurring within one week of radiotransmitter attachment and release 
were censored. Radiotransmitters lost due to radio failure were censored on the day 
following the last day of known contact. Hunting occurred from mid-November to 
28 February on the plantation whereas no hunting occurred on the agriculture site. 
Long-term studies on the plantation site indicated that hunting mortality was 5%–
10% annually (Burger et al. 1998, T. M. Terhune unpublished data). We compared 
survival distributions using log rank and end-point estimates of survival using Chi-
square tests via program CONTRAST (Hines and Sauer 1989, Pollock et al. 1989, 
Sauer and Williams 1989).
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Nest Survival

We assumed female bobwhites were nesting when observed in the same loca-
tion on two consecutive days during the breeding season. We approached inactive 
females (5–10 m) and marked their location with flagging tape and recorded the lo-
cation on an aerial photograph. We determined exact nest location and number of 
eggs when radiotelemetry indicated the incubating female was away from the nest. 
We monitored nests daily and nest fate was determined as abandoned, successful, or 
unsuccessful. A depredated nest was any nest in which ≥1 egg was destroyed and the 
adult bird did not return to incubate the remaining clutch. An abandoned nest was 
a nest in which the female did not complete incubation and all of the eggs were left 
still intact, i.e., there was no sign of depredation. A successful nest was defined as a 
nest that hatched ≥1 egg.

 We estimated nest survival using the maximum likelihood estimator via the 
Mayfield method (Bart and Robson 1982). Because we generally were unable to de-
tect nesting activity until incubation, we used initiation of incubation as the measur-
able onset of nesting activity. Consequently, our estimates may have over-estimated 
nest success and under-estimated nest production (number of nests produced per 
hen). However, based on backdating successful nests we determined that 96% of the 
nests were found within the first three days of incubation. We compared daily sur-
vival rates (DSR) between sites using Chi-square tests. Nest survival was based on a 
23-day incubation period (i.e., DSR23; Roseberry and Klimstra 1984).

Results

Home Range and Habitat Selection

We monitored 13 and 18 coveys on the agricultural (hereafter, farm) and plan-
tation sites, respectively during the 1997–98 (farm: N = 6, plantation: N = 10) and 
the 1998–99 (farm: N = 7, plantation: N = 8) fall–spring seasons. During 1998–99 
on the farm site, one covey left the study area and was not used for home range or 
habitat use analyses. Two coveys had no radiotransmitters left three months prior to 
the end of the season and were not used in analysis of home range.

Home range.—Home range size had a significant site and year interaction (F1 

= 12.83, P = 0.002). Whereas covey home ranges did not differ during 1997–98 (N 
= 10, x̄ = 7.71 ha) or 1998–99 (N = 8, x̄ = 6.99 ha) on the plantation (F1 = 0.22, P = 
0.646), covey home range size (x̄ = 11.76 ha, SE = 1.94) did differ between years 
(F1 = 16.83, P < 0.001) on the farm. There was no difference between sites during 
the 1997–98 season (F1 = 0.13, P = 0.726). However, farm home ranges (x̄ = 16.94 
ha, SE = 2.875) were larger than the plantation (x̄ = 6.99 ha, SE = 0.62) during the 
1998–99 season (Table 1). 

Habitat Selection.—Second order analyses revealed that habitats were used at 
rates different than expected on the farm site when compared to their occurrence 
within the study area during both 1997–98 (χ3

2 = 43.52, P < 0.01) and 1998–99 (χ3
2 

= 25.44, P < 0.01). During the 1997–98 over-winter season, coveys utilized both 
hedgerows (t5 = 4.05, P = 0.01) and young planted pines (t5 = 4.51, P = 0.01) at a 
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rate significantly higher than pivot fields. During the second study season, 1998–99, 
young planted pines were preferentially used compared to hedgerows (t5 = 4.17, P 
= 0.01) and pivot fields (t5 = 3.16, P = 0.02). We did not detect a difference between 
habitat use for winter-coveys on the plantation during either 1997–98 (χ1

2 = 1.66, P 
= 0.197) or 1998–99 (χ1

2 = 1.21, P = 0.272).
Third order analyses suggested no differences in habitat use, within covey home 

ranges, for 1997–98 (χ3
2 = 3.89, P = 0.27) or 1999–99 (χ3

2 = 7.42, P = 0.06) on the 
farm site. However, habitat use by winter-coveys monitored on the plantation differed 
significantly from random during 1997–98 (χ1

2 = 29.93, P < 0.001) and 1998–99 (χ1
2 

= 31.81, P < 0.001). Winter-coveys preferentially used piney woods on the plantation 
site during 1997–98 (t9 = 13.06, P = 0.001) and 1998–99 (t7 = 19.13, P = 0.006).

Survival

We monitored survival of 154 and 318 bobwhites during the two-year study on 
the farm and plantation sites, respectively. Survival did not differ between plantation 
bobwhites and farm bobwhites during 1997–98 (Table 2). Annual survival of plan-
tation bobwhites (0.297, SE = 0.04) was higher than farm bobwhites (0.081, SE = 
0.03) during 1998–99 (χ1

2 = 14.26, P < 0.001; Table 2). Whereas seasonal variation 
in survival was evident for the over-winter period during 1998–99 (χ1

2 = 52.479, P 
< 0.001), breeding season survival did not vary significantly during either 1997–98 
(χ1

2 = 0.169, P = 0.681), 1998–99 (χ1
2 = 3.454, P = 0.063), or pooled across years 

(χ1
2 = 1.856, P = 0.173).

Nest Survival

Daily nest survival rate did not differ between the farm (0.964, SE = 0.01) and 
the plantation (0.960, SE = 0.007) during 1999 (χ1

2 = 0.076, 1 df, P = 0.782; Table 
3). When pooled across years, nest survival during the 23-day incubation period for 
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Table 1.  Over-winter (1 October–31 March) covey home range 
estimates for northern bobwhite on an agricultural landscape 
(farm) and an intensively managed bobwhite plantation at the Al-
bany Study area, Albany, Georgia, 1997–99.

Year	 Site	 N	 HRa	 SEb	 Pc

1997–98	 Farm	 6	 8.31	 1.42	 0.726
	 Plantation	 10	 7.71	 0.91	
1998–99	 Farm	 4	 16.94	 2.87	 <0.001
	 Plantation	 8	 6.99	 0.62	
Pooled	 Farm	 10	 12.62	 1.94	
	 Plantation	 18	 7.35	 0.56	

a. Home range (HR) is the mean home range for all coveys during the winter.
b. Standard error.
c. Significant test was not conducted for pooled factors because annual variation was evi-

dent during 1998–99.
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farm and plantation birds was 32.73% ± 9.58 and 48.70% ± 5.34, respectively (Ta-
ble 3). During 1998, daily survival rate was higher (χ1

2 = 4.733, 1 df, P = 0.030) on 
the plantation (0.979, SE = 0.005) than the farm (0.939, SE = 0.02; Table 3). 

Discussion

Results from our study indicated that variation in home range size was depen-
dent on a site and year interaction, suggesting that site influenced home range size 

Table 2.  Breeding, over-winter, and annual survival estimates for northern bobwhite on an agricultural 
landscape (farm) and an intensively-managed bobwhite plantation at Albany study areas, Albany, Geor-
gia, 1997–1999.

			   Farm		  Plantation

Year	 Seasona	 N	 Survb	 SEc	  N	 Surv	 SE	 χ2d	 P

1997–	 Overwinter	 31	 0.36	 0.08	 76	 0.51	 0.04	 2.769	 0.096
1998	 Breeding	 33	 0.44	 0.10	 96	 0.49	 0.06	 0.169	 0.680
	 Annual	 64	 0.16	 0.05	 148	 0.24	 0.04	 1.62	 0.202
1998–	 Overwinter	 47	 0.25	 0.03	 86	 0.58	 0.03	 52.479	 <0.001
1999	 Breeding	 44	 0.33	 0.09	 116	 0.53	 0.06	 3.454	 0.063
	 Annual	 90	 0.08	 0.04	 170	 0.29	 0.05	 14.26	 <0.001
Pooled	 Overwinter	 78	 0.31	 0.04	 162	 0.58	 0.03		
	 Breeding	 77	 0.38	 0.07	 212	 0.48	 0.04	 1.857	 0.173
	 Annual	 154	 0.12	 0.03	 318	 0.27	 0.03		

a. Season; Overwinter = 1 October–31 March, Breeding = 1 April–30 September.
b. Survival estimates derived via the Kaplan-Meier method.
c. SE = Standard error.
d. χ2-test, difference between farm and plantation bobwhites; significant test was not conducted across pooled factors because annual variation in 

survival was evident.

Table 3.  Daily (DSR) nest survival estimates on an agricultural landscape 
(farm) and an intensively-managed bobwhite plantation on the Albany study 
area, Albany, Georgia, 1998–1999.

	 MLE Survival		

Year	 Site	 DSRa	 Surv.b	 SE	 χ2 c	 P

1998	 Farm	 0.9387	 0.2334	 0.017	 4.733	 0.029
	 Plantation	 0.9793	 0.6184	 0.005		
1999	 Farm	 0.9639	 0.4293	 0.013	 0.076	 0.782
	 Plantation	 0.9599	 0.3901	 0.007		
Pooled	 Farm	 0.9526	 0.3273	 0.011		
	 Plantation	 0.9692	 0.4870	 0.004		

a. DSR is the daily survival rate.
b. Survival (surv) is the probability that a nest will survive the period of study; (dsr)t, t = 23 days.
c. χ2 -test, difference between daily survival rate for farm and plantation bobwhites; significant test was not con-

ducted across pooled factors because annual variation in nest survival was evident.
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temporally. Therefore, environmental factors (e.g., predator dynamics, food avail-
ability, habitat quality, etc.) which fluctuate temporally relative to site likely altered 
home range size. Sisson et al. (2000a) reported that habitat quality potentially reg-
ulates home range size of bobwhites where as quality of habitat decreases, home 
range size increases. Size of the home ranges are often contingent on resource avail-
ability and when a particular resource is limited or in abundance the animal(s) under 
investigation will adjust by increasing or decreasing their home range size, respec-
tively. The first year of the study revealed that winter coveys on the farm maintained 
home ranges similar to those of plantation coveys. However, this may have been 
attributable to a high acorn yield that year which has been shown to reduce home 
range size (Curtis et al. 1988). Comparatively, the plantation’s small home range 
size, observed during both years, may be attributed to supplemental feeding regimes 
(Frye 1954, Landers and Mueller 1986, Sisson et al. 2000a). 

Although second order analyses determined that winter coveys used planted 
pines greater than other habitats compared to relative habitat availability, this finding 
was not unexpected because much of the available habitat (i.e., disked pivot fields) 
provided little to no winter cover. Hedgerow and hardwood-dominated creek swamp 
use by winter coveys varied between years and was likely due to a combination of 
food availability (e.g., hardwood acorns) during a given year. Pivot fields were dis-
tributed throughout the farm but rarely used by winter coveys due to lack of cover in 
these disked fields.

Annual average survival on the farm (11.6% ± 2.9) was low compared to annu-
al average survival on the plantation (26.9 ± 3.0). Long-term average annual survival 
on bobwhite plantations including and surrounding our study area have been report-
ed at 20.0%–22.76% (Burger et al. 1998, T. M. Terhune unpublished data). These 
long-term survival estimates are higher than those observed on the farm and lower 
than those observed on the plantation. Over-winter survival was implicated as the 
primary cause for low annual survival estimates on the farm compared to the planta-
tion during both years. Additionally, despite an additional 5%–10% per year hunting 
mortality the plantation still maintained higher annual survival (Burger et al. 1998,  
T. M. Terhune unpublished data). In contrast, Robinette and Doerr (1993) reported 
consistently greater survival estimates for non-hunted than hunted areas during a 
three-year study in North Carolina. Notably, survival was least (8.1% ± 3.5) and 
greatest (29.7 ± 4.5) when home range size was largest (16.94 ha ± 2.88) and small-
est (6.99 ha ± 0.62), respectively. We surmised that increased home range size and 
subsequent reduced survival was likely resource dependent (Sisson et al. 2000a, b). 
During the first year of our study, a high acorn yield was prevalent and therefore 
bobwhites did not need to traverse as much area to find food. During this winter pe-
riod (1997–98), home range size was cut in half on the farm and similar to the plan-
tation and survival was nearly doubled. When bobwhites are forced to increase their 
home range on highly fragmented sites (i.e., farm), traversing unsuitable habitat to 
get to suitable habitat, increased predation may result. Each year a large portion (ap-
proximately 65%) of habitat was eliminated after harvesting and disking of pivot 
fields. As a result, bobwhite which were using nearly 100% of the farm during the 
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spring and the summer were forced to use only 35% of that area during the fall and 
winter months. Guthery (1997:294) suggested, based on the usable space hypoth-
esis, “management practices aimed at increasing usable space should result in in-
creased mean density of bobwhites.” The paucity of usable space (Guthery 1997) on 
the farm site may be mitigated by implementing simple farm practice changes, such 
as leaving corn and peanut stubble for a longer period of time after harvest. 

During both years, bobwhite nested almost exclusively in two habitats on the 
farm site. Ninety-seven percent of all nests occurred in hedgerows and young planted 
pine stands, which comprised 2% and 12% of the habitat, respectively. This indicat-
ed that bobwhite were dependent on these scarce habitats for nesting in agricultural 
environments. We observed that average nest survival on the farm was lower (32.73 
± 9.59) than the plantation (48.70% ± 4.84). Our estimates were higher on the farm 
and plantation than those reported (21.0%) by Taylor and Burger (1997). Although 
Burger et al. (1995) reported nest success (43.7%) in Missouri that was similar to 
the plantation site and higher than the farm site; Puckett et al. (1995) reported nest 
success of 34% in North Carolina that was similar to the farm and lower than the 
plantation. Mammalian nest predators were controlled on the plantation site but not 
on the farm. Previous research has suggested that more efficient foraging via nest 
predators may be evident due to small and/or narrow nesting habitats (Puckett et al. 
1995). Thus, the farm site may benefit by improving nest habitat quality and quan-
tity. Recent research corroborates this notion where study sites which implemented 
field borders, hedgerows, and riparian buffers increased nesting habitat availability 
and subsequently resulted in higher nest production and nest success (Puckett et al. 
1995, D. C. Sisson, Albany Quail Project, unpublished data). In addition to low nest 
survival observed on the farm site, low overall over-winter survival exacerbated the 
poor reproductive output compared to the plantation. 

In conclusion, bobwhite on the farm site were dependent on the amount, or 
lack thereof, of usable space for bobwhites. During both years we observed slightly 
lower nest survival on the farm than the plantation; however, the primary disparity 
in overall reproductive effort likely lies in the number of females available to re-
produce during a given year. Further, number of breeding females was limited on 
the farm site due to low overall over-winter survival as compared to the plantation. 
Moreover, covey home range size during the winter was dictated by deficient cover 
and native food resources. Hence, when acorns were abundant, home range size was 
smaller and survival was greater than during years when these resources were limit-
ing. Therefore, increasing usable space (Guthery 1997) and available food resources 
during over-winter months may potentially decrease home range size, improve sur-
vival; thereby, increasing number females available for reproduction and ultimately 
increasing population levels.

Management Implications

The species and spacing of planted pines in dry corners can drastically affect 
amount, duration, and type of habitat. The time from planting to canopy closure 
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can be extended by planting pines at larger spacing and wider rows. Additional-
ly, utilizing management practices such as burning, thinning, and limb pruning can 
further inhibit canopy closure while stimulating desirable early succession vegeta-
tion. Planting longleaf pines instead of loblolly or slash permits prescribed fire to be 
utilized earlier to aid in de-limbing and control of unwanted scrub and vegetation. 
Second, increasing amount and quality of cover available during the fall and winter 
may potentially improve habitat conditions and over-winter survival. This may be 
accomplished via utilizing conservation buffers, introducing and maintaining linear 
habitats, and improving existing agricultural fields with conservation tillage and fal-
low field management. Conservation tillage, field borders or filter strips, and fallow 
field management can improve winter cover and over-winter survival. Recent re-
search has shown benefits to quail chick foraging by strip or no till planting which 
leaves crop residue (Palmer et al. 2001). Hamrick (2002) found that bobwhite abun-
dance was higher on farms with field borders and other linear habitats than those 
without linear habitats and field borders. Additionally, Puckett et al. (1995) reported 
that bobwhites were attracted to crop fields with filter strips and showed that these 
habitats had positive effects on nest production. Borders, if laid out correctly, may 
reduce fragmentation by connecting habitat patches and hedgerows and increasing 
usable space (Guthery 1997). Additionally, leaving fields or portions of pivot-fields 
fallow for one year on a rotation may improve cover and survival of bobwhites. 

Finally, two management practices that were employed on the plantation that 
could help maintain, or even increase, bobwhite densities on the farm are supple-
mental feeding and predator control. However, supplemental feeding and predator 
management are not “silver bullets” that will remedy all the problems associated 
with farm landscapes, rather these techniques should be used in conjunction with 
other management practices discussed when funding is not limited, and, these prac-
tices are compatible with landowner objectives. Essentially, bobwhite management 
on large scale farms can potentially be successful with little sacrifice to farming 
practices. Whereas some practices such as supplemental feeding and predator con-
trol can be started immediately, other practices such as establishing field borders and 
vegetation control take time. In the long run, bobwhite can benefit from many of 
these management practices, especially when used in combination.
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