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ABSTRACT: Anthropogenic food in or near natural areas may alter wildlife communities by attracting 
species of omnivorous animals that opportunistically prey on songbird nests. To test this hypothesis, 
we treated riparian forest patches with anthropogenic food to simulate food discarded by visitors. We 
compared omnivorous nest predator activity between treatment and control areas with the use of scent 
and camera stations. We also calculated nest success for two common songbird species in both treat-
ment and control forest patches, the yellow warbler (Dendroica petechia L.) and the American robin 
(Turdus migratorius L.). Results from the scent and camera stations indicated elevated activity of rac-
coons (Procyon lotor [Linnaeus]) and black-billed magpies (Pica pica L.) in treatment sites compared 
to control sites. Daily nest survival for American robins and yellow warblers, however, did not differ 

between treatment and control areas.

Index terms: black-billed magpie, Colorado, natural area, Pica pica L., Procyon lotor [Linnaeus], rac-
coon

INTRODUCTION

Anthropogenic food is often associated 
with human activity in natural areas (Soulé 
1988, Kluza et al. 2000). This supplemental 
resource can attract omnivorous wildlife, 
which may opportunistically depredate 
songbird nests (Soulé et al.1988, Boar-
man 1993, Kluza et al. 2000, Fedriani et 
al. 2001). Elevated numbers and activity 
of omnivorous nest predators in areas of 
breeding songbirds is of conservation 
concern as predation is the leading cause 
of nest failure among passerines (Martin 
and Geupel 1993). Known omnivorous nest 
predators include members of the corvid 
family as well as numerous medium-
sized mammals that can occur at elevated 
densities in human-altered landscapes 
(Hoffmann and Gottschang 1977, Marzluff 
1997, Fedriani et al. 2001).

Visitors to natural areas are potential 
sources of anthropogenic food for wild-
life, either feeding animals directly for 
entertainment and wildlife photography 
(U.S. Department of Interior et al. 1996), 
and/or discarding uneaten food at picnic 
areas, campsites, and along hiking trails 
(Boyle and Samson 1985, Hoover et al. 
1985). Anthropogenic food from visi-
tors to natural areas and open spaces is 
of particular concern in riparian areas, 
which serve as both popular recreational 
destinations (Hoover et al. 1985, Trails 
and Wildlife Task Force et al. 1998) and 
critical breeding areas for many passerine 
species (Sanders and Edge 1998). Anthro-
pogenic food left by recreationists has the 
potential to decrease songbird productivity 
(Suarez et al. 1997, Rosenblatt et al. 2000) 

by concentrating nest predator activity in 
‘hot spots’ (Buechner and Sauvajot 1996) 
and elevating densities of omnivorous nest 
predators through long-term food subsidies 
(Marzluff et al. 2000). Ultimately, this 
could result in the reduction of nesting 
birds in natural areas as well as reducing 
the quality of these areas as wildlife habitat 
and wildlife-viewing sites (Hoover et al. 
1985, Trails and Wildlife Task Force et 
al. 1998).

We examined two research questions in our 
study. First, are omnivorous nest predators 
attracted to anthropogenic food in a ripar-
ian forest ecosystem? Secondly, does an 
increase in detections of omnivorous nest 
predators result in increased songbird nest 
predation? To test these, we experimentally 
treated riparian forest patches with anthro-
pogenic food, simulating waste discarded 
by visitors. We used scent stations and 
infrared triggered camera systems to deter-
mine the relative activity of potential nest 
predators in both food-treated and control 
areas. To assess the impact of predator 
activity on avian nest success, we moni-
tored the survivorship of several nesting 
songbird species in areas with and without 
anthropogenic food supplements.

METHODS

Study Site

We conducted this study in patches of cot-
tonwood forest on private lands adjacent 
to the Yampa River west of Steamboat 
Springs in Routt County, Colorado, USA. 
Our study area included patches of cotton-
wood (Populus spp.) forest in a matrix of 
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irrigated hayfields and pastureland. The for-
est overstory was composed of narrow-leaf 
cottonwood (Populus angustifolia James) 
and box-elder (Acer negundo L.), with red-
osier dogwood (Cornus sericea Michx.) 
and hawthorne (Crataegus erythropoda 
L.) among the dominant shrub compo-
nents. Omnivorous songbird nest predators 
known to inhabit the study area included 
raccoon (Procyon lotor [Linnaeus]), red 
fox (Vulpes vulpes [Linnaeus]), striped 
skunk (Mephites mephites [Schreber]), 
black-billed magpie (Pica pica L.), and 
American crow (Corvus brachyrhynchos 
C. L. Brehm).

Study Design

We selected eight mature cottonwood forest 
patches, based on digitized aerial photo-
graphs developed by Richter (1999), as 
our experimental units. We separated these 
eight units into four similarly sized pairs, 
ranging from 0.92-2.91 ha, and random-
ized treatment status between units within 
a pair. Livestock had grazed none of the 
replicate forest patches within the previ-
ous three years. There was little visitation, 
other than by us, at any of the sites during 
the study period.

Due to the linearity of forest patch shapes, 
we established a transect of stations extend-
ing the length of each grove and equidistant 
from edges. Stations were located at 30-
m intervals, beginning approximately 30 
m from the terminal end of each patch. 
Each station consisted of a 1-m stake in 
the ground marked with a 0.3-m strand 
of pink survey tape. These stations served 
as focal points for the food treatment and 
scent and camera stations. A total of 58 
stations were established in treatment (32) 
and control (26) areas.

Anecdotal evidence confirms that an-
thropogenic food occurs in natural areas. 
However, we were unable to locate pub-
lished material quantifying the amount 
and frequency of anthropogenic food 
left in natural areas. Consequently, our 
objective in this experiment was to test a 
level of anthropogenic food greater than 
that which is likely to occur at most sites 
such as these. We believed this treatment 
regimen would afford us the maximum 

opportunity to detect a causal relationship, 
should one exist, leading future research 
to investigate wildlife response to varied 
levels and frequencies of anthropogenic 
food. To meet our objective, we treated 
forest patches with anthropogenic food 
from late May to late July in both 2000 
and 2001. A local supermarket donated 
the food that consisted of approximately 
150-200 g of processed meat and 170-200 
g of bread that was separated into 16 to 
24-cm2 pieces and dispersed over a 4 to 
6-m2 area of ground around each station 
located in the four treatment forest patches. 
Treatment stations received food every two 
to four days between 1100 and 1800 hours 
(MDST). We did not make additional visits 
to the control sites as we did not want our 
presence associated with the food place-
ment in treatment areas. However, the 
time required to disperse anthropogenic 
food in each treatment forest patch was 
approximately 10-25 min, decreasing the 
likelihood that this was a confounding 
variable.

Nest predator activity

Our goal in monitoring omnivorous nest 
predators was to index levels of activity, 
not relative abundance (Anderson 2001), 
within forest patches. To accomplish this 
goal, we used two non-temporally overlap-
ping methods:  scent stations and camera 
stations in both treatment and control forest 
patches. We created scent stations (Rough-
ton and Sweeny 1982, Conner et al. 1983, 
Andelt and Wooley 1996) by removing the 
stake at every other station (60-m intervals) 
and then clearing a 0.9-m diameter circle of 
all debris and vegetation. The earth within 
this circle was sifted with 2-mm wire mesh 
to create a smooth surface for recording 
tracks. A single scent-attractant disc was 
placed on the ground in the center of each 
station. We returned to stations at 24-hour 
intervals to identify and record tracks, after 
which we re-sifted the soil and replaced 
the scent attractant disk. Track stations 
were monitored for two 24-hour intervals 
per survey period.

Camera stations were operated from early 
to late July in 2001 at all 58 stations in 
both treatment and control areas. A single 
infrared-beam trigger camera system 

(Trailmaster® TM 1500) was present con-
tinuously at each station for 48-72 h. We 
programmed camera systems with a delay 
of 15 min between exposures, and set the 
cameras with an infrared beam length of 2-
4 m (centered over station, using available 
structures at sites to attach equipment) and 
5-10 cm above ground surface.

Songbird Nest Success

To evaluate avian nest success, we searched 
for and monitored nests from late May 
to late July of 2000 and 2001 for four 
songbird species:  American robin (Turdus 
migratorius L.), mourning dove (Zenaida 
macroura L.), song sparrow (Melospiza 
melodia Wilson) and yellow warbler 
(Dendroica petechia L.). American robins, 
mourning doves, song sparrows, and yellow 
warblers nest at heights ranging from, at, or 
near ground level up to the forest canopy 
(Lowther et al. 1999, Mirarchi and Baskett 
1994, Sallabanks and James 1999, Ehrlich 
et al. 1988). Consequently, nests of these 
songbirds are susceptible to predation by 
both terrestrial and avian omnivorous nest 
predators (Lowther et al. 1999, Mirarchi 
and Baskett 1994, Trost 1999) occurring 
within the study area.

Nest searching effort was proportional to 
area of each forest patch. Nest searching 
and monitoring methods were based on 
recommendations from Ralph et al. (1993) 
with several modifications. We defined a 
nest as ‘active’ after the nest was > 90% 
completed. After locating an active nest, 
we performed return visits to determine 
outcome every three to five days using 
binoculars to observe the nest. If no ac-
tivity occurred at a nest after 30 minutes 
of observation, we checked the nest for 
contents with a mirror attached to a 3.5-m 
extendable aluminum pole. If nest contents 
could not be viewed directly (e.g., height), 
we searched the surrounding nest terri-
tory for evidence of fledging or failure. If 
outcome was still inconclusive, we did not 
include the nest in our analysis.

To assess vegetative cover in treatment and 
control areas, we measured understory via 
a line intercept method similar to that used 
by Ballard (1999) in our study area. We 
located a random point within each forest 
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patch from which we extended a 20 m 
line in each of the four cardinal directions. 
We recorded all vegetation that physically 
contacted and or projected (90 degrees) 
onto the line from ground level to 3.5 m 
in height (DeLap 2002). We then averaged 
the total percent cover intercepting the four 
lines in a forest patch.

Statistical Analyses

Nest Predator Activity

For both scent and camera stations, we 
combined presence/absence data for 
omnivorous nest predator species at each 
station over two 24-hour intervals of op-
eration. For example, a detection (one or 
more tracks) of a raccoon on day one was 
recorded as presence of that species at the 
station for that sampling period, regardless 
of any additional detections that might 
have occurred on day two (camera, scent 
stations) or three (camera stations) in the 
same sampling period. We pooled data 
across years to increase sample size (Zar 
1996). In addition, we analyzed stations by 
treatment type only. We feel it is important 
to acknowledge that while this decision 
may hinder the independence between 
some stations, the biological inference is 
to predator activity in a given area and the 
potential of that individual (or individuals) 
of a species to opportunistically depredate 
songbird nests. Thus, for scent station data, 
we tested for differences between treatment 
and control areas using Fisher’s Exact Tests 
(PROC GENMOD, SAS Institute1998, Zar 
1996, DeLap 2002). We selected an a priori 
significance level of α = 0.05.

We used logistic regression to model nest 
success. Specifically, we used the nest sur-
vival extension in program MARK (White 
and Burnham 1999) where a logit link 
function is used to compute the probability 
of daily nest survival with respect to group 
variable(s) and various combinations of co-
variates (DeLap 2002). This analytical ap-
proach overcomes both the concerns raised 
by Mayfield (1975), where researcher bias 
is introduced into survival analysis by 
including nests initially found in various 
nesting stages, and the computational de-
ficiencies of methods that select the mid 
point between nest checks to determine 

the probability of an outcome occurring 
on a given date (Bart and Robson 1982). 
Treatment (TRT) was the group variable, 
with models differing by combinations of 
the following covariates:  distance of a nest 
to the nearest anthropogenic food station 
(FOOD), shortest distance from a nest to 
the edge of a cottonwood patch (EDGE), 
patch area (AREA), nest height (NTHT), 
total percentage understory (SHRB), and a 
time trend (TIME) to evaluate nest success 
across days of the breeding season (DeLap 
2002). We elected not to include individual 
forest patches in our models for several 
reasons. First, we felt patch area was a 
potentially more important variable, and 
we had already paired four patch-area cat-
egories among both treatment and control 
experimental units. Second, we included 
the percent shrub cover that was the sec-
ond major habitat descriptor. We selected 
covariates based on a literature review of 
factors, other than the treatment, that could 
explain variation in nest success. Again, 
we pooled data across years to increase 
sample size (Zar 1996, DeLap 2002). We 
evaluated each species’ nest survival inde-
pendently, using candidate models based on 
an information theoretic approach to model 
selection (Burnham and Anderson 1998). 
The models represent a nearly nested subset 
of all variables, with certain combinations 
excluded for biological reasons. We ranked 
the best models by their respective Akaike’s 
Information Criterion corrected for small 
sample size (AICc) values, where models 
with the lowest AICc represent the best and 
most parsimonious explanations of effects 
(DeLap 2002).

RESULTS

Nest Predator Activity

We recorded the presence or absence of 
omnivorous nest predators at 16 scent sta-
tions in both treatment and control forest 
patches during two summers of sampling (n 
= 32). Figure 1A illustrates the calculated 
detection frequency (percentage of stations 
visited ± 1 SE) for each species in treat-
ment and control areas. We recorded sixty 
detections in both treatment and control 
areas for four species of omnivorous nest 
predators:  magpie (26), raccoon (22), red 
fox (9), and striped skunk (3). Detection 

frequencies were higher for black-billed 
magpies (P = 0.002) and raccoons (P = 
0.016) in treatment areas than in control 
areas. Detection frequency did not differ 
between treatment and control areas for 
striped skunks (P = 1.00) or red fox (P 
= 0.704). We did not analyze camera sta-
tions with inferential statistics, because 
that treatment means would be tested 
against zero or near zero control values 
(Anderson et al. 2001). Camera station 
results suggested higher detection rates 
for all omnivorous nest predator species 
in treatment areas with the exception of 
striped skunks (Figure 1B).

Songbird Nest Success

A total of 144 nests of four species were 
located and we determined outcomes for 
120 nests. Of the nests with known fate, 59 
were yellow warbler, 33 American robin, 
17 song sparrow, and 12 mourning dove. 
We determined sample size to be adequate 
for modeling the nest success of yellow 
warblers and American robins only (Zar 
1996). The mean and standard error values 
for the covariate nest measurements in both 
treatment and control areas are shown in 
Table 1. Neither of the treatment associ-
ated variables (TRT, FOOD), alone or as 
additive effects, were included among the 
best logistic regression models for pre-
dicting the daily nest survival of yellow 
warblers nor American robins as ranked 
by AICc. Table 2 shows the best-ranked 
models for each species analyzed. These 
models decrease in strength of evidence in 
descending order as seen by their increas-
ing delta AICc values and diminishing AICc 
weights. Typically, delta AICc values of 
< 10 are considered to be of some value 
(Anderson et al. 2001); however, due to the 
nested variable structure of models in our 
set, models having delta AICc values > 2 
lacked serious informative value. The beta 
estimates, or slope coefficients, represent 
the slope of the regression line associated 
with each variable (Table 3). The 95% 
confidence intervals around the beta esti-
mates for treatment (TRT) effect on daily 
nest survival of both yellow warblers and 
American robins include zero; thus, these 
predictive lines are not different from null 
regression lines of no effect. We calculated 
the overall probability of daily nest success 
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Table 1. Mean (SE) values for measurements associated with nests in anthropogenic food-treated 
(n=56) areas and control (n=36) areas: nest distance (m) to forest patch edge (EDGE) and food treat-
ment station (FOOD), nest height above ground (NTHT), shrub cover (%) of forest patch where 
nest located (SHRUB) and size (ha) of forest patch (AREA) where nest located. These variables were 
used as covariates in models predicting the probability of daily nest survival for American robins 
and yellow warblers in Routt County, Colorado.

to be 0.950 SE ± 0.008 for yellow warblers 
and 0.969 SE ± 0.008 for American robins. 
AICc values ranked models higher with 
one or more covariates, indicating better 
explanations of the variability in the data 
set. In the case of yellow warblers, impor-
tant effects included SHRB, EDGE, NTHT, 
and TIME. SHRB and TIME were the only 
covariates tested with substantive support 
for predicting the daily nest survival of 
American robins (Table 3).

DISCUSSION

More detections of raccoons and black-
billed magpies occurred in cottonwood 
patches treated with anthropogenic food 
than in non-treated patches. These results 
are consistent with those of Danielson et 
al. (1997) where anthropogenic food sub-
sidies were cited as the probable cause for 
elevated raccoon presence near suburban 
over rural forest edges. Anthropogenic food 
likely influenced the foraging activity of 
a raccoon population in a South Ameri-
can wildlife refuge as well (Carrillo and 
Vaughan 1993), where researchers found 
the animals’ movements to be spatially and 
temporally correlated with human visita-
tion. Our study employed indices of use 
to monitor detections of nest predators, 
because scent and camera stations do not 
reflect actual densities (Anderson 2001). 
Revealing actual nest predator densities 
within the forest patches would require 
rigorous population estimates and greater 
knowledge of movement patterns of indi-
viduals within the study area. Nonethe-
less, our results confirm that areas treated 
with anthropogenic food alone result in 
increased detections of omnivorous nest 
predators over a relatively short period 
of time.

Although omnivorous nest predators were 
attracted to and consumed the food treat-
ment, the overall survival of American 
robin and yellow warbler nests located in 
treatment patches did not differ from nests 
in control sites. Two previous studies inves-
tigated anthropogenic food and non-pas-
serine nest predation with equivocal results. 
Greenwood et al. (1998) demonstrated 
moderate decreases in skunk depredation 
of waterfowl nests through anthropogenic 
food subsidies even though the number of 

Control Treatment
Covariate �� SE �� SE

EDGE 14.70 (1.97) 13.91 (1.45)
FOOD 17.97 (1.65) 21.98 (1.52)
NTHT 3.08 (0.49) 4.56 (0.51)

SHRUB 10.63 (0.45) 22.00 (3.71)
AREA 2.30 (0.12) 1.77 (0.07)

Figure 1. Detection frequency (± 1 SE) of scent stations (A) and camera stations (B) visited by omnivorous 
wildlife in control and anthropogenic food-treated forest patches, Routt County, Colorado.
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Table 3. Beta estimates, standard errors (SE) and confidence intervals (95% CI) for group variable 
(TRT) and covariates taken from the first time each parameter was included in a best-ranked model 
of daily nest survival for American robins and yellow warblers in anthropogenic food treated and 
control riparian forest patches, Routt County, Colorado.

that anthropogenic food, in the form of 
supplemental white-tailed deer (Odocoi-
leus virginianus [Zimmermann]) feed, 
was responsible for increased predation 
of artificial ground nests by omnivorous 
nest predators.

Factors affecting nest predation rates in 
the context of anthropogenic food subsi-
dies may be more complex than merely 
attracting omnivorous nest predators to 
areas of breeding songbirds. For example, 
the cumulative factors often associated 
with anthropogenic food resources in 
human disturbed landscapes, such as the 
permanent alteration of vegetation through 
recreational trails (Miller et al.1998) or 
campsites (Blakesley and Reese 1988), 
may need to be present in some combi-
nation to result in a decline in passerine 
nest success.

Additional factors may account for the 
lack of a treatment effect in our experiment 
(DeLap 2002). These include the species 
selected to represent nest success and 
the characteristics of the food treatment. 
We chose to locate and monitor nests of 
common songbird species as the response 

AICc
 Species  Model  log (L) K AICc � AICc Weight

Yellow warbler {Sa (SHRBb + TIMEc)} -86.96 3 180.17 0.00 0.25
{S (EDGEd + TIME)} -87.30 3 180.85 0.69 0.10
{S (NTHTe + TIME)} -87.57 3 181.41 1.24 0.08
{S (TRTf + SHRB + TIME)} -91.14 3 182.29 2.12 0.09

American robin {S (SHRB)} -37.92 2 80.05 0.00 0.42
{S (SHRB + TIME)} -37.50 3 81.42 1.36 0.21
{S (TRT + SHRB)} -38.08 3 82.16 2.11 0.14

a S = probability of daily survival 
b  SHRB = % total understory vegetation 
c  TIME = time trend over nesting season (0-69 days)
d  EDGE = distance from nest to edge (m)
e NTHT = nest height
f TRT = anthropogenic food treatment

Beta 95% CI
Species Parameter Estimate SE LCL UCL

Yellow warbler SHRBa 0.49 0.20 0.09 0.88
EDGEb -0.42 0.15 -0.72 -0.12
NTHTc -0.43 0.16 -0.75 -0.10
TIMEd 0.04 0.01 0.01 0.06
TRTe 0.09 0.38 -0.66 0.84

American robin SHRB -0.76 0.25 -1.24 -0.28
TRT -0.21 0.67 -1.52 1.10

TIME -0.02 0.02 -0.06 -0.02
a SHRB = % total understory vegetation 
b  EDGE = distance from nest to edge (m)
c NTHT = nest height
d  TIME = time trend over nesting season (0-69 days)
e TRT = anthropogenic food treatment

Table 2. Best logistic regression models (22-24 models/species) listed in descending order of strength of evidence with associated log-likelihood values log 
(L), number of model parameters (K), AICc values, delta AICc values and relative AICc weights for predicted daily nest survival of yellow warblers and 
American robins in anthropogenic food treated and control forest patches, Routt County, Colorado. 

additional species in the predator commu-
nity appeared to offset supplemental feed-

ing as an effective management technique. 
Cooper and Ginnett (2000) concluded 
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variable for passerine productivity. As 
stated in the methods section, we based 
this decision on both life history traits and 
the need to obtain an adequate sample of 
nests. Nest samples sizes were adequate for 
American robins and yellow warblers only, 
both of which are considered to be habitat 
generalists (Ehrlich et al. 1988) and known 
to thrive in human-altered landscapes (Eh-
rlich et al.1988, Burns et al. 1999, Odell 
and Knight 2001). Consequently, species 
targeted for nest success in this study may 
be less sensitive to increased predation 
risk than our initial estimation, due to 
evolutionary adaptations in nesting ecology 
(Martin 1993). In the case of American 
robins, their size (Sallabanks and James 
1999) and nest defense behavior (Knight 
and Temple 1986) may offset increased 
predation threats. Yellow warblers, on the 
other hand, may compensate for increased 
predation through selection of nest sites 
particularly well concealed by surrounding 
vegetation (Knopf and Sedgwick 1992).

The time of year when anthropogenic food 
waste enters a system can affect the nature 
of omnivorous nest predator’s response. For 
example, Knight (1988) demonstrated that 
a rich pulse of supplemental food caused a 
population of black-billed magpies to nest 
both earlier and in elevated densities com-
pared to a non-supplemented population. 
Black-billed magpies begin nest building 
between January and March, with Colo-
rado breeding pairs producing first broods 
between mid April and early June (Trost 
1999). We began food waste treatment in 
late May, however, to represent the tem-
poral overlap between breeding songbirds 
and peak riparian-based human visitation 
within the study area. If anthropogenic 
food had been available when magpies 
selected nesting sites, densities of breeding 
magpies within treatment areas may have 
been elevated (however, see Dhindsa and 
Boag 1990). Boarman (1993) suggested 
that the presence of anthropogenic food 
during periods of otherwise low nutrient 
availability (e.g., winter) is critical to 
growth and expansion of corvid popula-
tions. The duration of food subsidies may 
play a role in nest predator population 
dynamics. We evaluated a relatively short-
term response (18 weeks of treatment over 
two summers) of a wildlife community 

to food waste. However, long-term food 
supplementation, at the level tested in 
this study or greater, is likely required to 
achieve elevated populations of subsidized 
predators (Soulé et al. 1988), and, hence, 
decreased songbird nest success. Finally, 
omnivorous nest predators may simply 
exploit anthropogenic food in natural areas 
without causing an increase or decrease in 
localized songbird nest success.

MANAGEMENT IMPLICATIONS

Qualifying and quantifying effects of 
human activities on wildlife is important 
to effective land management. Our study 
demonstrates that detections of omnivo-
rous nest predators increase in areas with 
anthropogenic food in western riparian 
forests. Additional research is needed to 
investigate the quantity and duration of 
anthropogenic resources required to cause 
population increases in omnivorous nest 
predators. Although we did not detect 
decreased passerine nest success in food 
treated areas, the natural systems in which 
breeding songbirds and nest predators 
interact are highly variable and likely 
determine nest predation rates.
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