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INTRODUCTION

The waters off the west and southwest coast of
 Ireland are recognised as one of the most biologically
productive regions in the eastern North Atlantic
Ocean (ICES 2003). These regions provide ideal
spawning and nursery grounds for many fish species
and are particularly important for anadromous
salmonids such as sea trout Salmo trutta and Atlantic
salmon Salmo salar. Wild salmon stocks in Irish
waters have been declining rapidly due to factors
such as water pollution/habitat degradation, preda-
tion, drift-netting and overfishing (Brennan & Rod-
well 2008). Sea trout numbers have also experienced

a significant decline over the last 4 decades, particu-
larly in the numbers of migrating smolts (Byrne et al.
2004). As salmon are afforded Annex II status under
the EU Habitats Directive (in respect to their fresh-
water habitat), a ban on inshore drift-net fishery was
introduced in Ireland in 2006, and strict catch and
release limits have been introduced for recreational
fisheries in estuaries where salmon stocks are below
conservation limits (Inland Fisheries Ireland 2012).
Despite the drift-net ban and other conservation
measures, salmon stocks have still not recovered in
many areas, and it has been suggested that seal pre-
dation may be preventing salmon stocks from re -
covering (Brennan & Rodwell 2008). The impact seals
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from otoliths while a further 11 species, including salmonids, were identified from additional
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groups, and result in improved estimation of seal diet.

KEY WORDS:  Grey seal · Diet · Scats · Fisheries · Salmonids · Biomass

Resale or republication not permitted without written consent of the publisher



Aquat Biol 20: 155–167, 2014

may be having on salmon and sea trout stocks is
poorly understood due to the difficulties in assessing
predation levels from dietary studies and visual
observations, along with complications that arise
from the predators’ interactions with other prey spe-
cies, and vice versa (Pierce et al. 1990, Carter et al.
2001, Parsons et al. 2005). In Scotland, seals have
been observed preying on migrating salmonids in
rivers and estuaries (Butler et al. 2011) and can cause
extensive damage to coastal nets and salmon farms
(Butler et al. 2008). Qualitative information obtained
from the Irish aquaculture industry suggests substan-
tial losses of salmon to seal predation (up to 20% of
the harvest at some sites), and seal damage to salmon
in the rod and line and snap net salmon fisheries was
estimated to be as high as 40% in some regions on
the western seaboard of Ireland (Cronin et al. 2010).

The most recent population data available for
grey seals Halichoerus grypus in Ireland provides a
breeding population estimate of 5509 to 7083 indi -
viduals (Ó Cadhla et al. 2007). From studies across
the species’ range, grey seals are considered to be
opportunistic, generalist predators, consuming a
wide variety of demersal and small pelagic fish
(Austin et al. 2006), and can display both regional
and seasonal variation in their diet (Hammond et al.
1994, McConnell et al. 1999, Breed et al. 2006, Beck
et al. 2007). Unfortunately, research conducted on
grey seal diet in Ireland is limited to a few studies in
the 1990s (Cronin et al. 2010). Furthermore, while
both the Irish salmon aquaculture industry as well as
rod and line fisheries in certain rivers/estuaries
report substantial seal-related losses, particularly on
the west coast (Cronin et al. 2010), no evidence of
salmonid remains have been identified in the diet of
grey seals prior to this study, although salmonids
have been recorded in the diet of harbour seals
(Kavanagh et al. 2010).

Assessment of marine mammal diet is typically car-
ried out through the identification and counting of
fish otoliths and cephalopod beaks recovered from
predator gut contents and/or scat (faecal) samples
(Pierce et al. 1993). Identification and quantification
of prey items can prove problematic, however, if the
predator is a generalist — consuming a wide range of
prey species. Those species with fragile otoliths and
bones (e.g. clupeids and salmonids) may often go
undetected, while those with more robust structures
(e.g. gadoids) may be over-represented in the diet
(Tollit et al. 1997, Grellier & Hammond 2005). Fur-
thermore, sole reliance on otoliths may reduce the
range of species detected, as species such as carti-
laginous fish lack distinct otoliths and therefore can

often go undetected, leading to their presence being
significantly underestimated within the predators’
diet (Pierce et al. 1993). To overcome this problem,
the use of other hard diagnostic structures such as
jaw bones, denticles, and scales are increasingly be -
ing used in dietary studies to improve species detec-
tion (Pierce & Boyle 1991, Pierce et al. 1993). The
identification of diagnostic structures apart from
otoliths has been demonstrated to minimize the bias
in fish prey detection as well as improve the quanti-
tative estimation of the diet; for example, 55% of fish
prey were identified using hard parts other than
otoliths in harbour seal scats (Cottrell et al. 1996), and
Olesiuk et al. (1990) reported that only 42% of fish
prey found in harbour seal scats were identified
solely from otoliths.

In this study, we investigated the diet of grey seals
from a colony of national importance in southwest
Ireland. The contribution of prey species to the diet of
grey seals was examined through the analysis of scat
samples, and inter-annual differences in diet were
explored. In order to achieve an accurate representa-
tion of grey seal diet, we used the ‘all structures’
method to increase the probability of prey species
detection. The resulting information will contribute
to our understanding of the impact of seals on
 commercial species, such as salmonids and whiting
Merlangius merlangus, in southwest Irish waters.

MATERIALS AND METHODS

Study site and scat collection

The Blasket Islands consist of 15 islands, located
1.5 to 12 km west of the Dingle Peninsula, Co. Kerry
in southwest Ireland. Among these, the Great Blasket
Island (10° 30’ 53”W, 52° 06’15”N) is the largest un -
inhabited island and one of the most important
moulting sites for grey seals in Ireland. The site sup-
ports a mixed haul-out group by both age and sex.
During the moult period (December to April), up to
1000 individuals have been observed on An Trá Bán,
a broad sandy beach on the northwest of the island
(Fig. 1). These numbers account for almost 20% of
the national moult population (Ó Cadhla & Strong
2007). Scats were collected from this site during
spring months (February and April) in 2009 and
2010, when weather permitted access by boat. Sam-
ple numbers for 2009 totalled 83, while 53 scats were
collected in 2010. All samples were stored in sepa-
rate polythene bags, labelled, and frozen at −20°C
until processing.
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Dietary analysis

Samples were washed through a nest of sieves with
a maximum mesh size of 5 mm and a minimum mesh
size of 0.25 mm. All prey remains recovered (cepha -
lopod beaks, otoliths and skeletal parts) were trans-
ferred into 70% ethanol for sterilization and sub -
sequently stored pending identification. Prey items
were measured using an eyepiece graticule fitted to
a Zeiss 200S binocular dissecting microscope at 40×
magnification for prey remains smaller than 1 cm,
and digital callipers (accuracy ±0.01 mm) for remains
greater than 1 cm. Reference collections and pub-
lished guides (e.g. Clarke 1986, Härkönen 1986, Watt
et al. 1997, Tuset et al. 2008) were used to identify
cephalopod beaks, fish otoliths and fish bones to their
lowest possible taxonomic level. When it was not
possible to identify to specific taxonomic level due to
the degree of erosion, prey items were grouped into
genus (e.g. Trisopterus spp., Salmo spp., Pollachius
spp.). Sandeels were grouped as family Ammodyti-
dae due to the difficulty in distinguishing between
species. Highly eroded items were considered sec-
ondary items and excluded from further analysis
 (following Pierce & Boyle 1991), including fish/
cephalopod eye lenses and crustacean remains.
Cephalopod length and biomass was reconstructed
from recovered beaks using published regression
equations (Clarke 1986, Pierce et al. 1993), while fish
length and mass were reconstructed from otolith,
premaxilla and vertebra bones using published
regression equations (see Table S1 in the Supple-
ment at www.int-res.com/articles/suppl/ b020  p171_
supp. pdf). Measurements of other skeletal structures

(e.g. dentaries, maxillae and preopercula) were
taken, however, back-calculation regressions were
not available in most cases and therefore genus/
family regression was applied, or average length of
the species was used from FishBase 2011 (Froese &
Pauly 2013). In order to account for partial erosion,
digestion coefficients (DC) were applied as multi -
pliers to otolith/squid beak lengths and numerical
correction factors (NCF) were used to account for
complete erosion of prey remains during the diges-
tion process following Tollit et al. (1997), Grellier &
Hammond (2006), and Tollit et al. (2007) (Table S2 in
the Supplement). The NCF were applied as a multi-
plier to the reconstructed, uncorrected mass of each
prey item before the overall biomass was calculated
for each species/taxa. When no species-specific DC
were available for otoliths, an average correction fac-
tor from Tollit et al. (1997) was used. Unfortunately,
no DC were available for octopus beaks, salmonid
premaxillae and those species identified from bones
alone. However, a NCF for Pacific salmon bones was
available (Tollit et al. 2007) and was applied to
salmonid premaxillae.

Diet quantification

In order to quantify the contribution of different
prey species to grey seal diet, a number of methods
were used. The minimum number of prey present
was determined by counting the highest number of
left or right otoliths, and upper or lower beaks. Some
fish otoliths are delicate and rarely appear in seal
scats, or they appear broken. However, bones of
these species may resist the effects of digestion.
Where possible, all fish bones (i.e. premaxillae, ver-
tebrae, urohyals) were identified; they were then
counted to obtain the minimum number of prey (e.g.
urohyals are single bones and represent 1 prey item,
premaxillae are paired bones and only the maximum
number of left or right were considered). Vertebrae
were visually examined and measured under a
microscope. Those vertebrae from the same species
but with differences in size of ±1 mm were assumed
to come from different individuals. This was done to
prevent those fish which were represented by many
vertebrae from dominating the diet. Occasionally
bones and otoliths from the same species were found
within the same sample; in these cases, if the total
length of the fish reconstructed from the bone was
similar to that derived from the otolith (±1 mm), it
was assumed that they belonged to the same prey
and only the otolith was considered.
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Fig. 1. Sampling site: An Trá Bán, located on the Great 
Blasket Island, Co. Kerry, Ireland
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Prey selectivity and feeding strategy

Percentage frequency of occurrence (%F), percent-
age by number (%N), and percentage by biomass
(%B) were used to express overall diet composition.
%N is the number of times a prey species occurs ex -
pressed as a percentage of the total number of times
all prey species occurred. %F is the number of sam-
ples containing a certain prey species expressed as a
percentage of all samples containing prey (Kavanagh
et al. 2010).

Variability in predator feeding strategy and prey
importance was visually examined using a modified
version of the Costello (1990) graph following the
interpretation outlined in Amundsen et al. (1996).
The analysis is based on a 2-dimensional graph
where prey-specific abundance or prey-specific
 biomass is plotted against the frequency of occur-
rence for the same prey (Amundsen et al. 1996).
Prey- specific abundance is expressed as:

Pi = (∑Si /∑Sti) × 100 (1)
where Pi is the prey-specific abundance/biomass of
prey i, Si is the contribution of prey i to the scat
 content, and Sti is the total scat content in only those
samples where prey i is present. Frequency of occur-
rence (as opposed to percentage frequency of occur-
rence) is expressed as:

Fi = Ni / N (2)
where Ni is the number of scat samples containing
prey i and N is the total number of scat samples con-
taining prey.

Inter-annual variation in seal diet

In order to investigate the relationship between
diet samples collected during spring in different sam-
pling years, species abundances and biomass (both
with and without NCF) were used to create a Bray-
Curtis similarity matrix. Bray-Curtis similarity is an
index of how alike each sample is to all others based
on the species abundances/biomass present in sam-
ples on a scale from 0 to 1, where 0 indicates samples
which are completely different (entirely different
species present in samples) and 1 indicates samples
which are identical (the same species in the same
abundances). A square-root transformation was used
to reduce the influence of numerically dominant spe-
cies, and allow less abundant but potentially larger
fish species that contribute greatly to overall biomass
to influence the similarity between samples. Two-

dimensional non-metric multidimensional scaling
(nMDS) plots were used to visualize the multivariate
patterns of assemblages (Clarke & Warwick 2001).
Permutational multivariate analysis of variance
(PERMANOVA+) was used to test for differences in
diet between years (Anderson et al. 2008). The
 SIMPER routine in PRIMER 6 statistical software
(PRIMER 6, Plymouth Marine Laboratory) was then
used to determine which species contributed the
greatest dissimilarity between years to highlight dif-
ferences in the abundance and biomass of certain
prey species occurring over time.

RESULTS

Overall prey abundance

A total of 136 scat samples were processed, with
132 samples containing 939 identifiable prey items.
Samples were collected in February 2009 (n = 57),
February 2010 (n = 40), April 2009 (n = 26) and April
2010 (n = 13). A species accumulation curve was
computed by random selection of sample data and
permuted 999 times to account for any spatio-temporal
heterogeneity due to the order in which samples
were processed or selected. Fig. 2 shows a levelling
off of the accumulation curve after 75 samples with
very few additional species being found thereafter.

A total of 602 otoliths representing 30 taxa were
recovered, of which 99.5% were identifiable to at
least family level. The remaining 0.5% of otoliths
were too eroded, and thus were taken to be second-
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ary prey items and excluded from further analysis. A
further 11 taxa (37% of prey identified) were de -
tected by using other bones such as the premaxillae,
preopercula and spines. When prey was considered
combining otoliths and other hard structures, drago -
nets and non-identified fish increased by 335.7% and
368.8%, respectively; flatfish identification also in -
creased by 180.0% and gadoids by 41.6%. In con-
trast, sandeels only increased by 17.3%, while
salmonids were identified solely from premaxillae
and vertebrae.

When both sampling years were combined, teleost
fish comprised the main prey grouping within the
diet, representing 98% by number (98%N) of all
prey items consumed. Other groups found within the
diet included cephalopods, lampreys Petromyzon
marinus and rays Raja spp.; however, collectively
these only comprised 2%N of the entire diet. Overall,
sandeels were numerically the most important prey
species in the diet (31%N) and were found in 38% of
all scats. Trisopterus spp. represented the second
most numerically important prey in the diet (21%N),
occurring in 51% of all samples. However, when
both sampling years were viewed separately, Tris -
opterus spp. became the most numerically important
(27%N) and most frequently occurring (51%F) prey
in 2009, while sandeels remained numerically domi-
nant (50%N) in 2010, occurring in 65% of samples
(Table 1). When sandeels were not present in the
diet, there was an increased reliance on dragonets
Callionymus spp. and other unidentified fish species.
Blue whiting Micromesistius poutassou also appea -
red to contribute to a greater proportion of the seal
diet in 2010, while salmonid abundance was slightly
higher in 2009. Other frequently occurring taxa
included unidentified gadoids and whiting.

Prey length and biomass reconstruction

Prey biomass was reconstructed from uncorrected
mass for all prey species for which regression equa-
tions were available (Table 1). Squid and teleost fish
lengths and biomass were reconstructed with and
without the application of DC (Table 2). No correc-
tion factors were available for those species identi-
fied solely from bones (e.g. salmonids and Octopus
spp., n = 387). With the exception of squid, prey
length increased substantially after the application
of DC. The use of DC increased mean fish length
from 16.9 cm (±7.4 SE) to 24.6 cm (±12.1 SE), thus
dis playing an overall average increase of 46%.
Commercially important species such as whiting,

 haddock/  pollock/saithe (Melanogrammus aeglefi-
nus/Pollachius pollachius/P. virens) and hake Mer-
luccius merluccius all exhibited significant amplifi-
cation in length with the application of DC,
increasing by 48, 54, and 72%, respectively. While
herring Clupea harengus, ling Molva molva and
lemon sole Micro stomus kitt displayed the most
notable in creases in length, their contribution to the
overall diet consisted of 1 or 2 individuals, suggest-
ing that the application of DC may not be suitable
for sample sizes under a certain number. Prey bio-
mass in creased with the application of DC in most
cases, however wrasse (Labridae), mackerel Scom -
ber scombrus, dover sole Solea solea, and squid all
displayed a de crease in biomass. To account for
complete digestion of hard parts, NCF were applied
to reconstructed prey biomass (Table 3). The species
for which no NCF exist (n = 363) were excluded
from this analysis and their uncorrected values are
not included in Table 3. The weight of all remaining
prey species increased noticeably, with the mean
weight of fish in creasing from 92.7 (±200.0 SE) to
139.0 g (±292.7 SE). Salmonids, sandeels, and drag-
onets ex hibited the largest dif ferences with weight
increasing by 61, 186, and 227%, respectively.
When total biomass was  calculated from corrected
weight, the relative proportions of salmonids,
sandeels, drago nets, and herring increased whilst
other prey species exhibited reductions in biomass
ranging be tween 0.1 and 7% (Table 3). Overall,
Gadi formes, squid and salmonids contributed the
largest proportion of biomass to the diet (21, 24 and
36% corrected biomass, respectively). The majority
of commercially important fish species such as had-
dock/ pollock/saithe, whiting, ling and hake repre-
sented only a small percentage of the diet in terms
of biomass. Despite occurring in high abundance,
dragonets, sandeels and Trisopterus species con-
tributed little in terms of biomass. When no NCF
were ap plied, salmonid biomass contribution was
31%, while gadoids contrib uted 27%. Conversely,
when NCF were applied, salmonid contribution rose
to 36% while gadoid biomass dropped to 21%.
However, it should be noted that the biomass contri-
bution of other prey species may be significantly
underestimated due to the lack of DC and NCF for
other diagnostic structures apart from otoliths. Table
S3 in the Supplement displays the overall diet com-
position of grey seals for both years amalgamated.
The percentage biomass column includes the un -
corrected biomass for those species for which no
correction factors were available, with the NCF cor-
rected biomass.
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Species 2009 2010
%F %N % B %F %N % B

AGNATHANS
Petromyzon marinus (lamprey)a 2.4 <0.1 4.8 2.0 0.2 2.4
CHONDRICHTHYES
Raja spp. − − − 4.1 0.4 −
TELEOSTI
Anguilliformes
Unidentified Anguilliformes (eels) − − − 2.0 0.2 <0.01
Conger conger (conger eel) 1.2 0.2 <0.1 − − −
Clupiformes
Clupea harengus (herring) 2.4 0.4 0.3 − − −
Salmoniformes
Salmonidae 22.9 6.0 28.3 24.5 3.8 16.5
Gadiformes
Melanogrammus aeglefinus (haddock) 1.2 0.2 0.2 2.0 0.2 0.3
Pollachius pollachius/Pollachius virens (pollock/saithe) 7.2 1.9 4.2 16.3 2.3 5.4
Merlangius merlangus (whiting) 14.5 4.1 2.7 16.3 1.9 1.2
Micromesistius poutassou (blue whiting) 8.4 2.1 0.8 24.5 4.0 1.1
Trisopterus esmarkii (Norway pout) 3.6 0.6 0.1 − − −
Trisopterus minutus (poor cod) 22.9 5.1 3.0 14.3 2.1 0.7
Trisopterus luscus (bib) 13.3 3.2 2.6 16.3 2.3 1.8
Trisopterus minutus/luscus (poor cod/bib) 16.9 9.9 4.4 16.3 2.8 1.0
Unidentified Trisopterus spp. 26.5 8.6 1.6 40.8 7.4 1.5
Total Trisopterus spp. 50.6 27.4 11.6 53.1 14.6 5.0
Ciliata mustela (5-beareded rockling) 1.2 0.2 0.5 − − −
Gaidropsarus vulgaris (3-bearded rockling) 1.2 0.4 3.3 2.0 0.2 2.6
Molva molva (ling) − − − 2.0 0.2 1.0
Unidentified Gadidae 30.1 7.7 5.3 38.8 5.7 3.5
Merluccius merluccius (hake) 1.2 0.2 0.1 8.2 0.8 1.2
Total Gadiformes 79.5 44.3 28.8 79.6 30.1 21.3
Scorpaeniformes
Triglidae 2.4 0.4 1.9 − − −
Perciformes
Perca fluviatilis (perch) 1.2 0.2 <0.1 − − −
Trachurus trachurus (scad) 1.2 0.2 0.3 4.1 0.4 0.6
Labrus mixtus (cuckoo wrasse) 1.2 0.2 0.4 2.0 0.2 0.2
Labrus bergylta (ballan wrasse) 1.2 0.2 0.3 2.0 0.2 0.2
Unidentified Labridae (wrasse) 8.4 3.2 2.8 − − −
Zoarces viviparus (eelpout)a 4.8 2.1 4.9 − − −
Ammodytidae (sandeels) 21.7 11.6 2.8 65.3 50.4 5.6
Callionymus spp. (dragonets) 36.1 10.3 2.9 24.5 2.8 0.9
Caragobius urolepis (scaleless worm goby) 3.6 0.6 0.1 − − −
Scomber scombrus (mackerel) − − − 2.0 0.2 3.6
Pleuronectiformes
Arnoglossus laterna (scaldfish) 1.2 0.2 0.2 − − −
Platichthys flesus (European flounder) 1.2 0.2 3.6 − − −
Limanda limanda (dab)a 1.2 0.2 1.0 2.0 0.2 1.0
Hippoglossus platessoides (long rough dab) 2.4 0.4 0.4 − − −
Microstomus kitt (lemon sole) 4.8 1.1 1.8 8.2 0.8 1.9
Glyptocephalus cynoglossus (witch) − − − 4.1 0.4 0.1
Hippoglossus hippoglossus (halibut) 2.4 0.9 2.3 − − −
Solea solea (Dover sole) 2.4 0.6 2.7 2.0 0.2 0.9
Buglossidium luteum (solenette) 1.2 0.2 0.1 4.1 0.4 0.2
Unidentified flatfish 7.2 1.5 2.5 14.3 1.5 3.7
Total Pleuronectiformes 21.7 5.4 14.5 30.6 3.6 7.7
Unidentified fish species 49.4 12.6 − 30.6 6.6 −
CEPHALOPODA
Loligo spp. (squid) 3.6 0.6 4.1 4.1 0.6 40.8
Octopus spp. 4.8 0.9 2.8 2.0 0.2 <0.01
Total Cephalopoda 8.4 1.5 6.9 6.1 0.8 40.8

aFishBase 2011 (Froese & Pauly 2013) was used to find common length and/or mass

Table 1. Diet composition of grey seals Halichoerus grypus off southwest Ireland. All biomass values are re-created from
uncorrected weights using an ‘all structures’ approach. %F: percentage frequency of occurrence; %N: percentage by number; 

%B: percentage by biomass
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Feeding strategy

A modified version of the Costello feeding plot
(Amundsen et al. 1996) was produced for all prey
species identified within scat samples. When taking
prey-specific abundance into account, the majority of
prey types were unimportant, and eaten only occa-
sionally by some predators (Fig. 3a). Trisopterus spp.
were eaten by more than half of the seals, while
sandeels appear on the edge of becoming a specia -
lised prey taxa.

In terms of prey-specific biomass, again many prey
types were unimportant to the diet and taken in small
quantities, thus their contribution to the diet in terms
of biomass was minor (Fig. 3b). However, a high
between-phenotype contribution to the niche width
was observed, with individual seals specialising on a
variety of prey types, although each prey group was
consumed by only a narrow fraction of the seal popu-
lation. While Trisopterus spp. and sandeels may have

been important in terms of their abundance, their
contribution to the diet in terms of biomass was mini -
mal. Although salmonid occurrence was relatively
low, their biomass contribution to the diet was impor-
tant, though again it appears that only a few seals
specialise on this taxa.

Inter-annual variation

MDS plots of square-root transformed abundance
data highlighted 2 samples as outliers. One of these
samples was shown to contain only a single hake,
while another contained 7 pelagic gadoid species. An
MDS was run on a subset of the data excluding both
these samples, showing a general overlap between
samples based on sampling year. A PERMANOVA+
highlighted a significant effect of year (p = 0.002,
pseudo-F = 4.47, df = 1). The SIMPER routine was run
to highlight the species responsible for the greatest

161

Species N ——– Uncorrected length (cm) –—— ——— Corrected length (cm) ———
Range Mean ± SD %B Range Mean ± SD %B

Anguilliformes
Conger eel 1 - 6.9 <0.1 - 8.6 <0.1
Unidentified eels 1 - 1.7 <0.01 - 2.1 <0.01

Clupiformes
Herring 2 16.5 – 25.2 20.9 ± 6.2 0.3 26.6 – 86.3 56.4 ± 42.2 0.6

Gadiformes
Haddock/pollock/saithe 19 14.1 – 38.8 28.4 ± 6.1 8.1 31.2 – 58.0 43.7 ± 8.6 11.4
Whiting 20 14.7 – 25.1 20.0 ± 2.7 2.8 22.2 – 36.2 29.4 ± 4.3 2.8
Blue whiting 27 8.9 – 27.4 17.6 ± 4.0 1.6 15.8 – 33.3 23.5 ± 4.1 2.9
Trisopterus spp. 150 3.1 – 28.1 15.1 ± 5.0 13.0 3.9 – 36.3 19.6 ± 6.6 13.1
Rocklings (3 & 5-bearded) 4 38.2 – 66.4 53.3 ± 15.2 6.8 62.9 – 106.2 86.0 ± 23.5 18.0
Ling 1 - 49.1 1.0 - 97.6 3.3
Unidentified Gadidae spp. 20 7.2 – 21.2 15.2 ± 3.8 2.7 14.4 – 36.0 26.2 ± 5.9 5.3
Hake 5 20.3 – 31.0 26.4 ± 4.6 1.2 33.8 – 54.7 45.5 ± 9.1 2.5

Perciformes
Perch 1 - 13.1 <0.1 - 17.3 <0.1
Scad 1 - 26.4 0.3 - 33.6 0.3
Wrasse (cuckoo, ballan, 15 16.8 – 27.2 21.3 ± 2.7 3.1 21.1 – 34.2 26.7 ± 3.4 2.7

unidentified)
Sandeels 249 8.3 – 55.2 15.2 ± 60.0 7.0 12.0 – 85.0 22.6 ± 9.3 8.1
Dragonets 14 12.7 – 26.4 19.4 ± 40.0 1.5 24.4 – 50.8 36.9 ± 7.6 4.3
Scaleless worm goby 3 6.9 – 9.9 9.0 ± 1.9 <0.1 12.4 – 20.0 16.7 ± 3.9 0.2
Mackerel 1 - 59.9 3.5 - 73.9 2.7

Pleuronectiformes
Long rough dab 2 22.2 – 24.6 23.4 ± 1.7 0.4 30.7 – 33.8 32.2 ± 2.3 0.4
Lemon sole 1 - 17.0 0.1 - 41.9 0.7
Witch 1 - 15.1 <0.1 - 19.1 <0.1
Dover sole 4 31.1 – 38.8 35.1 ± 3.1 3.4 39.2 – 48.8 44.2 ± 3.9 2.8
Solenette 1 - 17.2 0.1 - 21.5 0.1
Unidentified flatfish species 3 9.5 – 23.8 15.3 ± 7.5 0.3 12.5 – 30.4 19.7 ± 9.4 0.3

Squid 6 21.1 – 80.1 48.9 ± 24.0 42.8 21.6 – 81.7 50.0 ± 24.5 17.6

Table 2. Reconstructed prey lengths and percentage biomass with and without the application of digestion coefficients. %B: 
percentage by biomass
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difference in diet between sampling years (Table 4).
Sandeels were far more important in the seals’ diet in
2010 than in 2009 (Table 1), accounting for 19% of the
dissimilarity displayed between years. Trisopte rus
spp. were important contributors to grey seal diet in
both years, however, their higher abundance in 2009
accounted for 15% of the dissimilarity between years.

MDS plots and PERMANOVA+ statistical tests
were also conducted on uncorrected and corrected
(where NCF values were available) biomass data.
The PERMANOVA+ highlighted a significant effect
of year for both uncorrected biomass (p = 0.045,
pseudo-F = 1.96, df = 1) and corrected biomass (p =
0.029, pseudo-F = 2.09, df = 1). The SIMPER routine

162

Species N ————— Without NCF ————— —————— With NCF ——————
Weight (g) Mean ± SD %B Weight (g) Mean ± SD %B

Clupiformes
Herring 2 142.2 71.1 ± 65.2 0.2 407.7 203.9 ± 186.8 0.4

Salmoniformes
Salmon/trout 46 23388.4 508.4  ± 283.3 30.7 37655.4 818.6 ± 456.2 36.2

Gadiformes
Haddock/pollock/saithe 19 4430.0 233.2 ± 137.8 5.8 4930.9 259.5 ± 153.3 4.7
Whiting 20 1542.7 77.1 ± 30.5 2.0 1584.4 79.2 ± 31.3 1.5
Blue whiting 27 898.9 33.3 ± 24.3 1.2 923.2 34.2 ± 24.9 0.9
Trisopterus species 150 7113.2 47.4 ± 53.5 9.3 7648.8 51.0 ± 57.2 7.3
Rocklings (3 & 5-bearded) 4 3722.7 930.7 ± 551.4 4.9 3979.5 994.9 ± 589.0 3.8
Ling 1 – 547.2 0.7 - 584.9 0.6
Unidentified Gadidae species 20 1462.7 73.1 ± 49.1 1.9 1563.7 78.2 ± 52.5 1.5
Hake 5 685.0 137.0 ± 74.3 0.9 740.5 148.1 ± 80.3 0.7

Perciformes
Sandeels 249 3848.1 15.5 ± 25.9 5.0 11009.3 44.2 ± 74.2 10.6
Dragonets 14 802.2 57.3 ± 34.4 1.1 2625.6 187.5 ± 112.7 2.5
Mackerel 1 – 1906.5 2.5 – 2652.0 2.5

Pleuronectiformes
Long rough dab 2 193.1 96.6 ± 23.7 0.3 224.6 112.3 ± 27.5 0.2
Lemon sole 1 – 54.3 0.1 – 83.6 0.1
Witch 1 – 16.8 <0.1 – 17.4 <0.1
Dover sole 4 1845.5 461.4 ± 132.3 2.4 2290.3 572.6 ± 164.2 2.2
Solenette 1 – 52.6 0.1 – 65.2 0.1
Unidentified flatfish species 3 179.8 59.9 ± 77.6 0.2 223.1 74.4 ± 96.2 0.2

Squid 6 23447.4 3907.9 ± 4080.6 30.7 24901.1 4150.2 ± 4333.6 23.9

Table 3. Reconstructed prey weights with and without the application of numerical correction factors (NCF). %B: percentage 
by biomass
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Fig. 3. Halichoerus grypus. Feeding strategy plot (following Amundsen et al. 1996) displaying main prey species within the 
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was again run to highlight the species responsible for
the greatest difference in diet between sampling
years (Table 4); this time, salmonids were the highest
contributors to the dissimilarities between years, fol-
lowed by sandeels and then Trisopterus spp. The
same pattern is true for both uncorrected and cor-
rected biomass values.

DISCUSSION

Traditionally, analysis of marine mammal diet has
relied on visual identification of particular hard part
remains of prey, such as fish otoliths and cephalopod
beaks within faeces and stomach contents, as these
are largely resistant to the processes of digestion
(Pierce et al. 1990, 1991). However, when using this
method there are a number of issues which may lead
to certain components of the diet being underesti-
mated or excluded (Olesiuk et al. 1990, Tollit et al.
1997, Bowen 2000, Grellier & Hammond 2006, Tollit
et al. 2007). We therefore used all hard part struc-
tures in this study to minimise bias and increase
the likelihood of identifying other prey species,
as reported in other studies (e.g. Fernandez et al.
2009, Hernandez-Milian & Rogan 2011). In doing so,
we found that dragonet abundance increased by
333.57% when other hard structures in addition to
otoliths were used for identification. Additionally, a
further 11 species (37% of all prey items) were iden-
tified through other skeletal structures alone, includ-
ing salmonids. While grey seal predation on north

Atlantic salmonids has been documented (Lenky &
Sjare 2011), there is little evidence from dietary stud-
ies to support these observations. For example, stud-
ies in the northeast of Scotland have found very little
evidence of salmonids in the diet (McConnell et al.
1984, Prime & Hammond 1985). Kavanagh et al.
(2010) reported salmonids occurring in 3% of scat
samples collected from harbour seal Phoca vitulina
vitulina haul-out sites on the west coast of Ireland,
but until now, no studies have found evidence of
salmonids in the diet of grey seals in Ireland. Using
bony material in addition to otoliths, this study has
demonstrated that grey seals in southwest Ireland
are consuming salmonids. These results thus support
the principle that an ‘all structures’ approach to pin-
niped diet estimation can significantly increase the
rate of detection for most fish groups, and result in
improved estimation of seal diet. Nevertheless, like
most methods, caution is still required when using
the ‘all structures’ approach. Species with bones
more robust to digestion may be overestimated (e.g.
dragonets) compared to other species with softer,
more digestible bones (e.g. clupeoids). Therefore,
while the ‘all structures’ method can significantly
improve the probability of prey detection, it may bias
results when calculating each species’ contribution to
the diet. Furthermore, the lack of published re -
gression equations for many species may lead to
their biomass being under/overestimated within the
diet when using either average length/mass values
from FishBase (i.e. for dab Limanda limanda and
sea lamprey in this study), or websites such as www.
letsflyfish.com when calculating salmon weight.

The use of correction factors is also important when
reconstructing prey length/biomass. This study de -
monstrated an overall increase of 46% in teleost fish
length when digestion coefficients were applied.
However, species-specific numerical correction fac-
tors have yet to be derived for otoliths of many
species and therefore coarse/average correction fac-
tors have to be relied on, introducing potential biases.
Intra-specific variation in otolith digestion, and a lack
of correction factors for diagnostic structures other
than otoliths (e.g. salmonid premaxillae) introduces
further bias. Nonetheless, the use of numerical cor-
rection factors increased our estimate of total biomass
of sandeels in the grey seal diet by 186%, whilst only
increasing their relative contribution to diet in terms
of biomass by 6%. Given the small size of sandeels,
such a minute change in biomass contribution to the
diet is to be expected. The average weight of
salmonids (one of the largest prey identified within
this study) was over 18 times greater than the
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Species ———– Contribution % –———
Abun- Uncorrected Corrected
dance %B %B

Blue whiting 4.66 − −
Cephalopds 4.70 8.06 7.73
Dragonets 7.69 − 3.35
Flatfish 6.51 3.16 2.90
Haddock/pollack/saithe 3.59 6.42 5.65
Rocklings − 5.74 5.24
Salmonids 6.90 28.71 30.46
Sandeels 19.04 12.63 17.42
Trisopterus spp. 15.20 11.45 8.85
Unidentified fish 10.36 − −
Unidentified gadoids 9.71 3.09 −
Whiting 4.42 − −

Table 4. Species accounting for the greatest difference be-
tween samples collected in 2009 and 2010 expressed as
abundance, uncorrected biomass, and corrected biomass.
Contribution % indicates the % contribution to Bray-Curtis 

dissimilarity. %B: percentage by biomass



Aquat Biol 20: 155–167, 2014

average weight of sandeels. However, when numeri-
cal correction factors were applied, salmonid biomass
contribution to the diet increased by only 6%. It
should also be noted that applying numerical correc-
tion factors only to those species for which there are
published data will disproportionately overestimate
their importance, while underestimating the contri-
bution of species for which correction factors are not
available, or those species identified solely from
bones (e.g. rays, lampreys). Therefore, while this
study provides a good indication of which species are
the most important contributors to the seals diet in
terms of biomass, it is not a true reflection of the over-
all diet of grey seals in this region.

This study has revealed that grey seals using the
Great Blasket Island in southwest Ireland are general-
ist feeders, consistent with studies in other parts of the
species’ range (Bowen et al. 2006, Beck et al. 2007, Ri-
doux et al. 2007). Previous dietary studies conducted
in Ireland in the 1990s indicated that grey seals dis-
played a wide range of prey preferences, feeding pre-
dominantly on demersal species, sand eels, ling and
cephalopods (Cronin et al. 2010 and references
therein). These studies also showed that with the ex-
ception of whiting, plaice Pleuronectes platessa and
sole, commercial fish species do not feature promi-
nently in the diet of grey seals. Our study found that
while grey seals consume a wide range of prey spe-
cies, only a small number occurred in high frequencies
within the diet (e.g. Trisopterus spp. and sandeels).
Although Trisopterus spp., unidentified fish, sandeels,
unidentified gadoids, dragonets, and salmonids all
displayed greater frequencies of occurrence com-
pared with all other prey types, no one species domi-
nated the diet. This confirms the view that while it is
likely grey seals may be specialist predators at an in-
dividual scale, they are generalist predators at a pop-
ulation scale. Teleost fish dominated the seals’ diet
numerically while Gadiformes were the most impor-
tant prey order. The importance of gadoids and
sandeels to the overall diet is in agreement with previ-
ous dietary studies carried out in the northwest At-
lantic (Bowen & Harrison 1994) and the North Sea
(Prime & Hammond 1990). This is, however, the first
study within the northeast Atlantic to identify
Trisopterus spp. in such high numbers in grey seal
diet. The study site is used by a mixed colony of grey
seals with adults and juveniles of both genders pres-
ent, and distributed in a mixed group across the site.
Whilst we cannot determine what age/gender compo-
nents of the colony contributed to the diet data, scat
was collected randomly across the site and likely rep-
resents the diet of the mixed haul-out group.

The majority of commercially important species
consumed by grey seals in this study were taken in
relatively low quantities (with the exception of
salmonids, blue whiting and whiting). Furthermore,
seals sought out smaller fish, with 97% of prey items
less than 50 cm in corrected length — again sugges -
ting a lack of direct competition with commercial
fisheries. However, the removal of small or juvenile
fish may impact on commercial fisheries indirectly
through lower recruitment to fish stocks. The major-
ity of species consumed by grey seals off the south-
west coast, however, are not targeted by the fishing
industry. Grey seal diet in this region appears to con-
sist mainly of demersal, inshore species. This is in
agreement with previous telemetry studies which
demonstrated a largely inshore distribution of grey
seal foraging effort, with most foraging trips occur-
ring within 50 km of the study site (Cronin et al.
2013), and 70% of seal dives directed to the benthos
(Jessopp et al. 2013).

Salmonids and squid were the most important con-
tributors in terms of biomass to grey seal diet in
southwest Ireland. Although sand eels were impor-
tant numerically, their contribution to the diet in
terms of biomass was low. Salmonids contributed
36% in terms of corrected biomass to the diet of grey
seals in this study, indicating that salmonids form an
important component of the seals’ diet in this region
during these periods. Salmonid remains were recov-
ered from 25% of samples, yet the actual number of
salmonids taken by seals may have been greater.
Seals are known to take bites from the soft belly of
large fish, often not consuming the head (which con-
tains the otoliths), leading to salmon and other spe-
cies frequently being under estimated in seal diet
(Butler et al. 2006).

Seal interactions with salmon fisheries can include
predation on salmon stocks entering rivers, inter -
ference and mortality of salmon in inshore commer-
cial fisheries and at aquaculture sites, and predation
of outward migrating salmon smolts. Whilst the drift-
net salmon fishery is no longer operational in Ireland,
it is acknowledged that seals interact with salmon
fisheries in many Irish salmon rivers/estuaries and
depredate salmon in fish farms in Ireland (Cronin et
al. 2010), with seals considered as problem predators
at 81% of marine salmon farms in Scotland (Quick et
al. 2004). It is possible that salmonids found in the
diet of seals in this study originated in salmon fish
farms in the vicinity (<80 km) of the study area (e.g.
Bantry Bay Co. Cork, and Deenish Island Co. Kerry).
Unfortunately, robust data on predation levels by
seals at salmon farms in Ireland does not exist, so it is
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not possible to examine any potential inter-annual
variation in seal attacks on salmon farms to explain
the inter-annual variation in diet evident in this
study. Alternatively, the availability of sea trout with -
in coastal waters at this time of year could explain the
high presence of salmonids within the seal’s diet (e.g.
the Caragh River in Co. Kerry, approximately 40 km
northeast of the Blasket Islands, experiences a good
run of sea trout in early spring).

It is also likely that the salmonids found in the diet
of grey seals in southwest Ireland comprise both
salmon and sea trout, although conclusive identifica-
tion of species remains elusive. This is because all
salmonids in this study were identified from a frag-
ment of bone, which makes distinguishing between
the 2 species impossible. Due to the sensitive nature
of issues regarding seal-salmonid interactions, the
conclusive identification of different salmonids with -
in the grey seals diet is imperative. Genetic tech-
niques have previously been used to identify salmon
in the diet of seals (Parsons et al. 2005), and recent
advancements in demonstrating genetic differences
between wild and farmed salmon (e.g. Karlsson et al.
2011) could be applied in the future. Given the high
abundance of skeletal remains recovered from scat
samples, extraction of mitochondrial DNA from
bones is a useful technique in distinguishing be -
tween salmon and sea trout species (Purcell et al.
2004). Furthermore, Matejusová et al. (2008) success-
fully demonstrated the potential of using quantitative
PCR techniques in differentiating and quantifying
salmonid species from within pinniped scat samples.
Such species-specific identification would be an
obvious way forward in establishing whether or not
seal populations are consuming salmon (and whether
this salmon is wild or farmed) or sea trout. This infor-
mation is vital for addressing concerns regarding
seal predation pressure on Irish salmonid stocks.
Atlantic salmon stocks have declined by 75% in
recent years (Anon 2008), and although conservation
measures have been put in place, salmon stocks in
many Irish rivers are below their conservation limits.
With declines in fish stocks there has been increased
interest in the extent of competition for resources
between commercial fisheries and seals.

Yearly differences in species composition were
observed within the diet. Sandeel abundance was
over 4 times higher during 2010, while blue whiting
numbers were approximately 3 times higher in 2010.
Salmonid abundance was slightly higher in 2009.
These variations are also reflected in each prey
group’s relative biomass contribution to the diet. It is
probable that these yearly differences can be attri -

buted to variations in either spawning/migration
times or recruitment levels of prey. For example, blue
whiting recruitment was over 3 times higher in 2010
compared to 2009 (Stock Book 2012), indicating that
seal diet is reflecting abundance. Interestingly,
higher occurrences of unidentified fish and drago -
nets were noted in the diet during 2009 compared to
2010, when sandeels and blue whiting were less
abundant, highlighting a possible ability of grey
seals to switch to alternative food sources when pre-
viously abundant species begin to decline (Pierce et
al. 1991). While the sample sizes from both years are
relatively small (83 scats for 2009 and 53 for 2010),
this was still a sufficient number to identify signifi-
cant differences in diet between years. However,
caution should be taken when inferring any temporal
differences in diet composition from smaller sample
sizes, as this may be a result of sampling bias.

CONCLUSION

The variations in diet composition exhibited by
grey seals off the southwest coast of Ireland supports
the theory that as generalists, grey seals likely forage
on locally and seasonally abundant prey species.
However, in order to acquire a more accurate re -
presentation of the overall diet composition of grey
seals in the area, long term year-round sampling is
necessary, as the present study was limited to 2 years
and focused only on the spring period. Furthermore,
investigations into the diet composition of grey seals
that occur in other areas around the coast of Ireland
would allow regional differences in diet and foraging
strategies to be explored, and would put the findings
in southwest Ireland into a national and European
context. We identified the presence of salmonids in
the diet of grey seals for the first time in Ireland, and
established that they constitute an important part of
the diet of grey seals during the spring period in
southwest Ireland. We suggest that an ‘all structures’
approach to pinniped diet estimation can signifi-
cantly increase the rate of detection for most fish
groups, and result in improved estimation of seal
diet. Further efforts are required to definitively
identi fy whether seals are consuming wild Atlantic
salmon, sea trout, or a combination of the 2. This
information is critical for estimating salmonid bio-
mass removal by seals, determining potential conflict
with commercial fisheries, and for producing appro-
priate targeted conservation measures for Atlantic
salmon—which remains below favourable conserva-
tion status in a number of Irish estuaries.
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