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Abstract

The feeding ecology of fishes inhabiting the 300-700 m deep shelf trough of the central
Skagerrak (northeastern North Sea) was investigated to identify major trophic pathways and ana-
lyse the relative significance of epipelagic, mesopelagic and benthic food sources. Two benthopelagic
fish species, roundnose grenadier, Coryphaenoides rupestris, and greater silver smelt, Argentina
silus, were highly dominant in this area, but the squalid shark Etmopterus spinax, the chimaera,
Chimaera monstrosa, and the witch flounder, Glyptocephalus cynoglossus were also characteris-
tic members of the deep fish assemblage.

Vertically migrating euphausids, shrimps (i.e. Pasiphaea sp.), copepods and hyperid amphipods
were found to provide direct links between the epipelagic production and the deep-living roundnose
grenadier. Prominent benthopelagic prey included the omnivorous Pandalus borealis and Sabinea
sarsi. The trophic position of the greater silver smelt was uncertain because a high fraction of the
stomach contents were unidentifiable, but a probable food source was thought to be mesopelagic
and benthopelagic gelatinous plankton. Etmopterus spinax fed mostly on micronektonic crusta-
ceans such as euphausids, but may have also scavenged on fish carcasses. Both the witch flounder
and Chimaera monstrosa were benthophages feeding on a great variety of polychaetes, bivalves,
gammarid amphipods and other medium-sized benthic prey.

Trophic transfer patterns observed in the Skagerrak were compared with results from slope

waters and deep fjords.
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Introduction

Although displaying a wide range of feeding
modes (e.g. Gartner et al., 1997), demersal deep-wa-
ter fish ultimately depend on the transfer of energy
from the productive epipelagic zone to the near-bottom
zone. Many mechanisms facilitate this transport, but
the vertical migration of mesopelagic nekton and
macroplankton transferring energy deeper down the
water column, that is by Vinogradov's "ladder of mi-
grations" (Vinogradov, 1997), is an important proc-
ess, at least in oceanic waters. Migrating plankton
and micronekton feed directly on surface production
of phytoplankton and zooplankton, but also utilize
organically enriched "marine snow" aggregates (e.g.
Lampitt et al., 1993). Along the continental slopes,
the impingement of mesopelagic organisms at certain
depths during daytime has been shown to be particu-
larly significant in providing food for demersal fish
(Blaber and Bulman, 1987; Mauchline and Gordon,
1991; Gordon et al., 1995; Merrett and Haedrich,

1997; Haedrich, 1997). The result is a depth zone of
high concentrations of benthopelagic macrofauna in-
cluding demersal fishes with diets dominated by
pelagic and benthopelagic organisms (e.g. copepods,
euphausids, mysids, pelagic shrimps, mesopelagic
fish).

Similar vertical energy transfer processes prob-
ably sustain fish and macrofauna inhabiting other but
less extensive deep-water areas such as fjords or deep
channels and troughs on the continental shelves. The
major difference between these and the oceanic wa-
ters is that the productivity of the overlaying surface
waters is substantially higher. In fjords, the pelagic
production processes and vertical migration behav-
iour of mesopelagic fish and zooplankton has been
studied extensively (Matthews and Heimdal, 1980;
Hopkins et al., 1989; Giske et al., 1990; Richard and
Haedrich, 1991; Kaartvedt, 1999; Bageien et al.,
2000). A feature of particular significance in fjords is
the influence of advective processes on the abundance
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and production of zooplankton and micronekton
(Aksnes et al., 1989; Kaartvedt, 1999). Although
many fjords have characteristic assemblages of fishes
inhabiting both deep pelagic habitats and the near-
bottom zone (Tambs-Lyche, 1987; Mattson, 1981;
Nash, 1985), few if any fjord studies have incorpo-
rated specific analyses of energy transfer patterns from
surface layers to deep-living demersal fish.

Deep shelf troughs are less enclosed than fjords,
and their circulation patterns may be different and
less influenced by run-off from land. The vertical sa-
linity structure is also less pronounced, yet as in fjords,
low salinity water influenced by coastal processes
overlay water of oceanic origin that fill the deeper
parts of such troughs. Intermittent or persistent deep-
water inflow provides a transport route for organisms
from adjacent slope waters to the inner shelf areas.
The near-surface water masses may sustain a much
higher level of biotic production than that found in
the adjacent slope or oceanic waters. Deep-water fish
inhabiting shelf troughs and fjords thus live in water
of oceanic character, but benefit from energy supply
from both local near-surface production and advective
production in the deep-water.

An example of such a shelf trough is the deepest
eastern basin of the Norwegian Deep found in the
northeastern North Sea and Skagerrak (Fig. 1). The
central area of this trough has a depth range of 300-
720 m, thus it is markedly deeper than the adjacent
areas of the North Sea and Skagerrak that are mostly
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shallower than 100 m. This deep-water trough is in-
habited by a fish species assemblage strongly domi-
nated by two species usually associated with upper
continental slope waters, i.e. roundnose grenadier
Coryphaenoides rupestris, and greater silver smelt,
Argentina silus (Bergstad, 1990a, Table 1). The spe-
cies composition in this deepest part is distinctly dif-
ferent from that found in the comparatively shallow
western areas of the Norwegian Deep that were stud-
ied extensively previously (Bergstad, 1990a; Bergstad,
1991a, b; Albert, 1993, 1994a, b). Most of the deep-
water basin lies within the Skagerrak, a sea area well
known for its high production of pelagic fish such as
herring (Clupea harengus), mackerel (Scomber
scombrus) and sprat (Sprattus sprattus) providing
landings of 150-200 000 tons/year, and also substan-
tial catches of demersal fish, deep-water shrimp
(Pandalus borealis) and Norway lobster (Nephrops
norvegicus) (ICES, 2001). The deep-water demersal
fishes, viz roundnose grenadier, greater silver smelt
and witch flounder (Glyptocephalus cynoglossus), are
also being fished commercially in this area (Bergstad
and Tveite, 1993; Gordon et al., 2002), and the an-
nual landings of around 3 000 tons of Roundnose
grenadier and 500—1 000 tons of greater silver smelt
are quite high, especially when considering the lim-
ited size of the area.

The Skagerrak deep-water basin represents an
example of a deep shelf area with a highly productive
epipelagic zone but also with a close circulatory con-
nection with the continental slope provided by the
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Fig. 1.

The study area in the northeastern North Sea and the Skagerrak showing depths (m).
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TABLE 1. The ten most abundant species of the
Skagerrak deep-water fish assemblage,
giving percentage by weight (%W) in bot-
tom trawl catches during summer surveys
in 1984-87. See Bergstad (1990a) for

details.
Species %W
Coryphaenoides rupestris 51.7
Argentina silus 28.1
Raja lintea 5.5
Chimaera monstrosa 4.6
Micromesistius poutassou 1.8
Etmopterus spinax 1.7
Molva dipterygia 1.3
Raja radiata 1.3
Glyptocephalus cynoglossus 0.9
Raja fyllae 0.4
Other species 2.7

inflow of Atlantic Water from the southern Norwe-
gian Sea (Ljoen and Svansson, 1972; Otto et al., 1990;
Aure and Dahl, 1994). In this paper focus is placed
on feeding ecology of the fishes of the "Skagerrak
deep-water assemblage" and on the processes that
sustain fish production in this sub-system of the
Skagerrak and North Sea. In addition to analyzing
internal patterns in the deep community, a central aim
has been to identify the essential trophic linkages be-
tween this sub-system and the fauna and production
of the epipelagic zone. Processes that were assumed
to be particularly significant for deep-water fishes
were: 1) the diurnal and seasonal vertical migration
of epi-pelagic and mesopelagic plankton and nekton,
2) the advective production of deep-water plankton
or nekton, 3) local production of macrobenthos. An
objective of this paper is to determine which of these
processes are more significant to what fish species.
The emphasis in this account is on patterns rather
than rates, mainly because the studies were not suffi-
ciently extensive nor designed to calculate transfer
rates.

Materials and Methods

The analysis relies on data on the feeding habits
of C. rupestris and A. silus derived from samples col-
lected in the mid-1980s. In addition, unpublished in-
formation from Wik (MS 1994) on chimaera, Chi-
maera monstrosa, and squalid shark, Etmopterus
spinax, and Hildre (MS 2001) on G. cynoglossus is
summarized. To make the analysis sufficiently com-

prehensive and to build a conceptual food-web model,
data from previous accounts on rays (Skjaeraasen,
1998); Skjeraasen and Bergstad, 2000, 2001), blue
ling, Molva dipterygia, (Bergstad, 1991a), demersal
juvenile C. rupestris (Mauchline et al., 1994), and
mesopelagic fish larvae (Bergstad and Gordon, 1994)
were also utilized. Despite that the data were collected
over a range of years and not always simultaneously,
it was assumed that any temporal changes were rela-
tively minor and that major patterns would be stable
in time. Previous studies of food-web patterns in the
same or adjacent deep-water areas have either not
considered linkages to major deep-water nekton spe-
cies (e.g. Kiarbo et al., 1990), or focused on a limited
taxonomic group or size-range (Bergstad 1991a, b;
Mauchline et al., 1994).

Study area

The Skagerrak forms a Mediterranean sea be-
tween the Baltic and the North Sea (Fig. 1). This rather
small area (about 36 000 km?) has a wide variety of
habitats ranging from the extensive 300—700 m deep
muddy areas of the Norwegian Deep, to the shallow
sandy banks along the Danish and Swedish coasts,
the more rocky slope off Norway, and the highly pro-
ductive surface waters associated with hydrographic
fronts or eddies (e.g. Anon., 1993; Longva and
Thorsnes, 1997). There is a general cyclonic circula-
tion of both the surface and deep-water in the
Skagerrak as water masses enter from the North Sea
and the Kattegat in the southwest and south, and exit
along the Norwegian Skagerrak coast as the Norwe-
gian Coastal Current (Svansson, 1975; Rohde, 1996;
Rydberg et al., 1996).

The group of fish species referred to as the
"Skagerrak Deep-water assemblage" by Bergstad
(1990a) has a distribution roughly delineated by the
300 m isobath and thus to some extent transgresses
the conventional border of the Skagerrak (7°E) west-
wards almost to 4°E.

Sampling

The data on diets of C. rupestris and 4. silus origi-
nated from research vessel cruises in 1984-87 that
conducted either general fish community surveys or
special surveys for Pandalus borealis. Bergstad
(1990a, b; 1993) described in detail the sampling strat-
egy, trawl gears, and sampling areas. The data on blue
ling (Bergstad, 1991a), C. montrosa and E. spinax
(Wik, MS 1994), and some samples of the three rays
(R. lintea, R. radiata, and R. fyllae) were also
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collected on the 1984—87 cruises. Glyptocephalus
cynoglossus and supplementary samples of rays were
sampled in 1995 and 1996. Hildre (MS 2001) and
Skjaeraasen and Bergstad (2000, 2001) give details
on the sampling in that period. On many of the cruises,
sampling extended beyond the area inhabited by the
fish assemblage considered in this paper. For the
present analyses, only the data collected from the deep-
est inner basin of the Norwegian Deep were utilized,
i.e. the areas deeper than 300 m to the east of 5°E

(Fig. 1).

All specimens used in the diet analyses were
measured and weighed. For all species except
C. rupestris and C. monstrosa, total length (TL) from
the tip of snout to tip of the caudal fin was used. Pre-
anal length (AL) was used for C. rupestris and dis-
tance from snout to the posterior end-point of the sec-
ond dorsal fin for C. monstrosa. Ungutted wet weight
was recorded for most specimens.

Stomachs were usually extracted at sea and pre-
served in 4% buffered seawater solution of formalde-
hyde, and later transferred to 70% ethanol for con-
servation. Some of the ray and witch flounder stom-
achs were extracted from specimens brought frozen
to the laboratory.

Diet analyses

Only contents of the section of the gut from the
stomach (teleosts) or the forgut (elasmobranchs) were
sorted and included in the analyses. After sorting and
blotting on paper tissue, each prey category was
weighed. Whenever possible, the prey were also meas-
ured and counted. In cases where only body fragments
were found, the highest number of individuals from
which these body parts could have originated was es-
timated.

The diet was characterized in terms of percent-
age by weight (%) and in some cases numbers (%N),
ie.:

/4 N,
% W =—-%1000or % N=—-%*100

tot tot

where W,, N, = weight or numbers of prey category 7,
and W, , N, = weight or numbers of all prey items of
all non-empty stomachs considered.

On the basis of the diet analyses, a graphical rep-
resentation of the trophic relationships was drawn,
emphasizing the components and linkages that ap-

peared most typical and important. No transfer rates
or standing stocks of components were estimated,
hence, this graphical diagram should only be regarded
as a conceptual first step towards a more quantitative
food-web model.

Results

Diets of Individual Species

Coryphaenoides rupestris. Data on diet of
roundnose grenadier, C. rupestris, were collected in
March and September, primarily in 1987. In total, 400
stomachs were examined of which 27 were empty. The
composition of the contents in terms of percentage by
weight and numbers by predator size-class are given
in Table 2. Overall about 30% of the contents in terms
of weight could not be assigned to any taxon. Twenty
prey types were identified to species or genus, but iden-
tification to these levels was difficult because essen-
tial characters had been lost due to digestion. Of the
identifiable contents, 96% was crustacean remains
ranging from copepods to brachyurans. Fish remains
occurred in very few stomachs. Blue whiting,
Micromesistius poutassou, was only recorded once,
and the remainder was mostly scales and unidenti-
fiable fish tissue. Other non-crustacean taxa that oc-
curred in small amounts were polychaetes, Clione
limacina, nudibranchs and chaetognaths.

The number of stomachs from the smallest fish
(AL 4-10 cm,TL 17.4-46.1 cm) was only 12, essen-
tially too low to provide a satisfactory basis for com-
parisons with larger fish. Euphausids were prominent
prey of this size-class, and the remainder was mostly
other smaller crustaceans.

Among the grenadiers larger than AL = 10 cm,
differences related to predator size were not very pro-
nounced (Table 2, Fig. 2). The largest fish (AL >16
cm) had higher proportions of the comparatively large
P. borealis, and lower proportions of euphausids and
other relatively small prey such as copepods and
amphipods, compared with the smaller fish (AL 11—
13 cm). However, for all size-classes, the seasonal dif-
ferences were rather marked (Fig. 2). The diet was
more diverse in March than in September. Whereas
the benthopelagic P. borealis and Pasiphaea spp. were
prominent prey both in March and September, pelagic
euphausids were only significant in March when this
group alone contributed about 40% in terms of weight.
Euphausids were almost absent in September, but then
the crangonid shrimp Sabinea sarsi was an important
prey. In March the latter was not recorded at all.
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TABLE 2. Stomach contents in terms of percentage by weight (% W) and numbers (%N) from all seasons in Roundnose
grenadier, Coryphaenoides rupestris, in the Skagerrak.

Prey category Stomach contents by size-class (AL, cm)
<1l cm 11-13 cm 14-16 cm >16 cm

%W %N %W %N %W %N %W %N
Polychaeta 0.02 0.10 0.55 0.24 0.14 0.11
Clione limacina 0.00 0.01
Nudibranchia 0.02 0.06
Crustacea indet. 19.25 0.74 6.10 0.40 4.01 0.33 2.26 1.27
Ostracoda 0.00 0.11
Calanoida 0.02 0.40 0.04 2.36 0.00 0.42
Calanidae 0.00 0.13
Calanus hyperboreus 0.00 0.05
Calanus finmarchicus 0.22 11.08 0.13 9.24 0.01 2.15
Chiridius armatus 0.87 25.74 1.18 26.81 0.59 14.6 0.07 6.00
Pareuchaeta norvegica 0.13 1.47 1.75 8.22 1.05 6.66 0.42 6.87
Leptostraca 0.08 0.74
Mysidacea 0.01 0.08
Mysidae 0.03 0.27 0.04 0.27 0.01 0.23
Pseudomma sp. 1.90 11.03
Idotea sp. 0.02 0.01 0.01 0.06
Amphipoda 1.77 14.90 1.44 9.08 0.03 0.82
Gammaridea 0.08 0.23 0.13 0.28 0.14 1.19
Rhachotropis sp. 0.01 0.01
Orchomenella obtusa 0.01 0.03 0.01 0.06
Hyperiidae 0.14 1.03 0.06 1.42 0.02 1.07
Parathemisto abyssorum 3.19 20.59 3.26 20.39 5.29 35.92 1.69 35.56
Parathemisto gaudichaudi 0.00 0.03
Eucarida 0.93 0.03 1.33 0.1 0.47 0.06
Euphausiacea 0.00 0.20 0.00 0.17 0.12 0.37
Euphausiidae 56.03 36.76 6.68 11.98 7.23 13.18 4.09 18.64
Meganyctiphanes norvegica 4.81 1.47 7.45 2.00 6.90 2.15 5.67 10.75
Decapoda 0.08 0.03 0.27 0.03
Sergestes arcticus 0.10 0.40 0.30 1.01 0.14 0.73
Caridea 0.11 1.47 9.01 0.73 11.89 1.47 22.48 8.20
Pasiphaeidae 5.56 0.23 2.84 0.18 2.26 0.31
Pasiphaea tarda 0.60 0.01
Pasiphaea multidentata 3.34 0.1 3.72 0.23
Pandalidae 0.20 0.04 0.51 0.31
Pandalus borealis 5.44 0.03 10.69 0.19 18.58 1.19
Crangonidae 0.02 0.03 0.04 0.01 1.26 0.34
Sabinea sarsi 1.84 0.27 2.04 0.24 6.12 2.32
Brachyura 1.52 0.00 533 0.10 1.40 0.05 1.72 0.17
Chaetognatha 0.01 0.07 0.01 0.03
Eukrohnia hamata 0.01 0.01 0.00 0.03
Teleostei 1.19 0.03 2.40 0.13 0.79 0.20
Micromesistius poutassou 1.85 0.01
Coryphaenoides (scales) 0.00 0.01 1.00 0.03
Indeterminatus 12.11 0.00 41.87 0.03 33.49 0.15 25.96 0.11
Number of stomachs examined 12 103 182 103

Numbers empty 1 12 12 2
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Fig.2. Roundnose grenadier, Coryphaenoides rupestris. Diet by size-class and season. The diagram shows the proportion in
terms of weight of all identifiable prey categories. For major taxa such as Crustaceans, prey items identified to higher
levels were distributed proportionally to lower taxa within the group.

Argentina silus. Intotal, 397 stomachs of 4. silus
were examined, but 207 (52%) were empty. The sam-
ples were collected in March—April and July—October.
A summary of the contents in terms of weight and
numbers is given in Table 3. A very high proportion

of the contents remained unidentifiable even to high
taxonomical levels. In the two most sampled size-
classes (TL >30 cm), 94% of the contents in terms of
weight fell into this category. The stomachs frequently
contained an amorphous rather transparent substance
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TABLE 3. Stomach contents in terms of percentage by weight (%W) and numbers (%N) from all seasons, in
greater silver smelt, Argentina silus, in the Skagerrak.

Prey category Stomach contents by size-class
<20.0 cm 20.0-29.9cm 30.0-39.9cm 40.0—cm

%W %N %W %N %W %N %W %N
Scyphozoa 0.34 0
Polychaeta 1.79 6.67 0.84 1.06
Tomopteridae 0 0.57
Nudibranchia 3.93 6.67 0.04 0.53 0 0.57
Crustacea 0.81 1.06 0.1 0.57
Ostracoda 0.01 5.32
Calanus finmarchicus 0.06 7.98 0.01 5.68
Chiridius armatus 0.06 14.36 0.06 13.64
Pareuchaeta norvegica 1.03 13.33 0.02 1.06 0.02 1.14
Mysidae 3246  53.33 0.04 1.06 0.11 1.14
Hyperiidae 0.01 0.53
Parathemisto abyssorum 0.96 6.67 1.53 55.85 1.79 60.23
Euphausiidae 100 100 1537 13.33 0.07 0.53 0.59 2.84
Meganyctiphanes norvegica 0.32 1.06 0.56 2.27
Sergestes arcticus 0.05 0 0.01 1.14
Pasiphaeidae 1.08 0.57
Pasiphaea multidentata 1.03 0.53
Chaetognatha 0.04 0.53
Eukrohnia hamata 0.03 0.57
Teleostei 0.61 8.51 1.95 9.09
Indeterminatus 44.45 0  94.13 0 93.69 0
Number of stomachs examined 14 19 259 105
Numbers empty 8 9 123 42

that when fixed in formaldehyde turned into a light
yellow paste-like mass. The stomachs of small fish
(TL <30 cm) contained a higher proportion of identi-
fiable items, primarily crustaceans

Pelagic and benthopelagic crustaceans domi-
nated among the relatively minor fraction of the stom-
ach contents that could be identified. The most con-
sistent prey were euphausids, hyperid amphipods,
mysids, and the large copepod Pareuchaeta norvegica.
Except in the smaller size groups, all these contrib-
uted very little to the overall stomach content weight
and may not be of great nutritional significance to
A. silus. Fish remains were also present, but consisted
mainly of scales of C. rupestris that may have been
ingested in the net.

Etmopterus spinax. Wik (MS 1994) analysed
stomach contents of E. spinax from the whole Nor-
wegian Deep and provided extensive information on
ontogenetic, spatial and seasonal variation. The data
in Table 4 were based on a sub-set of the material
used by Wik (MS 1994), including only samples from

areas south of 59°N and east of 4°E. The sample sizes
were insufficient to analyse seasonal variation, but
Wik (MS 1994) found only small seasonal differences

in her more extensive analysis.

Ten prey items were identified to species or genus,
and euphausids (i.e. Meganyctiphanes norvegica),
shrimps (Pandalus borealis, Pasiphaea multidentata),
and fishes were the main prey. The small sharks ap-
peared to have a diet strongly dominated by
euphausids. Among the identified fish prey,
Weitzman's pearlside Maurolicus weitzmani occurred
most frequently, whereas blue whiting Micromesistius
poutassou was identified with certainty in only very
few stomachs. Blue whiting was dominant in terms
of weight. There was a large component of "unidenti-
fied fish remains' comprising fish of various sizes,
bones, and eye lenses. It is likely that most of these
remains were pearlsides and blue whiting. Wik (MS
1994) also found large pieces of mackerel, herring,
and cephalopods in a few stomachs and regarded these
to be too big to be captured alive, hence she proposed
that £. spinax had been scavenging. Inclusion of these
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TABLE 4. Stomach contents in terms of percentage by weight (%W) and num-
bers (%N) from all seasons, in squalid shark, Etmopterus spinax in
the Skagerrak. Sub-set of data extracted from Wik (MS 1994).

Stomach contents by size-class

Prey category <20 cm 20— cm
%W %N %W %N
Cephalopoda 1.34 3.03 0.95 2.87
Crustacea 1.92 3.03 0.12 1.59
Flabellifera 0.03 0.32
Eucarida 0.17 0.32
Euphausiidae 0.57 3.03 0.27 3.82
Meganyctiphanes norvegica 88.51 87.88 7.12 59.55
Thysanoessa longicaudata 0.16 5.41
Caridea 4.21 3.5
Pasiphaea sp. 4.64 1.91
Pasiphaea multidentata 10.39 5.41
Pandalus borealis 7.66 3.03 12.42 5.1
Pandalus montagui 1.4 0.32
Crangonidae 0.98 1.27
Pontophilus sp. 0.45 0.32
Pontophilus norvegicus 1.89 0.32
Teleostei 16.43 6.05
Maurolicus muelleri 6.51 1.27
Gadidae 2.4 0.32
Micromesistius poutassou 29.47 0.32
Number of stomachs examined 19 128
Numbers empty 7 56

few big items occurring in very few stomachs would
have distorted the diet compositions entirely, and they
were thus not included in the overall analyses, yet
recognised as infrequent prey items.

Chimaera monstrosa. Wik (MS 1994) studied the
diet of C. monstrosa in the entire Norwegian Deep
based on samples from 1984—87 and 1992. She iden-
tified 74 prey to species or genus, but considered this
to be an underestimate of the true number of species
in the diet because many items were highly digested
or fragmented. There was some ontogenetic variation
in diet composition and prey size distributions, but
insignificant seasonal variation.

Results for a sub-set of the material used by Wik
(MS 1994), representing the area east of 4°E and south
of 59°N, is given in Table 5. In this table the stomach
contents are aggregated at high taxonomic levels, and
more detailed information is available in Wik (MS
1994). Benthic prey, i.e. polychaetes and bivalves were
prominent in the diet of both the size-classes consid-
ered, showing that C. monstrosa was primarily
benthophagous. Large crustaceans such as caridean

shrimps and anomurans were significant prey of the
large size-class. A wide range of smaller and predomi-
nantly benthic or hyperbenthic crustaceans also oc-
curred in the stomachs but appeared to be of minor
nutritional importance.

Glyptocephalus cynoglossus. Hildre (MS 2001)
examined 134 stomachs of G cynoglossus, all from
the period March—October in 1991-92 and 1995-96,
and from areas east of 7°E and the depth range
156-490 m. In the 132 stomachs that contained food,
he found a wide range of prey items, although 44% of
the contents in terms of weight were unidentifiable
(Table 6). Small benthic and hyperbenthic animals
dominated the diet of all size-classes, and the rich-
ness was very high although difficult to estimate pre-
cisely, because many taxa could not be identified to
species. On the basis of weight, 59.3% of the fraction
was identified to higher taxonomical level as
polychaetes, 20.4% bivalves, and 13.9% crustaceans.
Twenty-three families of polychaetes were recorded,
mainly Polynoidae, Sigalionidae, Capitellidae,
Opheliidae, Cirratulidae, and Ampharetidae. The more
prominent bivalve families were Scrobiculariidae and
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TABLE 5. Composition of the stomach contents in terms of percentage by weight (%W)

and numbers (%N) from all seasons, in chimaera, Chimaera monstrosa, in

the Skagerrak. Sub-set of data extracted from Wik (MS 1994).

Stomach contents by size-class
Prey category <40 cm 40 cm
%W %N %W %N

Foraminiferida 0.73 3.33 0.82 3.43
Porifera 0 0.12
Hydroida 0.01 0.24
Polychaeta 40.08 13.02 22.96 12.19
Gastropoda 0.21 1.27 0.42 4.39
Bivalvia 37.65 49.68 22.32 34.31
Cephalopoda 0.01 0.12
Scaphopoda 0.08 0.32
Crustacea, indet. 0.1 1.27 0.07 0.71
Ostracoda 0.04 1.9 0 0.36
Calanoida 0.15 1.59 0.07 1.42
Lepadomorpha 0.05 0.32 0.18 1.42
Leptostraca 0.01 0.12
Mysidacea 1.52 15.74
Cumacea 0.36 6.19 0.02 0.36
Tanaidacea 0.04 0.63 0.02 0.59
Isopoda 1.37 0.32 1 2.37
Gammaridea 1.64 13.49 2.21 7.22
Hyperiidea 0 0.12
Euphausiacea 0.11 0.32
Decapoda, indet. 0.05 0.32 0.09 0.36
Caridea 0.72 1.9 9.27 4.62
Anomura 0.22 1.11 5.14 2.6
Ophiuroidea 0.09 0.48 1.44 1.66
Ascidiacea 2.59 0.95 3.6 0.95
Myxiniformes 2.49 0.12
Teleostei 0.03 0.48 2.11 2.96
Indeterminatus 13.6 0.32 24.23 1.54
Number of stomachs examined 95 55
Numbers empty 27 1

Nuculanidae. A wide range of crustaceans occurred,
but caridean shrimps, brachyurans and pagurids con-
tributed most in terms of weight. Further details on
the diet composition and ontogenetic variation are
given in Hildre (MS 2001).

Raja fyllae, R. lintea. Thirteen stomachs from
R. fyllae were examined by Skjeraasen (1998) and
he found that benthic prey such as polychaetes,
crangonid shrimps and gammarid amphipods
dominated in terms of weight. Few prey items could
however be identified to species. Raja fyllae is the
smallest of the three rays occurring in the area (8-68
cm TL), whereas R. lintea is the largest with a size
range of 18—118 cm TL. Skj®raasen (1998) examined
24 stomachs of R. lintea, and that fish contributed
78% to the total weight of the contents. Identifiable

prey species were blue whiting (Micromesistius
poutassou), saithe (Pollachius virens) and greater
silver smelt (4. silus). Other important food items were
galatheid crabs (Munida sarsi) and shrimps, primarily
Pontophilus sp. and Pandalus sp. The most common
food item was Pontophilus norvegicus followed by
unidentified fish and Munida sarsi. Unfortunately, for
both these species the material was too limited to study
size-related changes in diet.

Other species

The diet of R. radiata in the Norwegian Deep as
a whole was analyzed by Skjaraasen and Bergstad
(2000). A total of 175 stomachs were examined for
food. Three prey categories contributed about 90% to
the wet weight of the stomach contents. These were
decapod crustaceans (30%), polychaetes (11%) and
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TABLE 6. Composition of the stomach contents in terms of percentage by weight (% W)
and numbers (%N) from all seasons and size groups, in witch flounder,
Glyptocephalus cynoglossus, in the Skagerrak. Data extracted from Hildre

(2001).
Prey category % W % W
(indeterm. excluded) (indeterm. included) % N

Foraminiferida 0.1 + 1.8
Actiniaria 5 2.8 0.1
Polychaeta 59.3 33.2 524
Gastropoda 0.8 0.5 0.2
Bivalvia 20.4 11.5 16.6
Cumacea 0.6 0.3 6.6
Isopoda 0.1 0.1 2.5
Amphipoda 1.2 0.7 12.1
Euphausiacea 0.2 0.1 +
Decapoda 10.3 5.8 2.2
Other Crustacea 1.5 0.8 4.4
Echinodermata 0.3 0.2 0.4
Teleostei 0.1 +

Indeterminatus 43.9

Number of stomachs examined 134

Numbers empty 2

bony fish (48%). The large fraction of fish was partly
attributable to a few large fish specimens eaten by
large R. radiata. The most common fish prey was
gadids, while the bulk of the decapods consisted of
crangonids (5.6%) and P. borealis. The polychaetes
that could be identified belonged to three families,
the Polynoidae, Sigalinoidae and Ophellidae.

The diet of the smallest (<25 ¢cm TL) and inter-
mediate size rays (25-40 cm TL) consisted largely of
polychaetes and shrimps. To the largest R. radiata
(TL >40), fish prey were most important in terms of
weight, but large decapods other than shrimps became
increasingly important, and Munida sarsi contributed
12% to the wet weight. Crangonids were replaced by
the larger P. horealis. These results were based to a
large extent on data from more western parts of the
Norwegian Deep, yet the main patterns would very
likely be representative for the Skagerrak deep-water.

The piscivorous nature of blue ling (Molva
dipterygia) was shown by Bergstad (1991a) based on
data from the Norwegian Deep. Both C. rupestris,
A. silus, and M. poutassou were prey of this species.
Blue whiting (M. poutassou) feeds mainly on pelagic
crustaceans, and in the Norwegian Deep its main prey
is euphausids (Bergstad, 1991a).

Food-web model

On the basis of the diet studies described above,
a simplified graphical representation of the food web
of the Skagerrak deep-water was drawn (Fig. 3), em-
phasising the food-sources and predator prey-relations
of the two main deep-living fishes, C. rupestris and
A. silus. Arrows indicate predator-prey linkages be-
tween species or important transfer processes such as
sedimentation (hatched lines) or vertical migration
(vertical lines).

Discussion

Previous research on deep-water fish of the
Skagerrak have focused on assemblage structure
(Bergstad, 1990a, b, 1991a,b), and on the biology and
feeding ecology of selected species, genera or fami-
lies (Bergstad, 1991, 1993; Albert, 1993, 1994a, b,
Bergstad and Gordon, 1994; Mauchline et al., 1994;
Skjeeraasen and Bergstad, 2000, 2001). In this paper
new feeding data on the two major species C. rupestris
and A. silus and unpublished data on Etmopterus
spinax, C. monstrosa and G cynoglossus are inte-
grated with other published accounts in order to pro-
vide the basis for a descriptive analysis of food-web
relations, both within the community and between the
deep fauna and the epipelagic community.
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Fig. 3.

Predator-prey relationships and transfer processes of the Skagerrak deep-water fish community.
Arrows indicate predator-prey linkages between species or important transfer processes such as
sedimentation (hatched lines) or vertical migration (vertical lines). Font size reflects relative
abundance of taxa and thickness of arrows reflect assumed differences in significance/impor-
tance of energy transfers based on diet information and knowledge of relative abundance from

trawl surveys.

In such an analysis, rather detailed information
on the occurrence and behaviour of prey taxa is re-
quired, but unfortunately such information remains
scarce. There is a comparatively extensive literature
on benthic communities of the Skagerrak (e.g. Anon.,
1993; Rosenberg et al., 1996; Miskov-Nodland et al.,
1999) and some papers on crustacean mesozoo-
plankton (e.g. Bamstedt, 1983; Kierboe et al., 1990;
Tiselius ef al., 1991) and euphausids (e.g. Buchholz

and Boysen-Ennen, 1988; Bohle and Moksness, MS
1991). However, many important prey groups such as
pelagic shrimps and gelatinous plankton do not seem
to have been studied at all in this area. Comprehen-
sive analyses linking information on individual taxa
or communities with the view to understand processes
underlying the extensive production of deep-water
macrofauna, including commercial fish and crusta-
ceans, have not been carried out.
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A central aim of the present work has been to
identify the major trophic linkages between the deep-
water sub-system and the fauna and production of the
near-surface systems. In order to derive tentative con-
clusions on community patterns, data for individual
species need to be considered in some detail. The diet
studies of C. rupestris, the most abundant fish spe-
cies of the Skagerrak deep-water assemblage, showed
that pelagic of hyperbenthic crustaceans were domi-
nant prey of all size-classes studied here. Pelagic ju-
veniles feed mainly on copepods (Bergstad and
Gordon, 1994), and demersal juveniles on small
hyperbenthic crustaceans (Mauchline et al., 1994).
Based on studies in other areas (Podrazhanskaya,
1968; Geistdorfer, 1978; Mauchline and Gordon,
1984), Gartner et al. (1997) placed this species in a
guild of "Macronekton Foragers"(Guild 2) among
other macronekton specialists primarily inhabiting
upper and middle slope waters. Coryphaenoides
rupestris has been caught and observed by
echosounders several hundred metres above the sea-
bed (Pechenik and Troyanovsky, 1970; Haedrich,
1974; Bergstad, 1990b), and may feed both demersally
and pelagically. The pelagic euphausid, Meganycti-
phanes norvegica, was prominent in the diet in March
and may be most available in winter due to its de-
scent into deep water (e.g. Mauchline, 1980, Onsrud
and Kaartvedt, 1998). In summer and autumn, this
omnivorous or carnivorous species (Mauchline, 1980;
Bamstedt and Karlson, 1998) is very abundant at mid-
depth during the day and ascends to the surface at
night (Mauchline, 1980; Bergstad, 1991a). By feed-
ing on euphausids in winter, C. rupestris essentially
utilizes energy produced in the near-surface layer in
the summer. The carnivorous shrimp, Pasiphaea
multidentata, also carries out extensive vertical mi-
grations and at least a fraction of the population as-
cends to the bottom of the near-surface mixed layer
(Kaartvedt er al., 1988; Cartes, 1993; Cartes et al.,
1993; Bergstad ef al., 1996). This species was a rela-
tively important element of the diet of C. rupestris in
both seasons, and its feeding migration constitutes
another transport route of energy and matter from the
surface layer to the deep basin. The same may be the
case for the carnivorous amphipod, Parathemisto
abyssorum, the copepod, Pareuchaeta norvegica, and
other copepods that were frequent prey yet probably
of limited nutritional significance. Pandalus borealis
may also occur pelagically at night, but seldom very
far off the bottom (Shumway et al., 1985; Bergstrom,
2000). The same may be the case for another primary
decapod prey, Sabinea sarsi. These are hyperbenthic
animals that primarily rely on food sources produced

in or transported to their near-bottom habitat, i.e.
smaller hypoplanktonic or hyperbenthic organisms
and detritus (Shumway et al., 1985; Squires, 1990;
Bergstrom, 2000). Their prominence in the diet of C.
rupestris expressed in terms of weight is partially due
to their larger size compared with the pelagic crusta-
ceans. Nonetheless, the results show that C. rupestris
is sustained by both pelagic and hyperbenthic pro-
duction. Truly benthic prey were however insignifi-
cant. Seasonal and diurnal vertical migration of
pelagic crustaceans, and sedimentation providing food
to hyperbenthic crustaceans, may be the primary proc-
esses channelling energy from the surface layer to the
deep-water fish in this case.

Due to the high proportion of unidentifiable re-
mains among the stomach contents, a similar logic is
more difficult to apply to the second most abundant
fish species, A. silus. Vertical migrants such as
calanoid copepods, hyperiid amphipods and
euphausids occurred in the diet, but were never promi-
nent compared with the unidentifiable amorphous
substance usually observed. High frequencies of empty
stomachs and large proportions of unidentifiable con-
tents have been noted in a number of previous diet
studies of 4. silus (Borodulina, 1964; Keysler, 1968;
Mauchline and Gordon, 1983). Stomachs with uni-
dentifiable contents have sometimes been disregarded
as empty (Keysler, 1968). Pelagic crustaceans feature
prominently in previous accounts from various parts
of the North Atlantic (Borodulina, 1964; Emery and
McCracken, 1966; Keysler, 1968; Wood and Raitt,
1968; Westhaus, 1982; Mauchline and Gordon, 1983).
In some areas (Iceland, Faroes, Rockall) small
mesopelagic fishes such as Cyclothone spp. and
Chauliodus spp. may be important (Keysler 1968;
Westhaus, 1982), primarily to large A. silus.
Chaetognaths and gelatinous prey have been reported
by many investigators, and Mauchline and Gordon
(1983) found that 47.6% of the stomachs with identi-
fiable remains contained salps or ctenophores.

The lack of dentition, the big eyes, the fusiform
body and forked tail, and also the virtual absence of
benthic prey in the stomachs, suggest that 4. silus is
a visual pelagic predator. The suspicion is that many
earlier feeding studies have overemphasized the role
of identifiable prey items, in particular crustaceans,
in its diet. A suggestion is that 4. silus rather belongs
to a guild of pelagic specialists comprising species
feeding on gelatinous plankton such as hydromedusae,
ctenophores or salps, i.e. the "Macroplanktivore Guild
7" of Gartner et al. (1997). A. silus has a mouth mor-
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phology and overall appearance which is very similar
to another species, Alepocephalus bairdii, known to
feed on gelatinous plankton. Gelatinous prey become
quickly digested beyond recognition and may, when
preserved, appear amorphous. No studies of gelati-
nous plankton or their feeding have been reported from
the Skagerrak deeps, but ctenophores are abundant
and the hydromedusa, Tima bairdii, may occur in
great abundance, even to the extent that bottom
trawling for Pandalus spp. becomes hampered
(Dybern, 1969).

Another two of the Skagerrak deepwater spe-
cies, blue whiting (M. poutassou) and E. spinax, are
also predominantly pelagic and benthopelagic preda-
tors, yet the latter is also possibly a scavenger. Only
three species are strongly benthophagous, i.e. G
cynoglossus, C. monstrosa, and R. fyllae. The two first
had very diverse diets consisting of both infauna and
epifauna. Due to low sample size, the full diversity of
the diet of R. fyllae may not have been observed. The
remaining fishes have mixed diets consisting of rela-
tively large prey, mostly large epibenthic or
benthopelagic crustaceans and fish. This was the case
for R. radiata. R. lintea, and also Molva dipterygia,
the latter appearing strongly piscivorous.

In summary, the two dominant fish species in the
deep-water, C. rupestris and A. silus, appear to rely
heavily on pelagic production, albeit on different
pelagic prey. Few fishes depend on local benthic pro-
duction, but several species have mixed diets includ-
ing hyperbenthic organisms. One of the main path-
ways leading energy and matter from the epipelagic
zone to deep-living fishes is that maintained by the
vertical migrating species of Meganyctiphanes,
Pasiphaea, Parathemisto and the large migratory
calanoid copepods.

The pelagic production in the epipelagic zone and
in deepwater is probably strongly linked to (or even
driven) by the very dynamic circulation system of the
area. It has been suggested that there are at least three
circulation and frontal features that strongly affect
character and level of the biological production and
transport of organisms. The first is the rather persist-
ent front or eddy in the Kattegat-Skagerrak border
area northeast of Cape Skagen, which is maintained
by the merging of the inflowing North Sea water and
the Baltic outflow (e.g. Rohde, 1996). The second fea-
ture, occurring in near-surface water along the shelf-
break on the southern side of the central deeps, is a

rather persistent front between the relatively saline
Atlantic Water and the inflowing mixed North Sea
water. This is probably affecting production over wider
areas including central Skagerrak waters. The cyclonic
circulation results in a lifting of the sub-surface nu-
trient-rich Atlantic Watermass in the centre and a
deepening of the mixed layer along the coasts. This
often results in a summer "dome" or "ridge" of the
pycnocline in the central area of the Skagerrak
(Fonselius, 1996, Danielssen et al., 1997) that also
influences the structure of the near-surface phyto- and
zooplankton community (e.g. Kierboe et al., 1990;
Kahru and Leeben, 1991). The third feature, of par-
ticular significance for the deep-water community, is
the sub-surface inflow of saline Atlantic Water along
the southern slope of the deep-water basin (Rohde,
1996). The Atlantic inflow greatly influences the deep-
water circulation at least down to 400-500 m, and this
could facilitate a significant transport of deepwater
plankton and micronekton into the Skagerrak
deepwater. This potentially important supplementary
source of energy and matter for the deep-water fish
community has not been quantified.

The fish community inhabiting the Skagerrak
deep-water resembles that found in deep fjords and
shelf troughs off western Norway (Bergstad, 1990a).
The dominance of C. rupestris is similar to that ob-
served in warmer North Atlantic slope waters, e.g. to
the west of the British Isles (e.g. Gordon and Duncan,
1985) and south of Iceland (Magnusson and
Magnusson, 1995), but the diversity is probably low
in the Skagerrak compared with many other of these
areas and 4. silus may not be such a prominent spe-
cies in slope waters. The great significance of pelagic
prey, largely facilitated by vertically migrating plank-
ton and micronekton, has been documented for slope
regions where maximum demersal fish abundance
coincides with the daytime depth of planktonic and
micronectonic prey animals (Blaber and Bulman,
1987; Mauchline and Gordon, 1991; Gordon et al.,
1995; Merrett and Haedrich, 1997; Haedrich, 1997).
The results from the Skagerrak are thus not unusual.
Similar patterns have been observed in deep Norwe-
gian fjords (e.g. Giske et al., 1990) although the lit-
erature on linkages to deep-water fish inhabiting fjords
is limited. What makes the Skagerrak particularly
productive also in deep waters may be the combina-
tion of enhanced local surface production in frontal
zones, high sedimentation rates, and probably a sig-
nificant advective production of zooplankton and
micronekton.
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