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 While much emphasis has been placed on documenting the response of game 
populations to predator removal efforts, less thought has been afforded to the effects of 
removal upon the predator communities. We hypothesized that intensive removal during 
the quail nesting season would alter diets, decrease the mean age, and increase 
reproductive performance within the predator community.  Mesomammalian predators 
were removed during 1 March to 1 September 2001 and were considered “pre-removal” 
samples.  Removal treatments were repeated during 1 March to 1 September 2002 and 
were considered “post-removal” samples. Dietary items contained in stomachs from 
captured raccoons (Procyon lotor), opossums (Didelphis virginiana), bobcats (Lynx 
rufus), and coyotes (Canis latrans) were consistent with findings from previously 
published research.  Food habits data in 2002 were similar to those in 2001.  Mean age of 
captured predators decreased in 2002 as compared to 2001.  Reproductive indices for 
2002 were similar to those for 2001. 
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Introduction 

Land managers on southern U.S. plantations have long considered all mammalian 

predators to be a threat to the northern bobwhite quail (Colinus virginianus).  Managers, 

therefore, have often targeted predators such as raccoons (Procyon lotor), opossums 

(Didelphis virginianus), bobcats (Lynx rufus), and coyotes (Canis latrans) in removal 

efforts.  While there have been a number of predator diet studies conducted in the 

Southeast, relatively few studies have occurred on lands managed specifically for quail 

(Miller and Speake 1978).  Therefore, research is needed to document the diets of 

mammalian predators on areas managed intensively for quail, and to assess the potential 

impacts each predator species may have upon the quail population.  If predator removal 

efforts are being conducted, then the population-scale response of the targeted animals 

also needs to be quantified.  This is an important issue because removal of predators from 

an ecosystem can have secondary effects that extend beyond effects on the prey species 

of concern (Paine 1969, Estes and Palmisiano 1974, Palomares et al. 1995, Henke and 

Bryant 1999).   

Predator control and predation 

 Predator control efforts attempt to suppress predator populations to alleviate 

predation impacts on specific prey species (Reynolds and Tapper 1996).  For centuries, 

lethal removal of predators has been a popular way to increase recruitment of game 

species and protect domestic livestock (Reynolds and Tapper 1996).  The USDA-Georgia 

Wildlife Services’ Wildlife Management and Gamebird Restoration Project, from which 

this project descends, involves the removal of mammalian carnivores, yet other species 

(e.g., rat snakes, cotton rats, etc.) are also reported to depredate nests (Stoddard 1931, 
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Simpson 1976, Hawthorne 1983, Aldrich and Endicott 1984, Wheeler 1984, Farnsworth 

and Simons 2000, Staller 2001).  There is evidence that top carnivores suppress smaller 

predators, which results in increased faunal diversity (Palomares et al. 1995, Rogers and 

Caro 1998, Courchamp et al. 1999).  In southwestern Georgia, apex predators such as 

bobcats and coyotes may actually play a role in reducing nest predation on quail by 

suppressing smaller predators (Sovada et al. 1995, Rogers and Caro 1998, Courchamp et 

al. 1999).  Implicit in the aim of predator control is a belief that predators ordinarily limit 

the productivity, juvenile survival and/or breeding density of the prey species, so that 

prey availability to humans is reduced (Reynolds and Tapper 1996). 

 Age distribution and reproductive output of predators can be affected by intensive 

harvest.  Populations subjected to intensive harvest are often skewed toward younger 

animals (Trautman et al. 1974, Andelt 1985, Windberg et al. 1985, Gese et al. 1989, 

Windberg 1995).  Animal age is known to influence movement patterns (Conner et al. 

1999) and diet (Fritts and Sealander 1978).  Younger predators generally cover more 

territory and consume prey that is more easily captured.  Many predator populations are 

self-regulating (Sandell 1989).  In high-quality habitat, a decline in predator numbers is 

generally followed by increased reproduction (Sandell 1989).  Therefore, assessment of 

age structure and reproductive output of predators in response to a removal effort is 

important for assessing the overall value of such an effort and may well prove useful in 

explaining responses of prey populations to predator removal. 

 Many studies have identified the raccoon as an opportunistic omnivore (Dexter 

1951, Schoonever and Marshall 1951, Johnson 1970, Greenwood 1981).  Raccoons also 

have been identified as a significant nest predator of gamebirds such as wild turkey 
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(Meleagris gallopavo) and quail (Cook 1972, Baker 1978, Miller and Leopold 1992, 

Peoples et al. 1995).  

 The opossum is another opportunistic omnivore (Hamilton 1951, Dexter 1951, 

Hume 1999).    While considered more a scavenger than predator, recent evidence has 

shown that the opossum can prey not only upon eggs contained within a quail nest, but 

can successfully prey upon the incubating hen as well (R. Thornton, Tall Timbers 

Research Station, pers. comm.).     

 Food habits of bobcats have been studied in some parts of their range, and 

regional differences are reported (Young 1958).  It is accepted that the bobcat is highly 

carnivorous, and in the southeastern U.S., should be considered an apex predator (Rogers 

and Caro 1998).  Bobcats exhibit a difference in prey selection between sexes (Fritts and 

Sealander 1978).  Rats and mice appear more frequently in female bobcat diets than in 

males, while deer remains are found more frequently in males than in females (Fritts and 

Sealander 1978).  Bobcats most frequently prey upon rodent s and lagomorphs found 

within their range (Beasom and Moore 1977, Fritts and Sealander 1978, Miller and 

Speake 1978).  Miller and Speake (1978) reported that the bobcat is not an important 

predator of the northern bobwhite on managed quail lands.  However, Maehr and Brady 

(1986) found that quail made up a significant portion of the winter diet in Florida 

bobcats. 

 Coyotes are seasonally omnivorous, opportunistic predators and scavengers 

(Sperry 1941, Litvaitis and Shaw 1980, Wooding et al. 1984, Blanton and Hill 1989).  

They are documented to take a variety of animal prey, including lagomorphs, rodents, 

birds, ungulates, and domestic livestock (Sperry 1941, Litvaitis and Shaw 1980, Wooding 
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et al. 1984, Blanton and Hill 1989).  Once considered an animal of the western plains, 

coyotes have increased dramatically in the southeastern U.S. since 1972 and now occur in 

every southeastern state (Gipson 1978, Hill et al. 1987).  “Exotic” predators are known to 

be particularly devastating to their introduced ecosystems (Estes 1996, Cote and 

Sutherland 1997). 

 Detailed studies comparing unexploited (populations in which humans do not 

remove animals) to exploited predator populations are few.  For coyotes, some 

demographic differences are apparent (Andelt 1985, Windberg 1995, Windberg et al. 

1997).  Unexploited coyote populations typically have older age structures, high adult 

survival rates, low reproductive rates (particularly among yearlings), and low rates of 

recruitment into the adult population (Andelt 1985, Windberg et al. 1985, Gese et al. 

1989, Windberg 1995).  Populations under heavy exploitation have younger age 

structures, lower adult survival rates, greater yearling reproduction, and increased litter 

size (Knowlton 1972, Berg and Chesness 1978).  When food availability is high, 

emigration decreases, litter size increases, and pack size increases (Gese et al 1996a, 

1996b).  This increase in litter size in response to lower coyote density is known as 

compensatory reproduction.  Compensatory reproduction may occur in other species 

being exploited on the study area.  Connolly and Longhurst (1975) developed a 

simulation model and determined that a minimum annual removal of 75% of the breeding 

population of coyotes was needed to consistently lower coyote density. 

 In recent years, populations of bobwhite quail have dwindled (Brennan 1991). 

Since the 1960’s, northern bobwhite populations have declined as much as 70% over the 

southeastern U.S., which has led some biologists to predict that quail populations may 
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decline to unhuntable levels by the year 2005 (Brennan 1991).  Land use changes that 

have eliminated large areas of bobwhite habitat are largely to blame (Brennan 1991).  

Many believe that predators also play a role in this decline, and have targeted predators 

for removal, particularly on lands that are managed for quail. 

Traditionally, mammalian predators (raccoon, opossum, bobcat, etc.) were 

harvested during the winter trapping season.  This was done in order to provide the 

highest quality furs.  As fur markets have declined during the last 20 years, the use of 

trapping as a management tool also has declined.  In Georgia alone, the number of 

licensed trappers has declined from 3,560 during the 1979-80 trapping season to only 352 

during 1999-2000 (Todd Holbrook, Georgia Wildlife Resource Division, pers. comm.).  

Lower harvest pressure and continued land use changes have allowed predator 

populations to increase and, in some cases, attain historically high densities (Peoples et 

al. 1995).  Cases involving the illegal use of poisoned eggs to kill these overabundant 

predators demonstrate the extreme desperation felt by some landowners (as evidenced in 

a Wall Street Journal article, October 27, 1999).  Therefore, research in this area is 

needed because we currently do not understand all of the interactions among gamebirds, 

nongame species, and their predators.   

Objectives and thesis format 

If predator control is being utilized, it is crucial that predator populations be 

monitored to quantify the population-scale response of the targeted predators.  Much 

emphasis has been placed upon the response of quail populations to large-scale predator 

removal, but very little has been focused upon the response of the predator populations.  
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Additionally, research is lacking about predator diets on lands managed intensively for 

quail (Miller and Speake 1978).   

 This study was developed to examine the impacts that predator-removal has on a 

select predator community.  We examined diet composition of the mammalian predator 

community present on 2 study sites, and determined the utilization of quail and quail 

eggs.  We scrutinized predator diet, community age-structure, and reproduction in 

response to intensive removal during the quail nesting season.  We considered samples 

from predators removed during 2001 to represent “pre-removal” data.  We compared 

these data to those obtained during 2002 (i.e., “post-removal”), because it would 

potentially reflect the effect of the removal treatment.  These comparisons allowed me to 

make inferences regarding the effects of predator removal on the predator community 

present on the study sites.  This information was used to make recommendations 

regarding predator management on intensely managed quail plantations. 

 This thesis is organized in 3 chapters.  Chapter 1 provides background 

information concerning predation management, information concerning the predators that 

will be examined in this study, and published data on the parameters that we examined.  

Chapter 2 is in manuscript form (to be submitted to Wildlife Society Bulletin), and is the 

main body of the thesis.  Chapter 3 summarizes my findings, and presents management 

recommendations to those considering predation management.   
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Abstract 

       Many landowners in southwestern Georgia believe that intensive removal efforts to 

control mesomammalian predators will enhance wildlife production on their lands.  Our study 

was designed to assess the effects of intensive removal treatments on the mesomammalian 

predator community of 2 plantations ranging in size from 1,200-1,400 ha.  We hypothesized that 

intensive removal treatments during the quail nesting season would alter diets, decrease the mean 

age, and increase reproductive performance within the predator community.  Mesomammalian 

predators were removed during 1 March to 1 September 2001 and were considered “pre-

removal” samples.  Removal treatments were repeated during 1 March to 1 September 2002 and 

were considered “post-removal” samples.  We removed 882 animals during the 2-year period, 

most of which were raccoons (n=428) and opossums (n=349).  Dietary items contained in 

stomachs from captured raccoons (Procyon lotor), opossums (Didelphis virginiana), bobcats 

(Lynx rufus), and coyotes (Canis latrans) were consistent with findings from previously 

published research.  Food habits data in 2002 were similar to those in 2001.  There was a trend 

for decreasing use of the quail resource (quail and quail eggs) in 2002 vs. 2001.  Mean ages of 

collected raccoons and opossums were younger (P<0.05; t-test) in 2002 (1.9 years and 2.9 years, 

respectively) than in 2001 (2.5 years and 4.4 years, respectively).  Number of corpora lutea, 

fetuses, and placental scars observed in mesomammalian predators collected in 2002 were not 

different from those observed in 2001.  Thus, we noted no evidence for a dietary shift or 

compensatory reproduction in response to the removal treatments.  We believe the decrease in 

mean age of the raccoon and opossum populations resulted from increased sub-adult immigration 

into the removal areas.   
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Introduction 

 For centuries, lethal control of predators has been a popular way to increase 

recruitment of game species and protect domestic livestock (Reynolds and Tapper 1996).  

Due to the drastic declines that northern bobwhite (Colinus virginianus) populations have 

undergone (Brennan 1991), managers of northern bobwhite (hereafter, quail) plantations 

have often targeted mammalian predators for removal. While predators often shoulder the 

blame for the decline in quail populations, little research exists on predator diets and 

demographics on areas managed specifically for quail (Miller and Speake 1978).  Much 

emphasis has been placed on documenting quail population response to predator removal 

efforts, but less concern has been afforded to the effects upon the predator communities 

and the potential impacts upon the ecosystem.  Manipulation of predator populations can 

create secondary impacts that extend beyond effects on the prey species of concern 

(Paine 1969, Estes and Palmisano 1974, Palomares et al. 1995, Henke and Bryant 1999).   

 In this study, we examined the predators harvested in conjunction with a larger 

study of quail population responses to predator removal.  The objectives of our project 

were to provide a descriptive analysis of predator diet during the quail nesting season, 

quantify predator usage of the quail resource (both quail and quail eggs), and examine the 

dietary changes of predators in response to intensive predator removal.  Additionally, we 

assessed changes in the demographics and fecundity of selected predator populations in 

response to predator removal.  Predator removal occurred during 2 years—2001 and 

2002.  We considered samples from predators removed during 2001 to represent “pre-

removal” data.  We compared these data to those obtained during 2002 (i.e., “post-

removal”), because it would potentially reflect the effect of the removal treatment. 
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Study Areas 

 This study was conducted on 2 plantations in southwestern Georgia: Pebble Hill 

Plantation, and Pinebloom Plantation.  Pebble Hill Plantation consists of approximately 

1,246 ha, and is located in Thomas and Grady counties, Georgia.  Habitat consists 

primarily of southern upland forest with the main overstory component being longleaf 

pine (Pinus palustris) and loblolly pine (Pinus taeda).  Dominant understory components 

are wiregrass (Aristida stricta) and old-field vegetation.  The hardwood component 

consists primarily of live oak (Quercus virginiana), southern red oak (Quercus falcata), 

water oak (Quercus nigra), white oak (Quercus alba), sweetgum (Liquidambar 

styraciflua), and blackgum (Nyssa sylvatica).  The bulk of the hardwood component lies 

within the riparian areas interspersed throughout the property.   Pinebloom Plantation is 

located in Baker County, Georgia.  The portion on which this study was conducted was 

approximately 1,400 ha.  Habitat consists primarily of slash pine (Pinus elliottii) 

overstory with an understory component of old-field vegetation.  Fallow fields are 

interspersed across the property, and are dominated by ragweed (Ambrosia spp.), due to a 

regime of fall disking.   Forests on both sites may undergo commercial thinning, annual 

fire, hardwood mid-story removal, brush mowing, and disking.  Additionally, game 

management practices such as supplemental feeding of grain and planting of food plots 

occur in varying amounts on both properties according to the direction of the property 

managers.  Intensive predator removal was not practiced on either of these sites prior to 

initiation of this study. 
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Methods 

Predator collection 

 Personnel from USDA-Georgia Wildlife Services removed mid-sized mammalian 

predators from 1 March to 1 September during 2001 and 2002.  Predators were harvested 

using foothold traps, live-catch traps, conibear traps, and spotlighting at night with 

firearms.   

 Sacrificed predators were processed and samples collected were frozen on the day 

of capture for later analysis.  Processing included recording the sex of animals, date of 

removal, and method of removal.  Stomachs and lower mandibles were removed from the 

carcasses, as were female reproductive tracts.  These materials were placed in freezer 

bags, tagged with a unique, identifying number, and frozen. 

Food habits 

 After thawing, stomachs were incised and contents were emptied into 3 nested 

sieves:  U.S. standard 12, 18, and 20 mesh, respectively.  Contents were washed through 

the sieves with hot water to facilitate segregation and degreasing (Korschgen 1969, 

Litvaitis et al. 1996).  Prey remains were identified with aid of reference collections of 

hair, seeds, feathers, and bones obtained from species inhabiting the study areas.  

Additionally, mammalian hair keys (Spiers 1973, Moore et al. 1974), reference hair 

slides, and microscopic hair photos were used to identify mammalian remains.  To aid in 

identifying quail remains, a reference collection of quail feathers, body parts, and egg 

shells was assembled.  Upon identification of contents, like items were separated and an 

ocular estimate of percent gut content was recorded for each item.  To reduce potential 

observer bias, all stomach analyses were performed by the lead author.    
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 All food habits data were entered into an Excel spreadsheet and frequency of 

occurrence for all food items was calculated.  Species were pooled into taxonomic or 

abundance groupings to facilitate statistical analyses.  Items occurring in greatest 

frequency of occurrence were examined using Chi-square (Bishop et al., 1975) to 

examine differences in proportion of prey usage between years on each site. 

 To assess overall predator utilization of the quail resource, predator species were 

pooled, and frequency of occurrence of quail, quail eggs, and combined quail resource 

(quail and quail eggs) between years was also examined using Chi-square.   

Age determination 

 Cementum annuli analysis has proven to be an accurate indicator of age in 

carnivores (Dimmick and Pelton 1994).  For raccoons, opossums, bobcats, and coyotes, 

lower canine teeth are considered optimum for obtaining an accurate age through 

cementum age analysis (G. Matson, Matson’s Lab, pers. comm.).  Processing entailed 

soaking labeled jawbones in a hot water bath at 750 C for 2-3 hours to soften the 

periodontal membrane (G. Matson, Matson’s Lab, pers. comm.).  Lower canine teeth 

were then removed manually with aid of needle-nosed vise grips, taking care not to 

damage the root tip.  Cleaning of the extracted tooth was done with a firm and thorough 

wiping of the tooth with a nylon mesh material.  Teeth were individually packaged, 

labeled, and shipped to Matson’s Laboratory, Milltown, Montana, for sectioning and 

cementum age analysis. 

 Age data were analyzed in SAS (SAS 1999) using t-tests.  I calculated mean ages 

for each predator species on both study sites in both years.  For raccoons and opossums, 2 

means were calculated.  One mean was calculated to determine the average age of the 
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adult population (animals = 1 year old).  Another mean was calculated including the 

juveniles removed from the population.  Because an accurate approximation of age was 

not available for juvenile animals, all removed juveniles were considered to be 0.3 years 

of age.  Data were log transformed to adjust for a non-normal distribution, and means 

were compared using t-tests, comparing 2001 data to 2002 data.  Predator species were 

then pooled between sites to increase sample size, and again t-tests were performed, 

comparing the means of 2001 to those of 2002. 

 Among 120 known-age, land mammal teeth (12 species) processed at Matson’s 

Laboratory, exact agreement occurred between known age and cementum age in 94 

individuals; 21 were within 1 year of known age, and 5 were incorrect by more than 1 

year (G. Matson, pers. comm.).  To assess reliability of the cementum aging procedure in 

our study animals, a random blind sample of matching lower canine teeth was sent to 

Matson’s Laboratory for cementum aging.  Ages from this sample were compared to the 

match to determine the accuracy of the age data generated.  

Reproduction 

 A placental scar is a pigmented area of the uterus occurring at the attachment site 

of a previous placenta (Harder and Kirkpatrick 1994).  Placental scars from different 

pregnancies can easily be differentiated by color, with more recent scars being darker 

(Sanderson and Nalbandov 1973, Junge and Sanderson 1982, Fritzell et al. 1985, Harder 

and Kirkpatrick 1994).  Placental scars and fetal counts can be used to estimate the 

number of young produced and reproductive history (Davis and Emlen 1948, Johnson 

1970, Sanderson and Nalbandov 1973, Junge and Sanderson 1982, Fritzell et al. 1985, 

Harder and Kirkpatrick 1994).  The corpus luteum (CL) is formed from ovulated follicles 
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(Sanderson and Nalbandov 1973, Harder and Kirkpatrick 1994).  Number of CL provide 

an indication of ovulation rate, which is a primary indicator of reproductive success in 

mammalian species (Harder and Kirkpatrick 1994).   

Female reproductive tracts from raccoons, bobcats, and coyotes were examined 

for evidence of uterine swellings, fetuses, CL, and placental scars.  Fetuses were removed 

and examined to determine sex.  If no evident uterine swellings were observed, the 

uterine horns were scrutinized for the presence of placental scars.  Ovaries were either 

examined immediately for the presence of CL, or placed in a 10% formalin solution and 

processed after 7 days (Harder and Kirkpatrick, 1994).  

An estimation of litter size was made based on counts of CL, placental scars, and 

fetal counts (Johnson 1970, Sanderson and Nalbandov 1973, Kramer 1996).  Predator-

specific and site-specific comparisons of these indices were made using t-tests, 

comparing 2001 data to 2002 data.  Predator-specific data were then pooled between sites 

to increase sample size, and again t-tests were performed, comparing 2001 and 2002 data.   

Results 

Sample collections  

We collected 882 animals for analysis during the 2-year period, 428 raccoons, 349 

opossums, 68 bobcats, and 37 coyotes.  Capture effort was constant from 1 March 2001 

until 1 September 2001 for the first year of removal.  Constant capture effort was applied 

from 1 March 2002 until 1 September 2002 for the second year removal effort.  Capture 

success between years may have differed due to increased experience of trappers in 2002, 

as well as increased familiarity with the treatment areas. 
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Food habits 

Raccoons.  On Pinebloom Plantation, no differences (P>0.05) were found in 

frequency of occurrence between years for the following food items: grain, insects, quail, 

and quail eggs (Table 1).  Raccoons on the PB site ate more acorns (P=.001) and rodents 

(P=.001), but less soft mast (P=.026), “other mammals” (P=.011), and vegetation 

(P=.001) in 2002 vs. 2001 (Table 1). 

On Pebble Hill Plantation, no differences (P>0.05) were found in frequency of 

occurrence between years for the following food items: rodents, and insects (Table 1).  

Due to limited consumption, Chi-square analysis for quail and quail eggs was 

inappropriate.  Raccoons on the PH site ate more acorns (P=.01), but less grain (P=.02), 

soft mast (P=.041), “other mammals” (P=.049) and vegetation (P=.018) in 2002 vs. 2001 

(Table 1). 

Opossums.  On Pinebloom plantation, no differences (P>0.05) were found in 

frequency of occurrence between years of the following food items: soft mast, 

reptile/amphibians, insects, vegetation, quail and quail eggs (Table 2).    Opossums ate 

more rodents (P=.026), but less grain (P=.048) and “other mammals” (P=.041) in 2002 

vs. 2001.  

On Pebble Hill Plantation, no differences (P>0.05) were found in frequency of 

occurrence between years of the following food items: soft mast, rodents, 

reptile/amphibians, insects, vegetation, quail and quail eggs (Table 2).  Opossums on 

Pebble Hill ate less grain (P=.001) and “other mammals” (P=.005) in 2002 vs. 2001. 

There were no significant statistical increases in frequency of occurrence from 2001 to 

2002. 



  
 

 

 

 

 

Table 1. Frequency of occurrence (%) of food items for raccoons collected during 2001 and 2002 on Pinebloom (PB) and Pebble Hill 

(PH) Plantations, Georgia. 

Site Year n Grain Acorn Soft  
mast 

Rodent Other 
mammal 
 

Insect Vegetation Quail Quail 
eggs 

PB 2001 122 26.2  7.4a 30.3a  4.1a 16.4a 19.7 18.9a 0.0 4.9 

 2002 214 23.4 36.0a 19.6a 15.9a  7.0a 17.8  4.7a 2.8 2.3 

PH 2001   60  36.7b  1.7b 25.0b 6.7 21.7b 10.0 21.7b 1.7 1.7 

 2002   32   6.3b 21.9b 18.8b 6.3  9.4b  9.4  3.1b 0.0 0.0 

a For the Pinebloom site, means between years differ significantly (P<0.05;  Chi-square test, d.f.=1) 
b For the Pebble Hill site, means between years differ significantly (P<0.05;  Chi-square test, d.f.=1) 

 

 

 

 



  
 

 

 

 

 

Table 2.  Frequency of occurrence (%) of food items for opossums collected during 2001 and 2002 on Pinebloom (PB) and Pebble 

Hill (PH) Plantations, Georgia. 

Site Year n      Grain Soft   
mast 

Rodent Other 
mammal 
 

Reptile/ 
amphibian 

Insect Vegetation Quail Quail 
eggs 

PB 2001 37 18.9a 21.6    2.7a 37.8a 13.5 32.4 10.8 0.0 2.7 

 2002 129 7.8a 19.4  17.1a 27.1a 12.4 30.2 12.4 3.9 2.3 

PH 2001 64 23.4b 20.3 17.2 28.1b   6.3 39.1 24.7 1.6 1.6 

 2002 119 3.4b 13.5 20.2 11.8b   9.2 31.9 18.5 0.8 0.8 

a For the Pinebloom site, means between years differ significantly (P<0.05;  Chi-square test, d.f.=1) 
b For the Pebble Hill site, means between years differ significantly (P<0.05;  Chi-square test, d.f.=1) 
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Bobcats.  On Pinebloom Plantation, no differences (P>0.05) were found in 

frequency of occurrence between years of the following prey items: rodents, rabbits, feral 

hogs, “other mammals” and quail (Table 3).  Due to limited sample sizes, and limited 

consumption, Chi-square analysis for deer and quail eggs was inappropriate.  Deer were 

not present in stomach contents of bobcats from Pinebloom, and while there were 3 

separate instances of quail eggs found in 2001, no egg particles were found in stomach 

samples in 2002.  One gray rat snake (Elaphe obsoleta spiloides), a known quail egg 

predator, was found in a 2001 stomach sample from a bobcat.  A mature timber 

rattlesnake (Crotalus horridus) was found in a 2002 stomach sample from a bobcat. 

On Pebble Hill Plantation, no differences (P>0.05) were found in frequency of 

occurrence between years for rodents or deer (Table 3).  Due to limited sample sizes, and 

limited consumption, Chi-square analysis for rabbits, quail, and quail eggs was 

inappropriate.  No test was performed on usage of feral hogs, as hogs were not present on 

the PH site.  A mature Eastern diamondback rattlesnake (Crotalus adamanteus) was 

found in a 2001 stomach sample from a bobcat.  

Coyotes.  On Pinebloom Plantation, no differences (P>0.05) were found in 

frequency of occurrence between years for the following food items: rodents, rabbits, 

deer, hog, and soft mast (Table 4).  Due to limited sample sizes, and limited consumption, 

Chi-square analysis for quail eggs was inappropriate.  While no quail usage was 

documented for either year, remains from an adult Eastern wild turkey (Meleagris 

gallopavo) were found in a 2002 stomach sample from a coyote. 
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Table 3.  Frequency of occurrence (%) of prey items for bobcats collected during 2001 

and 2002 on Pinebloom (PB) and Pebble Hill (PH) Plantations, Georgia. 

Site Year n Rodent Rabbit Deer Hog Other 
mammal 

Quail Quail 
eggs 

PB 2001 16 56.3 43.8 0.0 25.0 12.5 12.5 18.8 

 2002 36 65.8 26.3 0.0 7.9 5.3 5.3 0.0 

PH 2001 9 66.7 22.2 44.4 0.0 11.1 0.0 0.0 

 2002 5 40.0 0.0 40.0 0.0 0.0 0.0 0.0 
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On Pebble Hill Plantation, Chi-square analyses for all food items were 

inappropriate due to small sample sizes.   While we found no evidence of quail 

consumption from either year, Eastern wild turkey poults were found in 2 separate 

stomach samples from Pebble Hill coyotes in 2002. 

 Use of quail by all predators.  On Pinebloom Plantation, no differences (P>0.05) 

were found between years when predator species were pooled and frequency of 

occurrence for quail, and combined quail resource (quail and quail eggs) were analyzed 

(Table 5).  Overall, predators on the PB site ate less quail eggs (P=0.05) in 2002 vs. 

2001.   

 On Pebble Hill Plantation, no differences (P>0.05) were found between years 

when predator species were pooled and frequency of occurrence for quail, quail eggs, and 

combined quail resource were analyzed (Table 5).  While not found to be statistically 

significant, there was a trend for frequency of occurrence in all of these categories to 

decrease in 2002 vs. 2001. 

Pooling the 2 sites, no differences were found between years in frequency of 

occurrence of quail, quail eggs, and combined quail resource (Table 5).  While not 

statistically significant, frequency of occurrence of quail in predator diets appeared to 

increase in 2002 vs. 2001, while there appeared to be a decrease in frequency of 

occurrence of quail eggs and combined quail resource. 
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Table 4.  Frequency of occurrence (%) of food items for coyotes collected during 2001 

and 2002 on Pinebloom (PB) and Pebble Hill (PH) Plantations, Georgia. 

Site Year n Rodent Rabbit Deer Hog Other 
mammal 

Soft 
mast 

Quail Quail 
eggs 

PB 2001 8 37.5 12.5 12.5 37.5 0.0 37.5 0.0 0.0 

 2002 14 50.0 14.3 28.6 14.3 0.0 7.1 0.0 14.3 

PH 2001 2 0.0 0.0 50.0 0.0 0.0 0.0 0.0 0.0 

 2002 13 30.8 7.7 15.4 0.0 23.1 15.4 0.0 7.7 
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Table 5.  Frequency of occurrence (%) of quail and quail eggs pooling all predators 

collected during 2001 and 2002 on Pinebloom (PB) and Pebble Hill (PH) Plantations, 

Georgia. 

Site Year n Quail Quail eggs Quail & 
quail eggs 

PB 2001 183 1.1 5.5a 6.5 

 2002 395 3.3 2.5a 5.8 

PH 2001 135 1.5 1.5 3.0 

 2002 169 0.6 1.2 1.8 

Pooled 2001 318 1.3 3.8 5.0 

 2002 564 2.5 2.1 4.6 

a For the Pinebloom site, means between years differ significantly (P<0.05; Chi-square 
test, d.f.=1) 
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Age 

Reliability of the cementum aging procedure.  Cementum age data from the 

corresponding lower canine tooth matched that returned from the blind sample in 25 of 

26 cases.  If this ratio was maintained throughout the samples, an accuracy rate of 96% 

was accomplished in the estimation of age from removed predators. 

Raccoons.  On Pinebloom Plantation, a difference (P=0.001) was found when 

comparing mean age of adult raccoons removed in 2002 vs. 2001 (Table 6).  Mean age of 

the adult population decreased from 2.4 years in 2001, to 2.0 years in 2002.  When 

juveniles were included in the comparison, there was no difference in age. 

 On Pebble Hill Plantation, a difference (P=0.007) was found when comparing 

mean age of adult raccoons removed in 2002 vs. 2001 (Table 6).  Mean age of the adult 

population decreased from 2.6 years in 2001, to 1.4 years in 2002. When juveniles were 

included in the comparison, ages remained different (P=0.001).  

 After pooling the raccoon age data from both sites, a difference (P=0.001) was 

found when comparing mean age of adult raccoons removed in 2002 vs. 2001 (Table 6).  

Mean age of the adult population decreased from 2.5 years in 2001, to 1.9 years in 2002. 

When juveniles were included in the comparison, a difference  (P=0.001) was again 

noted. 

 Opossums.  On Pinebloom Plantation, a difference (P=.006) was found when 

comparing the mean age of adult opossums removed in 2002 vs. 2001 (Table 6).  Mean 

age of the adult population decreased from 4.8 years in 2001, to 3.1 years in 2002.  When 

juveniles were included in the comparison, no difference (P>0.05) was observed. 
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Table 6.  Age data from raccoons and opossums collected during 2001 and 2002 on 

Pinebloom (PB) and Pebble Hill (PH) Plantations, Georgia. 

                                                                   Adult-age                     Adult-age with juveniles 
Species Site Year n x SE n x SE 
Raccoons PB 2001 83 2.4a 0.17 102 2.0 0.16 

  2002 170 2.0a 0.15 194 1.8 0.14 

 PH 2001 52 2.6b 0.28 52 2.6b 0.28 

  2002 19 1.4b 0.19 23 1.2b 0.18 

 Pooled 2001 135 2.5c 0.15 154 2.2c 0.14 

  2002 189 1.9c 0.14 217 1.7c 0.12 

Opossums PB 2001 23 4.8a 0.52 29      3.8 0.54 

  2002 92 3.1a 0.14 124      2.4 0.15 

 PH 2001 38 4.2b 0.29 49      3.3 0.33 

  2002 93 2.6b 0.10 112      2.2 0.12 

 Pooled 2001 61 4.4c 0.27 78 3.5c 0.29 

  2002 185 2.9c 0.09 236 2.3c 0.10 

a For the Pineblooom site, means between years differ significantly (P<0.05; t-test, log 
transformation, d.f. = (n1+n2)-2) 
b For the Pebble Hill site, means between years differ significantly (P<0.05; t-test, log 
transformation, d.f. = (n1+n2)-2) 
c Pooling data from both PB and PH sites, means between years differ significantly 
(P<0.05; t-test, log transformation, d.f. = (n1+n2)-2) 
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On Pebble Hill Plantation, a difference (P=0.001) was found when comparing the 

mean age of adult opossums removed in 2002 vs. 2001 (Table 6).  Mean age of the adult 

population decreased from 4.2 years in 2001, to 2.6 years in 2002.  When juveniles were 

included in the comparison, no difference (P>0.05) was noted. 

 After pooling the opossum age data from both sites, a difference (P=0.001) was 

found when comparing the mean age of adult opossums removed in 2002 vs. 2001 (Table 

6).  Mean age of the adult population decreased from 4.4 years in 2001, to 2.9 years in 

2002.  When juveniles were included in the comparison, a difference (P=0.027) was 

again noted. 

 Bobcats.  On Pinebloom Plantation, no significant differences (P>0.05) were 

found in the mean age of adult bobcats removed in 2002 vs. 2001 (Table 7).  Only 2 

juvenile bobcats were captured on the PB site during the duration of the study, so no 

comparison was made with juveniles included. 

 On Pebble Hill Plantation, no significant differences (P>0.05) were found in the 

mean age of adult bobcats removed in 2002 vs. 2001 (Table 7).  No juvenile bobcats were 

captured on the PH site during the duration of the study. 

 Coyotes.  On Pinebloom Plantation, no significant differences (P>0.05) were 

found in the mean age of adult coyotes removed in 2002 vs. 2001 (Table 7).  Only 2  

juvenile coyotes were captured on the PB site during the duration of the study, therefore 

no comparison was made with juveniles included.   

On Pebble Hill Plantation, no significant differences were found in the mean age 

of adult coyotes removed in 2002 vs. 2001 (Table 7).   
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Table 7.  Age data from bobcats and coyotes collected during 2001 and 2002 on 

Pinebloom (PB) and Pebble Hill (PH) Plantations, Georgia. 

Species Site Year n x SE 
Bobcats PB 2001 12                2.2 0.42 

  2002 34               1.8 0.18 

 PH 2001 10               2.9 0.98 

  2002 5               2.0 0.63 

 Pooled 2001 22               2.5 0.49 

  2002 39               1.8 0.18 

Coyotes PB 2001 5               1.4 0.40 

  2002 13               2.4 0.54 

 PH 2001 2   1.0 0.00 

  2002 7 2.0 0.38 

 Pooled 2001 7 1.3 0.29 

  2002 20 2.3 0.37 
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Reproduction 

 Raccoons.  Examination of pregnant female raccoons from Pinebloom Plantation 

resulted in a greater (P=0.036) number of fetuses per female in 2001 (3.4) versus 2002 

(2.6) (Table 8).  Current year (dark) placental scars were found in 15 raccoons in 2001.  

The mean number of placental scars per female did not differ between 2001 and 2002 

(Table 8).  Potential litter size per female (obtained from CL counts) also did not differ 

between years (Table 8). 

 On Pebble Hill Plantation, examination of pregnant female raccoons revealed no 

differences in number of fetuses per female between years (Table 8).  Current year 

placental scars and potential litter sizes obtained from CL counts also did not differ 

between years (Table 8).  Pooling the data from both sites also revealed no differences 

between years in any of the 3 reproductive indices (Table 8). 

 Bobcats.  One pregnant bobcat carrying 2 fetal young was captured on Pinebloom 

Plantation in 2001.  Two pregnant bobcats were captured in 2002, both carrying 3 

fetuses.  Current year placental scars were identified in 4 bobcats in 2001, with a 

placental scar count of 2.5 ± 0.29 (x ± SE) per female.  Current year placental scars were 

found on 6 bobcats in 2002, with a placental scar count of 3.2 ± 0.31 per female.  In 

2001, a potent ial litter size of 3.2 ± 0.37 per female was obtained from CL counts of 5 

females.  In 2002, the potential litter size obtained from corpora lutea counts was 3.1 ± 

0.23 (n=10).  There were no statistical differences (P>0.05) found in these reproductive 

indices. 
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Table 8.  Reproductive data from raccoons collected during 2001 and 2002 on Pinebloom 

(PB) and Pebble Hill (PH) Plantations, Georgia. 

    
Fetuses per 

pregnant female 

Placental scars per 
post-partuition 

female 

CL per pregnant 
and/or post-
partuition female 

Site Year # 
examined 

n x SE n x SE n x SE 

PB 2001 33 7 3.4a 0.30 15 2.9 0.15 11 3.5 0.25 

 2002 67 11 2.6a 0.20 22 3.0 0.17 34 3.2 0.12 

PH 2001 18 6  2.7 0.21 5 2.6 0.40 7 2.7 0.29 

 2002 11 2  2.5 0.50 4 3.3 0.25 5 3.4 0.40 

Pooled 2001 51 13  3.1 0.21 20 2.9 0.15 18 3.2 0.20 

 2002 78 13  2.6 0.18 26 3.0 0.15 39 3.3 0.11 

a For the Pineblooom site, means between years differ significantly (P<0.05; t-test, log 
transformation, d.f. = 16) 
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 Two pregnant bobcats were captured on Pebble Hill Plantation in 2001, carrying 2 

and 3 fetuses, respectively.  In 2002, again 2 pregnant bobcats were captured, carrying 3 

and 4 fetal young.  Current year placental scars were found on only 1 bobcat from Pebble 

Hill in 2001, with 2 dark placental scars identified.  In 2002, of the 3 female bobcats 

captured with reproductive characteristics, none had evidence of current year placental 

scars.  In 2001, a potential litter size of 2.3 ± 0.33 per female was obtained from CL 

counts of 3 females.  In 2002, the potential litter size obtained from CL counts was  

3.3 ± 0.66  (n=3).  No differences (P>0.05) were found in any of these reproductive 

indices. 

Pooling the bobcat data from both sites, average fetal count was 2.3 ± 0.33 in 

2001 (n=3) and 3.3 ± 0.25 in 2002 (n=4).  Current year placental scars averaged 2.4 ± 

0.25 per female (n=5) in 2001, compared to 3.2 ± 0.31 (n=6) in 2002.  The potential litter 

size obtained from CL counts was 2.9 ± 0.29 per female (n=8) in 2001, compared to 3.2 ± 

0.22 (n=13) in 2002.  After pooling the data, no differences (P>0.05) were found in any 

of these reproductive indices.  

 Coyotes.  One pregnant coyote was captured on Pinebloom Plantation in 2001, 

carrying 2 fetuses.  In 2002, 2 pregnant coyotes were captured, carrying 3, and 7 fetuses, 

respectively.  Current year placental scars were found on 3 coyotes in 2001, with an 

average of 4.7 per female.  In 2002, of the 2 reproductively active female coyotes 

captured, none had evidence of dark placental scars.  In 2001, a potential litter size of 3.0 

per female was obtained from CL counts of 2 females.  In 2002, the potential litter size 

obtained from CL counts was 6.0 (n=2). 
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 No female coyotes with reproductive characteristics were captured on Pebble Hill 

Plantation in 2001.  In 2002, 1 female coyote with reproductive characteristics was 

captured.  This female had 4 CLs, and 4 current year placental scars. 

Discussion 

Food habits 

 Raccoons.  Food habits for raccoons in this study were consistent with that of 

earlier literature (Dexter 1951, Schoonever and Marshall 1951, Johnson 1970, Cook 

1972, Baker 1978, Greenwood 1981, Miller and Leopold 1992, Peoples et al. 1995).  

Raccoons tend to be opportunistic omnivores, making use of available resources. 

 The decrease in grain consumption observed on the PH site likely is due to a 

decrease in the practice of pre-baiting sites with grain.  Grain usage on the Pinebloom site 

was stable in 2002 vs. 2001, and this grain usage we believe stemmed primarily from the 

use of supplemental feed spread for gamebirds.  Acorn consumption by raccoons 

increased on both sites in 2002 vs. 2001.  This was likely the result of availability 

differences between years.  We noted a considerable increase in acorn production for 

2002.  The decrease in soft mast consumption on both sites again may be linked to 

availability.  In 2002, there was a marked decrease in soft mast production, particularly 

blackberries (Rubus spp.) which made up the bulk of raccoon soft mast consumption in 

2001.  These abundance differences were noted during trapping excursions on the sites, 

as well as through communication with wildlife technicians present on the study areas. 

No explanation can be offered for the increase of rodent consumption on the PB 

site in 2002 vs. 2001, nor the decrease in consumption of “other mammals” and 

vegetation on both sites.  We can only assume that there was an increase in rodent 
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availability in 2002 on the PB site, and a decrease in the availability of “other mammals” 

and vegetation on both sites.  With no measurements to provide support, this is only 

conjecture. 

 Opossums.  The diet of opossums examined in this study was consistent with 

previous work conducted on the species (Hamilton 1951, Dexter 1951, Hume 1999).  The 

opossum is indeed a highly opportunistic omnivore that is rather unselective in its feeding 

habits.  Insects were consistently prevalent in opossum diets on both sites, in both years. 

 Grain consumption decreased in 2002 on both sites, perhaps due to a decrease in 

the practice of pre-baiting sites with grain.  Opossums utilize grain to a much lesser 

extent than raccoons (Hamilton 1951).  Unlike data observed for raccoons, soft mast 

consumption remained constant for opossums on both sites.  While there indeed was a 

decrease in the soft mast crop in 2002 vs. 2001, the opossums consumed a wider variety 

of soft mast, including muscadines (Vitis rotundifolia), persimmons (Diospyros 

virginiana), hawthornes (Crataegus spp.), pawpaw (Asimina spp.), American beautyberry 

(Callicarpa americana), and blackberries.  We assume that the increases in consumption 

of rodents, and decreases in consumption of “other mammals” are linked to availability 

on the given sites. 

 Bobcats.  Our analysis concurs with literature, that rodents and lagomorphs are 

the primary food item for the bobcat (Beasom and Moore 1977, Fritts and Sealander 

1978, Miller and Speake 1978, Maehr and Brady 1986).  While frequency of occurrence 

of deer was relatively high on the PH site (40-44%), no deer usage was documented on 

the PB site, despite larger sample sizes from this site.  This could potentially be explained 

by the high incidence of hog consumption on the PB site, with hogs being absent on the 
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PH site.  Deer abundance was similar between sites, based on cursory observation during 

predator spotlight collections. 

 Miller and Speake (1978) reported that the bobcat is not a significant quail 

predator on managed quail lands.  While our findings on the PH site seem to support this, 

our findings on the PB site are more consistent with Maehr and Brady (1986) who 

consistently found quail in the diet of the bobcat in Florida.  Of additional interest was 

the relatively high frequency of occurrence of quail eggs (19%) for bobcats captured on 

PB in 2001.  Jones and Smith (1979) reported finding egg fragments in bobcat scats, but 

did not identify eggs to species. 

 Coyotes.  The coyote has been identified in a number of studies as a highly 

versatile scavanger and predator (Sperry 1941, Litvaitis and Shaw 1980, Wooding et al. 

1984, Lee and Kennedy 1986, Blanton and Hill 1989, Stratman and Pelton 1997).  In our 

study, coyotes consumed large quantities of rodents, rabbits, deer, hogs, and soft mast.  

Persimmons and blackberries were the primary soft mast utilized by coyotes.  Quail were 

not present in the remains sorted from coyote stomachs, but remains of both juvenile and 

adult wild turkeys were found.  Incidence of quail eggs in the coyote diet appeared to 

increase on both sites in 2002, as there was no usage of quail eggs by coyotes 

documented on either site in 2001. 

 Use of quail by all predators.  Past research has shown that raccoons, opossums, 

bobcats, and coyotes prey on ground-nesting birds (adults and juveniles) and their eggs 

(Yeagar and Elder 1945, Hamilton 1951, Jones and Smith 1979, Greenwood 1981, Maehr 

and Brady 1986, Wagner and Hill 1994, Staller 2001).  In our research, we found 

presence of quail eggs in all of the predator species examined, and quail remains in 
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raccoon, opossum, and bobcat stomach samples, but absent from coyote stomach 

samples.  This absence of quail in coyote stomach samples could be due to the relatively 

low number of coyotes captured during the study (10 examined in 2001, 27 examined in 

2002).  The pooled predator utilization of quail eggs decreased significantly on the PB 

site in 2002 vs. 2001.  Utilization of quail, quail eggs, and combined quail resource (quail 

and quail eggs) remained statistically constant, but with an overall downward trend in 

2002 vs. 2001.  This seemingly constant level of resource usage may be linked to 

availability of the quail resource.  The removal treatment appeared to have the desired 

effect of increasing quail survival and recruitment (W. E. Palmer, Tall Timbers Research 

Station, pers.comm.). Therefore, the remaining predators could exploit this increase in 

availability of the quail resource.  While the frequency of occurrence of quail, quail eggs, 

and combined quail resource may remain constant in predator diets, the collective amount 

of quail resource consumed by these targeted predators may actually be decreasing, due 

to a decrease in the overall size of this select predator population.  Scent station data 

collected during the study showed a decreasing population trend of predators on the 

removal areas (W. E. Palmer, pers. comm.).  If indeed the removal effort is reducing the 

population of this select predator community on the given sites, then the overall food 

intake of the select predator community would be decreasing, theoretically decreasing 

consumption of the quail population by these predator species. 

Age 

 Age distribution of animal populations can be affected by intensive harvest.  

Populations subjected to intensive harvest are often skewed towards younger animals 

(Trautman et al. 1974, Andelt 1985, Windberg et al. 1985, Gese et al. 1989, Windberg 
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1995).  Unexploited populations (populations in which humans do not remove animals) 

typically have older age structures than those of exploited populations (Knowlton 1972, 

Trautman et al. 1974, Berg and Chesness 1978, Andelt 1985, Windberg et al. 1985, Gese 

et al. 1989, Windberg 1995).   

 Raccoons.  Age data generated from raccoons collected in this study followed the 

pattern established in the literature.  We observed an older age structure for animals 

removed in 2001 (“pre-removal”, or “unexploited” population) as compared to the age 

structure the raccoon community data generated from animals captured in 2002 (“post-

removal”, or “exploited” population).  This trend was consistent on both sites, with or 

without the inclusion of the juvenile component of the population.  This result leads us to 

believe that indeed the removals were having an effect on the raccoon population 

demographics on the two sites.   

 Opossums.  Considering the adult portion of the opossum population present on 

the 2 sites, the age data generated followed the pattern established in the literature.  On 

both sites separately, as well as pooled, we saw a significant decrease in the mean age of 

the adult portion of the opossum population in 2002 vs. 2001.  The “pre-removal” 

population was significantly older than the “post-removal” population.  With the 

inclusion of the juvenile component of the population, only after pooling both sites did a 

significant decrease in the mean age occur between 2002 and 2001.  Again, particularly 

considering the significant decrease in the mean age of the adult component of the 

opossum population, we are led to believe that the removal effort was indeed affecting 

the opossum population.  This effect was apparent in the shift to a population skewed 

towards younger animals, as illustrated by Trautman et al. (1974). 
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 Bobcats.  While no significant differences were noted when comparing the mean 

ages of bobcats removed in 2001 to those removed during 2002, the trend was for 

decreasing mean age in the “exploited” population.  We would surmise that lack of 

statistical significance stems from the relatively small number of bobcats removed from 

the population during the first year (12 on the PB site, and 10 on the PH site).  It would 

be of interest to determine the mean age of the removed bobcat population in 2003 on the 

PB site, where 34 animals were removed in 2002.  Younger bobcats have a greater home 

range, and consume prey that are more easily captured (Fritts and Sealander 1978).    

 Coyotes.   Unexploited coyote populations typically have older age structures, 

high adult survival rate, and low rates of recruitment into the adult population (Andelt 

1985, Windberg et al. 1985, Gese et al. 1989, Windberg 1995).  While no significant 

differences were noted when comparing the mean ages of coyotes removed in 2001 to 

those removed during 2002, the trend was opposite of what we expected.  The trend was 

toward an increase in mean age in the “exploited” population.  However, when we 

examined the removal data for coyotes captured in 2001, one could hardly conclude that 

the population had been “exploited”.  Eight coyotes were captured on the PB site in 2001, 

while only 2 were captured on the PH site.  Connolly and Longhurst (1975) developed a 

simulation model and determined that a minimum annual removal of 75% of the breeding 

population of coyotes was needed to consistently affect coyote density.  Perhaps if more 

animals had been removed, a trend towards decreasing mean age would be realized.     

Reproduction 

 Populations under heavy exploitation have greater yearling reproduction and 

increased litter size (Knowlton 1972, Berg and Chesness 1978).  Increased litter size in 
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response to a reduction in conspecific density is known as compensatory reproduction.  

Lower density leads to less competition for resources, often resulting in a decrease in 

emigration, and an increase in litter size (Gese et al. 1996a, 1996b).  We would expect to 

see an increase in litter size in our study populations, due to the reduction in competition 

through the removal effort. 

 Raccoons.  Litter sizes of raccoons in this study were similar to other raccoon 

studies in the Southeast (Sanderson 1950, McKeever 1957, Cunningham 1962, Johnson 

1970, Kramer 1996).  There was no evidence to support compensatory reproduction in 

raccoons on the study areas.  The significant decrease in observed litter size on the PB 

site in the exploited population argues against any compensatory reproduction in 

raccoons.  Overall, the reproductive data collected in 2002 were consistent with that 

collected in 2001.  Perhaps more time and continued removal would be needed to 

document compensatory reproduction in raccoons. 

 Bobcats.  Litter sizes of bobcats in this study were similar to other bobcat studies 

(Gashwiler et al. 1961, Crowe 1975, Fritts and Sealander 1978).  While small sample size 

made it difficult to provide a definitive conclusion, the trend was toward increased 

reproductive indices in 2002 vs. 2001.  However, no definitive evidence for 

compensatory reproduction in bobcats was provided by this study. 

 Coyotes.  The potential for compensatory reproduction is well documented in wild 

canids (Knowlton 1972, Connolly and Longhurst 1975, Berg and Chesness 1978, Andelt 

1985, Windberg 1995, Gese et al. 1996a, 1996b, Windberg et al. 1997).  While our 

sample size was small, reproductive indices of coyotes in this study were consistent with 

other coyote studies (Knowlton 1972, Gipson et al. 1975, Gese et al. 1989,Green et al. 
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2002).  Compensatory reproduction typically occurs when a previously “unexploited” 

population is exploited, or some other occurrence creates an abundant supply of 

previously scarce resources.  One could argue that the coyote populations on these sites 

were not exploited by the removal treatments conducted in 2001, as very few coyotes 

were captured.  If indeed the number of coyotes removed increases, we would expect to 

see an increase in litter size through compensatory reproduction. 

Conclusions and management recommendations 

   Predation management is a valid concern for landowners and managers of 

southern plantations.  While I do not believe that predators can be implicated on a 

landscape scale for the declines in quail numbers, they can be a limiting factor on lands 

managed specifically for quail.  On lands where appreciable efforts are made to manage 

for quail, these same efforts may in turn foster artificially high predator populations, 

which then negatively impact quail and quail productivity.   

 My research on food habits offers insight to quail management practices fostering 

predator populations, particularly mesomammalian predators such as raccoons and 

opossums.  Both raccoons and opossums utilized small grains in their diets.  Grain, such 

as sorghum and corn, are often broadcasted over the landscape for supplemental feeding 

of quail.  From my research, it is evident that the birds are not the only animals utilizing  

“supplemental feed”.  Nutrition is linked to reproduction.  In deer, high energy diets 

significantly raised ovulation rates (Abler et al 1976).  Adding corn to the diet boosts 

ovulation in deer by increasing the energy content of the diet (Vogelsang 1977).  

Reproductive rates of raccoons and opossums may be influenced by high-energy 

supplemental feed.  This may allow a consistently high rate of reproduction, even with 
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high population levels, which would normally lead to increased competition and 

decreased reproduction.  In this fashion, supplemental feeding may actually be 

detrimental to quail populations. 

 The goal of predator removal efforts should not be extirpation, but predation 

management.  Habitat management practices and absence of fur-trapping have allowed 

furbearer populations to increase under little exploitation.  Efforts should be made to 

reduce predators to a more “tolerable” level (a level consistent with the resource 

management goals), but not eliminate the predator component as a whole.  Errington 

(1956) reported that some vertebrate populations can increase up to the limits of their 

food supply in the absence of significant predation.  One must consider the number of 

rodents consumed by the raccoons, opossums, bobcats, and coyotes present in these 

communities to realize their benefit to the ecosystem, and, potentially, to quail managers.   

 In today’s highly political environment, lethal predation management is often 

treated as a “hot potato”, particularly by the uninformed.  Due to this, many have 

proposed alternative, non- lethal measures to limit predation.  These measures include: 

excluding predators with physical or electrical barriers, diversionary feeding, conditioned 

taste aversion, and fertility control.  Exclusion can be dismissed, as it is considered 

feasible only for small areas (Reynolds and Tapper 1996).  Diversionary feeding has 

proven unsatisfactory in decreasing predation of ground-nesting birds (Jones et al. 2002), 

and may actually increase predation by fostering artificially high mesomammalian 

predator populations (i.e., supplemental feeding practices).  Conditioned taste aversion 

had no significant affect on reducing raccoon depredation of sea turtle nests in Florida 

(Ratnaswamy et al. 1997), and if it were used, could only affect nest depredation, and not 
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predator utilization of either juvenile or adult gamebirds.  Fertility control could 

theoretically reduce predator productivity, but was determined to be infeasible for use in 

free-ranging predator populations on Canaveral National Seashore, Florida, for a variety 

of health, ecological and regulatory reasons (Kramer 1996). 

Efforts to reduce predator numbers should concentrate on seasons when the 

predators removed add to natural mortality (Reynolds and Tapper 1996).  Harvesting 

predators at this time (spring and summer) adds another benefit: predator numbers are 

being reduced while ground-nesting birds are most vulnerable.  This strategy should 

benefit nest productivity.  Recognizing this, the Georgia Department of Natural 

Resources has implemented a spring-summer trapping season on lands whose 

conservation goals include gamebird management.  Mammalian-caused mortality peaks 

during the height of the northern bobwhite nesting period (Burger et al. 1995).  However, 

predator harvest at this time is of little economic benefit to the trapper concerned with the 

sale of fur, as furs are “unprime”.  This has the unfortunate consequence of reducing 

species that were once a valuable commodity through the sale of their furs, to nuisance 

status. Hopefully, fur markets will rebound, trappers concerned with the harvest of 

marketable fur will reappear, and predator populations will again be subject to control via 

hunting and fur trapping in the traditional season.  Until that time, predator harvest in the 

spring and summer may be necessary to control predator populations on lands managed 

for quail. 
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Summary 

As fur markets have declined during the last 20 years, the use of trapping as a 

management tool also has declined.  In Georgia alone, the number of licensed trappers 

has declined from 3,560 during the 1979-1980 trapping season to only 352 during 1999-

2000 (Todd Holbrook, Georgia Department of Natural Resources, pers.comm.).  Lower 

harvest pressure and land use changes have allowed predator populations to increase 

dramatically (Peoples et al. 1995).  During this same time, populations of bobwhite quail 

have dwindled (Brennan 1991).  Land managers on southern U.S. plantations have 

recognized this increase in predator abundance, and perceive these predators as a threat to 

quail populations.  Cases involving the illegal use of poisoned eggs to kill these 

overabundant predators demonstrate the extreme desperation felt by some landowners. 

With the virtual abandonment of fur-trapping as a practiced trade, especially in the South, 

a new predator management alternative was desired by landowners.  The Wildlife 

Management and Gamebird Restoration Project (WMGBRP) was conceived to provide 

landowners this alternative.  The goal of the WMGBRP was to determine whether 

intensive removal efforts to control mammalian predators will provide landowners a 

means of enhancing wildlife production and populations on their land.  

I conducted a study on the animals harvested in conjunction with the WMGBRP 

to ascertain the population-scale response of the targeted predators.  In this study, I 

analyzed predator diets, and quantified changes in diet, age, and reproduction of 

predators in response to intensive removal efforts during the quail nesting season on 2 

quail plantations in southwestern Georgia.   
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Food habits of raccoons, opossums, bobcats, and coyotes collected during the 

study were consistent with earlier studies.  There were no appreciable shifts in predator 

diets that could be definitively linked to the removals.  Any changes in prey or food item 

intake we documented were likely due to changes in prey or food item availability.  

Predators that have proven successful and become abundant in modern environments are 

versatile generalists, capable of exploiting a wide variety of food resources (Reynolds 

and Tapper 1996).  The overall pattern of age distribution declined during the course of 

the study.  In general, mean ages of captured predators decreased in year 2 versus year 1.  

Populations subjected to intensive harvest are often skewed towards younger animals 

(Trautman et al. 1974, Andelt 1985, Windberg et al. 1985, Gese et al. 1989, Windberg 

1995).  Reproductive indices for raccoons, bobcats, and coyotes were studied.  These 

reproductive indices did not differ from reproductive indices found in supporting 

literature for the species.  We noted no compensatory reproduction in response to the 

removal efforts, contrary to what we expected.  Populations under heavy exploitation 

have increased litter size (Knowlton 1972, Berg and Chesness 1978).  Reproductive 

output remained relatively constant in both years of my research. 

 This study represents relatively short-term results.  Continued removal pressure 

on the predator community could indeed lead to changes in food habits, an exacerbated 

shift to a younger population, and an increase in the reproductive rate, or compensatory 

reproduction.  Populations of certain predators, such as coyotes, may not have been 

altered whatsoever by the removal efforts.  A minimum annual removal of 75% of the 

breeding population of coyotes is necessary to consistently lower coyo te density 
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(Connolly and Longhurst 1975).  Only continued monitoring of this type can provide 

conclusive data. 

Implications for predator management 

   Predation management is a valid concern for landowners and managers of 

southern plantations.  While I do not believe that predators can be implicated on a 

landscape scale for the declines in quail numbers, they can be a limiting factor on lands 

managed specifically for quail.  On lands where appreciable efforts are made to manage 

for quail, these same efforts may in turn foster artificially high predator populations, 

which then negatively impact quail and quail productivity. 

 My research on food habits offers insight to quail management practices fostering 

predator populations, particularly mesomammalian predators such as raccoons and 

opossums.  Both raccoons and opossums utilized small grains in their diets.  Grain, such 

as sorghum and corn, are often broadcasted over the landscape for supplemental feeding 

of quail.  From my research, it is evident that the birds are not the only animals utilizing  

“supplemental feed”.  Nutrition is linked to reproduction.  In deer, high energy diets 

significantly raised ovulation rates (Abler et al. 1976).  Adding corn to the diet boosts 

ovulation in deer by increasing the energy content of the diet (Vogelsang 1977).  

Reproductive rates of raccoons and opossums may be influenced by high-energy 

supplemental feed.  This may allow a consistently high rate of reproduction, even with 

high population levels, which would normally lead to increased competition and 

decreased reproduction.  In this fashion, supplemental feeding may actually be 

detrimental to quail populations. 
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 The goal of these removal efforts should not be extirpation, but predation 

management.  Habitat management practices and absence of fur-trapping have allowed 

furbearer populations to increase under little or no persecution. Efforts should be made to 

reduce predators to a more “tolerable” level (a level consistent with the resource 

management goals), but not eliminate the predator component as a whole. Errington 

(1956) reported that some vertebrate populations can increase up to the limits of their 

food supply in the absence of significant predation.  One must consider the number of 

rodents consumed by the raccoons, opossums, bobcats, and coyotes present in these 

communities to realize their benefit to the ecosystem, and, potentially, to quail managers.   

 In today’s highly political environment, lethal predation management is often 

treated as a “hot potato”, particularly by the uninformed.  Due to this, many have 

proposed alternative, non- lethal measures to limit predation.  These measures include: 

excluding predators with physical or electrical barriers, diversionary feeding, conditioned 

taste aversion, and fertility control.  Exclusion can be dismissed, as it is considered 

feasible only for small areas (Reynolds and Tapper 1996).  Diversionary feeding has 

proven unsatisfactory in decreasing predation of ground-nesting birds (Jones et al. 2002), 

and may actually increase predation by fostering artificially high mesomammalian 

predator populations (i.e., supplemental feeding practices).  Conditioned taste aversion 

had no significant affect on reducing raccoon depredation of sea turtle nests in Florida 

(Ratnaswamy et al. 1997), and if it were used, could only affect nest depredation, and not 

predator utilization of either juvenile or adult gamebirds.  Fertility control could 

theoretically reduce predator productivity, but was determined to be infeasible for use in 
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free-ranging predator populations on Canaveral National Seashore, Florida, for a variety 

of health, ecological and regulatory reasons (Kramer 1996). 

Efforts to reduce predator numbers should concentrate on seasons when the 

predators removed add to natural mortality (Reynolds and Tapper 1996).  Harvesting 

predators at this time (spring and summer) adds another benefit: predator numbers are 

being reduced while ground-nesting birds are most vulnerable.  This strategy should 

benefit nest productivity. Recognizing this, the Georgia Department of Natural Resources 

has implemented a spring-summer trapping season on lands whose conservation goals 

include gamebird management.  Mammalian-caused mortality peaks during the height of 

the northern bobwhite nesting period (Burger et al. 1995).  However, predator harvest at 

this time is of little economic benefit to the trapper concerned with the sale of fur, as furs 

are “unprime”.  This has the unfortunate consequence of reducing species that were once 

a valuable commodity through the sale of their furs, to nuisance status. Hopefully, fur 

markets will rebound, trappers concerned with the harvest of marketable fur will 

reappear, and predator populations will again be subject to control via hunting and fur 

trapping in the traditional season.  Until that time, predator harvest in the spring and 

summer may be necessary to control predator populations on lands managed for quail. 
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