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INTRODUCTION

Accurate quantification of diet is a fundamental re-
quirement for understanding the foraging ecology and
energy budgets of free-ranging animals. Limitations of
stomach content and faecal analyses (Jobling & Breiby
1986, Jobling 1987, Bowen & Siniff 1999) have led to
the development of alternative biochemical methods.
The 2 main approaches are fatty acid (FA) signature
analysis and stable isotope (SI) analysis. Both of these
methods provide inferences about or quantitative esti-

mates of diet that are time integrated and can be read-
ily applied to many taxa (Kelly 2000, Iverson et al.
2004). In addition, sampling can be done non-lethally,
allowing for the study of small populations and of indi-
viduals over time. Both methods have been reviewed
extensively (e.g. FA: Iverson et al. 2004, Budge et al.
2006; SI: Kelly 2000, Post 2002). The 2 methods are in-
dependent: one examines the FA composition of lipid
stores, the other examines the isotope ratios of carbon
and nitrogen in various tissues or in the whole body of a
consumer, and often these samples are lipid extracted.
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the field, particularly for wide-ranging aquatic predators such as seals or seabirds consuming
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provide 1 such independent test. To that effect, we analyzed SI and FA for grey seals Halichoerus
grypus (n = 75) and potential fish and invertebrate prey (n = 45). We show 2 lines of evidence for the
convergence of stable isotope and fatty acid estimates of diet. First, in fish, invertebrates and grey
seals, principal components derived from fatty acid signatures are correlated to the stable-carbon iso-
tope (δ13C) signature of the same species. Second, both the estimated portion of pelagic prey and the
trophic level of the diet derived from the quantitative analysis of fatty acid signatures of individual
seals are positively correlated with the stable-carbon (δ13C) and stable-nitrogen (δ15N) signatures
in those same individuals. The corroboration of independent measures of diet provides further
validation of these biochemical methods to understand the foraging ecology of consumers.
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The concurrent analysis of stable carbon (δ13C) and
nitrogen (δ15N) isotopes provides a 2-dimensional pic-
ture of the dietary space occupied by a consumer rela-
tive to other consumers (Post 2002). SIs of nitrogen are
enriched in consumers relative to diet by an average of
3.4‰, thereby providing a measure of trophic level,
although this can be highly variable depending on the
ecosystem as well as the specific tissue analyzed
(Hobson & Welch 1992, Hobson et al. 1994, Post 2002).
Stable-carbon isotopes remain little changed with
trophic transfer, as they enrich by <1‰, and are thus
more indicative of sources of primary production (Hob-
son et al. 1994, France & Peters 1997, Kelly 2000).
Stable-carbon isotopes are known to reflect different
sources of primary production and can be used to
discriminate between carbon pools or habitats (e.g.
terrestrial vs. aquatic, benthic vs. pelagic). For exam-
ple, in marine systems, the stable-carbon signature
increases from negative (depleted) values for pelagic
species to more positive (enriched) values for benthic
species, while δ15N increases with trophic level within
each respective system (Davenport & Bax 2002, Sher-
wood & Rose 2005, Tucker et al. 2007). Analysis of SIs
does not easily permit individual prey species to be
identified, particularly in more complex food webs.
However, SI allow for a standardized comparison
among individuals or taxa and can provide temporal
integration of diets over different time scales owing to
the analysis of multiple tissues with different turnover
times (Hobson 1993, Bearhop et al. 2004). The isotopic
measurement of several tissues from the same indi-
vidual can provide short-, intermediate- and long-term
dietary information (e.g. Hobson 1993), as turnover of
SIs varies with the metabolic activity of the tissue sam-
pled (Tieszen et al. 1983, Hobson & Clark 1992, Hob-
son 1993, Lesage et al. 2002). For example, it is thought
that the isotopic analysis of metabolically inactive tis-
sues (e.g. hair, skin, whiskers, claws, feathers, baleen)
reflects the diet of individuals only during the period of
growth (Schell et al. 1989, Hobson et al. 1996). On the
other hand, SI values from muscle or blubber integrate
dietary information over the course of weeks to months
because these tissues have higher turnover rates
(Kurle & Worthy 2001, 2002).

By contrast, FA signature analysis can provide both a
qualitative assessment of temporal or spatial changes
in diet (e.g. Iverson et al. 1997a,b, Smith et al. 1997)
and a quantitative estimate of the species composition
of the diet (Iverson et al. 2004, Bowen et al. 2006, Beck
et al. 2007). We refer to the proportional distribution of
all FAs measured in a consumer as its FA signature.
FAs are deposited in animal tissue in a predictable
manner and there are limits on polyunsaturated FA
biosynthesis in higher order consumers (Iverson 1993).
Proportional estimates of diet composition can be

made at the level of the individual by statistically
matching a consumer’s FA signature to an inclusive
prey database (Iverson et al. 2004), known as quantita-
tive FA signature analysis (QFASA). As with SI analy-
sis, different tissues analyzed for FAs provide insight
into diet over different temporal scales (reviewed in
Budge et al. 2006). These include adipose tissue, blub-
ber, milk and blood. Both non-structural adipose tissue
and blubber contain lipids that have accumulated over
time (weeks to months: Iverson et al. 2004, Budge et al.
2006), while FA composition of chylomicrons in blood
represent lipids assimilated in the last meal (Cooper et
al. 2005). Thus, analysis of FAs in different tissues can
provide dietary information over a period of hours to
months.

Both biochemical tracer methods have been vali-
dated through feeding experiments (e.g. Kelly 2000,
Iverson et al. 2004) and are known to be long-term
integrators of the assimilated portion of the diet. The
strengths and limitations of the use of SIs to study
trophic interactions are rather well understood (Kelly
2000, Post 2002). However, feeding experiments on the
use of FAs are fewer in number to date, have generally
involved small numbers of animals, were short term
and dealt with fairly simple diets (typically <5 different
prey species). Of course, it is difficult to validate diet
estimates from either of these methods in the field,
particularly for wide-ranging aquatic predators such
as seals or seabirds. However, if these 2 independent
methods provide similar views of the diet, then we may
have greater confidence in the validity of those esti-
mates.

In the present paper, we compared proportional FA
signatures and SI values of potential fish and inverte-
brate prey species of grey seals Halichoerus grypus
from the NW Atlantic and those taken from individual
grey seals. We hypothesized that FA signatures char-
acteristic of pelagic or benthic feeding would be corre-
lated with the δ13C in potential prey. For example, rel-
atively high levels of 17:0, 18:1n-7 and 20:4n-6 are
associated with benthic systems, and high levels of
14:0, 22:1n-11, 20:1n-9, 18:2n-6, 18:3n-3 and 18:4n-3
occur in pelagic systems (Budge et al. 2002, Käkelä et
al. 2005). Likewise, we expected to see similar rela-
tionships in the FA signatures of grey seals. We sub-
sequently compared the proportional diet estimates
derived from QFASA (Beck et al. 2007) with those from
the SI signatures derived from skin samples (Tucker et
al. 2007) of the same adult grey seals. First, we hypoth-
esized that the proportion of pelagic prey species esti-
mated by QFASA would be correlated to δ13C. Second,
we expected that the integrated trophic level of the
QFASA-estimated diet would be correlated to δ15N.
The diets of grey seals are known to be temporally and
spatially variable, as well as complex, as over 60 prey
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items have been identified in stomach contents (Bowen
et al. 1993), although individual animals generally
consume only a small subset of these species (Beck
et al. 2007).

MATERIALS AND METHODS

Grey seal Halichoerus grypus sampling. The study
was conducted on Sable Island (43° 55’ N, 60° 00’ W), a
vegetated sandbar approximately 45 km long, about
300 km SE off mainland Nova Scotia, Canada. Seals
breed on the island in January, return to moult in
spring, and haul out on the island periodically at other
times of the year (Beck et al. 2003). From 1996 to 2001,
we sampled adult grey seals in May and June (fe-
males = 14; males = 10), September and October
(females = 10; males = 14) and January (females = 13;
males = 14) at the start of the breeding season. Individ-
uals were captured onshore using hand-held nets (see
Bowen et al. 1992). Skin samples (approximately 0.05
to 0.1 g) were taken from the rear flipper. Skin samples
were lipid extracted using a modified Folch method
(Iverson et al. 2001) and analyzed for SIs of carbon and
nitrogen. At the same time, a blubber biopsy was taken
of the full depth of the blubber layer from each animal
on the posterior flank (Beck et al. 2005, 2007). Data for
animals presented in the present study are a sub-
sample of a much broader sampling effort evaluating
diet for grey seals over multiple spatial and temporal
scales.

Fish and invertebrate prey sampling. Fishes and
invertebrates were collected and frozen during strati-
fied, random, bottom-trawl surveys conducted in the
summer on the Scotian Shelf (Northwest Atlantic
Fisheries Organization Sub-Areas 4V, 4W and 4X) in
2000 and 2001 (see Budge et al. 2002). Three individu-
als each of 12 fish and 3 invertebrate species were ana-
lyzed. Fork length or carapace width was measured to
the nearest 0.1 cm, and body mass was determined to
the nearest 0.1 g. Each individual was then homoge-
nized. Lipids were quantitatively recovered in dupli-
cate from sub-samples (approximately 1.5 g) of the
homogenized tissue using a modified Folch method
(Iverson et al. 2001). FA profiles were compiled as part
of a larger prey database for the NW Atlantic (summa-
rized in Budge et al. 2002). An additional sub-sample
(approximately 1.5 g) was subsequently analyzed for
SIs of carbon and nitrogen.

Stable isotope analysis. SI analyses are presented
in Tucker et al. (2007). Briefly, samples were lipid
extracted using a modified Folch method (Iverson et al.
2001), dried to constant weight (for 48 h at 80°C in a
drying oven) and crushed to a fine powder using a
mortar and pestle. Stable carbon and nitrogen isotope

ratios of these samples were determined by the analy-
sis of CO2 and N2 produced by combustion in a CE Ele-
mental Analyzer, followed by gas chromatograph sep-
aration and analysis with a Delta plus isotope ratio
mass spectrometer (G.G. Hatch Isotope Laboratories).
Stable carbon and nitrogen ratios were expressed in
delta (δ) notation, defined as the parts per thousand
(‰) deviation from a standard material: δ13C or δ15N =
([Rsample/Rstandard] – 1) × 1000; R = 13C/12C or 15N/14N.
Standards used were PDB limestone for δ13C and N2 in
air for δ15N. A sub-sample (8%) was analyzed in dupli-
cate; the average SE of the mean for replicates was
0.15‰ for δ13C and 0.18‰ for δ15N.

Fatty acid analysis. Data for FAs of both potential
prey (Budge et al. 2002) and seals (Beck et al. 2005)
have been previously published. Briefly, the lipid
from blubber biopsies was quantitatively extracted as
described above. FA methyl esters (FAME) were pre-
pared from each extracted lipid sample using an acidic
catalyst (the Hilditch method; see Iverson et al. 2001,
Budge et al. 2006). Duplicate analyses and identifica-
tion of FAME were performed using temperature-
programmed gas-liquid chromatography (GLC) (Iver-
son et al. 1997b, 2004, Budge et al. 2006). FAs were
described by the standard nomenclature of carbon
chain length:number of double bonds and location
(n-x) of the double bond nearest the terminal methyl
group. Individual FAs were expressed as a percentage
of total FAs. To improve normality, the proportional
data were normalized using a log transformation
according to the following equation: x trans = ln(x i/cr),
where xtrans is the transformed data, x i is a FA ex-
pressed as percent of total FAs, and cr is the percent-
age of a reference FA, in this case 18:0 (Budge et al.
2002).

Diet estimates. Diet estimates are presented in
Beck et al. (2007). Thirteen species were identified in
grey seal diet estimates occurring at >1% on average
(Table 1). The proportional diet data were normal-
ized using a log transformation. Fishes and inverte-
brates appearing in QFASA estimates were classified
as pelagic or benthic based on previous knowledge
of feeding habits (Scott & Scott 1988, Sherwood &
Rose 2005). Trophic levels of fish and invertebrate
prey that comprised grey seal diet estimates were
also derived from the literature and an online data-
base (FishBase; Froese & Pauly 2007). For individual
grey seals, we summed the proportions of each
pelagic species (Table 1) estimated in the diet to
obtain the total percentage of pelagic prey. The
trophic level of each seal was calculated by taking
the weighted average of the proportion of a particu-
lar prey item in the diet, multiplied by the average
trophic level of that prey as determined indepen-
dently from the literature.
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Statistical analysis. For both prey
and seals, we only used FAs measured
at >0.5 mass percent of total FA (Iver-
son et al. 2004, Budge et al. 2006).
Transformed FA data were subjected to
principal component analyses (PCA) to
reduce multi-colinearity and generate
independent principal components that
could be used as independent variables
in subsequent regression analyses to
evaluate their relationship with δ13C.
Only components having eigenvalues >1 or accoun-
ting for at least 5% of the total variance were retained.
To generate PCA scores for prey, sample size was aug-
mented (n = 579) by including additional individuals of
the same species from the Scotian Shelf Prey Base,
sampled from the same areas and from the same time
period (data from Budge et al. 2002). Similarly, grey
seal sample size was augmented (n = 529) by including
additional individuals (data from Beck et al. 2005).
Increasing the sample sizes for both prey and grey
seals ensured homogeneity of the correlation matrices.
We also fit a linear regression to evaluate the relation-
ship between δ13C and total percentage of pelagic prey
species estimated in the diet. Because sex-specific
seasonal differences have been found in SI levels, FA
signatures and diets, we conducted separate analyses
for males and females using a general linear model
(GLM) procedure to test for the effect of sampling time
on the relationship between δ13C and total percentage
of pelagics estimated in the diet.

We also fit a linear regression to evaluate the rela-
tionship between δ15N and the estimated trophic level
of the diet. It is known that baseline values of δ15N vary
between benthic and pelagic systems such that organ-

isms at equivalent trophic levels have different signa-
tures (Sherwood & Rose 2005, Tucker et al. 2007).
Therefore, we attempted to control for these differ-
ences with the δ13C signature, by taking the δ15N:δ13C
ratio. We then fit a regression to evaluate the relation-
ship between estimated trophic level and the δ15N:δ13C
ratio. PCA, regression and GLM models were fitted
in S Plus Version 6.2 (1988, 2003 Insightful Corp.).

RESULTS

In fish and invertebrate prey, there were 4 signifi-
cant principal components accounting for 80% of the
variance in FA signatures. Three of these components
accounting for 72% of the variance (Components 1, 2
and 4; Tables 2 & 3, Fig. 1) were significant predictors
of δ13C (F3,44 = 33.98; p < 0.001).

There also were 4 significant principal components
accounting for 85% of the variance in grey seal Hali-
choerus grypus FA signatures (Table 4). The first 2 of
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Table 1. Main system (benthic/pelagic) and trophic levels de-
rived from literature and online resources for main con-
stituents (>1% on average) of grey seal Halichoerus grypus
diets estimated by quantitative fatty acid signature analysis

Diet item Average contribution (%) Trophic level

Pelagic
Capelin 1.2 3.2
Herring 2.4 3.3
Lumpfish 1.6 3.5
Redfish small 12.8 3.5
Sandlance large 36.9 3.2
Sandlance small 5.1 3.0

Benthic
Pollock large 1.1 4.5
Pollock small 12.7 4.0
Redfish large 17.3 4.5
Snakeblenny 1.1 4.0
Thorny skate 1.1 4.5
Turbot 2.2 4.5
Witchflounder 3.7 3.5

Table 2. Significant principal components for fatty acid signatures of fish and
invertebrate species, and the coefficients from a multiple regression with δ13C

Compo- Eigen- Variance Cumulative Coefficient t p
nent value explained (%) variance B

1 9.05 45.25 45.25 –0.71 –6.31 0.000
2 3.89 19.42 64.68 0.67 6.71 0.000
3 1.66 8.31 72.99 0.03 0.35 0.694
4 1.31 6.56 79.55 0.54 4.30 0.000

Table 3. Weightings of individual fatty acids in principal com-
ponents for fish and invertebrates which were significantly 

correlated with δ13C

Fatty acid Component
1 2 4

14:0 0.900 –0.204 –0.186
16:0 0.824 –0.185 0.247
16:1n-7 0.871 0.302 –0.218
18:1n-11 0.513 –0.349 0.083
18:1n-9 0.757 0.119 0.230
18:1n-7 0.534 0.711 0.245
18:1n-5 0.723 0.452 0.083
18:2n-6 0.890 0.048 0.107
18:3n-3 0.749 –0.108 0.020
18:4n-3 0.737 –0.249 –0.460
20:1n-11 0.556 0.256 0.117
20:1n-9 0.827 –0.401 0.022
20:1n-7 0.526 0.710 –0.199
20:4n-6 –0.283 0.770 0.443
20:5n-3 0.524 0.624 0.103
22:1n-11 0.840 –0.363 0.121
22:1n-9 0.855 –0.138 0.050
22:5n-3 0.276 0.365 –0.494
22:6n-3 0.121 –0.589 0.545
24:1n-9 0.331 –0.674 –0.018
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those components, which explained 72% of the vari-
ance, were significant predictors of seal δ13C (Tables 4
& 5, Fig. 2).

We found a significant negative relationship be-
tween grey seal carbon signature and the proportion of
pelagic prey in the diet (Fig. 3; F1,74 = 38.81; p < 0.001).
There was no effect of sampling time (males: F2,37 =
0.89, p = 0.42; females: F2,36 = 0.92, p = 0.41) in either
males or females. There was a significant correlation
between the estimated trophic level of the diet and
δ15N (F1,74 = 12.89; p = 0.001). Again, there was no
effect of sampling time (males: F2,37 = 0.24, p = 0.79;
females: F2,36 = 0.92, p = 0.41) in either males or
females. There was also a significant correlation
between trophic level estimated from FA signatures
and the δ15N:δ13C ratio (Fig. 4; F1,74 = 26.79; p < 0.001).

DISCUSSION

It is well established that both the FA composition of
lipid depots and SI values of lipid-free tissues are
indicative of diet. Recently, Iverson et al. (2004) devel-

oped a statistical model to estimate the proportions of
prey species in the diet by comparing the FA signa-
tures of predators with those of potential prey. This
model was validated in feeding experiments on cap-
tive animals and by comparison to prey consumption
by free-ranging harbour seals Phoca vitulina, re-
corded with the use of an animal-borne video system
(Crittercam) (Iverson et al. 2004). However, with
any new method, further testing using field data is
desirable. Concurrent sampling of individual preda-
tors for both SIs and FAs provide one such indepen-
dent test.

Both FAs and SIs are known to represent the assimi-
lated portion of a consumer’s diet. Consequently, con-
sumption of fish and invertebrates species are indepen-
dently identified by both their FA profiles (Iverson et al.
1997a,b, Budge et al. 2002) and their SI signatures
(Lesage et al. 2001, Sherwood & Rose 2005, Tucker et al.
2007). Moreover, we have demonstrated that both in a
number of prey species and in grey seals Halichoerus
grypus there are significant correlations between FA sig-
natures and carbon isotope values. δ13C is indicative of
carbon source due to various physical and biological pro-
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cesses at the base of the food web (Post 2002). Certain
FAs are found in greater abundance in particular organ-
isms and systems (Budge et al. 2002, 2006). Components
from PCA scores are weighted heavily by FAs that are
known to be strongly associated with both pelagic and
benthic systems. For example, there are negative rela-
tionships between δ13C and the first principle component
for both fish and seals. Both of the first components are
weighted by 14:0, 22:1n-11, 20:1n-9, 18:2n-6, 18:3n-3 and
18:4n-3 (Tables 3 & 5). These FAs are found in elevated
proportions in zooplankton, specifically copepod lipids
(Graeve et al. 1994), and variation in levels of these FAs,
particularly 22:1n-11and 20:1n-9, likely reflects high
amounts of zooplankton in the diets of pelagic species
such as herring and capelin (Budge et al. 2002; diet data

summarized in Froese & Pauly 2007). Re-
call that the carbon signature becomes
more positive from pelagic to benthic
species. Both of the second components
are positively correlated with δ13C and
are weighted by 18:1n-7 and 20:4n-6
(Tables 3 & 5). These FAs are found in
high concentrations in benthic diatoms
and, subsequently, in benthic inverte-
brates and fish (Budge et al. 2002,
Käkelä et al. 2005).

Although we found significant correlations between
FAs and δ13C, those relationships explained a rela-
tively small amount of the observed variability. PCA
reduced the number of FA variables from 39 to 4 for
each of the prey species and grey seals. These new
variables accounted for most of the variance in the data
(72 to 80%). However, one characteristic of PCA in this
context is that the mixture of FAs identified as a princi-
pal component is constructed using only covariate
information, without regard to the relationship be-
tween the FAs and their dietary origin. This may con-
tribute to error in regressions with δ13C, since compo-
nent scores may not be maximized along the same diet
dimension represented by δ13C. Significant component
scores were weighted by specific FAs characteristic of
benthic/pelagic sources, suggesting that they are
likely similar, but not necessarily equivalent, to δ13C.
Nevertheless, we did find strong significant correla-
tions (Pearson’s correlation: range 0.31 to 0.74) be-
tween δ13C and individual FA biomarkers (Tucker
2007), strengthening our conclusion about the con-
vergence between these 2 independent methods of
inferring diet.

δ15N is indicative of relative trophic level, given that
an organism’s signature becomes enriched with every
transfer up the food chain. This is due to selective
retention of the heavier isotope relative to the lighter
isotope within consumers. There is no analogous step-
wise trophic pattern for FAs because consumers, with
little to no capacity for de novo biosynthesis, assimilate
FAs roughly in proportion to their presence in the diet
(Iverson et al. 2004, Budge et al. 2006). The trophic
level of a consumer represents the weighted average
of the trophic levels of its prey. Therefore, it follows
that the trophic level derived from an independent
estimate of diet is known to match the δ15N signature
of a consumer (Vander Zanden et al. 1997).

SIs (Tucker et al. 2007) and qualitative analysis of FA
signatures (Beck et al. 2005) of grey seals reveal simi-
lar qualitative patterns in diet. Both approaches have
found evidence for sex, ontogenetic and temporal vari-
ation in diets, as well as a high degree of individual
specialization. We found significant correlations be-
tween diet composition estimated from blubber FAs
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Table 4. Significant principal components for fatty acid signatures of grey seals, 
and the coefficients from a multiple regression with δ13C

Compo- Eigen- Variance Cumulative Coefficient t p
nent value explained (%) variance B

1 13.95 55.79 55.79 –0.395 –4.57 0.000
2 3.96 15.83 71.62 0.245 2.89 0.006
3 2.23 8.90 80.53 0.058 0.76 0.454
4 1.20 4.80 85.33 0.159 1.83 0.074

Table 5. Weightings of individual fatty acids in principal
components for grey seals which were significantly correlated 

with δ13C

Fatty acid Component
1 2

14:0 0.880 –0.375
14:1n-5 0.814 0.469
16:0 0.598 –0.366
16:1n-11 0.898 0.071
16:1n-7 0.867 0.256
16:3n-6 0.884 –0.307
16:4n-1 0.771 –0.519
18:1n-11 0.823 0.124
18:1n-9 0.465 0.812
18:1n-7 0.478 0.696
18:1n-5 0.899 0.042
18:2n-6 0.779 0.385
18:3n-3 0.739 0.193
18:4n-3 0.800 –0.354
20:1n-11 0.740 0.139
20:1n-9 0.839 –0.223
20:1n-7 0.468 0.178
20:4n-6 –0.002 0.694
20:4n-3 0.876 0.048
20:5n-3 0.764 –0.332
22:1n-11 0.609 –0.663
22:1n-9 0.680 –0.411
21:5n-3 0.887 –0.064
22:5n-3 0.826 0.314
22:6n-3 0.613 0.389
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(Beck et al. 2007) and the stable-carbon and stable-
nitrogen isotope signatures generated from a skin
sample from the same animal (Tucker et al. 2007). This
was in terms of both the main carbon source of the diet
and the trophic level. We found no effect of season,
suggesting that there are no temporal effects influenc-
ing diet interpretation by either method or the relation-

ship between the 2 methods. Nevertheless, the corre-
lations explained a relatively small amount of the
observed variability between methods.

We think there are several reasons for this degree of
error. First, the temporal scale that each biochemical
approach represents is somewhat unclear, and this
undoubtedly contributes to the weakness of the corre-
lation. Turnover of SIs varies with the metabolic activ-
ity of the tissue sampled (Tieszen et al. 1983, Hobson &
Clark 1992, Hobson 1993). Therefore, tissues with high
turnover rates provide dietary information assimilated
from recent feeding events, while tissues with slower
turnover rates indicate feeding from more distant time
periods. Thus, changes in diet can take anywhere from
a few days to many weeks to appear in an animal’s tis-
sue. The isotopic measurement of several tissues from
the same individual can provide short-, intermediate-
and long-term dietary information (e.g. Hobson 1993).
In addition, it is thought that the isotopic analysis of
metabolically inactive tissues (e.g. hair, skin, whiskers,
claws, feathers and baleen) reflect the diet of individu-
als only during the period of growth (Schell et al. 1989,
Hobson et al. 1996). There is very little information on
isotopic turnover rates for mammalian tissues. How-

273

Pearsons = –0.50
p < 0.01
r2 = 0.25

Pearsons = 0.27
p = 0.046
r2 = 0.10

Pearsons = 0.10
p = 0.45

–18.0 –17.5 –17.0 –16.5 –16.0 –15.5 –15.0 –14.5 –14.0 –18.0 –17.5 –17.0 –16.5 –16.0 –15.5 –15.0 –14.5 –14.0

Pearsons = 0.03
p = 0.82

C
om

p
on

en
t 

1

C
om

p
on

en
t 

2

δ13C (‰)

C
om

p
on

en
t 

3

C
om

p
on

en
t 

4

3

2

1

0

–1

–2

–3

3

2

1

0

–1

–2

–3

3

2

1

0

–1

–2

–3

2

1

0

–1

–2

–3

Fig. 2. Principal components of fatty acids, and δ13C for grey seals

Pearsons = –0.61
p < 0.01
r2 = 0.37

P
el

ag
ic

s 
(%

)

120

100

80

60

40

20

0
–18.0 –17.5 –17.0 –16.5 –16.0 –15.5 –15.0 –14.5 –14.0

δ13C (‰)

Fig. 3. δ13C for grey seals, and total pelagics in the diet (%)



Mar Ecol Prog Ser 354: 267–276, 2008

ever, by coupling literature values of protein synthesis
rates and carbon isotope turnover rates in various
mammal tissues, Kurle & Worthy (2002) estimated that
the time in which dietary information became incorpo-
rated into fur seal skin was on the order of 3 to 4 mo
prior to sampling. Thus, if a similar time scale applies
to grey seals, the isotope signatures mainly reflect the
prey consumed 3 mo previous to sampling.

Similarly, FA analyses of different tissues (e.g. adi-
pose tissue, blubber, milk and blood) provide insights
into diet over different temporal scales (reviewed in
Budge et al. 2006). We analyzed the FA composition
of grey seal blubber. Grey seals undergo 2 periods of
fasting and subsequent replenishment over an annual
cycle (e.g. Beck et al. 2003). Seals deplete their blubber
reserves during reproduction and again during the
moult months later. Thus, the FA composition of grey
seal blubber sampled early in the breeding season is
thought to mainly reflect feeding over the course of
several months (Beck et al. 2005), with little contribu-
tion from feeding earlier in the year. In feeding exper-

iments on seals, it has been noted that the appearance
of new dietary FA is evident within 1 to 2 wk of a
switch in diet (Kirsch et al. 2000, Cooper 2004, Iverson
et al. 2004). Therefore, it is assumed that FA signatures
of seal blubber represent a dynamic integration of the
diet over weeks to months.

Due to sampling constraints, our study analyzed
samples of grey seal skin. Isotope values then likely
reflect diets assimilated 3 to 4 mo prior, and not the
entire diet assimilated over the course of those 3 to
4 mo. On the other hand, FAs in blubber likely inte-
grate diets assimilated during those same months and
perhaps in previous months. Therefore, while there is
overlap, the 2 approaches do not necessarily report
diets over the exact same time scale. Although there is
undoubtedly overlap in the time scales of assimilation
of the diet of the tissues sampled for FAs and SIs, it is
also likely that they are not equivalent, and thus we
should not expect them to both reflect previous diets in
the same manner. Furthermore, individual variation in
fractionation (the relationship between predator and
diet signatures) has been noted for both SIs (e.g. Hob-
son et al. 1996) and FAs (e.g. Iverson et al. 2004) and
likely also contributes to error. These 2 approaches
represent the assimilated signature from multiple
dietary sources. Prey species with more similar diets
have more similar stable isotope signatures, making it
difficult to tease apart specific contributions to a con-
sumer’s diet. On the other hand, because of the large
number of FAs analyzed, FA signatures are far more
powerful in defining and identifying inter-specific dif-
ferences, despite similarities in respective diets (Budge
et al. 2002). The difference in resolution between these
2 methods is also likely another source of error. In
addition, there is some evidence for variation in base-
line SI values (Lesage et al. 2001) across the ecosys-
tems where seals may forage (St Lawrence Estuary,
Gulf of St Lawrence, the Scotian Shelf). This may then
also be a source of noise in the SI values.

Our main goal was to provide corroboration for
QFASA-derived diet estimates, as this approach is
being increasingly applied to quantify proportional
prey inputs of free-ranging predators (e.g. Iverson et
al. 2004, Beck et al. 2007). We have shown 2 lines of
evidence for the convergence of SI and FA estimates of
diet. First, in fish, invertebrates and grey seals, princi-
pal components derived from FA signatures are corre-
lated to the stable-carbon isotope signature of the
same species. Second, both the estimated portion of
pelagic prey and the trophic level of the diet derived
from the quantitative analysis of FA signatures of indi-
vidual seals are positively correlated with the δ13C and
δ15N signatures in those same individuals. The applica-
tion of SI mixing models (Phillips et al. 2005) might
improve the correspondence between the 2 types of
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tracers. However, this would require a considerably
larger isotope prey base. Unfortunately, we selected
the fish and invertebrate species for SI analysis well
prior to the estimation of grey seal diets by QFASA.
Exact duplication of prey species would facilitate a
more direct approach. In addition, since the measure-
ment of several tissues for SIs can provide a range of
temporal dietary information (e.g. Hobson 1993, Hob-
son et al. 1996), this could result in greater overlap in
the time scales of assimilated dietary information of
these 2 biochemical methods.
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