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ABSTRACT: Stable isotope ratios of nitrogen (’N/'N) and carbon (!3C/'°C) were determined in
feather samples from northern fulmars Fulmarus glacialis sampled at around the turn of the century
and in 1993 from 2 northeast Atlantic colonies. At both locations 8'°N values declined over time indi-
cating a shift in fulmars to a lower trophic status. Similarly, 8'°C signatures declined over time. These
findings are consistent with a change in diet from prey of relatively high trophic status, possibly involv-
ing the utilisation of offal from whaling activities around the turn of this century, to contemporary prey
of lower trophic status. Contemporary dietary information from fulmars at both sites accords with
feather isotopic signatures. Two prey species recorded in the diet of fulmars from St Kilda can be con-
sidered mesopelagic and have not been noted in seabird diets previously. This is the first study to show
that stable isotopes in feathers can be used to determine long-term changes in bird diet.
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INTRODUCTION

The northern fulmar Fulmarus glacialis has shown a
remarkable and dramatic expansion in population size
and breeding range within the UK during this century
(Lloyd et al. 1991). Prior to 1878, the only UK colony
was at St Kilda, Outer Hebrides at which point Foula,
Shetland became the second UK breeding site, possi-
bly colonised by birds from Iceland or the Faeroe
Islands (Fisher 1952). As well as being the two oldest
UK colonies, St Kilda and Foula are also the largest ful-
mar colonies with ca 63000 and ca 47000 pairs, respec-
tively (Tasker et al. 1988, Lloyd et al. 1991). Explana-
tions for this marked expansion in this species have
included the increased availability and utilisation of
offal from whaling and fishing activities (Fisher 1952),
a genetic or behavioural change (Wynne-Edwards
1962) and changes in oceanographic parameters
(Salomonsen 1965, Brown 1970). It is difficult to differ-
entiate between these alternatives; but, that northern
fulmars made use of offal from commercial fisheries
(including whaling) is supported, albeit indirectly, by
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studies of heavy metal concentrations in this species. In
a recent investigation into temporal trends in mercury
burdens of a range of species of seabirds from the UK,
Thompson et al. (1992) noted that virtually all species
studied exhibited an increase in mercury concentra-
tions from around the turn of the century to the pre-
sent. The only species which fell outside this pattern,
and which exhibited a significant decrease in mercury
burdens over the same time period, from the same sites
(St Kilda and Foula) at which other species had exhib-
ited increases in mercury burdens, was the northern
fulmar (Thompson et al. 1992). Since mercury, and
more specifically methylmercury, accumulates up food
chains (Bryan 1979), biota occupying relatively ele-
vated trophic positions in a given system will exhibit
correspondingly high mercury concentrations. It was
suggested by Thompson et al. (1992) that one possible
explanation for the decrease in mercury concentra-
tions in northern fulmars from St Kilda and Foula could
have been a change in diet to prey of lower trophic sta-
tus, containing reduced mercury burdens. It is known
that fulmars fed extensively on the offal from whaling
activities around the turn of the century (Fisher 1952),
including material from toothed whales (Odontoceti)
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which would have occupied relatively high trophic
positions and exhibited relatively high mercury con-
centrations (Thompson 1990). Contemporary fulmars
have been shown to feed mainly upon zooplankton at
St Kilda and sandeels Ammodytes marinus and fish
offal at Foula (Furness & Todd 1984), all of which
occupy trophic positions below those of toothed whales
and which are likely, therefore, to exhibit relatively
low mercury burdens.

Stable isotope analysis has been used increasingly in
recent years to elucidate trophic interactions and food
web structure. The stepwise enrichment of °N at each
trophic level within a food chain allows the status of
any component within a system to be determined with
respect to other components in that system (Minagawa
& Wada 1984, Schoeninger & DeNiro 1984, Hobson &
Welch 1992a, Hobson 1993, Hobson et al. 1994). Car-
bon stable isotope ratios have been used to indicate
relative contributions of carbon from differing sources
(terrestrial vs marine, for example) to the diet of partic-
ular species (Fry et al. 1983, Dunton & Schell 1987,
Hobson 1987, 1990, Mizutani et al. 1990, Hobson &
Sealy 1991). Additionally, the complementary analysis
of both nitrogen and carbon stable isotope ratios
affords greater species segregation on the basis of iso-
topic signature than if only one isotope ratio has been
determined (Hobson 1991, 1993).

Stable isotope analysis has been used to reconstruct
the diet or assess the trophic status of biota over long
time scales. Preserved collagen from bones has proved
particularly useful in this respect; ancient human diets
and shifts in diet have been assessed from a range of
sites (Van der Merwe & Vogel 1978, Van der Merwe et
al. 1981, Chisholm et al. 1982, 1983, Ambrose 1986),
whilst Hobson & Montevecchi (1991) investigated
dietary and trophic characteristics of the extinct great
auk Pinguinus impennis based on isotopic information
from extracted bone collagen. Similarly, time-series of
fish scales have been used to yield isotopic signatures
and assess temporal trends in trophic status of a range
of fish species (Wainright et al. 1993).

Potentially, long-term studies of diet and trophic sta-
tus could be applied to birds, since large numbers of
specimens have been preserved as study skins in
museum collections. Feather samples from such collec-
tions have been used, for example, to investigate tem-
poral patterns of mercury contamination over the last
150 yr at a number of locations (Thompson et al. 1992,
1993a, b). Whilst bone material, and hence collagen,
exists in preserved bird collections, samples are diffi-
cult to procure. Feather samples are generally more
readily obtained and, furthermore, keratin from which
they are composed 1is chemically stable. However,
feathers have been used relatively infrequently in iso-
topic studies, although recent work has indicated that

their isotopic signatures accurately reflect a bird’s diet
and trophic status. Mizutani et al. (1992) concluded
that stable isotope information from feathers could be
used to evaluate diet, based on a study of diet-feather
isotopic enrichment in 11 species of birds. The §“°C
values of American crow Corvus brachyrhynchos
feathers have been shown to track 8°C values of the
diet during feather growth (Hobson & Clark 1992) and,
similarly, 8C values of cormorant Phalacrocorax
carbo feathers have been shown to reveal the relative
contributions of riverine and marine protein to that
species’ diet (Mizutani et al. 1990). Hence, feather
samples from preserved study skins should permit an
isotopic assessment of temporal patterns of the dietary
preferences and trophic status of birds.

In this paper we present data from stable isotope
analysis of feather samples from northern fulmars col-
lected from study skins in British museums dating back
to the middle of the last century. These data are con-
trasted with isotopic signatures of feather samples
from contemporary fulmars in order to assess whether
this species has undergone a change in diet and
trophic status over this period, consistent with the
decrease in mercury burdens reported by Thompson et
al. (1992). Additionally, the contemporary diets of this
species at St Kilda and Foula are contrasted and com-
pared to corresponding isotopic information.

MATERIALS AND METHODS

Small body feathers (6 to 10 from each individual),
plucked from the breast and back regions, were sam-
pled from apparently healthy, breeding fulmars at St
Kilda, Outer Hebrides (57°49' N, 08° 35" W) and Foula,
Shetland (60° 08" N, 02°05' W) in 1993. Sampling was
undertaken during July at both locations. A similar
number of body feathers was also sampled from ful-
mars held as study skins in museum collections (see
‘Acknowledgements’ for museums visited). For com-
parative purposes, only skins labelled as being adults,
collected during the breeding season prior to 1940 at St
Kilda or from the northern isles (Shetland, Fair Isle and
Orkney; for comparison with contemporary fulmars
from Foula) were sampled. To test whether any change
in 8'°N values (trophic status) over time was an artefact
of the comparison between historical, museum-held
samples and contemporary samples, body feathers
were sampled from apparently healthy, breeding
Manx shearwaters Puffinus puffinus at Rum, Inner
Hebrides (56° 58' N, 06° 18' W). Contemporary sam-
ples were obtained in 1990 and historical samples from
museum-held study skins dating from 1854 to 1935
from a range of northern and western British sites. For
this species there was no a priori reason to suspect any
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anthropogenic influence on diet and,
hence, trophic status.

In all cases, feather samples were
washed in an ultra-sonic bath to remove

Table 1. Fulmarus glacialis. 8N and 8'*C values (means + 1 SD with sample

sizes in parentheses) of homogenised body feathers from adult fulmars sampled

prior to 1940 and in 1993, change in isotope signature over this period and
results of t-tests comparing the means of the 2 groups

surface contamination using a chloro-
form/acetone washing regime (Muir-
head 1986), and then dried in an oven at Northern
50°C for at least 24 h. Dried feathers Isles
were chopped into very small pieces to
produce a homogenous feather sample
prior to isotope analysis.

Prey samples were obtained when
handling adult fulmars during feather
sampling or from chicks when
approached. Both adults and chicks

St Kilda

Location Isotope ratio

<1940 1993 Change (%) t-test
SN 15.34 + 0.83 14.18 + 0.76  -1.16 t=-562
(30) (30) p < 0.001
813%C -16.44+£037 -1739x055 -0.95 t=-7.86
(30) (30) p < 0.001
S15N 14.39 + 0.96 13.65+0.75 -0.74 t=-2.66
(12) (30) p=0.011
3B¥C 1681050 -17.33x042 -0.52 t=-3.45
(12) (30) p =0.001

readily regurgitated food when han-
dled or approached. Prey samples
were placed in plastic vials and maintained deep-
frozen (ca -20°C) prior to identification. On returning
to the laboratory, prey samples were allowed to thaw
and identified to the lowest possible taxon. Dietary
items were treated on a presence/absence basis only.
No attempt has been made to quantify the size (vol-
ume) of prey material regurgitated nor to record the
numbers of particular prey species in regurgitations.
For isotope analysis, ca 20 mg of homogenised
feather sample was combusted in an evacuated and
sealed quartz tube containing excess copper (II) oxide
(wire form) and silver wire. The furnace temperature
was maintained at 850°C for 6 h, then allowed to cool
to ambient laboratory temperature over a further 8 h.
The resultant carbon dioxide and nitrogen were sepa-
rated cryogenically and collected in individual ground
glass-stoppered bottles, using a Toepler pump for
nitrogen samples, to await analysis. Stable isotope
ratios of carbon dioxide and nitrogen were analysed
using VG SIRA10 triple collector and VG Micromass
602D double collector mass spectrometers, respec-
tively. Stable isotope concentrations were expressed in
conventional notation whereby:

0X = [(Rsample/Rstandard) - 1] x 1000

where X is 3C or '°N and R is the corresponding ratio
BC/C or PN/YN. Ryangara for °C and '°N are PDB and
atmospheric nitrogen from AIR, respectively. Analyti-
cal errors, based on replicate analyses of TAEA N-1,
[AEA N-2 and NBS-21 standards, were +0.2%. for both
carbon and nitrogen.

RESULTS

Mean 8'°N and §"°C values for fulmars sampled prior
to 1940 and in 1993 from the northern isles and St Kilda
are presented in Table 1. At both locations, significant

decreases were measured in nitrogen and carbon iso-
tope signatures (Table 1; Figs. 1 & 2). The decline in
isotope signatures was greatest in fulmars from the
northern isles: the mean 8'°N value fell by 1.16 %o from
prior to 1940 to 1993, whilst the corresponding decline
in 83C was 0.95%o (Table 1).

The mean 8'°N value in contemporary fulmars from
Foula was significantly higher than that in fulmars
from St Kilda (Table 1; t-test: t=2.68, df = 58, p = 0.01).
There was no significant difference in the mean 83C
value in contemporary fulmars from Foula and St Kilda
(Table 1; t-test: t = -0.45, df = 58, p = 0.66). For con-
temporary fulmars at both sites, there was no signifi-
cant correlation between §'°N and §'°C values of feath-
ers (St Kilda: r=-0.09, n = 30, p = 0.63; Foula: r =-0.15,
n =30, p = 0.44). There was no significant difference in
the mean 8"°N values of Manx shearwaters sampled
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Fig. 1. Fulmarus glacialis. Changes in 8'°N signatures of

homogenised body feather samples of northern fulmars over

time at the northern isles (Shetland, Fair Isle and Orkney),

UK. (®) Contemporary birds sampled in 1993. (o) Historical

birds sampled prior to 1940. Each point represents an individ-
ual bird
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Fig. 2. Fulmarus glacialis. Changes in 8C signatures of
homogenised body feather samples from northern fulmars
over time. (A) Contemporary birds sampled in 1993. (A) His-
torical birds sampled prior to 1940. Other details as for Fig. 1

prior to 1940 and in 1990 (pre-1940: mean = 17.63 %o,
SD=1.3,n=12;1990: mean =17.52%,, SD=14,n=12;
t-test: t=-0.18, df = 22, p = 0.86).

The occurrence of particular prey species
in the diet of fulmars at St Kilda and Foula is
summarised in Table 2. Fish and/or fish offal
occurred in virtually all (99 %) regurgitations

DISCUSSION

The statistically significant decreases in mean §'°N
values of feather samples from northern fulmars
between pre-1940 and 1993 are consistent with a shift
to a lower trophic status in this species, at both St Kilda
and, more dramatically, at the northern isles (Table 1;
Fig. 1). However, the absolute decreases in mean §'°N
values at each location were not large, and were
unlikely to represent a drop in trophic status corre-
sponding to a whole trophic level in these respective
food chains. From previous studies of marine food
chain structure, trophic level enrichments of §!°N have
been determined as ranging from +3 to +4%. (e.g.
Schoeninger & DeNiro 1984, Wada et al. 1987, Hobson
& Welch 1992, Hobson et al. 1994). Based on these
data, the decrease in mean §'°N signatures in northern
fulmars between pre-1940 and 1993 at the northern
isles (—1.16%.; Table 1, Fig. 1) and at St Kilda (-0.74 %e;
Table 1) represent reductions of ca one third and
ca one quarter of a trophic level, respectively. Whilst

Table 2. Fulmarus glacialis. Prey of fulmars at St Kilda and Foula, deter-
mined from regurgitations. Values are numbers and percentage of sam-

ples containing a particular prey category

at Foula, with other prey types occurring rel- Species St Kilda Foula
atively infrequently. Fish offal and unidenti- No. of % of No. of % of
fied whitefish both occurred in 30% of samples samples  samples samples
regurgitations, whilst sandeels were present g -
in 24% (Table 2). The parasitic copepod CrPuISta;Z b ” -

Caligus elongatus occurred in 13 (35%) of a ngydjcegsp. 1 5 1 1
subset of 37 samples at Foula, always in Acanthephyra pelagica 13 21 _ _
association with whitefish. This species was Unidentified Crustacea - - 2 2
absent from regurgitations at St Kilda. Total Crustacea 22 35 3 3
Although fish were present in 84% of all Caligus elongatus - - 13@ 352

samples at St Kilda (Table 2), the whitefish

Cephalopoda

species recorded were generally repre- Gonatus steenstrupi 3 5 _ _
sented by small, juvenile individuals as Unidentified squid 2 3 1 1
determined from otolith size. All whiting Total Cephalopoda 5 8 1 1
Merlangius merlangus, for example, recor- Pisces
ded at St Kilda were ca 5 cm in length Trisopterus luscus 1 2 - -
(based on otolith size from whiting regurgi- Trisopterus esmarkil 2 3 6 7
X R Micromesistius poutassou - - 1 i
tated wholej. A total of 22 regurgitations Melanogrammus aeglefinus 1 ) 1 1
(35% of samples) contained Crustacea and 5 Merlangius merlangus 10 16 - -
(8%) contained squid. If C. elongatus is Callionymus lyra 1 2 - -
ignored, since this minute dietary item Ammodytes marinus 4 6 21 24
. . . . Scopelogadus beanii 7 11 - -
would have been ingested in conjunction Unidentified whitefish 26 42 57 31
with its fish host, Crustacea were present in Other unidentified fish 3 5 5 6
only 3% of samples at Foula (Table 2). Two Fish offal - - 26 30
species regurgitated by fulmars at St Kilda Total fish 59 84 85 99
can be considered mesopelagic: the decapod Total no. of samples 62 86

crustacean Acanthephyra pelagica and the
melamphid fish Scopelogadus beanii (Foxton
1972, Mauchline & Gordon 1984).

¢From a subset of 37 samples
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modest, the reduction in 8N values in northern ful-
mars would appear to be a genuine effect. No such
decline could be detected in Manx shearwater feather
samples (see 'Results’) collected over the same period
as the fulmar samples. The reduction in §'°N values in
fulmars is consistent with the corresponding decline in
mercury burdens (Thompson et al. 1992). Several pos-
sible hypotheses can be put forward to account for the
observed trends in isotopic signatures.

Around the turn of this century, when nearly all of
the historical fulmar feather samples were obtained,
northern fulmars at St Kilda and the northern isles
could feed, to some extent, upon offal and other waste
products from the whaling industry. In Britain, whaling
operations spanned 1903 to 1929 at Shetland and the
Outer Hebrides with a smaller whaling industry at
County Mayo, western Ireland, from 1908 to 1922
(Brown 1976). It is well documented that northern ful-
mars were attracted in large numbers to feed at whal-
ing activities (see Fisher 1952). Whilst the majority of
whales caught during this period were fin Balaen-
optera physalus and sei B. borealis whales, smaller
numbers of toothed whales were also caught, includ-
ing sperm whales Physeter macrocephalus and bottle-
nose whales Hyperoodon ampullatus (Brown 1976).

Toothed whales feed largely on fish and squid, with
baleen whales (Mysticeti) taking a greater proportion
of zooplankton (see Evans 1987 for a review). Consis-
tent with this dietary difference, §'°N values in toothed
whales have been found to range from +14.3 to
+17.8%o in collagen {Schoeninger & DeNiro 1984) and
from +15.8 to +16.6%. in muscle (Hobson & Welch
1992), with values in collagen of baleen whales gener-
ally lower, +11.7 to +15.8%. (Schoeninger & DeNiro
1984}). The relatively high 8'°N signatures in northern
fulmars during the early part of this century (Table 1,
Fig. 1) could, therefore, be due in part to the availabil-
ity of offal from whaling, particularly from toothed
whales which exhibit relatively high 8'*N values.

Concurrent with a reduction in 8'°N values, fulmars
at both locations exhibited significant decreases in
813C signatures (Table 1, Fig. 2). Since there was no
relationship between 8°N and §°C values in feather
samples from contemporary fulmars (see ‘Results’),
although 8'°N values spanned at least 3%o (equivalent
to a minimum of 1 trophic level) at both sites, it is
unlikely that 8'3C signatures reflect trophic status.
Other workers have concluded that, at higher levels
within food chains, 8'°C signatures yield little informa-
tion about trophic status (Wada et al. 1987, Fry 1988,
Hobson & Welch 1992, Hobson et al. 1994). Neverthe-
less, the observed reduction in 8'°C values in fulmars
may be linked to the disappearance of whale-derived
carbon in their diet. The 8°C signatures of plankton
have been shown to vary with latitude (e.g. Rau et al.

1982, Dunton et al. 1989, Saupe et al. 1989), reflecting
at least in part a positive correlation with sea surface
temperature (Fontugne & Duplessy 1981, Rau et al.
1982). Whilst there is no evidence to indicate that any
long-term change in sea surface temperatures has
occurred to the northwest of the British Isles over the
last 100 yr (Bottomley et al. 1990), latitudinal variation
in 8"°C values at the base of marine food chains would
lead to corresponding spatial variation in §*C signa-
tures at other levels within those systems. The species
of whales caught by Scottish and Irish whalers are
migratory, spending winters at lower latitudes and
moving northwards to higher latitudes during the sum-
mer (see Evans 1987). Whales which spent the winter
at lower, warmer latitudes would have incorporated
relatively *C-rich material. Fulmars feeding at higher,
colder latitudes (St Kilda and the northern isles) would
normally ingest material relatively depleted in *C.
Material derived from whales and ingested by fulmars
would be relatively *C-rich and may account for the
elevated 8"°C signatures of fulmars at that time
(Table 1). Schell et al. (1989) used §'*C measurements
in bowhead whale Balaena mysticetus baleen to indi-
cate spatial variation in 8°C values of prey as this spe-
cies migrated through the Chukchi and Beaufort Seas,
although this was not linked to latitudinal effects.
Whilst possible, the utilisation of whale offal by
fulmars as an explanation for the decline in isotopic
signatures has limitations. For the reduction in 8'"N
signatures to be attributable to the availability of
whale offal, a large proportion of the fulmar population
would have to incorporate organic material from the
relatively few toothed whales caught by the Scottish
and Irish whalers. Fulmars can forage over large areas,
yet offal from whaling would be concentrated at a rel-
atively small number of coastal whaling stations.
Alternatively, long-term changes in the availability
of fish and fish offal discarded by fishing boats may
have influenced fulmar trophic status. In the northern
North Sea, fishing activity has shifted from relatively
large species and older age-classes to an increased
proportion of smaller species and younger age-classes.
Pope & Knights (1982) suggested that the greater pro-
portion of smaller length-classes of groundfish in the
northern North Sea compared to that recorded at the
Faeroe Bank was the result of differences in fishing
exploitation between these 2 sites, increased fishing
pressure in the North Sea producing a fish community
with relatively more smaller fish. Wainright et al.
(1993) noted a decrease in trophic status of haddock
Melanogrammus aeglefinus from the Georges Bank
food web during this century, possibly linked to a
reduction in the availability of fish prey. A relative
increase in discarded material from fish of lower
trophic status over time would result in a reduction in
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the trophic status of fulmars scavenging on such fish-
ery waste. Whilst such an explanation would be con-
sistent with the observed decrease in §'°N values in
fulmars, it is difficult to see how the corresponding
reduction in §"°C signatures would be affected by a
shift in fish and fish offal discards. Furthermore, any
explanation based on temporal changes in fishing
activity would be applicable largely to fulmars from
the northern isles. The waters around St Kilda to the
northwest of Scotland have not been as intensively
fished as in the northern North Sea, yet fulmars at both
locations show similar patterns of isotope decline
(Table 1). Indeed, fish offal was only recorded in 0.8 %
of regurgitated food samples collected from fulmars at
St Kilda by Furness & Todd (1984) and no fish offal was
recorded from fulmar regurgitations at St Kilda in the
present study (Table 2).

Any marked changes in the diet of fulmars from one
year to the next would not be detected in the present
study, where only one contemporary sample (from
1993) is compared to samples from several years prior
to 1940. An eruption of medusae, for example, which
are known to occur in the diet of fulmars {Harrison
1984), would lower the trophic status of fulmars.
Although no mudusae were recorded in the present
study, the presence of Hyperia galba in regurgitations
from fulmars at St Kilda (Table 2) may indicate feeding
on jellyfish, since this amphipod is known to associate
with medusae (Harbison et al. 1977), and Leaper et al.
(1988) noted fulmars feeding on jellyfish in waters
around St Kilda in 1987. The significant decline in iso-
topic signatures of fulmars over time (Table 1) may be
an artefact of a particular diet, comprising prey species
of relatively low trophic status, in an exceptional single
year, rather than a general long-term trend. Whilst
possible, the same short-term change in diet would
need to have occurred at both St Kilda and Foula in the
same year. These 2 sites are about 450 km apart and
occupy oceanographically distinct water masses (Bary
1963), so such an explanation is unlikely.

The significantly higher mean §'°N signature in con-
temporary fulmars from Foula compared to that in ful-
mars from St Kilda, indicating a slightly higher trophic
status of fulmars at Foula (see 'Results’; Table 1}, is
consistent with dietary differences between these 2
colonies. Based on the presence or absence of a partic-
ular prey type in regurgitations, fulmar diet at Foula
consisted almost entirely of fish, whilst at St Kilda,
although fish were present in over 80 % of all regurgi-
tations, a substantial proportion of regurgitations
(35%) also contained crustacean prey (Table 2). The
lack of any difference in 8*C signatures of fulmars
between these 2 locations (Table 1) probably reflects a
pelagic feeding habit in this species. It has been sug-
gested by several workers that §°C signatures in

seabirds and other marine biota reflected either ben-
thic/pelagic or inshore/offshore feeding preferences
(e.g. McConnaughey & McRoy 1979, Rau et al. 1983,
Dunton et al. 1989, Hobson 1993, Hobson et al. 1994).

The diets of northern fulmars reported here are
broadly similar to those described by Furness & Todd
(1984). At Foula, sandeels, whitefish and fish offal are
still the most important prey groups (Table 2), indicat-
ing a continued use of discarded material from white-
fish trawler activities. Fulmars have been shown to
consume most of the offal discarded by whitefish
trawlers, aggressively excluding other seabird species
from this food resource (Hudson & Furness 1989). The
parasitic copepod Caligus elongatus was present in
35% of a sub-set of prey samples examined from
Foula, always in association with whitefish; this spe-
cies has been recorded in association with over 80 spe-
cies of fish host (Kabata 1979). Interestingly, C. elonga-
tus was absent from dietary samples from St Kilda
despite a range of whitefish species being recorded
(Table 2). However, since most of the fish species
recorded in fulmar regurgitations from St Kilda were
relatively small, juvenile individuals, it may be that
insufficient exposure to this parasite had occurred.

Perhaps surprisingly, of 9 species of pelagic zoo-
plankton and benthic invertebrates recorded in the
diet of fulmars at St Kilda by Furness & Todd (1984) in
1981, only an unidentified species of Acanthephyra
from that study was also recorded in the present study.
We cannot explain why there should be such an appar-
ent marked difference in species composition of the
diet of fulmars at St Kilda over this period, since sam-
ples were collected at the same time of year in both
studies and trawling activities, which bring benthic
species to the surface as discards, are still in operation
around St Kilda (as evidenced by the presence of a
bottom-dwelling dragonet Callionymus lyra: Table 2).
However, seabird diets have been shown to vary over
relatively small spatial scales (Schneider & Hunt 1984),
and it is likely that variation in diet would occur tem-
porally.

Of the species recorded from fulmars at St Kilda in
the present study, 2 can be considered as mesopelagic
The oplophorid Acanthephyra pelagica has been re-
corded at depths of 200 to 2000 m during the day, with
highest densities mainly above 1000 m, migrating ver-
tically to ca 500 m at night in the northeast Atlantic
(Foxton 1972, Roe 1984). Similarly, the melamphid
Scopelogadus beanii, whilst having been recorded
from very close to St Kilda (Ebeling & Weed 1963), has
not been recorded at the surface and rarely at depths
less than 500 m, and evidence for a pronounced verti-
cal migration is weak (Mauchline & Gordon 1984,
Keene et al. 1987, Gartner & Musick 1989). That these
species occur to an appreciable extent in fulmars’ diets
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at St Kilda (21% and 11% of samples contained A.
pelagica and S. beanii, respectively; Table 2) raises the
obvious question of how the birds obtain such prey
items if they do not occur at or very near the sea sur-
face, since fulmars have been shown to be able to dive
to a maximum of only ca 3 m (Hobson & Welch 1992b).

Whilst bottom-dwelling or deep-water pelagic spe-
cies may be brought to the surface and discarded by
fishing activity (Hudson & Furness 1988), this would
seem an unlikely explanation for the occurrence of
Acanthephyra pelagica and Scopelogadus beanii in
the diet of fulmars at St Kilda. Both these species are
relatively small (total length of a few cm) and unlikely
to be retained in nets. Furthermore, the diet of great
skuas Catharacta skua at St Kilda includes several
deep-water, bottom-dwelling species, presumably dis-
carded from trawlers, but not the two in question
{Thompson & Hamer unpubl. data). Predatory fish and
mammals can force prey species to the surface and so
make them available to seabirds (Martin 1986, Au &
Pitman 1988, Grebmeier & Harrison 1992, Hamer et al.
1994). Such associations have not been recorded at St
Kilda, nor does it seem likely that such deep-dwelling,
and, in the case of A. pelagica in particular, slow-
moving species could avoid a predatory fish or mam-
mal and reach the surface. Ainley et al. {1986) reported
deep-living prey species in the diet of seabirds from
the Antarctic, whilst recently, Steele & Montevecchi
(1994) hypothesised that crustacean prey recorded in
the diet of Leach’s storm-petrel Oceanodroma leu-
corhoa may migrate closer to the sea surface than
previously thought. A similar explanation can be put
forward to account for the presence of both A. pelagica
and S. beanii in the diet of fulmars at St Kilda. It may
well be, as suggested by Steele & Montevecchi (1994),
that seabirds can act as independent samplers of
marine fauna and complement information provided
about the occurrence of mesopelagic organisms by
conventional sampling techniques.
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