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ABSTRACT: Diet, and how it varies in place and time, are important factors in understanding the
interactions between seals and fisheries. The grey seal eats a wide variety of prey species and variations in availability of prey can lead to changes in both foraging behaviour and diet that could affect
the ecological impact of the seals. Since it is difficult to observe the feeding behaviour of seals
directly, we have used changes in the fatty acid profiles of blubber to indicate changes in their diet.
We studied inter-colony and inter-annual variations in the fatty acid profiles of female seals from 2
Scottish breeding colonies, North Rona (RON) and the Isle of May, over 3 consecutive years from 1996
to 1998. The fatty acid profiles obtained were compared and tested using several multivariate statistical methods, including a new inter-population measure Dfap (a distance measure based on fatty
acid profiles). There were significant inter-colony differences in blubber fatty acids in all years of the
study. There were significant within-colony variations among years for the seals at the Isle of May but
not at RON. Individual seals sampled in more than 1 yr tended to change in a similar manner at the
Isle of May but not at RON. Discriminant analysis of the fatty acid profiles provided classifications of
the Isle of May seals according to year with 84 to 97% accuracy, but was less successful with the RON
seals with 56 to 74% accuracy. Only 4 out of 166 seals were ‘mis-classified’ into the wrong Isle of May
or RON grouping. This analysis suggested a shift in diet at the Isle of May that was supported by
evidence from a separate study on the analysis of otoliths in seal faeces.
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Knowledge of the diet of marine mammals such as
the grey seal Halichoerus grypus is directly relevant
for understanding trophic interactions and for formulating management policies in such matters as conflicts with the fishing industry (Harwood 1987, Harwood & Croxall 1988, Tollitt & Thompson 1996, Brown
et al. 2000). Because of the difficulties in directly
observing the feeding behaviour of grey seals, a number of indirect techniques have been used to gain
necessary information. The analysis of prey remains
(otoliths, bone fragments etc.) in faecal samples is a
much favoured technique which has the advantages
of being relatively cheap, non-invasive as well as providing both identification and quantification of the

prey species eaten. It is, however, subject to a number
of biases (Jobling & Breiby 1986, Jobling 1987, Pierce
et al. 1990, 1991, 1993) which have been discussed by
Iverson (1993), who has proposed the use of blubber
fatty acid profiles as a means of overcoming these
biases. It is the aim of Iverson and colleagues (Iverson
1993, Smith et al. 1997, 1999, Kirsch et al. 2000) to be
able to produce, from a knowledge of the fatty acid
profiles of seals and their prey, a quantitative estimate
of the components of the seal’s diet. They are currently in the process of developing a statistical model
to achieve such an analysis. However, there has been
some criticism concerning the viability and practicality of such a model (see comments by Grahl-Nielsen
1999 and response by Smith et al. 1999). Thus, in the
absence of such a model which can provide quantita-
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tive data, fatty acid profile studies have been used in
a qualitative manner for such purposes as identifying
stocks of several species (Grahl-Nielsen et al. 1993,
Castell et al. 1995, Smith et al. 1996, Iverson et al.
1997b) or detecting dietary differences (Ackman et al.
1971, West et al. 1979, Grahl-Nielsen et al. 1993,
Kakela et al. 1993, Castell et al. 1995, Pond et al.
1995, Walton et al. 2000).
There is, however, little information on how fatty
acid profiles change in individuals over time. In a previous study, we showed (Walton et al. 2000) that grey
seals from the 2 Scottish breeding colonies sampled in
1996 could be differentiated based on their fatty acid
profiles, implying that seals from the 2 colonies had
eaten substantially different diets contemporaneously
and hence, could be regarded as separate ecological
as well as genetic stocks. That study has now been
extended to answer some questions related to changes
over time: (1) Can the difference between colonies
found in 1996 be detected in other years? (2) How do
the profiles vary from year to year at the same site?
(3) How does the profile of individual seals vary from
year to year? To answer these questions, seals were
studied at 2 breeding sites: the islands of North Rona
(RON) and Isle of May (MAY). During the course of
other studies (see Pomeroy et al. 1999), a number of
females have been individually identified and the
reproductive success of individual females followed
over the course of many years. Thus, the breeding
period provides a good opportunity to sample relatively large numbers of seals, and particularly, to
sample the same seal in a longitudinal time series.
Throughout the rest of the year the seals are much
more difficult to catch and sample.
In this study, we looked at between-site and withinsite differences in fatty acid profiles over the course
of 3 breeding seasons (1996, 1997 and 1998). Results
were analysed and compared using a variety of multivariate techniques. For the Isle of May seals, it was also
possible to compare the results with dietary data
obtained from a separate study using faecal analysis
techniques.

MATERIALS AND METHODS
Tissue collection. Female seals were captured and
immobilised (see Pomeroy et al. 1999 for details) at the
breeding sites of RON (59° 06’ N, 5° 50’ W) and MAY
(56° 10’ N, 2° 33’ W) (see Walton et al. 2000 for a map).
After making a small cut with a disposable scalpel, a
blubber sample of about 0.5 g was collected from the
mid-pelvic region using a 6 mm diameter disposable,
single-use biopsy needle (Acuderm). All biopsy samples were comprised of a complete cross-section of

Table 1. Halichoerus grypus. Number of female grey seals
sampled. North Rona (RON) and the Isle of May (MAY)
Year(s)

Breeding site
RON

MAY

All females
1996
23
34
1997
25
31
1998
25
28
Individually marked females sampled in more than 1 yr
1996 and 1997
16
16
1997 and 1998
9
19
1996 and 1998
12
16
1996, 1997 and 1998
8
12

blubber from the junctions of the skin and muscle, and
were taken soon after the start of the lactation period.
Samples were stored in chloroform:methanol (2:1,
vol:vol) containing 0.05% butylated hydroxytoluene
(BHT) as antioxidant until being returned to the laboratory where it was possible to store them at –20°C
until analysis a few weeks later (Iverson et al. 1997b).
The number of samples collected at each colony during
the breeding seasons of 1996, 1997 and 1998 is shown
in Table 1, which also lists the number of individually
marked females that were caught and sampled in more
than 1 yr. All procedures were performed under the
appropriate guidelines, as described in Governmental
Project Licences and by ASAB (Association of Animal
Behaviour), for handling animals.
Lipid extraction, fatty acid methylation and purification. Total lipid was extracted (Folch et al. 1957)
from the blubber and fatty acid methyl esters prepared
as described previously (Walton et al. 2000), and then
dissolved in hexane (10 mg ml–1).
Gas chromatography analysis. Fatty acid methyl
esters (FAME) were analysed by gas-liquid chromatography on a Trace GC-2000 gas chromatograph
(Thermoquest, CE Instruments) equipped with a
flame-ionization detector and fitted with a BPX70
fused silica capillary column (30 m × 0.25 mm internal
diameter, S. G. E. Ltd.). Hydrogen was employed as
the carrier gas and sample application was by split
injection. The temperature of the oven was programmed to start at 60°C and held at 60°C for 2 min,
then to rise to 150°C at 20°C min–1, held for 2 min and
then to rise to 205°C at 1.8°C min–1 and finally rising to
230°C at 5°C min–1. Separated components were identified by reference to authentic standards, ECL values,
and fractionation of seal samples by silver-nitrate chromatography (Christie 1989) and by comparisons with
samples run at other laboratories.
In this study, 57 individual fatty acids were assayed
and are expressed as the percentage by weight of the
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total fatty acids characterised. Results based on 33 fatty
acids have already been presented for the samples collected during 1996 (Walton et al. 2000). These samples
were reanalysed at the same time as the other samples
so that for comparative purposes, all samples were run
on the same column, under the same conditions for the
same number of fatty acids. As is customary, values are
quoted to 2 decimal places; however, this is for comparison purposes and this degree of accuracy is not
implied (see Ackman et al. 1971).
Statistical treatment of results. The fatty acid profiles were compared for variations between sites for
each study year and also between years for both
RON and MAY seals using both univariate and multivariate statistical procedures (SYSTAT Version 9 for
Windows). The 3 main multivariate approaches used
were principal components analysis (PCA), discriminant analysis and classification TREE analysis, the
uses of which were described previously (Walton et
al. 2000).
A quantitative measure of the average interpopulation difference between fatty acid profiles was
obtained with the measure we have called Dfap
(fap = fatty acid profile). This is an analogue of Gst
(Palumbi et al. 1991) or the Phist measures of
AMOVA (analysis of molecular variance, Excoffier et
al. 1992) which are normally applied to studies of
variation in DNA sequences. Dfap was calculated
using the AMOVA program but using a matrix of
fatty acid profile distances rather than one of DNA
sequence differences. The fatty acid distance matrix
was prepared with the QSK procedure with SYSTAT
and then exported to the computer package ARLEQUIN (Schneider et al. 1996) which contains the
AMOVA procedure. Apart from using a distance
measure based on fatty acid profiles rather than
DNA sequences, the procedure is similar. (Note however that since fatty acid profiles are not genetically
determined, the additional calculations performed by
AMOVA relating to gene flow and coancestry should
be ignored.) As with Phist, Dfap is effectively a
measure of the variance in the data due to interpopulation differences, corrected for withinpopulation differences. The inter-population distance
measure Dfap can theoretically take a value of between 0 and 1, and represents the proportion of the
total variance in the data due to inter-population differences. In reality, at least with DNA studies, the
theoretical maximum of 1 is rarely approached and
values of > 0.15 may be considered as showing great
genetic differentiation (Wright 1978). The statistical
significance of the calculated Dfap value can be
tested by bootstrap analysis (Monte Carlo resampling) of the data set which is an option available in
the AMOVA program.
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RESULTS
Fatty acid composition
The mean fatty acid profiles plus summarised totals
of various classes of fatty acid for each of the 6 colony
year groupings are shown in Table 2. Fifty-seven
different fatty acids were quantified and used in the
statistical analyses, but only those fatty acids which
contributed more than 0.5% to the total are shown
individually in this table. A copy of the full table is
available on request from the authors. Although some
differences can be seen, the 6 profiles are broadly
similar with 9 fatty acids (18:1n-9, 22:6n-3, 16:1n-7,
16:0, 20:1n-9, 20:5n-3, 14:0, 18:1n-11 and 22:5n-3 listed
in order of decreasing significance) contributing about
75% (74.1 to 77.2%) of the total mass present. Approximately 1/2 of the total mass was due to monounsaturated and 1/3 due to polyunsaturated fatty
acids. As commonly found in marine lipids, the samples were rich in (n-3) compared to (n-6) fatty acids;
the ratios of (n-3):(n-6) ranged from 7.0 to 10.2.
ANOVA analyses were not performed on individual
fatty acids but were performed on of the sums of
various fatty acid class groupings. Of these, only the
sum of (n-6) fatty acids showed significant differences
between means of the MAY samples compared to the
RON samples (results not shown).

Dfap and other measures based on fatty
acid distances
The Dfap values are shown in Table 3. In all cases, as
is also the case in DNA studies, most of the variation
occurred within populations rather than between populations. The comparisons between RON and MAY
produced values from 0.109 to 0.225, indicating that of
the total variance in the data, the variation due to interpopulation differences ranged from 10.9 to 22.5%. The
values for all 3 years are significantly different, but the
actual degree of difference was greatest in 1996; the
Dfap value being almost twice the values found in 1997
and 1998. The results indicate significant differences
in the fatty acid profiles between RON and MAY in all
3 years, suggesting that the diets of seals from these 2
localities were also substantially different, at least over
this time period.
At RON, Dfap between years tended to be low (0.001
to 0.018) and none of these values was found to be
statistically significant. In contrast, at MAY, Dfap was
much higher ranging from 0.084 to 0.252 and all these
differences were statistically significant (p < 0.001),
even when corrected for making multiple comparisons
using the Bonferroni procedure (Rice 1989).
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Table 2. Halichoerus grypus. Fatty acid methyl ester (FAME) profiles of blubber from seals at North Rona (RON) and the Isle of
May (MAY) during the breeding seasons of 1996 to 1998. A total of 57 fatty acids were quantified but only those contributing
> 0.5% of the total are shown individually. Sat = saturated fatty acids, Mono = monounsaturated fatty acids, PUFA = polyunsaturated fatty acids, n-3 = n-3 series of fatty acids, n-6 = n-6 series of fatty acids, n3:n6 = ratio of n-3 to n-6 series of fatty acids.
Values are means ± SD
FAME

14
14:1n-5
16
16:1n-11
16:1n-7
18
16:4n-1
18:1n-11
18:1n-9
18:1n-7
18:2n-6
18:3n-3
18:4n-3
20:1n-11
20:1n-9
20:4n-6
20:4n-3
22:1n-11
20:5n-3
22:5n-3
22:6n-3
Others
Sum of:
Sat
Mono
PUFA
n-3
n-6
n3:n6

RON
1996
(n = 23)

RON
1997
(n = 25)

RON
1998
(n = 25)

4.94 ± 0.85
1.47 ± 0.27
9.42 ± 1.22
0.66 ± 0.10
12.49 ± 1.58
1.13 ± 0.20
0.68 ± 0.28
4.74 ± 0.93
15.91 ± 2.80
3.16 ± 0.73
1.53 ± 0.40
0.66 ± 0.27
1.53 ± 0.55
1.71 ± 0.29
5.78 ± 1.23
0.71 ± 0.20
0.72 ± 0.12
2.58 ± 0.94
5.61 ± 1.04
4.57 ± 0.49
13.76 ± 1.44
6.24

5.31 ± 0.93
1.42 ± 0.36
9.54 ± 1.48
0.68 ± 0.08
11.91 ± 1.74
1.19 ± 0.20
0.66 ± 0.26
4.63 ± 0.86
15.45 ± 2.74
2.95 ± 0.63
1.61 ± 0.38
0.74 ± 0.29
1.72 ± 0.46
1.74 ± 0.51
6.23 ± 1.32
0.66 ± 0.19
0.77 ± 0.15
2.81 ± 1.08
5.60 ± 1.18
4.58 ± 0.46
13.52 ± 1.25
6.28

5.18 ± 0.99
1.33 ± 0.29
9.60 ± 1.17
0.64 ± 0.08
11.59 ± 1.08
1.17 ± 0.19
0.59 ± 0.27
4.62 ± 0.84
14.99 ± 2.67
2.94 ± 0.67
1.54 ± 0.27
0.79 ± 0.18
1.82 ± 0.41
1.76 ± 0.53
6.27 ± 1.21
0.63 ± 0.12
0.78 ± 0.11
3.22 ± 1.26
5.22 ± 0.91
4.68 ± 0.75
14.43 ± 1.69
6.21

4.72 ± 0.59
1.17 ± 0.25
9.11 ± 1.16
0.58 ± 0.05
10.60 ± 1.95
1.01 ± 0.14
0.39 ± 0.18
4.63 ± 0.53
16.00 ± 3.14
2.80 ± 0.50
2.81 ± 0.43
1.73 ± 0.34
2.80 ± 0.66
1.72 ± 0.30
8.00 ± 1.89
0.46 ± 0.11
1.01 ± 0.16
3.12 ± 1.34
5.08 ± 0.91
4.27 ± 0.39
11.72 ± 1.04
6.27

4.85 ± 0.58
1.20 ± 0.23
9.86 ± 1.35
0.61 ± 0.05
11.31 ± 1.77
1.11 ± 0.14
0.52 ± 0.18
4.12 ± 0.68
15.32 ± 2.26
2.76 ± 0.51
2.44 ± 0.35
1.63 ± 0.37
2.83 ± 0.67
1.49 ± 0.32
6.44 ± 1.15
0.47 ± 0.13
0.96 ± 0.16
2.71 ± 0.94
5.64 ± 0.82
4.45 ± 0.43
12.91 ± 0.87
6.42

4.42 ± 0.57
1.33 ± 0.20
8.82 ± 1.08
0.58 ± 0.07
12.63 ± 1.40
1.04 ± 0.17
0.49 ± 0.26
4.26 ± 0.80
16.13 ± 2.39
3.14 ± 0.74
2.21 ± 0.24
1.20 ± 0.14
2.05 ± 0.29
1.52 ± 0.39
5.90 ± 1.17
0.58 ± 0.15
0.85 ± 0.11
2.53 ± 1.10
5.89 ± 1.14
4.91 ± 0.39
13.15 ± 1.56
6.36

16.30 ± 1.96
50.61 ± 3.25
31.99 ± 2.20
27.53 ± 2.01
2.86 ± 0.30
9.75 ± 1.37

16.88 ± 2.25
49.86 ± 2.98
32.20 ± 1.87
27.64 ± 1.66
2.88 ± 0.31
9.69 ± 1.17

16.78 ± 1.83
49.38 ± 3.18
32.77 ± 2.83
28.43 ± 2.61
2.78 ± 0.27
10.31 ± 1.29

15.54 ± 1.62
51.08 ± 2.37
32.44 ± 1.45
27.38 ± 1.27
3.89 ± 0.31
7.09 ± 0.74

16.54 ± 1.91
48.22 ± 2.73
34.14 ± 1.51
29.20 ± 1.36
3.48 ± 0.30
8.47 ± 0.94

14.70 ± 1.59
50.14 ± 2.60
33.95 ± 2.18
29.20 ± 2.15
3.23 ± 0.29
9.13 ± 1.24

Table 3. Halichoerus grypus. Inter-population distance (Dfap)
based on fatty acid profiles between groups of female seals.
RON: North Rona, MAY: Isle of May
(a) Between RON and MAY, within years
Year
n
Dfap
1996
1997
1998

57
56
53

0.225
0.109
0.115

0.006 (48)
0.018 (48) 0.001 (50)
0.567
0.114

0.411

< 0.0001
< 0.0001
< 0.0001

0.084 (65)
0.252 (62) 0.166 (59)
< 0.0001
< 0.0001

MAY
1997
(n = 31)

MAY
1998
(n = 28)

These between-year comparisons suggest that the
dietary changes over the 3 yr period which occurred at
RON were relatively minor, whereas major dietary
shifts occurred for the MAY seals.

p

(b) Between years within breeding site (number of seals
shown in brackets)
RON
MAY
Year
1996
1997
1996
1997
Dfap
1997
1998
p-value
1997
1998

MAY
1996
(n = 34)

< 0.0001

PCA
The purpose of PCA is to reduce the large number
of original correlated variables to a small number of
transformed uncorrelated variables, and it is a good
means to graphically represent differences and similarities of all data points. The data were first normalised and standardised as described previously
(Walton et al. 2000). For each of the comparisons, in
order to ensure that there were never more variables
(individual fatty acids) than samples (number of seals),
some fatty acids were omitted from the procedure.
Those chosen to be omitted were those which contributed least on a percentage basis to the overall pro-
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file. In practice, there was very little difference in the
resultant plots regardless of whether these fatty acids
were omitted or not.
A comparison between the first and second principal
components for RON and MAY for each of the 3 years
is shown in Fig. 1. The 1996 comparison (but based on
33 fatty acids) has been described previously in more
detail (Walton et al. 2000). In none of the cases was
there complete separation between clusters representing seals from the 2 sites. However, the trend was for
the majority of samples to form 2 separate clusters,
with a degree of overlap, according to geographical
location.
Secondly, comparisons were made within each of
these sites between the consecutive year periods of 1996
to 1997 and 1997 to 1998, and also for the 2 yr period
1996 to 1998, as shown in Fig. 2. Clustering according to
year of sampling was evident in all the MAY plots
although the effects were clearest for the 1997 to 1998
and 1996 to 1998 comparisons. Separate clusters were
not readily apparent for the RON samples in either the
1996 to 1997 or 1996 to 1998 comparisons, but some
degree of separation can be seen in the 1997 to 1998 plot.
The inter-annual variation for individual females is
shown in Fig. 3. In these PCA plots, the co-ordinates of
individual seals for the 2 years being compared are
joined by a line. Within each plot (but not between
plots because not all factors are equal in determining
the principal components), the length of line is an indication of the amount of change. Also, if all seals
changed diets in a similar manner, then one would
expect the changes to appear in a similar direction.
Many, but not all, of the females showed a similar level
and direction of change. For all the plots based on the
RON seals and the 1996 to 1997 MAY comparison,
there was no consistent pattern visible in the 1 or 2 yr
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changes. However, for the 1997 to 1998 and 1996 to
1998 MAY comparisons, there was an apparent pattern
to the observed changes. This may suggest that from
1996 to 1998 there was a substantial dietary shift that
affected most of the seals breeding at MAY.

Discriminant analysis
Discriminant analysis shows how 2 or more predefined groups of individuals may be separated, given
measurements of several variables. It provides linear
functions of the variables that best separate the cases
into the predefined groups and from these, a classification matrix can be produced as shown in Table 4.
Usually results based on this procedure give an overoptimistic estimate of the success of the analysis
because the classification rules are evaluated using
the same cases used to compute them. To overcome
this problem, a jack-knifed classification matrix,
which classifies each sample without using that sample to calculate the group means, was produced. The
overall accuracy of the classification matrix was 78%
(Wilk’s lambda = 0.000, F = 7.48, df = 280, p < 0.001).
Of the 1993 MAY samples, only 1 was assigned as a
RON sample and only 3 out of 73 RON samples were
assigned to MAY. Within each of these geographical
groupings, assignment to the correct year was performed with greater accuracy for the MAY seals (84
to 97%) compared to the RON seals (56 to 74%).

Classification tree analysis
Classification tree analysis uses an algorithm to automatically select the optimal variable for splitting data

Fig. 1. Halichoerus grypus. Between-site within-year principal component analysis (PCA). Plots of the first 2 components for all
seals from the Isle of May (MAY) and North Rona (RON) in the years 1996 to 1998. The percentages given in brackets represent
the contribution of the component to the total variance. The arbitrarily drawn lines around the data points are merely illustrative
and they have no statistical significance
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Fig. 2. Halichoerus grypus. Between-year within-site principal component analysis (PCA). Plots of the first 2 components for all
seals from the Isle of May (MAY) and North Rona (RON) separately showing between-year comparisons. The percentages given
in brackets represent the contribution of the component to the total variance

into 2 groups at nodes. The top node contains the
entire sample set. Each remaining node contains a
subset of the sample of the node directly above it. The
tree is binary because each node splits into 2 subsamples and the splits are determined by whether the
levels of a fatty acid are above or below some cutoff value. The classification trees were computed using
SYSTAT or SIPINA (Zighed & Rakotomalala 1996).

There were many ‘mis-classifications’ in the classification tree (Fig. 4) and it could not resolve RON 1996
from RON 1997. The SIPINA program offers the option
of merging nodes and this is sometimes useful to illustrate the classifications more clearly. For instance, merging the 2 lower left nodes (22:6n-3 < 11. 91 and 18:4n-3)
produced a node containing 33 MAY 1996 samples (out
of a possible 34) with only 4 other ‘mis-classifications’.

Table 4. Halichoerus grypus. Jack-knifed classification matrix obtained from the discriminant analysis of the fatty acid profiles
of seals from North Rona (RON) and the Isle of May (MAY). Wilk’s lambda = 0.000, F = 7.48, df = 280, p = < 0.001)
Actual group

MAY 1996
MAY 1997
MAY 1998
RON 1996
RON 1997
RON 1998
Total

Actual
n

34
31
28
23
25
25
166

MAY
1996

MAY
1997

33
3
1
1
1
0
39

1
26
1
0
0
0
28

Assigned group
MAY
RON
1998
1996
0
2
25
0
0
1
28

0
0
0
17
7
3
27

RON
1997

RON
1998

0
0
0
4
14
6
27

0
0
1
1
3
15
20

%
accuracy

97
84
89
74
56
60
78
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Fig. 3. Halichoerus grypus. Between-year within-site principal component analysis (PCA). Plots of the first 2 components for individual seals sampled in more than 1 yr from the Isle of May (MAY) and North Rona (RON) separately showing between-year
comparisons. Each line represents an individual seal. The percentages given in brackets represent the contribution of the
component to the total variance

DISCUSSION
The fatty acid profiles found in the seals from RON
and MAY have the typical characteristics of marine
oils, in that they contain a wide variety of fatty acids
and are rich in polyunsaturated fatty acids especially of
the (n-3) series. These major characteristics and overall
pattern are basically similar to those in other reports
for grey seal blubber (Ackman & Hooper 1974, Ackman & Eaton 1988, Schweigert et al. 1990, GrahlNielsen & Mjaavatten 1991, Fredheim et al. 1995).
The basis for investigating these fatty acid profiles in
order to monitor dietary changes is that the composition of fatty acids in depot fat, such as blubber or adipose tissue, is strongly influenced by, but not identical
to, the fatty acid composition of the diet. Such a link
has been demonstrated in laboratory animals (ValeroGarrido et al. 1990), humans (Plakke et al. 1983, Field
& Clandinin 1984, Tjonneland et al. 1993, Summers
et al. 2000), polar bears (Colby et al. 1993) and seals
(Iverson 1997a,b). Thus, one would expect that any
change detected in blubber fatty acid profiles would

reflect changes in the diet. The purpose of the present
paper was to measure the extent to which seal fatty
acid profiles changed under natural conditions and to
use this as an indication of dietary change. In this
paper, we are unable to relate the seal fatty acid profiles to specific prey species since we have neither a
mathematical model which can achieve this aim nor
the required biochemical and prey information. However, we are in the process of collecting the necessary
prey information for use when such a model becomes
available.
In a previous paper (Walton et al. 2000), we showed
that seals from RON and MAY sampled in 1996 could
be differentiated based on their fatty acid profiles. The
multivariate tests used in the present study indicated
that the majority of seals at RON could also be differentiated from those at MAY during the 2 succeeding
breeding seasons. In each of these comparisons, there
were significant differences between the 2 groups. As
well as these differences between sites, differences
were also detected between years at each of the 2 sites,
but greater changes were seen at MAY than at RON.
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Fig. 4. Plot of a classification tree analysis. The numbers in each box are the number of seals represented, following application
of the classification criterion above the box. If 1 group within a box represents at least 75% of the total samples in a series, then
the name of that group is given below the box

At RON, between-year comparisons showed no clear
separations using PCA, and the Dfap values were
small and statistically non-significant. Discriminant
analysis classified the RON profiles into year classes
with 56 to 74% accuracy, although the classification
tree analysis could not differentiate between the RON
1996 and 1997 seals. In contrast, at MAY, all the statistical tests showed clearer distinctions between years,
and Dfap values were both statistically significant and
also much higher than those seen at RON. Discriminant analysis classified the MAY profiles into years
with 84 to 97% accuracy and the classification tree
analysis could differentiate all 3 year groups. The most
likely explanation to explain this finding is that there
are consistent differences in the diets between seals at
RON and MAY. Other theoretical but unlikely possibilities exist, such as that seals at the 2 colonies eat the
same diet but the profiles of the prey are different. Not
only is it unlikely that exactly the same prey choices
would have been available at the 2 sites, but Smith et
al. (1997) have shown that between-fish species varia-

tion is much greater than within-species variations due
to location, size etc. Within each site, there were differences in the profiles from year to year. However, these
changes were relatively minor at RON but were much
greater at MAY, which is indicative of major dietary
switches. Some change from year to year is not unexpected since grey seals are known to eat a wide variety
of prey species (see below). Therefore, it is highly
unlikely that they would eat exactly the same proportions of different species from year to year or even from
season to season. Much will depend upon prey availability and it may be that this feature was relatively
stable during the study period at RON, but that much
greater fluctuations occurred at MAY. The withinanimal changes found between years indicated that
there was a lot of individual variation among the seals
at RON, but at MAY nearly all seals sampled changed
diet in a similar manner. The implication of major
dietary shifts for the MAY seals can be related to evidence, described below, available from other sources
on their movements and diet.

Walton & Pomeroy: Annual variations in seal blubber fatty acids

Satellite relay data logger (SRDL) telemetry devices
have been applied to grey seals, and used to investigate the movements and foraging areas of grey seals
from MAY and nearby haul-out sites (McConnell et al.
1999). Apparent foraging areas were mostly localised
to areas in the North Sea, mainly within 60 km of a
haul-out site. No significant differences were observed
in the distribution of foraging areas from MAY between 1997 and 1998. Thus, most seals tended to feed
locally. Hence, in the comparisons of MAY and RON
seals, most profiles should, in general, reflect diets of
seals feeding in the North Sea and the Atlantic sections
of their range, respectively.
The results from faecal analysis of diet at a number
of locations (Hammond & Prime 1990, Bowen & Harrison 1994, Hammond et al. 1994a,b, Thompson et al.
1996) have shown that grey seals feed on a wide variety of fish prey. For the seals found in Scottish waters,
over 30 different prey species have been detected with
eleven fish species making up over 90% of the diet.
The major dietary items were sand eels and gadoids
(cod, ling and whiting). The diet of seals at RON have
not been specifically studied, but for the MAY seals
a study was performed by Hall (1999). She analysed
341 grey seal faecal samples (of which 241 contained
otoliths) collected at MAY and Abertay Sands (a regular haul-out site for seals which breed on MAY) on a
seasonal (3 monthly) basis between 1996 and 1998.
The seals in that study and those here are likely to be
members of the same colony. The results, which were
concurrent with the present study, showed a high proportion of sandeels was present in the diet of grey
seals, although there were inter-annual and intraseasonal variations. During the season (3 mo period)
prior to blubber sampling at MAY, the estimated %
diet composition was sandeel 48, cod 33, whiting 4,
saithe 4 and others 11 for 1996; plaice 55, sandeel 34
and others 11 for 1997; and cod 51, sandeels 16, whiting 15, gadoids 11 and others 7 for 1998. Thus, the significant differences seen in the fatty acid profiles
between years is consistent with these marked differences in the diet composition. Several other studies
have also detected significant inter-annual changes
in the diet of seals. Also using faecal analysis, Tollit
& Thompson (1996) detected significant variations
between years in the levels of sandeels, octopus and
cod in the diet of harbour seals Phoca vitulina using the
Moray Firth area in NE Scotland. Brown et al. (1999)
found considerable inter- and intra-annual variability
in the fatty acid composition of milk of Antarctic fur
seals Arctocephalus gazella, which is related to diet, in
the 3 consecutive years from 1991 to 1993. Inter-annual
differences in diet composition found in these studies
highlight the importance of long-term studies for
understanding the dynamics of seal-prey interactions.
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Also, if it does become feasible to determine prey items
from blubber fatty acid profiles, it would be interesting
to reanalyse these results, especially the within-animal
changes, and compare the results with those found
from faecal analysis.
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