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Abstract: Nest predation hinders recruitment of avian species anti may be affected by availability of alternative prey 
ancl amount of nesting cover. Therefore, we evaluated effects of food abundance (i.e., supplemental prey) and 
time since prescribed fire on nest success of artificial ground nests. \Ve monitored the fate of 759 artificial ground 
nests fi-om June to J111y 2000. No interaction (P=0.74) occurred between fire and si~pplemental prey treatments. 
Nest success in preysupplemented plots (37.6%) did not differ (P=0.70) from control plots (44.9%), and nest suc- 
cess in burned plots (41.8%) did not differ (P=0.86) fronl nonburned plots (40.7%). Motion-sensitive cameras 
placed on feeders rnealed that mesomammals accounted for >XO% of visits to feeders, indicating that supple- 
mental prey was detected and consumed by mesomammals. Nest predators differed as a hrnction of food abun- 
dance, ~vitti cornhinett avian and small-n~amnial PI-etfation being greater in prev-supplemented (46.5%) than in 
control (25.9%) plots. Sest predators also differed as a firnction of prescribed fire. -4vian predation of nests was 
greater in hurried (13.7%) than nonburiied (9.9%) plots, whereas <mall-mammal predation was greater in non- 
burned (30.9%) thau in burned (15.1%) plots. Altering food and cover to manage nest success may result in corn- 
pensator): predation. Further work to quantify the extent of compensatory predation is nceded to fblly understand 
trade-offs of various practices for managing nest predation. 
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Nest predation limits alian prodl~ctivity (Rick- 
lefs 1969. Martiri 1992). Predation-management 
approaches often concentrate on suppressing 
predator populations to alleviate the impact of 
predation on specific prey species (Greenwood 

brood-rearing habitat, and escape cover for 
numerous ground-nesting birds in the Southeast 
(Dickson 1981, Wurst 1981, Landers 1981). Judi- 
cious prescribed burning also creates diverse veg- 
etation structure and dense herbaceous ground 

1986, Cote and Sutherland 1996). Others have s ~ i g  cover (Brock\vay and Lewis 1997) while increas- 
gested managing predation through habitat 
manipulation (Clark et al. 1996) or altering food 
availability to predators (Vander Lee et al. 1999). 
R,lanaging for dense nesting cover may hinder 
nio~~ementof ~nesomammals, reduce olfactory 
detection of nests, and conceal nests from visual 
predators such as corvids, potentially increasing 
nest success (Clark et al. 1996). However, compen- 
satoi-y predation ]nay occur because many small 
mammals prefer dense ground cover (Chorornan- 
ski-n'orris et al. 1989, Landers and Cra~tford 1995). 

Managing vegetation with fire is a common 
practice in the southeastern United States (MTal- 
drop et al. 1992), and prescribed burning is an 
important land-management tool. It is used to 
maintain native ground-cover vegetation and to 
control hardwood encroachment (Cain et al. 
1998). Thus, prescribed fire encourages early-
successional habitats and provides nesting cover, 
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ing forage quality and quantity (<:ra~iford 1984), 
but prescribed fire initially reduces cover and may 
increase susceptibili~ of prey to predation (CL'he- 
Ian 1995). Any negative effects that irnrnediately 
follow prescribed fire are likely offset by benefits 
within firedependent communities. For exarnple, 
Johnson and Temple (1990) observed greater 
nesting success in tallgrass prairie that had been 
burned during the previous 1-3 years. They recom- 
mended burning at least every 3 years to increase 
nesting success in this region. However, our knolvl- 
edge of the effects of prescribed fire on avian nest 
success in fire-maintained forests is limited. 

Food availability also alters predator-prey rela-
tionships (Rusch et al. 1972, Pehrsson 1986), yet 
this relationship has received little experi~nerltal 
study. Schmidt (1999) used foraging theoi-y to 
rnodel nest predation as an interaction between 
predator and prey. He predicted that increasing 
abundance of alternative foods would decrease 
nest predation. He also predicted that predation 
rates ~vould be influenced by nest-site character- 
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istics through changes in nest recognition time 
and encounter rates. We directly tested his pre-
diction regarding nest success and alternative 
prey abundance and indirectly tested his predic-
tion of nest success relative to nest-site character-
istics as irripacted by prescribed fire. Our okjec-
tives were to determine the effect of food 
availability and effect of nesting cover on s ~ ~ r ~ i v a l  
of artificial ground nests. We tested the hypothe-
sis that nest surlival would increase as a result of 
pro~idingsupplernental prey for predators. 111 
addition, ~ v erelated nest success to tirrie since 
prescribed fire to explore the relationship 
betwec.n cover and nest success. 

STUDY AREA 
Our study took place in Baker County, Georgia, 

on 1chau~-ay,a forttier hunting plantation and cur-
rent research facility of the Joseph !\- Jones Ectr 
logical Kesearch Ce~lter.This 11,700-ha ecologi-
cal reserve had 1 of the most extensive tncts of 
privately owned longleaf pine (Pznuspalustrir) in 
the Souther11Coastal Plain. Natural loblolly pine 
( P  tauda) stands, slash pine ( P  rlliotti) flatwoods, 
and niixed hard~uoods(Q~~o.cusspp.) were patchi-
1:- distributed throughout the longleaf pine forest. 
byiregrass (Ari~tidaDqricttlinun) and old-field grass-
es (e.g., Anrlroj~ogonspp.) dominated the under-
st017 (Goebel et al. 1997). Plant species I-ichness 
was high. with >1,000 vascular plant species docu-
mented on tlie property (Drew et al. 1998). 

Topogt-aphy was flat to gently rolling, with ele-
vation ranging fi-or11 30 to 100 n~ (Beck and 
&den 1983). 1chaw;lynochaway Creek bisected 
the property, while the eastern bouncfary of 
Ichauway wits the Flitit River. The climate \$,assub-
tropical h-ith nrild, shoi-t,wet winters and humid, 
hot sunliners (1,yricli et al. 1986). Average tern-
pel-atures ra~rgedfrorn 1 1  O C  in winter to 27.5 "C 
in summer. Arirlr~alprecipitation averaged 131 
cm (Goebel et at. 1997);however, drought condi-
tioris cxistetl durir~g1998-2000. 

Prescribed fire and wildlife food plots were 
prominent 1nan;igerrlerlt practices on Ichau\vay. 
Most of Ichauway was burned by prescription on 
a 2-year rotation to reduce hardwood encroach-
merit and fuel accumulation while enhancirig 
herbaceous groutid cover and wildlife habitat. 
\$'idel! scattered food plots consisting of grain 
so rgh~~rn(Sorghum -i>ulprc.),Eg!-ptian wheat 
(Sorghum spp.), brow11 top millet (Nruchiarin 
mmosti), co.rvpra (lIpt(i spp.), col-11 ( Z P ( ~mays), 
and winter wheat (7'ritil.um nrstivuvz) niade up 
approxiniately one-fifth of the property. 

METHODS 
We used artificial nests to evaluate the effect of 

supplemental prey and prescribed fire on preda-
tion rates. Artificial nests permit controlled 
experiments (Major and Kendal 1996, King et al. 
1999) and do not require the time needed to 
locate and nionitor natural nests (King et al. 
1999). However, we approached this experiment 
wilh the understanding that artificial nest experi-
rnents yield only an index of actual predation 
rates (Keyser et al. 1998). 

Ichauway was divided into 177 bum units sur-
rounded by roads. We randomly selected 28 burn 
units (i.e., plots) for study with the constraint 
that all plots must be separated by 21 km. Plots 
ranged in sire from 7.7 ha to 62.7 ha. The open 
canopy of the longleaf pitie overstory con-
tributed to a dense herbaceous understor?, and 
regular prescribed fire minimi~edhardwood 
encro;~chmentwithin all sampled plots. Basal 
area of' sampled plots ranged between I I and 19 
rn2/ha. We planned to assign equal replication to 
tlie 2-way factorial arrangement of feeding and 
burning treatments, but this was not achieved 
because we were unable to burn 2 plots. Sixteen 
plots (9 prey-supplemented, 7 control) were not 
burnecl the previous year; whereas only 13 (5 
pl-ey-supplementecl, 7 control) were burned Feb-
ruary-April prior to sampling. 

1%provided commercial dry dog foot1 ad libi-
tum as supplernental feed (\Tander Lee et al. 
1999). \Ve used weatherproof feeders with an 
opening to dispense food. We attached an open 
call of cat food to the feeder to serve as a scent 
attractant. Because predators travel along edges 
and roatls for foraging and traveling (Srnall and 
Hunter 1988), we placed feeders along roads at 
200-ni inter\-als around expcrimerltal plou. We 
kept the l~umberof feeders per unit perimeter 
constant to etisure that the probabilit;\-of a preda-
tor encountering a feeder was equal among prey-
supplen~enteclplots. We began feeding on 25 May 
2000, 3 weeks prior to artificial nest placement, 
and cor~tinuedthroughout the sampling period. 

Mreplaced artificial nests from 15June to 8,July, 
well within the nesting season for the region. 
Each artificial nest consisted of 2 Japanesr quail 
((;oturni.~columix) eggs arid I wax-covered wood-
ell egg. Because small-niarnmal preclators are 
unable to penetrate the quail egg shell (Ettel ct 
al. 1998).the rsax-covered wooden egg hrlped us 
to identie predators by tooth and hcak marks. 

T l i .  constructed nests by creating a slight tfeprcs-
sion in the ground and placing eggs in this depres-



11  14 SUPPLEMENTAL PREY, FIRE, AND NEST SUCCESS Jones et al. 

sion. Prior to nest placement, we pressed a nail 
into the ground in the middle of the depression. 
A metal detector allowed for positive determina-
tion of nest fate through relocation of the nail. 
We made no attempt to conceal the nest beyond 
cover provided by the immediate surroundings 
(Mankin and Warner 1992). We washed all quail 
eggs in pond water to eliminate scent, and we 
wore rubber boots and gloves to limit human-
scent contamination during nest placement. 

Because an inverse relationship may exist 
between nest density and nest success (Bergerud 
1988,Picman and Schriml 1994),we placed nests at 
a density of 1 nest/ha to maintain constant den-
sity of artificial nests within each plot. We placed 
transects parallel to the major axis of the sampled 
plot. We placed nests at 30-m intervals along tran-
sects, and we ensured that all nests were 2100 m 
from an edge. We placed a flag 15 m away from 
each nest to facilitate nest relocation. We 
returned to nests 7 days after placement and con-
sidered a nest depredated if any of the quail or wax 
eggs were damaged, missing, or out of the nest. 

We used infrared, motion-sensitive 35mm cam-
eras (TrailMasterB Infrared Trail Monitors; Good-
son & Associates, Lenexa, Kansas, USA) to photo-
graph visitation at the feeders. We placed cameras 
opportunistically on feeders that appeared to 
have the most predator visitation based on food 
consumption. We routinely checked cameras to 
ensure proper functioning. We replaced film as 
needed and moved cameras weekly to ensure 
thorough sampling of regularly used feeders. 

We used a general linear model (GLM proce-
dure; SAS Institute 1990) to determine whether 
predation rates differed among treatments. We 
used a completely randomized design and a 2-way 
analysis of variance (ANOVA) with supplemental 
feeding (prey-supplemented or control) and 
burning (burned or nonburned) serving as main 
effects. We included both main effects and their 
interaction in the model. Plots ( n  = 28) were con-
sidered the experimental unit of analysis with the 
proportion of successful nests within a plot being 
used as the response variable. Nest success was 
arcsine-transformed to meet assumptions of 
ANOVA (Zar 1984). 

We analyzed wax eggs separately to determine 
whether nest predators differed among treatments. 
We partitioned nest predators into 3 categories: 
mesomammal, avian, and small mammal. We clas-
sified missing wax eggs as unknown. We performed 
2-way contingency tables and separate chi-square 
tests for the main effects of feeding and burning. 
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RESULTS 
We placed 791 nests during summer 2000. Thir-

ty-two nests were not relocated and were exclud-
ed from analysis. Overall nest success (i??SE) was 
41.2 i 4.6%. No interaction occurred between 
supplemental prey and fire (Fl,24 = 0.11, P = 
0.74). Nest success did not differ (Fl,24 = 0.15, P= 
0.70) between prey-supplemented (37.6 i 7.1%) 
and control (44.9 & 6.8%) plots. We detected no 
difference (F,,24 = 0.03, P =  0.86) in nest success 
between burned (41.8 rt 7.5%) and nonburned 
(40.7 5 6.4%) plots. 

Of 442 depredated nests, 136wax eggs were not 
disturbed. Wax eggs were missing from 135 of the 
depredated nests, while 24 wax eggs had been 
moved. Forty-five wax eggs were completely melt-
ed and were eliminated from further analysis. 

Predator sign was identifiable on wax eggs in 102 
depredated nests. Small-mammal predators 
accounted for 67 (65.7%) of the identifiable marks, 
while avian predators accounted for 28 (27.4%). 
Mesomammals accounted for 7 (6.9%)of the iden-
tifiable marks; thus, their marks were excluded 
from further analysis due to small sample size. 

Nest predators differed ( X $  = 11.4, P = 0.003) 
between prey-supplemented and control plots, 
with birds and small mammals depredating a 
higher proportion of nests in prey-supplemented 
plots and unknown predators depredating a high-
er proportion of nests in control plots (Fig. I ) .  
Nest predators also differed = 6.85,P= 0.033) 
between burned and nonburned plots, with small 
mammals depredating a highe; proportion of 
nests in nonburned plots and unknown preda-
tors and birds depredating a higher proportion 
of nests in burned plots (Fig. 2). 

We photographed 541 potential nest predators 
at feeders. Mesomammals accounted for 780% of 

Fed Unfed 

F I ~ .1 Percentage of art~ficialnests depredated by 3 predator 
assemblages relative to presence or absence of suppiemen-
tal prey, southwestern Georgia, USA.  Jun-Jul 2000. 
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80 
Bum Treatment 

Burn Nonburn 

Fig. 2. Percentage of artificial nests depredated by 3 predator 
assemblages relative to presence or absence of prescribed 
fire, southwestern Georgia, USA, Jun-Jul 2000. 

photographs. Raccoons (Procyon lotor) and opos-
sums (Didelphisvirginiana) were principal users of 
feeders, with 296 and 155 photographs taken, 
respectively. Of the remaining 90 photographs, 
crows (Coruus spp.) accounted for 81, blue jays 
(Cyanocitta cristata) accounted for 8, and 1 photo-
graph was taken of a striped skunk (Mephitis 
mephitis). Most photographs were of a single ani-
mal at the feeder, although multiple raccoons 
and crows were occasionally photographed. 

DISCUSSION 
We found no effect of food abundance on arti-

ficial nest success in our study; thus, we found lit-
tle support for Schmidt's ( 1999) hypothesis. How-
ever, we did not provide prey-supplementation to 
the entire suite of nest predators (i.e.,we did not 
provide supplemental food to small mammals). If 
we had provided alternative prey to all predators, 
our results may have differed. 

The spatial arrangement of alternative prey 
may influence nest success. We focused our feed-
ing efforts on mesomammals and corvids by pro-
viding supplemental prey around the perimeter 
of treated plots that contained artificial nests. 
Similarly, Crabtree and Wolfe (1988) and Green-
wood et al. (1998) concentrated on providing 
food to striped skunks on the edges of treated 
areas. As with our study, they found overall nest 
success remained constant. In contrast, using a 
similar treatment (e.g., providing prey along the 
perimeter of the treated areas),Vander Lee et al. 
(1999) found nest survival doubled in areas that 
received supplemental prey in northwestern 
Texas. Cooper and Ginnett (2000) provided sup-
plemental prey in a different spatial arrangement 

by placing artificial nests around deer feeders 
(i.e., they placed nests around the food instead of 
placing food around the nests) and observed a 
significant decrease in nest success. 

We observed greater avian and small-mammal 
marks on wax eggs in prey-supplemented plots 
than in control plots. In addition, our motion-
sensitive cameras provided evidence that our 
prey-supplementation was indeed attracting tar-
geted mesomammals. Therefore, we hypothesize 
that compensatory predation was at least partial-
ly responsible for the similar predation rates 
between prey-supplemented and control plots. 
Compensatory predation has been observed in 
other food-supplementation studies. Duck nest 
predation by striped skunks was reduced in food-
supplemented areas in the Prairie Pothole 
Region, but compensatory predation caused 
overall nest success to remain constant (Crabtree 
and Wolfe 1988, Greenwood et al. 1998). 

Johnson and Temple ( 1986)found that birds in 
tallgrass prairies had highest nest success 1 grow-
ing season after being burned. In contrast, we 
found no difference in artificial nest success 
between recently burned and nonburned areas. 
Artificial nests placed in recently burned areas 
may have been more visible to predators; howev-
er, foraging by predators may have been limited 
because many plants do not fruit the year of a 
burn (Stoddard 1963,Johnson and Landers 1978). 

Our data suggest that compensatory predation 
also may have occurred as a result of prescribed 
fire. Unknown and avian predators depredated 
more nests in burned than in nonburned plots, 
whereas small mammals depredated more nests in 
nonburned than in burned plots. Recently burned 
areas do not provide sufficient overhead cover to 
protect small mammals from aerial predators 
(With 1994),but vegetation recovery permits small 
mammals to return to these areas after 1 growing 
season (Arata 1959).Avian predators rely on sight 
for locating nests (Dion et al. 2000).Artificial nests 
were more exposed in burned plots and probably 
were more visible to avian predators than in non-
burned plots. U'e further suggest that increased 
visual and olfactory detection of nests due to an 
absence of vegetation may have led to increased 
mesomammal predation following prescribed fire. 
We hypothesize that as vegetation cover increases 
following prescribed fire, there will be decreased 
visual and olfactory detection of nests by birds 
and mesomammals, resulting in decreased pre-
dation from these predators. However, as vegeta-
tion cover increases, small-mammal populations 
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will increase (Araca 1959), and nest predation by 
small ma~nmalswill subsequently increase to at 
least partially compensate for reduced meso-
manimal and avian predation. 

MANAGEMENT IMPLICATIONS 
The objective of managing predation using 

alternative prey is to elicit a change in diet with-
out a numerical response in the predator popu-
lation. However, increasing food availability to 
predators may cause predator populations to in-
crease (Clark et al. 1996), resulting in decreased 
nest success. This seems more likely if increased 
food is available for long periods. Furthermore, 
diversity of the predator community may deter-
mine the likelihood that compensatory preda-
tion will occur; a Inore diverse community may be 
more likely to produce a compensatory response. 
Therefore, if providing alternative food is expect-
ed to result in decreased nest predation, the 
alternative food should not result in an increased 
predator popnlation and the predator co~nmuni-
ty should not be diverse. 

Managing nest predation by increasing nesting 
cover depends on the ability to reduce olfactory 
and visual detection of nests by predators without 
increasing predator populations. Efficacy of 
increasing cover to reduce nest predation also 
will be related to the predator community and to 
susceptibility of nests to dominant predators 
(e.g., srnall mice cannot destroy large eggs; Ettel 
et al. 1998). Therefore, if increased cover results 
in an increase in 1 or more nest predators. nest 
success may not increase and may decrease, 
depending on relative susceptibility of nests to 
the increasing predator populations. 
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