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Resumen. El rol que tiene el alimento para limitar a las aves migratorias durante el periodo no reproductivo es 
poco conocido, en parte por las complejidades que significa cuantificar la disponibilidad de alimento y la dieta. Segui-
mos los cambios a lo largo del invierno de la disponibilidad de artrópodos y frutos, la principal fuente de alimentos 
de Catharus guttatus, un migrante de corta distancia. La disponibilidad de frutos disminuyó a lo largo del invierno y 
la disponibilidad de artrópodos fluctuó con los cambios en la temperatura. Paralelamente, usando muestras fecales e 
isótopos estables, seguimos el consumo relativo de alimentos. En las muestras fecales, los frutos disminuyeron desde 
inicios hacia mediados de la estación y las firmas de los isótopos 13C y 15N en sangre aparecieron enriquecidas, lo 
que fue consistente con una disminución en el consumo de frutos y un aumento en el consumo de artrópodos. Las 
aves con cuerpo más grande, predominantemente los machos, mantuvieron territorios en los cuales la abundancia 
de artrópodos fue mayor, tuvieron una mayor proporción de artrópodos en sus dietas y presentaron una menor va-
riación en 13C (indicador de una dieta estable) y en las cargas de grasa a lo largo del invierno. En contraste, las aves 
con cuerpos más pequeños, principalmente las hembras, adquirieron grasa a mediados del invierno en respuesta a 
recursos impredecibles y de menor calidad. Estos resultados son consistentes con una forma de dominancia mediada 
por el tamaño y con la segregación sexual del hábitat, de modo que las aves con cuerpo más pequeño, principalmente 
las hembras, pueden ser excluidas por comportamiento de los territorios óptimos. Futuras investigaciones deberían 
enfocarse en las consecuencias de largo plazo (i) de la limitación de alimento en la estación no reproductiva y (ii) del 
comportamiento de dominancia mediado por el tamaño y el sexo tanto en la condición de las aves en una misma esta-
ción como en el éxito reproductivo y la supervivencia subsecuente.

RESOURCE LIMITATION DRIVES PATTERNS OF HABITAT OCCUPANCY DURING 
THE NONBREEDING SEASON FOR AN OMNIVOROUS SONGBIRD

La Limitación de Recursos Condiciona los Patrones de Ocupación de Hábitat durante la Estación 
No Reproductiva de un Ave Canora Omnívora

Abstract. The role of food in limiting migratory birds during the nonbreeding period is poorly understood, in 
part because of the complexities of quantifying food availability and diet. We tracked overwinter changes in the avail-
ability of arthropods and fruits, the primary winter foods of the Hermit Thrush (Catharus guttatus), a short-distance 
migrant. Fruit availability declined over the winter, and arthropod availability fluctuated with changing temperature. 
Concurrently, using fecal samples and stable isotopes, we tracked relative food consumption. In fecal samples fruit de-
clined from early to mid season and 13C and 15N isotope signatures in blood became more enriched, consistent with 
a decline in fruit consumption and an increase in arthropod consumption. Larger-bodied birds, predominantly males, 
maintained territories in which the abundance of arthropods was higher, had a greater proportion of arthropods in 
their diet and less variation in 13C (indicator of a stable diet) and fat loads over the winter. In contrast, smaller-bodied 
birds, primarily females, gained fat midwinter in response to unpredictable and lower-quality resources. These re-
sults are consistent with both a size-mediated form of dominance and sexual habitat segregation, such that smaller 
bodied birds, mainly females, may be behaviorally excluded from optimal territories. Future research should focus 
on the long-term consequences of food limitation in the nonbreeding season and size and sex-mediated dominance 
behavior on both the condition of birds within a season and on subsequent breeding success and survival.
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INTRODUCTION

Twenty-five years ago, it was a common sentiment that “any-
thing a bird does beyond surviving [the winter] will have 
little influence on its reproductive success in the spring” (Pul-
liam and Millikan 1982). Although survival is certainly a 
prerequisite for any measure of success, we now know events 

in the nonbreeding period (or winter) that influence body con-
dition can carry over into the breeding season (Marra et al. 
1998, Studds et al. 2008, Reudink et al. 2009). The effect of 
events during the winter on subsequent periods has been over-
looked until recently. To better understand the role of winter 
events in driving subsequent events in the annual cycle of mi-
gratory birds, we must continue to build a basic understanding 
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of what factors influence the physical condition of birds dur-
ing the nonbreeding season.

Food availability is known to be a key limiting resource 
for migratory birds during the nonbreeding season (Hutto 1985, 
Sherry et al. 2005, Brown and Sherry 2006), and several studies 
have now shown how birds cope with limited and unpredictable 
food availability over the winter. For example, the Dark-eyed 
Junco (Junco hyemalis), a ground forager, compensates for un-
predictable resources by having higher fat reserves (Rogers 
1987, Rogers and Smith 1993). In Mexico, nonterritorial Wood 
Thrushes (Hylocichla mustelina) have fat loads higher than 
those of territorial individuals (Winker et al. 1990). In the trop-
ics, Ovenbirds (Seiurus aurocapilla) have increased fat stores in 
areas with lower biomass of ants, a critical food source (Strong 
and Sherry 2000). In general, individuals in lower-quality habi-
tats, as defined by lower availability of higher-quality food, or 
in unpredictable environments prone to severe food limitation, 
tend to store more body fat than do conspecifics in stable or 
higher-quality environments (Rogers 1987). 

For the Hermit Thrush (Catharus guttatus), both fruit and 
arthropods appear to be important for maintaining overwin-
ter condition. Hermit Thrush abundance has been positively 
correlated with fruit abundance (Kwit et al. 2004b, Strong et 
al. 2005). Additionally, the analysis of fecal samples revealed 
fruit consumption to peak in January and the presence and 
proportion of arthropods in the samples to increase in late 
winter and spring (Strong et al. 2005). Fruit, however, is con-
sidered to be nutritionally poor and insufficient for maintain-
ing the body mass of many omnivorous songbirds (Levey and 
Karasov 1989, Long and Stouffer 2003, Pearson et al. 2003). 
Although high in carbohydrates and lipids necessary for 
energy, fruit often lacks the protein and nitrogen necessary for 
maintaining muscle mass (Blem 1990). Despite evidence that 
Hermit Thrushes rely heavily on fruit during the winter, cap-
tive wintering Hermit Thrushes preparing for migration given 
an unlimited supply of insects and fruit chose to consume only 
insects and gained significantly more fat and mass than did 
thrushes that were fed only fruit (Long and Stouffer 2003). 
Although that study does not reflect the real-world availability 
of resources, it does demonstrate the nutritional superiority of 
arthropods. Furthermore, experimental removal of fruit did 
not result in changes in territory size or space use (Brown and 
Long 2006). Brown and Long (2006) hypothesized saturation 
of available habitat may have prevented the expansion of terri-
tories to compensate for the loss of fruit. In the absence of in-
formation on changes to body condition or survival, however, 
it is not possible for the significance of such experimental re-
ductions in winter fruit resources to be assessed adequately. 

The first objective of our study was to identify how the diet 
of the Hermit Thrush changed over the winter. Because assess-
ing actual food consumption is difficult, our second objective 
was to use values of stable carbon and nitrogen isotopes derived 
from blood as indices of food consumption to determine if fruit 
and arthropod consumption varied over the winter. It the last de-
cade, measuring stable-isotope ratios has become a useful tool 

for identifying birds’ diet at varying temporal and geographic 
scales (Hobson and Clark 1992, Podlesak et al. 2005, Phillips 
and Eldridge 2006). Values of 13C and 15N, which are more 
enriched at higher trophic levels, can be used to assess relative 
changes in diet (Haramis et al. 2001, Podlesak et al. 2005). Hob-
son and Clark (1992) and Hobson and Bairlein (2003) reported 
the rate of turnover of carbon isotopes in whole blood for a war-
bler and a quail to be 6 and 1l days, respectively, so, on the basis 
of mass, we expected the rate for the Hermit Thrush to fall be-
tween those values. 

The second objective was to measure how diet changed in 
relation to food availability. So, in conjunction with diet assess-
ment, we measured site- and territory-level differences in food 
availability at regular intervals over the nonbreeding season. 
We then examined how resource use and availability influenced 
fat reserves and overall mass of birds through the winter. We 
predicted that limited resources should result in competition for 
higher-quality territories, as measured by food availability, and 
that thrushes with a higher proportion of arthropods in their 
diet should maintain a more stable mass through the winter.

METHODS 

STUDY SYSTEM

We conducted our study on a 485-ha preserve on Spring Island, 
within a private residential community in Beaufort County, 
South Carolina (32.3° N, 80.8° W), between November and 
April in 2004–2005 (2005) and 2006–2007 (2007). The study 
area, totaling 15 ha, has an overstory primarily of mixed oak 
species (Quercus spp.) and loblolly pine (Pinus taeda) and 
a moderate to dense understory of waxmyrtle (Myrica ceri-
fera), beautyberry (Callicarpa americana), farkleberry (Vac-
cinium arboretum), inkberry (Ilex glabra), and regenerating 
oaks. This habitat is common along the coast of the southeast-
ern U.S. and often contains a dense understory that is used by 
many species of birds, including the Hermit Thrush. 

STUDY SPECIES

The Hermit Thrush is short-distance migrant that breeds 
throughout the northeastern U.S., most of Canada and much of 
the western U.S. and winters from the southeastern U.S. through 
Mexico to Guatemala. It is the only species of Catharus that 
winters north of Mexico. It switches from a diet primarily of 
arthropods in the breeding season to one heavily supplemented 
with fruit in the nonbreeding season (Jones and Donovan 1996). 
Wintering Hermit Thrushes maintain territories of less than 1 
ha and show fidelity to these sites throughout the season (Brown 
et al. 2000). In Louisiana, Brown et al. (2000, 2002) found no 
differences in territory size by age, sex, or habitat type. 

The Hermit Thrush is well suited for this study because it 
is common and territorial on the nonbreeding grounds (Brown 
et al. 2000, 2002). Its omnivorous diet and foraging behavior 
in winter also makes it ideal for a study of the influence of diet 
on winter condition. Because Hermit Thrushes are difficult to 
observe, we used radio transmitters to track the movements 
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of individuals and to map territories. We attached radio trans-
mitters (Holohil, Model BD-2, with two harness tubes), modi-
fying the harness with a thread looped through harness tubes 
and under the thighs, securing the transmitter just above the 
tail (Rappole and Tipton 1991). In 2007, we attached transmit-
ters weighing 0.75 g (less that 3% of a 30-g bird) in November 
and again in January because of the limited lifespan of the 
transmitter. We attempted to place transmitters on the same 
birds in January as in November but were successful with only 
8 of 10. We attempted to recapture all individuals to remove 
transmitters. We estimated territories as minimum convex 
polygons in ArcView 3.2 by using the extension conv_hulls_
pts.avx (Jenness Enterprises). We located birds at least once 
a day for an average of 30 observations each before recapture.

MEASURES OF FOOD AVAILABILITY

To estimate overwinter changes in fruit availability in 2005, we 
established random transects in 50-m increments throughout 
the study area, totaling 6000 m2 or 4% of the area. We tagged 
all fruiting plants in each transect and counted fruit in Novem-
ber. For the larger shrubs, whose large production of berries or 
height made a count impractical, we estimated fruit availability 
by counting a representative branch and multiplying the count 
by the total number of branches. We repeated counts in January 
and March and used the differences between counts as an esti-
mate of overwinter change in fruit availability.

During the 2007 winter season, we estimated the change in 
fruit availability within Hermit Thrush territories in November, 
January, and March. We used ArcView 3.2 and extension Ran-
dom Point Generator version 1.3 (Jenness Enterprises) to ran-
domly select non-overlapping points within territory polygons 
to sample fruit. Locations were flagged and all fruit in the 5-m 
radius was tagged and counted or estimated. In 2007 we pooled 
samples to estimate changes in fruit availability across plots to 
allow comparison with 2005 estimates of fruit availability.

In the 2007 winter season, we estimated change in ar-
thropod availability in November, January, and March within 
the same 5-m radius within which we sampled fruit. Using 
methods modified from Strong and Sherry (2000), we placed a 
frame covering 0.5 m2 near the center of the sampling area on 
top of the leaf litter. Observers spent 5 min searching within 
the frame by scanning and flipping leaves individually to 
mimic a foraging Hermit Thrush (Jones and Donovan 1996). 
We counted arthropods and recorded their lengths (mm, head 
to abdomen tip) to create an index (average of sample sum of 
arthropod lengths) of arthropod biomass.

CAPTURE METHOD

In 2005, we captured birds during three periods: early (Decem-
ber), mid (January–February), and late (March) winter, averag-
ing 35 capture days in each period. In 2007, we added a late-fall 
period in early November, with each period averaging 13 days. 
Using a combination of passive and targeted netting with a re-
corded playback, we captured all Hermit Thrushes in mist nets. 

We banded the birds with an aluminum U.S. Fish and Wild-
life band and a unique color-band combination to permit subse-
quent identification of birds in the field. In addition to blanket 
netting, we targeted birds caught earlier in the season in sub-
sequent capture periods. Net effort and placement were deter-
mined by previous observations of banded and unbanded birds. 
Birds were released immediately after being processed. 

To assess body condition, at every capture of a thrush, we 
weighed it to the nearest 0.1 g on an electronic Ohaus balance and 
assessed its furcular fat. We measured the wing with a wing ruler 
and tail and tarsus with an electronic caliper. In 2007, we visu-
ally assessed fat levels in the furcular cavity on a subjective scale 
(0 = no fat, 1 = furcular cavity 5–25% full, 2 = 30–60% full, 3 = 
65–95% full, 4 = 100% full, 5 = fat extending beyond cavity). 

We collected blood samples for DNA sexing and stable-
isotope analysis. We drew blood (100–120 μL) from the bra-
chial vein with a needle and nonheparinized capillary tube 
and immediately transferred it to a sterile vial, storing it in a 
cooler in the field until the sample could be placed in a freezer 
(–20°C). Blood for DNA sexing was placed on sterile card 
(10 μL) provided by and analyzed by Avian Biotech Interna-
tional (Tallahassee, FL). We also collected fecal samples from 
cotton holding bags or from the ground directly beneath a cap-
tured bird in the net. Fecal samples were stored in wax enve-
lopes and later transferred to an ethanol solution. We believe 
that little of the sample was lost when collected from beneath 
the net because of the compactness of the droppings. 

DIET ASSESSMENT AND TISSUE ANALYSIS

Each fecal sample was placed into an ethanol solution and 
broken apart by light pressure applied with a blunt instrument 
(closed tweezer tips). We examined fecal samples under a dis-
secting microscope (Ralph et al. 1985) for insect fragments 
(wing scales, mandibles, appendages) and seeds that were not 
digested (Burger et al. 1999, Deloria-Sheffield et al. 2001).

We kept blood samples for stable-isotope analysis frozen 
until they were freeze-dried for 48 hr. Dried whole blood was 
ground into a powder with the tip of a lab spatula before it was 
weighed (1 ± 0.2 mg) into 5 × 9-mm tin capsules. Capsules 
were rolled and crimped and placed in a numbered cell plate 
and sent to the Stable Isotope Facility of the University of Cal-
ifornia, Davis, for analysis of 13C and 15N. Samples were 
analyzed with an ANCA-GSL and PDZ Europa 20-20 isotope-
ratio mass spectrometer. Results are presented as deviations 
from standard ratios (Vienna PeeDee Belemnite for 13C and 
atmospheric nitrogen for 15N). This ratio is derived from: 

X – [(Rsample/Rstandard ) – 1] × 1000, where X is 13C or 15N and 

R is the ratio 13C/12C or 15N/14N, respectively.

STATISTICAL ANALYSES

We assessed changes in 13C and 15N with repeated-measures 
mixed models (PROC MIXED from SAS Institute), with 
models including the main effects of age, sex and, period and 
interaction effects between period with age and period with 
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sex, with adjusted Tukey mean comparisons. In these mod-
els, age and sex were between-subjects factors, and period and 
interactions with period were within-subjects factors. These 
analyses included all birds, including those captured once and 
those captured repeatedly. We did not combine years in mixed 
models because of the number of sampling periods and length 
of each period in the two years differed.

For the analysis of diet, mass, and fat relationships we 
used data for 2007 only because of the shorter sampling period 
needed for accurate comparisons. We compared sex and wing 
chord with two-sample t-tests for unequal variance. We used 
the coefficient of variation (CV) of fat scores, mass, and 13C
signatures for individuals captured three times to compare the 
variability in diet, fat, and mass. Territory-level fruit availabil-
ity was log-transformed for improved fit. We used linear regres-
sion for all continuous variables, unless otherwise stated in the 
results, and logistic regression ( 2) for ordinal fat scores.

RESULTS

FOOD AVAILABILITY AND USE

Fruit availability and consumption change both within and 
between years. Fruit availability declined over winter (Fig. 1A). 

In 2005, fruit availability in January and March declined from 
November levels by 98% and 99%, respectively. In 2007, fruit 
availability fell from November levels by 73% by January and 
by 99% by March. In 2005 fruit availability declined faster than 
in 2007 ( 2

1 = 21183, n = 716517, P < 0.001). These percentages 
are from counts of all species of fruit species pooled; however, 
M. cerifera, the dominant fruit on our sites (representing 63% 
and 98% of fruit sampled in 2005 and 2007, respectively), de-
clined at the same rate as the pooled samples in each year. In 
2005, fruit occurred in 71% (n = 14) and 81% (n = 21) of the 
fecal samples in early winter (November) and mid-winter (Jan-
uary), respectively, and declined to 29% (n = 17) in late win-
ter (March). In 2007, fruit occurred in the feces of 60% (n = 
10) and 64% (n = 22) of the birds sampled in the late fall and 
early winter, respectively, then declined to 33% (n = 18) and 
11% (n = 18) in mid and late-winter. Only in January did fruit 
consumption in the two years differ (Fig. 2A: 2

1 = 9.4, n = 39, 
P = 0.002). We found M. cerifera in fecal samples during every 
sampling period in both years and in two-thirds of the samples 
containing fruit; I. glabra, C. americana, V. arboretum, and I. 
vomitoria were far less frequent.

Although arthropods varied in availability, they were a 
consistent part of the Hermit Thrushes’ diet. In 2007 arthropod 

FIGURE 1. Food availability and temperature changes by year. 
(A) Percent fruit remaining by month and (B) changes in arthro-
pod availability (mean ± SE) for 2007 and corresponding changes in 
average monthly low temperature; 2005 temperature presented for 
comparison.

FIGURE 2. Changes in isotope signatures in whole blood (mean ± 
SE) for 2005 and 2007 for (A) 13C and percent of fecal samples con-
taining only arthropods and (B) 15N.
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availability declined from November to January but rose in 
March (Fig. 1B: F2,450 = 45, P < 0.001), consistent with tempera-
ture change. Arthropod data were not available for 2005. Identi-
fiable arthropod parts (legs, mouth parts, wing fragments) were 
present in all but 3 of the 122 samples from 2005 and 2007. 

We examined how isotopic signatures in whole blood 
changed over three (2005) and four (2007) periods for all 
captured birds, regardless of their territoriality. In both years, 

13C and 15N signatures in whole blood of all captured indi-
viduals (n = 81 over both years) changed from one period to 
the next, with no influence of age or sex (Table 1, Fig. 2). In 
2005, 13C signatures became significantly more enriched in 
late winter (Fig. 2A: repeated-measures mixed model, F2,15 =
30.16, P < 0.001). However, in 2007, the 13C signatures be-
came more enriched earlier in the midwinter period (Fig. 2A: 
repeated-measures mixed model, F3,33 = 48.98, P < 0.001). In 
2005, the 15N signatures in blood became more enriched as the 
winter progressed (Fig. 2B: repeated-measures mixed model, 
F2,15 = 2.96). In contrast, in 2007, 15N signatures became more 
depleted in late winter than in early and midwinter (Fig. 2B: 
repeated-measures mixed model, F3,33 = 9.1, P < 0.001). 

TERRITORIAL BIRDS

In 2007, we measured food availability within territories of 
nine birds to assess how food availability correlated with 
consumption. We found no relationship between territory size 
and fruit availability (r2 = 0.20, n = 9, P = 0.23) or arthropod 
availability (r2 = 0.03, n = 9, P = 0.65). In addition, arthropod 
and fruit densities were inversely correlated (r2 = 0.60, n = 
9, P = 0.01). Birds with longer wing chords occupied terri-
tories with higher arthropod availability (Fig. 3A: r2 = 0.54, 
n = 9, P = 0.02) and lower fruit availability (r2 = 0.57, n = 9, 
P = 0.02). These larger birds also had whole blood that was 
more enriched in 13C in early winter (Fig. 3B: r2 = 0.79, n = 9, 
P = 0.001). Larger birds were predominately male (t5 = 3.87, 
n = 9, P = 0.01). More enriched 13C signatures were associ-
ated with lower fruit availability (r2 = 0.65, n = 9, P = 0.009) 
and a tendency toward higher arthropod availability (r2 = 0.37, 
n = 9, P = 0.08). The corresponding 15N relationships were 
not significant.

We also examined the relationship between diet, fat, and 
body mass of all individuals recaptured three or more times in 

2007. In midwinter, greater values of 13C and 15N in blood 
were associated with gains in body mass (exponential fit of 
mass change: Fig. 4A, 13C: r2 = 0.53, n = 16, P = 0.002 and 

15N: r2 = 0.50, n = 16, P = 0.002) and increased fat loads ( 2 =
4.92, n = 16, P = 0.02). Individuals more depleted in 13C in 
early winter experienced a greater change in 13C by midwin-
ter (Fig. 4B: r2 = 0.54, n = 16, P = 0.001). Birds in which varia-
tion in 13C over winter was greater also varied more in fat 
load (r2 = 0.28, n = 14, P = 0.05). Signatures of 13C and 15N
were highly correlated (r2 = 0.69, n = 16, P < 0.001) within this 
period only.

Mass change was positively correlated with change in 
fat score over the winter (November–December: 2 = 4.41, 
n = 9, P = 0.04; December–January/February: 2 = 9.01, n = 17, 
P = 0.003; January/February–March: 2 = 23.46, n = 15, P < 
0.0001). There was no relationship between body mass and 
fat change and change in 13C or 15N in early or late winter. 
Additionally, birds that increased in mass and fat in early win-
ter also lost the most mass and fat by late winter (mass: r2 = 
0.28, n = 14, P = 0.05; fat: r2 = 0.34, n = 14, P = 0.03). 

When we examined all territory holders (all birds cap-
tured three or more times), wing chord was positively cor-
related with enrichment in 13C in early winter (Fig. 4C: r2

= 0.47, n = 16, P = 0.003), and these larger Hermit Thrushes 
were predominantly male (t13.7 = 3.63, n = 16, P = 0.003). Val-
ues of 13C in larger thrushes were also less variable over the 
winter (coefficient of variation: r2 = 0.31, n = 14, P = 0.04). 
Although wing chord was not correlated with mass change (r2

= 0.0, n = 16, P = 0.92) or change in 13C (r2 = 0.09, n = 16, P = 
0.25), fat scores of smaller birds increased more in midwinter 
( 2 = 4.54, n = 17, P = 0.03) and tended toward more decline in 
late winter ( 2 = 2.43, n = 15, P = 0.1). 

DISCUSSION

At our study site, the decline of fruit availability was similar 
to that reported from the region by McCarty et al. (2002) and 
Kwit et al. (2004b). Fruit availability declined faster in 2005, a 
winter of cold temperatures earlier than in 2007. This finding 
is consistent with other studies reporting that fruit is depleted 
faster in colder years as arthropod availability declines and 
birds’ energetic demands increase (Kwit et al. 2004a). Winter 

TABLE 1. The results of repeated-measures mixed-models for 13C and 15N stable isotope signatures by year.

2005 2007

13C 15N 13C 15N

Effect df F P F P df F P F P

Period 2,15 30.16 <0.001 2.96 0.08 3,33 48.98 <0.001 9.1 <0.001
Age 1,37 0 0.95 0.01 0.94 1,37 0.32 0.58 1.37 0.25
Sex 1,37 0.06 0.8 1 0.32 1,37 0.00 0.96 0.21 0.65
Period × age 2,15 0 0.99 1 0.39 3,33 0.94 0.43 0.34 0.79
Period × sex 2,15 1.59 0.24 0.41 0.67 3,33 0.25 0.86 1.15 0.34
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fruit, like M. cerifera, contains compounds that make it re-
sistant to damage from the cold and insectd (McCarty et al. 
2002). It is also possible that differences in fruit-removal 
rates could be due to differences between the years in fruit-
sampling methods, in fruit production, or consumption by 
other animals, including other birds, which we did not mea-
sure. Nevertheless, sampling differences cannot account for 
changes in consumption. 

Both fecal samples and reduced values of 13C in blood 
suggest more consumption of fruit during an unusually cold 
midwinter in 2005. At that time, the majority of fecal samples 
contained fruit, compared to only 33% in January 2007 when 
temperatures were significantly warmer, even though a sig-
nificant quantity of fruit was still available in midwinter 2007. 
Values of 13C and 15N changing over winter were consistent 
with our data on the background availability of fruit and ar-
thropods and with the prevalence of fruit and arthropods in 
fecal samples. They independently document a shift from a 
fruit-dominated diet in early winter to an arthropod diet in 
late winter. Although 15N followed the same pattern, it did 
not track the change of fruit and arthropods in fecal samples 
as did 13C. Instead, 15N became more depleted in March 

2005 and March 2007, in contrast to 13C, which tended to be-
come more enriched. 

Although Kwit et al. (2004b) and Strong et al. 
(2005) found that Hermit Thrushes are more abundant in 

FIGURE 3. Relationships between wing chord and (A) arthropod-
availability index and (B) and 13C in whole blood of territorial Hermit 
Thrushes.

FIGURE 4. Relationships in recaptured Hermit Thrushes between (A) 
midwinter changes in 13C and in mass (exponential fit), (B) December 

13C values and subsequent midwinter 13C change (January–Decem-
ber), and (C) wing chord and December 13C values.
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locations with abundant fruit, we found no relationship be-
tween territory size and food availability. Furthermore, 
experimental alterations of fruit abundance in Louisiana 
yielded no effect on Hermit Thrush movements (Brown and 
Long 2006). The role of fruit as an essential resource needs 
reevaluation. Because birds consuming it may accumulate 
toxic compounds, fruit has long been considered to be a food 
inadequate for meeting the dietary needs of many species 
(Levey and Martínez del Río 2001). This is the case for the 
American Robin (Turdus migratorius), which limits con-
sumption of fruits otherwise high in energy and rich in pro-
tein even in the lack of an alternative (Levey and Karasov 
1989). Reliance on a diet dominated by fruit therefore seems 
to be a risky strategy. Colder winters could result in faster 
depletion of fruit, leaving birds with little to supplement 
their consumption of arthropods, already low in mid to late 
winter. This is further evidence that, although fruit likely 
provides a critical emergency resource at times of colder 
temperatures, Hermit Thrushes preferentially consume ar-
thropods when available. 

The simultaneous evaluation of food availability, con-
sumption, and over-winter changes in stable isotopes, body 
mass and size, and fat loads provided important insights into 
the influence of diet on the trajectories of individual birds’ 
condition. We found that larger birds occupied territories with 
more arthropods and had a diet with a higher proportion of 
arthropods than did their smaller conspecifics, as indicated 
by stable-isotope analyses. Larger birds’ diets were more con-
sistent over the winter and their fat loads varied less. Smaller-
bodied thrushes occupying territories with higher fruit 
densities in early winter gained fat midwinter. This is consis-
tent with other studies in temperate regions, which have found 
that socially dominant birds have fat reserves lower than those 
of subordinates when access to food is limited (Gosler 1996, 
Pravosudov et al. 1999). While increasing fat stores may pro-
vide insurance against potential food shortage, it also requires 
more time foraging and increases the risk of predation, as a 
result of both decreased vigilance while foraging and lowered 
flight performance (Witter and Cuthill 1993, Clark and Ek-
man 1995). 

Several studies investigating the social systems of birds 
during the nonbreeding season have found sex and age to 
be important factors in a bird’s ability to acquire and main-
tain a high-quality territory (Holmes et al. 1989, Marra and 
Holmes 2001, Latta and Faaborg 2002). This behavioral 
dominance can restrict access of subordinate individuals to 
higher-quality resources when resources are limited (Gau-
threaux 1978, Sherry and Holmes 1996). We argue, using data 
on overwinter changes in mass and fat along with diet inferred 
from stable carbon isotopes collected from thrush blood, that 
arthropod availability underlies territory quality and, po-
tentially, the an individual’s subsequent success. Different 
patterns of habitat occupancy caused by the behavioral domi-
nance of larger thrushes may result in smaller and subordinate 

individuals, often females, being relegated to low-quality sites 
that ultimately have consequences on their physical condition 
and survival. 

USE OF ISOTOPES TO STUDY CHANGING DIET

The use of isotopes was instrumental in examining the 
relationships between diet and changes in body mass and fat. 
Sampling fruit and arthropods is time consuming and com-
plex and often does not reflect true availability. Fecal samples 
can provide insights into diet but can also be biased because of 
varying retention time of prey items. In contrast, blood sam-
ples for isotope analysis were easy to obtain and inexpensive 
to analyze and provided a more precise picture of the relative 
contribution of multiple food sources to an omnivore’s diet.

Our isotopic sampling was carefully constrained to 
the winter to avoid isotopic carry-over from previous sea-
sons. Most Hermit Thrushes arrive on winter territories by 
October, so sampling first in late November should provide 
enough time for isotopic turnover and the loss of signatures 
associated with migration (Hobson and Clark 1992, Hob-
son and Bairlein 2003). This initial period is distinct from 
late winter because typically both fruit and arthropods are 
readily available. Later periods were associated with a de-
cline in both fruit and insects that resulted in changes in both 

15N and 13C. Other factors can also contribute to changes 
in stable isotopes over the winter and may provide an expla-
nation for the lack of 13C relationships in late winter and 
why patterns found in carbon isotopes were not mirrored 
in nitrogen. For example, increased stress may result in the 
enrichment of 15N (Hobson et al. 1993, Dalerum and Anger-
bjorn 2005). The depletion of 15N in the late-period mixed 
model for 2007 could also have arisen from a trophic-level 
shift in consumption within arthropod communities. Early 
spring marks the emergence of various arthropods, such 
as larval lepidopterans, that are at a lower trophic level and 
more depleted in 15N than predatory and adult arthropods 
(Gannes et al. 1998, Tibbets et al. 2008). Finally, Herrera et 
al. (2001) reported that 13C to be more effective than 15N at 
measuring trophic-level differences in fruit- and arthropod-
consuming species and found greater variation of 15N in 
blood. They suggested the problem may result from the dif-
ferences between the digestibility of 15N-depleted chitin and 
other arthropod materials (Herrera et al. 2001). 

CONCLUSIONS AND FUTURE DIRECTIONS

The period of the nonbreeding season in which an individual 
is stationary is likely limiting for many species of migratory 
songbirds. In this study, we used both direct and indirect 
methods to demonstrate that arthropods form a critical com-
ponent of the Hermit Thrush’s winter diet. Larger-bodied 
birds, often males, are able to acquire and defend winter ter-
ritories with greater arthropod densities, providing them a 
more consistent diet with a higher proportion of arthropods 
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than that of their smaller counterparts. In midwinter, smaller 
individuals lacking a stable and sufficient arthropod supply 
are likely forced to compensate by spending more time forag-
ing to increase fat reserves but also to make themselves more 
susceptible to predation and starvation in severe winters. 

Future research could include experimental alterations 
in arthropod availability to confirm that body size and be-
havioral dominance secondarily regulate the relative avail-
ability of fruit and arthropods. Possible experiments could 
include arthropod supplementation on territories of smaller 
birds and arthropod reduction on territories of larger 
thrushes. Additional research could also look for evidence 
of behavioral dominance across habitat types and latitudes, 
where sex and age ratios may differ (Gauthreaux 1978, 
Marra 2000). Efforts should also focus on understanding 
how these events influence overwinter and annual survival 
as well as subsequent events during the annual cycle, such 
as those during the breeding season (Marra et al. 1998). Fi-
nally, given the critical role of temperature in regulating 
arthropod availability, a better understanding of how fu-
ture warming may influence the ecology of short-distance 
migrants wintering in temperate regions has now become 
essential.
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