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Abstract. The measurement of stable-carbon (13C/12C) and nitrogen (r5N/‘“N) isotope 
ratios in bird feathers has potential to reveal important information on trophic position and 
source of feeding during feather formation. This study investigated how stable-nitrogen 
(?I’~N) and carbon (SW) isotope ratios in feathers of insectivorous songbirds and in their 
supporting foodwebs differed between boreal forest sites (50 feathers representing 5 species) 
and upland sites associated with southern prairie agro-wetland complexes in Saskatchewan 
and Manitoba, Canada (108 feathers representing 12 species). No difference in feather SIC 
values between these biomes was found, but feathers from boreal forest songbirds were 
depleted in r5N compared to feathers from birds in southern agricultural areas. This suggests 
that general trophic models cannot be constructed based on 615N values of feathers of birds 
from these different biomes alone unless they are related first to local foodweb isotopic 
signatures. However, foodweb F’N analysis in each biome indicated that the stable isotope 
approach could be applied successfully to delineate trophic relationships involving birds. In 
addition, this technique will be a useful tool for investigating the degree of frugivory or 
nectarivory in birds. 
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INTRODUCTION 

In recent decades, the application of stable iso- 
tope analyses to studies of avian nutritional ecol- 
ogy and movement has increased tremendously, 
a trend that will undoubtedly continue with the 
advent of technology more readily available to 
avian ecologists (Kelly and Finch 1998, Hobson 
1999). One of the important advances in this 
field has been the development of nondestructive 
sampling approaches that involve the isotopic 
analysis of bird feathers (Mizutani et al. 1990, 
Hobson and Clark 1992). For those cases in- 
volving birds in equilibrium with their local food 
web that do not rely on the mobilization of en- 
dogenous nutrient reserves obtained elsewhere 
(Hobson et al. 1997), stable isotope ratios in bird 
feathers will reflect those in their diet during the 
period of feather growth. Using isotopic mea- 
surements of feathers, previous studies have suc- 
cessfully estimated the relative importance of 
foods derived from freshwater and marine sourc- 
es (Mizutani et al. 1990, Bearhop et al., in 

’ Received 29 December 1998. Accepted 17 May 
1999. 

press), determined trophic level (Thompson and 
Fumess 1995, Thompson et al. 1993, and ex- 
amined the relationship between trophic level 
and contaminant loads (Kidd 1998, Thompson 
et al. 1998). Recently, Hobson and Wassenaar 
(1997) and Chamberlain et al. (1997) demon- 
strated how the isotopic analysis of songbird 
feathers can also provide information on where 
feathers were grown because foodwebs may dif- 
fer regionally in isotopic composition (Hobson 
1999). 

A fundamental assumption in the application 
of the stable-isotope approach is that one can 
reliably infer trophic level or source of feeding 
based on an understanding of local and regional 
stable isotope signatures in foodwebs. However, 
to date, very little attention has been paid to 
those factors contributing to variance in food- 
web isotope ratios, particularly in terrestrial sys- 
tems. There is evidence that stable-carbon and 
nitrogen isotope ratios in terrestrial and aquatic 
foodwebs can vary dramatically over both small 
and large spatial scales (Leavitt and Long 1988, 
Nadelhoffer and Fry 1994, Alexander et al. 
1996). This creates both opportunity for and sets 
limitations on the application of stable-isotope 
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analyses of feathers or other tissues to investi- 
gate nutritional origins and trophic levels of 
birds that may move between isotopic regions. 
This study reports the results of an investigation 
of how 6r3C and V5N values in foodweb com- 
ponents and feathers of birds grown on those 
foodwebs varies between boreal forest and 
woodlands associated with agricultural wetland 
complexes in the central prairie region of Can- 
ada. The objective of the study was to investi- 
gate the within-site and between-site variability 
in stable isotope signatures in feathers in order 
to evaluate the utility of the technique for deter- 
mining local trophic relationships and the oc- 
currence of isotopic tracers in feathers that might 
provide information on geographical origins of 
molt in migrating or wintering birds. 

METHODS 

STUDY SITES 

Two sites were chosen to sample birds breeding 
in woodlands associated with southern prairie 
agricultural wetland complexes. The first site, 
used during 1992-1995, was located in the for- 
ested dune-ridge separating Delta Marsh from 
Lake Manitoba, Manitoba, Canada (5O”l l’N, 
98”19’W, see Mackenzie 1982 for a description 
of study site and Mackenzie et al. 1982 for a 
description of the breeding bird community). 
The second site, used in 1992-1993, was located 
on the St. Denise National Wildlife Management 
Area (52”20’N, 106”1O’W), 30 km east of Sas- 
katoon, Saskatchewan. Both sites host breeding 
forest birds in patches or linear strips of forest 
in close proximity to open uplands, wetlands, 
and agricultural land. Emergent aquatic insects 
were presumed to be an important component of 
the diets of birds at both locations, especially at 
Delta Marsh where chironomids typically pro- 
duce superabundant food resources for passer- 
ines (Briskie and Sealy 1989). For the sampling 
of boreal forest birds, during 1993-1996, we 
used both aspen and conifer dominated mixed- 
wood sites in Prince Albert National Park 
(53”50’N, 105”5O’W) in Saskatchewan and sam- 
pled also those known boreal forest breeding 
birds migrating through the Delta Marsh Bird 
Observatory (DMBO) during the fall of 1992- 
1994. 

Following capture using mistnets, a single 
outer tail feather was removed from each bird 
and stored in individual envelopes. Evidence of 

breeding or local site use was noted using leg 
bands and the presence of a brood patch for fe- 
males and cloaca1 protruberance for males. In- 
dividuals were aged to hatch-year (HY) or after 
hatch-year (AHY) primarily using degree of 
skull ossification but occasionally other criteria 
as outlined in Pyle et al. (1987). Plant material 
was obtained from live plants at collection sites 
and insects were collected using sweep nets. 

STABLE ISOTOPE ANALYSES 

Feathers were cleaned by rinsing several times 
in a 2:l chlorofornnmethanol solution and al- 
lowed to air dry. Plant and invertebrate materials 
were washed in distilled water, dried in a drying 
oven for 48 hr at 60°C and ground to powder 
using an analytical mill. All samples were load- 
ed into tin cups and combusted in a Robo Prep 
elemental analyzer interfaced with a Europa 20: 
20 isotope ratio mass spectrometer. Stable iso- 
tope ratios were expressed in &notation as parts 
per thousand (o/00) deviation from international 
standards (see Hobson and Schell 1998 for a 
more complete description of stable isotope 
methods). Measurement precision for 6r3C and 
V5N values was estimated to be +- O.l%o and 2 
0.3%0, respectively. 

RESULTS 

Stable-carbon and nitrogen isotope values in 
feathers of birds representing both southern 
agro-wetland complexes and boreal forest 
ranged considerably among individuals (Table 1, 
Fig. 1). Excluding raptors, adult waxwings, and 
hummingbirds and adult Least Flycatchers that 
grew their flight feathers on the wintering 
grounds, there was considerable isotopic segre- 
gation between feathers of individual insectivo- 
rous birds occupying boreal forest habitat com- 
pared with those from southern agricultural hab- 
itats (Wilk’s lambda F2,,55 = 225.4, P < 0.001). 
However this was driven entirely by 615N values 
(agricultural 6r5N: 10.1 + 1.4%0, n = 108, boreal 
615N: 5.2 + 1.2 %o, rt = 50; Wilk’s lambda F,,,56 
= 452.2, P < 0.001) that were generally more 
enriched in agricultural complexes compared 
with boreal sites, and there was complete over- 
lap in 613C values among samples (agricultural 
6r3C: -22.8 + 0.9%0, boreal V3C: -22.8 + 
0.6%0; Wilk’s lambda F,,,56 = 0.1, P = 0.79). 

The distinct segregation in 6r5N values be- 
tween biomes indicated that trophic relationships 
using the isotopic technique could only be mod- 
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TABLE 1. Mean (2 SD) stable-carbon and nitrogen isotope ratios of bird feathers sampled at southern prairie 
agro-wetland complexes (Delta Marsh, St. Denise WMA) and boreal forest (Prince Albert National Park and 
migrants passing through Delta Marsh Bird Observatory 1992-1996). 

Species 6’3C (%0) @N (%o) n 

Agro-wetland Complexes 

American Robin (Turdus migratorius) 
Barn Swallow (Hirundo rustica) 

Cedar Waxwing (Bombycilla cedrorum) 

Clay-colored Sparrow (Spizella pallida) 
Eastern Kingbird (Tyrunnus tyrannus) 
Gray Catbird (Dumetella carolinensis) 
House Wren (Troglodytes aedon) 
Least Flycatcher (Empidonax minimus) 

Northern Oriole (Icterus galbula) 
Red-winged Blackbird (Agelaius phoeniceus) 
Tree Swallow (Tachycinetu bicolor) 
Warbling Vireo (Vireo gilvus) 

Yellow Warbler (Dendroica petechia) 

Boreal Forest 

Cape May Warbler (Dendroica tigrma) 
Hermit Thrush (Cutharus guttatus) 
Ovenbird (Seiurus aurocapillus) 
Ruby-throated Hummingbird (Archilochus colubris) 

Tennessee Warbler (Vermivora peregrina) 
White-throated Sparrow (Zonotrichia albicollis) 
Sharp-shinned Hawk (Accipiter striatus) 
Bald Eagle (Haliaeetus leucocephalus) 

AHY -22.8 -c 0.9 
AHY -20.5 2 1.0 
HY -22.6 5 1.1 
AHY -23.2 2 0.9 
HY -22.9 ? 1.3 
AHY -21.9 rt 0.6 
HY -24.0 ? 0.9 
AHY -23.6 ? 0.5 
AHY -22.1 z 0.7 
AHY -22.6 -c 1.0 
HY -22.7 ? 0.3 
AHY -23.2 ? 0.3 
AHY -22.6 2 2.3 
HY -23.9 ? 0.3 
AHY -23.4 ? 0.6 
HY -23.4 5 1.0 
AHY -23.0 t 0.5 
HY -21.8 i 0.9 

AHY 
AHY 
AHY 
AHY 
HY 
HY 
AHY 
HY 
AHY 

-22.0 + 0.6 
-22.6 2 0.5 
-22.5 ? 0.6 
-24.6 2 0.7 
-24.6 2 0.9 
-23.1 ? 0.9 
-22.8 2 0.5 
-25.6 ? 1.1 
-23.8 ? 0.8 

10.9 + 1.7 5 
9.9 -c 1.5 5 

10.7 2 1.6 6 
4.8 ? 0.8 10 
9.0 ? 1.1 9 
8.0 ? 0.3 3 
8.9 ? 1.1 3 
9.3 * 1.8 14 

11.6 ? 2.0 11 
8.5 + 1.4 11 

11.5 ? 0.3 7 
11.5 jr 0.4 4 
9.8 ? 1.3 6 

10.7 2 1.9 7 
10.5 t 0.8 3 
11.6 -c 1.0 4 
9.6 2 0.8 16 

11.0 * 0.9 9 

3.4 ? 1.5 5 
5.2 2 1.4 5 
5.6 ? 1.0 16 
5.3 ? 1.6 7 
7.6 -c 1.6 4 
3.6 2 1.1 8 
5.8 i 0.7 12 
7.1 2 0.6 7 

11.5 ? 1.1 4 

FIGURE 1. Distribution of stable-carbon and nitro- 
gen isotope values for feathers of songbirds from two 
landscape types. Data correspond to the sample de- 
scribed in Table 1. Each point represents an individual 
bird. 

eled within biomes. Although a complete iso- 
tope analysis of foodweb components at each 
site was beyond the scope of this paper, approx- 
imate trophic models were constructed based on 
S15N values obtained for birds, insects, and plant 
materials (Table 2, Fig. 2). These depictions 
showed clear step-wise enrichment in 15N with 
trophic level. In boreal forest, four distinct tro- 
phic levels, from tree foliage to Sharp-shinned 
Hawks were found (Fig. 2a; scientific names 
given in Table 1). In agro-wetland systems, two 
parallel trophic pathways were evident, one 
based on frugivory or nectarivory and the other 
on insectivory (Fig. 2b). 

Differences in Sr5N values between HY and 
AHY age classes were found for Cedar Wax- 
wings (F,,,, = 8.1, P < 0.001) and Rufous Hum- 
mingbirds (F,,g = 9.6, P < 0.001) a result con- 
sistent with greater incidence of lower trophic 
level feeding (i.e., lower S15N values, Fig. 2b) 
among adults compared with HY birds. 
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TABLE 2. Mean (r+- SD) stable-carbon and nitrogen isotope ratios of foodweb components sampled at southern 
prairie agro-wetland complexes and boreal forest, 1992-1996. 

Species 61’C (%a) 615N (%o) n 

Agro-wetland Complexes: 

Delta Marsh 

Western mountain ash (Sorbus scopulina) 
Chironomidae 
Lepidoptera 
Odonata 

St. Denise NWMA 

Saskatoon berries (Amelanchier alnifolia) 
Diptera 
Chironomidae 
Odonata 

Boreal Forest 

-23.9 2 0.7 2.7 2 1.0 7 
-25.7 ? 1.3 7.5 i- 2.0 5 
-23.9 5 1.1 7.1 ? 0.6 5 
-24.9 -c 1.3 8.6 -c 1.7 7 

-27.7 C 1.1 3.1 2 0.8 5 
-28.6 ? 2.2 8.8 t 2.8 16 
-29.4 5 4.2 9.9 2 3.2 3 
-27.6 i 2.1 9.1 i- 1.4 6 

Prince Albert National Park 

Trembling aspen (Populus trenzuloides) leaves 
White (Picea glauca) leaves spruce 
Spruce budworm (Choristoneura occidentalis) 
Large aspen tortrix (Chorsitoneuru conjlictana) 

-29.1 t- 1.4 -2.5 2 0.7 25 
-29.1 i- 1.6 -1.7 2 1.2 2.5 
-25.0 t 0.6 3.3 k 1.2 5 
-25.6 t- 0.2 1.0 t 0.7 5 

a) Boreal Forest Foodweb DISCUSSION 

Sharp-shmed Hawk - This study has demonstrated considerable vari- 
ation in stable-nitrogen isotope signatures in 
feathers of birds and associated foodwebs be- 
tween those individuals breeding in woodland 
associated with southern prairie agricultural re- 
gions and those in temperate boreal forest. With- 
in trophic guilds, birds breeding in boreal forest 
were generally more depleted in 615N values 
compared to birds breeding farther south. This 
suggests that although the stable-isotope ap- 
proach might be used to investigate trophic re- 
lationships among individuals feeding and grow- 
ing feathers within biomes, it is not possible to 
include individuals from different biomes within 
the same model. Perhaps the most graphic ex- 
ample of this was revealed by the overlap in 
6r5N measurements of raptors such as Bald Ea- 
gles and Sharp-shinned Hawks breeding in bo- 
real areas and insectivorous songbirds breeding 
at Delta Marsh. 

lns?c,,“orous Birds - 

Insects - 

FoIlage _ 

b) Pralne Agrmltural Foodweb 

, 
Berm% _ - ,ns.ects 

FIGURE 2. Trophic model based on 95% confidence 
intervals of stable-nitrogen isotope data of food web 
components depicting data derived from (a) boreal for- 
est and (b) southern prairie agro-wetlands (see Tables 
1 and 2). In b, frngivore endpoints were based on 
feather isotope values for AHY waxwings. 

Whereas the exact origins of molt of the mi- 
gratory sample of birds known to breed in the 
boreal forest was not known, their stable isotope 
values conformed to the general values we mea- 
sured for breeding birds captured at our boreal 
forest site in Prince Albert National Park. This 
suggests that the isotopic pattern we observed 
between biomes may be relatively robust. The 
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occurrence of lower 615N values between as- 
sumed or confirmed northern forest birds and 
those known to molt in the more southern agro- 
wetland complexes is in agreement with our 
general understanding of demographic patterns 
of VN values in foodwebs. 

Factors determining isotopic variation in 
plants at the base of foodwebs will ultimately 
influence isotopic variation in feathers. For ni- 
trogen, the degree of symbiotic N2 fixation, to- 
gether with natural variation in isotopic labels of 
soil pools, also will influence isotopic variability 
among plants in foodwebs supporting birds 
(Lajtha and Marshall 1994). Soil nitrogen is typ- 
ically more enriched in r5N than atmospheric N, 
(Shearer et al. 1978) and, in general, plants that 
obtain nitrogen from the atmosphere should be 
more depleted in 15N than those plants that rely 
on soil nitrogen. Soil 15N content in turn can be 
highly variable within and among sites (Suth- 
erland et al. 1993), but two processes in partic- 
ular may result in agricultural soils being more 
enriched in 15N than temperate forest soils. First, 
isotopic fractionations during ammonia volatili- 
zation are likely unimportant in most forests, be- 
cause forest soils, unlike many agricultural soils, 
are generally acidic enough to prevent ammonia 
loss (Nadelhoffer and Fry 1994). Second, highly 
disturbed ecosystems, such as cultivated fields, 
typically have high levels of biological activity 
that ultimately results in more 15N enrichment in 
soils relative to unploughed forests and pastures 
(Mariotti et al. 1981). In their study of stable 
isotope signatures in tissues of shorebirds using 
wetlands in a prairie agroecosystem, Alexander 
et al. (1996) found considerable variation in 815N 
values of foodwebs at relatively small spatial 
scales. Those authors correctly questioned the 
applicability of the stable isotope technique in 
evaluating trophic relationships among birds in 
these agro-wetland complexes and pointed to lo- 
cal nitrogen fertilizer inputs as a major factor in 
driving local variation in stable isotope ratios 
within local foodwebs. 

In the case of carbon, terrestrial plants fix at- 
mospheric carbon dioxide using C-3, C-4, or 
Crassulacean Acid Metabolism (CAM) photo- 
synthetic pathways (Peterson and Fry 1987, 
Tieszen and Boutton 1988) with the C-3 path- 
way typically resulting in plants with more de- 
pleted 613C values. Recent research has demon- 
strated further that in addition to photosynthetic 
pathway, isotopic variation in C-3 plants is as- 

sociated with ecophysiological differences 
among plants, such as water-use efficiency 
(Lajtha and Marshall 1994). Thus, even within 
terrestrial C-3 plant species, environmental con- 
ditions can mediate physiological responses to 
ambient temperature that result in significant 
changes in 6r3C values. In general, plants sub- 
jected to hotter or more xeric conditions are 
more enriched in 13C than those in cooler or wet- 
ter conditions (Mama et al. 1998). In closed-can- 
opy forests, foliar V3C may increase with can- 
opy height (Medina et al. 1986, 1991, Stemberg 
et al. 1989), but this is expected to be more im- 
portant in tropical vs. temperate forested eco- 
systems. Interestingly, despite the potential for 
variance in 613C values among feathers grown at 
boreal forest and prairie woodland sites, we 
found no differences for this isotope. 

This study was not designed to rigorously 
evaluate the use of the stable isotope approach 
to measure the incidence of frugivory in birds. 
However, that adult and HY waxwings and hum- 
mingbirds demonstrated isotopic patterns consis- 
tent with adult frugivory or nectarivory, and 
greater insectivory in HY birds of these species 
during periods of feather formation, alludes to 
the potential use of VN measurements to in- 
vestigate the importance of plant vs. insect foods 
to birds in general. Cedar Waxwings are largely 
frugivorous throughout the year but will con- 
sume insects during the breeding season (Wit- 
mer et al. 1997). Whereas sugary fruits are fed 
to older nestlings, insects provide important nu- 
trition to younger birds. Our data for waxwings 
associated with small prairie wetlands suggests 
that insects may have formed the majority of the 
nestling diet. However, we do not know where 
adults grew their feathers. Ruby-throated Hum- 
mingbirds consume both flower nectar and small 
insects throughout the year, but nestling diet is 
poorly known because parents feed young by re- 
gurgitation (Robinson et al. 1996). 

The distribution of stable-isotope ratios within 
and across local landscapes remains poorly un- 
derstood. In general, stable-carbon and nitrogen 
isotope ratios tend to be more enriched in hot 
and xeric environments compared to cooler and 
moister environments, but there are likely sev- 
eral exceptions to this pattern. This study has 
demonstrated that it is not appropriate to directly 
associate stable isotope ratios with trophic level 
of birds or other organisms across broad geo- 
graphic areas unless local isotopic data can be 
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used to first establish true trophic positions. This 
approach was used recently by Hebert et al. (in 
press) who inferred trophic level of Herring 
Gulls (Z.urus argentutus) breeding on several of 
the Great Lakes in Canada despite the fact that 
foodwebs in these lakes differed in their baseline 
PN values. 

Currently, stable-hydrogen isotope analyses 
(SD) of bird feathers hold the greatest potential 
for inferring origins of molt of birds in North 
America because there are well-established con- 
tinental patterns of 6D in precipitation that are 
ultimately transferred to feathers (Chamberlain 
et al. 1997, Hobson and Wassenaar 1997). How- 
ever, it is probable that the combined use of sev- 
eral stable isotopes will allow more precise trac- 
ing of origins of feather growth (Chamberlain et 
al. 1997). For example, enriched 6D, V3C, and 
VsN values in feathers would provide convinc- 
ing evidence that feathers were grown in more 
southern, hotter biomes than feathers showing 
depletion in all three stable isotopes. Investiga- 
tions of demographic patterns in these and other 
stable isotopes are encouraged in order to in- 
crease the utility of isotopic measurements of 
feathers and other avian tissues. 
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