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Trophic ecology of deepwater fishes associated with the continental slope of the
eastern Norwegian Sea

O. Bjelland and O.A. Bergstad

ABSTRACT

In June 1995 and 1996 demersal fishes on the contlnental slope of the eastern
Norwegian Sea were sampled to study distribution patterns and community structure.
The diets of the: more abundant slope species were characterised and linkages within
the upper slope food-web identified.

Few cases of predator-prey relationships between the typical slope fishes were found.
Most- of the smaller fishes fed on epibenthic crustaceans such as amphipods and
mysids, while pelagic crustaceans and fish dominated the diets of larger fishes.
Herring (Clupea harengus) and blue whiting (Micromesistius poutassou) were
important prey items of Greenland halibut (Reinhardtius hippoglossoides), and were
also eaten by Lycodes frigidus, Raja hyperborea and roughhead grenadier (Macrourus
berglax). At least for the latter three species this probably reflected scavenging.

Keywords: deep-water fish, demersal, diets, Norwegian Sea, scavenging, trophic
ecology
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INTRODUCTION

As:an element of-the Norwegian “Mare Cognitum”-programimne, studies of the demersal:fish -
communities along the upper slope of the eastern Norwegian Sea were initiated. Based on
bottom trawl samlping in 1995 and 1996 in the depth range 400 — 2050 m off western
Norway, Bergstad et al. (1998) identified four species assemblages with characteristic -
compositions and distributions. The deepest was the “Norwegian Sea Deepwater”-
assemblage with only 3 species. The “Upper slope 1 (warm)” and “Upper slope 2 (cold)”
assemblages had hlgher r1chness and d1ver51ty and mhablted the. tran51t10n zZone between the
warm Atlanttc Watermass and the cold Norweg1an Sea Deepwater Even shallower i. e. on

the shelf-break, a fourth species assemblage compnsmg 16 species occurred.

In this paper we focus primarily on the trophic ecology of fishes belonging to the first three -
(and deepest) assemblages Based 'on our new data, Skjeraasen (1998), and | prevmus reports
on ‘the d1et of the dtfferent speotes we constructed s1mple food- webs ‘which outlme the most 7
1mportant trophlc relatlonsh1ps between the slope fishes and other members of the eastem |

Norwegian Sea communities:’

MATERIAL AND METHODS

Tn June 1995 and 1996, samples of demersal fishes were collected by the RV Hakon Moshy
in two areas onlthe continent_.al slope off .Norway,;at.apptoximately 62—.63°N in 1995 and at-;. :
67-68°N in 1996 (Fig. 1). The depth range sampled was 430 to 2050 m using two different
‘otter trawls, a semi-balloon otter trawl (OTSB) and the Campelen 1800 sampling trawl.
Details cottoerning the gear and sampling were given by Bergstad et al. (1998).
~ Stomach samples were extracted for most fish species, but few useful samples were
“obtained for abundant species which unfortunately tend to have everted stomachs e.g.
Sebastes sp. and Macrourus berglax. Stomachs showing signs of regurgitation were excluded
from further analyses. Most stomachs were labelled individually and preserved in 4%
seawater solution of formaldehyde buffered with sodium tetraborate, but for Greenland '
halibut'stomachs within 10 cm length groups were pooled. Some of the smaller species, and
specimens that needed to be identified later, were preserved whole ar_td brought to the
laboratory for further examination.
The stomach contents were sorted and-all identifiable prey were identified to the

lowest possible taxon, preferably species. Dry weights of the different prey categories were
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measured separately after beiog kept ina drymg oven at 60—70°C .for at least 48 h or until 2
constant wetght was obtamed The composmon of the stomach contents was described in
terms of percentages by wetght of the different prey, i.e. weight of an item as percentage of
the pooled contents of all stomachs examined for a given predator. The frequency of
occurrence of different food items, i.e. the proportion of non-empty stomach containing the.
1tem was also calculated.

Total length (TL to nearest umt below) and ungutted weight (g) was recorded for all
species. For the macround Macrourus berglax, pre- anal fin length was measured because

tails were often broken and/or regenerated.

RESULTS AND DISCUSSION
The “Norwegian Sea Deepwater” assemblage.

Lycodes ﬁ:gzdus Collett

This species was caught in two hauls at 1521 m at 63°N and 2015 m at 68°N, and the length
distribution ranged from 5 to 65 cm TL (Fig. 2). Individuals smaller than 22 cm were only
caught in the haul at 2015 and 22 of these were examined for food. Fish larger than 22 cm
were caught at both stations and 41 of these were examjned. _

_ Most of the fish smaller than 22 cim had etther empty stomachs or stomachs only
containing u umdenttﬁable soft t15sue whﬂe most of the larger fish had some identifiable
stomach contents. Polyc_haetes dominated the contents of the smaller specimens whereas fish
was the most important food of the larger (Table 1). Some of the smaller specimens also
contained small crustaceans (copepods, ostracods, tanaids and amphipods) while
cephalopods ancl large crustaceans like the shrimps Pasiphaea spp. and Hymenodora
glacialis and the amphlpod Eurythenes gryllus occurred in the stomachs of larger fish. The

most stnkmg observation was the occurrence and apparent dominance of pelagic fish, i.e.
herring (Clupea harertgtts) and blue whiting (Micromesistius poutassou), of total lengths 20 --
30 cm observed at both_loeatiorts investigeted. These species are confined to shallower
depths, and it seems_like_ly that t_}leir occurrence in stomachs of L. frigidus results from
scavenging. In some cases only the head of the herring was found in the stomach. Among the
fish prey also one of the other three species of the “Norwegian Sea Deepwater” assemblage,
Paraliparis bothybius; occurred. Tﬁe_ measureable specimens were 16 and 20 cm TL.

Collett (1880) rec_orded various deepwater crustaceans and remains of a cephalopod

in the stomachs of five L. frigidus caught in the Norwegian Sea. Prey species found by



Collett (1880) also found i in the present study include Paszphaea tarda, Hymenodora
giacmhs and Saduria megalura, while fish was not reported as prey by hlm Andnyashev
(1964) states that fish remalns are only rarely found in stomachs of L. frtgzdus a statement

Whlch contrasts strongly w1th our ﬁndmgs

Rhodichihiys regina Collett

‘Three specimens of this Specxes measurmg 18.6,27.8 and 28.4 cm TL were caught at 1521 m

depth at approx1mately 63°N The stomachs of the two Iargest individuals were exammed
(table 2) and in the largest spec1men the remains of a large crustacea.n probably a

Hymenodora glacialis, were found The stomach of the other specxmen only contained

sediment. These sediments were rich in foraminiferans of the genera Cibicides,

Cribostomoides and the planktonic Neogloboquadrina packyderma, but the nutritional value
of these are questionable. o o o
Collett (1880) reported that the type specimen’s stomach contained two shrimps of
the species Bythocaris leucopis, one Pseudomysis abyssi and a hyperid amphlpod Collett
(1905) later examined two specimens from the same area as in our study, and found a
Calanus hyperboreus in one of the stomachs and a Hymenodora glacialis. ] ohnsen ( 1921}

examined one mdlvldual but found onIy crustacean remains in the stomach.

Paraliparis bathybius Collett
This species was caught in the four deepest hauls rangmg from 205 1- 1498 m. The hauls at
2051 and 1498 m yielded only one spec:]men each whlle 17 and'15 specnnens were caught in
the two other hatils perfonned at 2015 and 1521 m respectwely The total length ranged from
13 to 26 cm. Stomachs of all’ 1nd1v1duals except the spec1men caught at 2051 m, were "
examined (Table T}, ' EE o

Only 13 stomachs contained identifiable "p're% while most of the othefs contairied
small quantities of soft tissue or were empty The stomach contents were dominated by the -

same fora.mlmferan ooze ds observed in the previous species, and : agam the nutntlonal value :

_ is probably limited. The presence of sediments in this species is strange since most

identifiable Temains wefe pelagic organisms. Crustaceans such as the shrlmps Paszphtze& o
sivado and Hynienodora glacialis and the amphipad's' Themisto abys'sbfum and Cyclocaris
guilelmi, ‘which were all found in the diet, are listed by Murray and Hle‘t (1912) as membefs
of the pelaglc fauna in the cold layer- below the Atlantic water. - ' '
“Little'is known dbout thé diet of thls spec1es from prevmus ‘studies, but Collett (1880).
reported that hypend amph1pods parts of a mysid : and a smiall gastropod dccurred in the type )
speclmen LAl mdmduals exammed later by Collett (1905) contained hypend amphtpods of



the genus Themisto, and this was also found in one individual examined by Johnsen (1921).
Lampitt et al. (1983) observed P. bathybius at baited traps plaée& at about 4000 m in the
Porcupine Seabight in the north-eastern Atlantic (approximately S0°N). Thc fish gathered
around the traps feeding on necrophagous amphipods like Paralicella spp Orchomene

cavimanus and Eurythenes gryilus

The “Upper slope I (cold)” assemblage

Onogadus argentatus (Reinhardt)

In total 29 specimens'i.n the size ranige 8-31 cm TL were caught. and they occurred in six of -
the hauls in the depth interval 482 — 1521 m. The stomach content of 18 individuals were
examined, and 16 of these contained 1dent:|ﬁable prey. '

' The diet consisted exclusively of criistaceans, and mysids seemed to be the most
important prey as they occurred in most of the stomachs and comprised over 30% of the total
weight of the stomach contents (Table 3). Three different species of Pseudomma were
identified with P. roseum and P. frigidum being the dominating spec'ies in weight and smaller
spec1mens of P. truncatum occurrmg in one third of the stomachs investigated. Two stomachs
contained remains of carideans, and because of their large size these also contributed more
than 30% to the total contents. Although these shrimp fragments were partly digested, their
characteristic orange -red colour indicated that they ongmated from Hymenodora glac:alzs
Other 1mp0rtant prey were the amphipod species Eusirus holmi and Amathzllapszs spngera
and fragments of euphausuis were found in two stommachs.

Several different benthic, bentho- and bathypelagic crustaceans have been foﬁnd in
the stomiachs of the few examined individuals of this species in previous smdies,.a'n.d' it seems
like it is rather euryphagous and has a wide depth distribution. ‘Pon'ofnarenko'(19.83) found a
Pandalus borealis in the stomach of an individual collected in the north-eastern Norwegian
Sea. Collett (1880) also found remains of carideans and a fish in the stomach of the first
specimens he examined, while the second contained members of the amphipod genera
Themisto and Anonyx_ {Tmetonyx?). These specimens were caught at 75°N, and a few years
Jater Collett (1905) examined some specimens caught in the same area as the southern
localify in our's'ﬁidj). He reports to have found alaﬁ‘ge hefﬁng and a Bjrthabdri& leucopisin
the stomach of a 38.6 cm long fish caught at 1150 m depth, while a vari.ety of crustacean prey
species (e.g. Pseudomma roseum, Mégaﬂj:cfiphanés norvegica and some gammaridean |

amphipods species) were found in the smaller ones. It is likely that the occurrence of ‘la'rge



herring in the stomachs of this species could be explained as a case of scaveng‘ing,zas it,

proba_l::ply‘_willi n_ot encounter living herring at these great depths. .

Lycodes palltdus Collett _ | B e e o _ 4
The eight specimens, Wl’llCh were caught in five dlfferent hauls between 650 1521 m depths _
were 7.4-17.0 cm TL and ail were examined for food. Three had empty stomachs, but the
other five contained small amounts of identifiable food (Tabie 3).
The stomach contents consisted pnmanly of polychaetes and umdcnuflable

_crustacean fragments, but one individual had consumed a 12 mm long Harpinia abysst a 8
mm Caprella sp. and a small bivalve, while another stomach contained a 10 mm long
_ ampel1sc1d amphtpod and.a not yet 1dent1fied amphlpod measuring 7. mm. L

. Prev1ous stud1es hav_e shown that L, palltdus feeds on polychaetes, small blvalve o
mollusks and amph1pods (Briskina 1939; Collett 1905) and in addltton to prey also found in

the present study, oph1uro1ds are menttoned as lmportant food All stomachs investigated by

Dolgov (1994) from the Barents Sea were empty.

Lycodonus ﬂagelhcauda (Jensen) : , . e
The largest 1nd1v1dual of th15 spec1es was caught in the haul made at 1521 mat 63°N Whlle ‘l
the two other spectmens were caught at 900 and 1000 m at apprommately 68°N Table 2 '
shows the total lengths and stomach contents of these spec:mens e

The stomach of the Iargest f1sh was empty and the smallest contamed a smgle partly
.dtgested gammandean amplnpod In the stomach of the 1nd1v1dual caught at 900 mtwo . .
species of gammandean a.mphlpods (Byblts mmuzzcomzs aud Ischyrocetru.s' megachezr), -
mys1d (Pseudomma truncatum) and an 1sopod (Jl/! unnapszs typzca) were 1dent1fted -

The largest and the smallest of the 1nd1v1duals descrtbed by Collett (1880) as Lycodes
mumena were m fact Lycodonus ﬂagelltcauda and the stomach content of the largest -
1nd1v1dual was excluswely fragments of Tkemzsto lzbelluia Collett (1905) adds two othet .‘ :
small crustaceans to the d1et of thts spectes Podocems asszmths (amphtpod) and N

Hemzlampmps umplzcata (cumacean)

Ra;a hyperborea Co]lett _ ‘ . o R
. 'In total 31 1nd1v1duals were caught in SIX dlfferent hauls taken at apprommatel'yr 63°N The .
depth range was 482—1521 m, but most specxmens (21) were, caught in the two hauls at 530

and 585 m. The total lengths were 23 84 -cm, wtth 26 of the spec1mens measunng more than :

55 cm, In the haul taken at 1000 m m the. northem ]ocahty (68°N) a smgle spec1men

measurmg 73 ¢ was caught All the mdmduals caught at the southern locality were



examined for food by Sk] #raasen (1998) (see also Poster O 64 of this Councﬂ Meetmg) and
we were allowed to present some of the results (Table 3) in this paper The specimen caught
at the riorthern locahty was not checked for stomach contents. -

Five efoinaéhs were empty, while the stomach contents of the other were dominated
by fish remainis. These were mostly partly digested arid could not be identified, but one
stomach contained blue whiting Micromesistius poutassou contributing 29.3% to the total
weight of the stomach content. Two stomachs contained recognisable zoarcid remains
compriSing” 15.3% of the total weight. Euphausids were found in many of the stomachs and
Meganj}ctiiuhaﬁes norvegica was idsntified in 11 stomachs and contributed 6.0% to the total.
The total conttibution of euphausids, iucludringffragment's and Thysanoessa inermis found in
a siugle spee'unen; was 12.4%. The p:elagie caridean Pasiphaea sp. occurred in one stomach,

Collett (1880 and {505) reported that 3 of the 4 adult specimens examined by him
had fish remains in their stommachs. Zoarcids occurred among the fish ingested by one of the
specimens, the remaindér could not be identified. Collett also found uelagie crustaceans in
the stomachs, bitt these were hyperid amphipods (Themisto) and Hymenodora glacialis, i.e.

iteuls not found in this study. In addition he found a large cephalopod in one of the stomachs.

The “Upper 'stapé 2 ( warm)” assemblage

Reinhardtius hippoglossoides (Walbaum)

Eleven individuals of this species were caught in the hauIs at about 68°N, whxle 275 were
caught at the southern locality. The depth range of the seven hauls in which R.
h:ppoglossozdes was caught was 482 - 812 m, and the total lengths were 39 - 81 cm. Of the
128 examined for food, 54 were smaller and 74 larger than 50 cm.

Among the fish smaller and larger than 50 cm, 70 and 54 % ‘of the stomachs were
empty, feépeeﬁirely. The stomach contents consisted mostly of fish and fish remains (about
90% in wéight) and did not differ much between the two length groups (Table 4). Some of
the smaller fish had also been feeding on criistaceans, of which the amphipods Eusirus holmi
and Eurj)thenej gryllus were the most common, while Gonaiusfébrici (Cephalopoda) '
contributed about 5% to the weight in the diet of larger fish. Herring (Clupea harengus) and
blue whiting (Micromesistius poutassou) of total lengths between 20 and 30 cm dominated
the fish ffactidu Only the heads of these were found in the stomach in some cases. Smaller
mesopelaglc specws ie. Notoscopeius kroeyen and Notolepzs rissoi occurred only once each.

' Several studles of the diet of this spe(:les have been carried out in the western Barents

Sea/morth-eastern Norwegian Sea (Nizovtsev 1969; Hang and Gulliksen 1982; Shvagzhdis



1990 M1chalsen and Nedreaas, in press), off West Greenland (Pedersen and Rtget 1993;

' J,orgensen 1997) in Iceland1c waters (Paschen 1968 Skuladottrr and Jonsson 1991} and in .‘
the north—eastem Atlantic (Bowenng and Lrlly 1992), ‘while mformanon on dret in the eastern
Norwegran Sea south of 71°N is scarce. The general nnpressron from these studtes is that
Greenland hahbut is plSCIVOI'OllS but also to some degree feeds on shnmps and cephalopods _
The results of the Dpresent studyr thus fits well w1th stuches in other areas of the north Atlantrc
Also other studres have shown that f1sh spec1es generally consrdered to be ep1pelag1c _ ‘
sometlmes occur in the d1et Skuladottlr and Jonsson (1991) and Bowermg and Lrlly (1§92) ”
both report that capelm (Mallarus vrllasus) is the most nnportant prey item, whrle studres .
from the western part of the Barents Sea showed that hernng and blue whrtmg oceur in the
diet (Shvagzhdrs 1990 Mrchalsen and Nedreaas in press) The occurrences of frsh heads in _‘
some stomachs exammed in this study suggests that scavengmg may. be 1rnportant The
vert1cal drstnbutlon of R. hrppoglossordes and hemng rarely overlap in these areas, whrle _
blue whltmg can be found at the same depths as, the hahbut R hrppoglossazdes is however
known to perform extensrve vert1cal feedmg rrngratrons in West Greenland waters o r
(Chnstensen and LeaI 1977 J;airgensen 1997) but this has not been reported from the eastern:
Norwegian Sea and the flSh observed pelagically by Jgrgensen (1997) were rarely more than

~one year old. Michalsen and Nedreaas (in press) conclude that adult R. hippoglossoides also
leaves the bottorn to feed on pelagic organisms such as herrrng in the water column in the

- western Barents Sea.

Macroums berglax Lacepede . - A : .
This species was caught in four of the hauls at 530 and 585 m at 63°N and 396 and 638 m at
68°N, and the preanal Iength d1str1butlon ranged frorn 17 to 42 cm (F1g 3) A total number of
69 individuals were caught and 67 of these were exarmned for food - L

_ The percentage of everted stomachs were h1gh for thts specres (7 8%) and the |
stomach contents of the 15 stomachs conta:lntng food are shown in Table 4. The results are
dlfﬁcult 1o 1nterpret because of the occurrence of a herrmg head in one stomach atthe
southem locaht}r and a large partly drgested herrrng in another stomach at the northem _ ) Er
locahty These hernng remams together w1th some umdennfrable f1sh fragments comprrsed "
78 5% of the stomach content by welght whrle the more frequently encountered smaller
prey such as the amphrpods Lrljeborgra ﬁssrcomts and Apherusa Sp-, euphausrds and B
oph1uro1ds dld not contnbute very much in terms of werght In one of the stomachs a | .
relatwely large cephalopod occurred whrch compnsed 6% of the total food werght T hrs was
most hkely rema.tns of the octopus Barhypolypus arcttcus but thlS could not be conftrmed

because of the degree of d1gest1on



Highszgqucﬁcy of .e.vert_ed s:témachS' ha_s_als:c.J_ i)e_.?;n _tfepoftg_d for this species by.
Savvatirﬁskyi (19845, and sugAgéstedmby Eliassen et al (1983). Somcrstudilcs of the trophic
ecology of thié species have been carried but in the north-castern Norwégian Sea (Eliassen et
al. 1985; Savvatimskiy 1985), and they show that M. berglax is an euryphagous predator
feeding pﬁméﬁly on ei:ibenthi_c and bénthopelagic crustaceans like shrimps and amphipods,
but also having sgvé_rﬁl (_)_ther different iﬁr_ey categoﬁes in the diet (polychaetes, cephalopods,
ophiuroids and othefs)_. E_liassen et al. (1985) aiso found fish in the stomachs of M. bér_glax,
and.this_ was primarily observéd dutiﬁg the summer: months. The fishes found by Eliassen e? _
al. (1985) were all bgﬂthob_elagic_, and the presence of henjing in stomachs examined in. oﬁr
study s.hloul_cl probably b_e regarded as cases of scave_nging.' This might also be t_he exﬁlanation
for the occﬁnence of capelin in the stomachs of a few individuals examined by Collett (1885)
from fjords at the Barents Sea coast of Norway. Thus it might be added to the classification
of M. berglax as being a non-specialist predator on prey of both benthic and pelagic origin by

McLellan (1977), that this species may also act as a scavenger.

C'ortunculus mzcrops Collett . N

A total nurnber of 15 spec:mens ranging between 8- 21 cm in total length were caught, and
they oc:_:urred in four of the hauls ranging in depth from 585 to 1000 m. The stomach content
of 147 individuals were examined, aﬁd all of them contained identifiable prey.

The diet was dominated by benthic prey like pycnogonids of the genus Nymphon and
polychaetes, which comprised 67 and 14% of the weight respectively. In addition 14
different, mostly epibenthic amphipod species were identified in the stomach content.

| - Co_ll_ctf (.1?{:)5)‘repor-ted polychaetes, pycnogonids and a,mphipods in the sbec_imens
collecied by hi.m from northern Norﬁvegian waters, and our study confirmed the impression
that this sp_cciqs feeds predominantly on benthic organisms. Studies from the Barents Sea

support this conclusion {Briskina 1939; Dolgov 1994).

Lycodes esmarkz Collett _ | ‘ _
The 17 specimens of this species, WhICh were caught in four different hauls from 428 to 585
m, ranged from 9 to 53_ cm. Only five of the 15 individuals examined had identifiable
stomach conte.ﬁts while the others were eithe_:r empty or contained small amounts of
unidentifiable food. | 7 | ‘ -

The smallest specunen caught (at 482 m) measured 98 mm and contained four
Pseudomma affine and four Munnopsis typica, wh:le in another small specimen (105 mim)
caught at 428 m a large (27 mm) Meganyctiphanes norvegica, a bivalve and some peracarid

fragments were found. Two larger individuals taken at 482 m, measuring 44 and 49 cm,



contained mostly echinodermata, both crinoids and ophiuroids (Ophiura sp.), but also some -
amphipods (Eplmeﬁd lo'ric'ata)' Only some polychaete f'ragments were found in the 'last
.mdlwdual with identifiable stomach contents This spec1men measured 34 cm, and was
‘caught at 585 m N | S

“Collett (1903) has exammed the stomach- contents of $ome spemmens caught in the i
Barents Sea and the north-eastern 'Norweglan Sea. In the adult 1nd1v1duals he found mostlj,r B
echmoderrns whereas the smaller fish {< 30 cm) examined by hima few years earlier
(Collett 1880) actually belonged to a different spec1es (L. eudtpleurostzchrs) (Jensen 1904) Tt
seems, however that L. esmarlcr changes its feedmg Tabits with i 1ncreasmg sme and age Srnall
1nd1v1duals seem 't feed on a vanety of crustaceans and bwalves, but when the fish reaches '

lengths between 30 and 40 cm thiere is probably a gradual Sl’llft towards a d1et composed o

almost excluswely of echmoderms

L)lcodes'se‘minu;dns Remha.rdt SR
Eight individuals ranging from 23 to 46 cm were caught in the haul taken at 812 m depth in
the southern iocality, but no stomachs were sampled..

The only specimen collected in the same area by Collett (1965) was unfortu'nately -
emptyf,"while Anclriyashev"tli%il) 'rep'orts.thlat varioiis amphipods, dec':apods,-isoporls' and
polychaetes have been found in the stomachs without mentioning in what area th_ese were

sampled.

Lycodes e'ntiip'leurostictus'Ienserl: o
Three individuals of this specres measurmg 10.6, 11.3 and 31 cm TL were caught at650m,
while one 22. 5 cm long specnnen ‘occurred in the 585'm hail in the southern locahty (Table

Only the smallest specrmen from 650 m and the specrmen from 585 m were
examined for food, and both stomachs were empty. .

Collett (1880) examined the stomachs of two specimens measuring 26.5 and 29.5 cm
which he identified as L. esmarki. These were later identified as L. eudipleurodticms by'
Jénsen (1904), and their stomachs contalned polychaete fragrnents and Themisto llbellula
Collett (1905) later exammed some miore 1nd1v1duals and reports thiit several drfferent
benthic and pelagic prey were found in‘the stomachs. Among the pelagic prey were the =~
caridean Pasiphaea tarda and the euphaus1d Thysanoessa inermis, while the bottom llvmg

'forms were Ophmr:ten ser:ceum, 1sopods, polychaetes and pnapuhds kR

10



Lycenchelys muraentd (Collett) _
One 1nd1v1dual of th1s specres was caught at 1000 m, whlle three spemmens occurred in the |
650 m haul in the southern locality. The total lengths of the specimens ranged from 126t0
15 5 cm, and Table 2 gives the stomach contents. o ' '

' Three of the stomachs contained food, and remains of small crustaceans were found.
The gammarldean amphlpod Maem tenerg and the caprellidean Caprelia septentrtonalts '
were 1dent1f1ed but also fragmented isopods could be recognised '

The type specimen of Collett (1880) and two other 1nd1v1duals examined by him later

{Collett 1905) also eontamed amphtpods (Themisto and Pedocerus (Ischyrocerus‘?) ass:mzlzs)

and 1sopods (Astaczlia granulata and Nannoniscus b:cuspts)

Raja radiata Donovan _
In total, 19 specimens of this species were caught at three stations at depths between 428 and
585 m in the southern locality. The six individuals caught in the deepest haul all measured
between 11 and 27 cm TL, while nine of the ten specimens caught at 482 m measured |
between 45 and 61 cm TL (the tenth spemmen measured 11 cm TL). These 16 individuals
were all exammed for food while the three spe01mens caught in the shallowest haul
(rneasunng 11 23 and 41 cm) were not examined. ' :

i Only two of the larger individuals had empty stomachs whtle the other 14 oontamed
1dent1f1able prey The compos1tlon of the stomach contents is gwen in Table 5. The stomach
contents were dommated by pelagic crustaceans such as hyperid amphipods and euphaus1ds
but also some fish remams were found in the larger mdrvrduals Among the fish remains a
zoarcid could be identified in one stornach, and spemﬁcally a 45 mm long Lycodes esmarki
was observed in another '

The d1et of this spec1es has been studied in several regions of the northem Atlantic
prev1ously (McEachran et al 1976; Templeman 1982; Daan et af 1993 Dolgov 1997), but
these studres has been carried out in the north-westem Atlantic, or in shallower ateas of the
north eastem Atlantto (North Sea and Barents Sea). The general nnpressmn of these stud1es
is thal: the smaller R. radiata feeds on a varrety of crustaceans, and that a gradual shift
towards a diet dominated by demersal flsh occurs with i mcreasmg size. Information on
stomach contents of R. radiata from the continental slope area of the Norwegtan Seais
soarce, but Berestovskly (1989) reports that the dret of fish caught at the slope in the north-
eastern part consmted pnmarlly of Pana‘alus borealts but also some Batkypolypus arcticus
(eephalopod) and fish.
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- Bathyraja spinicauda (Jensen)
The eleven specrmens which were caught in, three d1fferent hauls at 482 585 m depth in the
southem locahty, measured 37 95 cm and all were exarmned for food All stomachs
contamed 1dent1f1able food (Table 3). ‘ ' _ _ _

__ The stomach contents consrsted pnmanly of frsh but due to the degree of drgestron it
was not poss1ble to deterrmne what specres these fragments orrgmated from Two of the flsh
eaten were however zoarcrds Pelaglc crustaceans such as euphausrds ancl Pasrphaea sp also i
occurred in some stomachs but these contnbuted Iess than 10% to the total we1ght of the
stomach contents 7 o _ _

Informatlon on the d1et of thrs specres is scarce, but Jensen (1948) reports that frshes
(Raja radiata and capelin) and Pandalus borealis were found in the stomachs of large ‘ |

specrmens from Greenland waiters.

Trophic relttrionships ofrke species asse_rnblttges_ ‘ 7 |

Stmphfred food webs were drawn for each of the three spec1es assemblages of Bergstad et al
{1998) hlghhghtmg the most 1mportant trophlc relatronshrps between the fish spec1es and
between the f1sh spec1es and other prey groups (F1g 4-6). We ut1hsed pnmanly the results of
the present study, but also fmdmgs of other studres from the Norweg1an Sea slope and o
adjacent waters. As noted above no mformatron is mcluded for the redf1shes Sebasres sp
whtch are part1cularly abundant charactenstlc members of the “Upper slope (warrn)
assemblage The redfishes are assumed to be plankuvores but very lrttle documentatmn o
exists at present )
- Demersal slope fishes basrcally have two altematrve categones of food resources 1)
benthos, plankton or fish produced locally, 2) food produced elsewhere but made avaﬂable :
through advectton rmgratlon or smkmg Both alternatrves were utrlrsed by the ﬁshes of the
upper slope of the Norweg1an Sea Few frshes were true benth1vores Only two specres :
: Cottunculus mrcrops and Lycodes esmarkr had a dret dormnated by benthlc prey, but the same
may be the case for Lycodes pallrdus Lycodonus ﬂagelltcauda Lycenchelys muraena and ’
Lycodes semmudus for Wthl’l lrttle mformatlon was avallable ' o
o Planktomc nektonlc or hyperbenthlc crustaceans (euphau51ds amptpods, carrdeans)
were however promment in the d1ets of many of the slope flshes, and even relauvely large .
specres such as Ra]a radrara Ra_m hyperborea and Bathyraja sprmcauda fed on relatrvely
small pelagic prey. These prey items must either be produced locally or brought tothe

relevant depth through vertical migration or advection. Recent studies have shown deep
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scattering layers of vertically migrating nekton along the shelf-break and off the shelf in the
eastern Norwegian Sea (Torgersen et al. 1997). Hydroacoustic observations showed diurnal
migrations between about 50 and 450 m. In addition to comparatively high local pelagic
production; there is-evidence of advective production of nekton and plankton in the
northeasterly Atlantic current (Mauchline 1986). This may provide a steady food supply to
demersal fish -along the upper slope. A strange observation, however; is the scarcity of
mesopelagic fishes in the diets of the slope fishes. Only Greenland halibut seems to a limited
degree to feed on these abundant fishes.

For several of the larger fish species indications ‘of scavenging were found. This may
be particularly significant for the deep-living Lycodes frigidus which is only abundant in the
cold Norwegian Sea Deepwater. Herring and blue whiting are at times very abundant in the
sutface and mid-depth waters above the slope, and it is not unlikely that carcasses of these
provide a significant input of food to fishes on the middle and lower slope where other
resources are probably limited. Carcasses of herring and blue whiting ﬁlay also be significant
to other large and shallower slope fishes, i.e. Greenland halibut and Macrourus berglax, but
the relative importance. of scavenging and feeding on live prey is uncertain.

The only predator-prey relationships between members of the fish assemblages were
the ones between Paraliparis bathybius and Lycodes frigidus and between zoarcids and the
rajids. It is noteworthy that a large species like Greenland halibut seems rather to feed on
herring and biue whiting (living or dead) than on-other slope fishes.or- even mesopelagic
fishes.

.. ‘We.concluded previously (Bergstad erf al. 1998) that the strong and permanent -
temperature front between the Norwegian Sea Deepwater and the overlaying Atlantic Water
is a strong structuring force along the Norwegian Sea slope, both influencing the identity and
distribution.of species assemblages: We hypothesised that a second structuring factor might -
be the spatial distribution.of prey te demersal fishes, probably pﬂmaﬁly nekton like -
euphausids, amphipods and meso- and.epipelagic fish. The diet studies showed that these
prey groups, perhaps with the exception of mesopelagic fishes, were indeed important to
many-of the abundant slope fishes. In addition we suggest that carcasses of epipelagic fishes :
may be significant fo(adfresources; at least to the middle and lower slope fishes. Further and -
more comprehensive analyses of feeding patterns in relation to the spatial distribution of the

different prey categories is, however, beyond the scope of this paper.
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Table 1. Stomach contents of fishes of the "Norwegian Sea Deepwater" species assemblage
(Bergstad & al. 1998) in terms of percentage by welght (%W) and number of stomachs in
which the given prey category was found (Fy.~

Lyr. r)des frr.g:dm -

Paraliparis bathybius N

> 22 cm <22 cm
%W F W %W F
. Unidentified remaifis 0% 6 0 658 15.3 15
Foraminifera indet. S0l . 615 ., 4 . ..
Polychaeta indet. e ‘256 o
Crustacea fragments - 0.4
Copepoda indet. 0.4
Calanoida‘indet.” = o + 2. .
" Harpacticoida indet. 02
Ostracoda indet. 0.4
Peracarida frag'rhents 1.3 1
Tanaidacea
Leptognathia sp. 004
Sphyraphus anomalus 15
Isopoda : ]

. Saduria megalura + 1 _
Amphipoda fragments o N - B
Gamnmaridea fragments + 2 1.9 0.6 2

Lysianassidae
Uristes umbonaius . + [
Cyclocaris guilelmi 02 1
Eurythenes gryllus .~ 10. 1
Qrchomene sp. + - 1
Corbphiidae
Neohela monstrosa + 1
Oedicerotidae oo :
Monoculades packardi L27
Phoxocephalidae o :
Harpinia abyssi Sk i R
Liljeborgidae fragments 0.8
" Liljeborgia fissicornis + 1
Hyperdidea
Thernisto-abyssorum . . i 14 . A
" Caridea fragments ' + - 56 3
Pasiphaea fragments; - - 0.5 3 SR L
P. sivado 10.0 i
P. tarda 0.4 1 g SRR
. P maultidentata 0.9 1
Hymenodora glacialis 0.3 2 3.1 1
Cephalopoda fragments A 2 '
Bashypolypus arcticus 0.4 H
Ophiuroidea fragments L0t 2
Teleostei fragments 4.6 5
Fish eggs 0.1 3 08 1
Clupea harengus 475 3
Clupea harengus head 12.3 2
Liparidae fragments 1.9 1
" Paraliparis bathybius 124 2
Micromesistius poutassou 113 s
No. of fish examined 41 22 33
No. of fish with empty stomachs 11 4 4
No. of fish with unrecognizable food 3 9 16
No. of fish with recognizable food 27 9 13
No. of stations 2 1 3
Depth distribution 1498-2015 m

1521-2015 m 2015 m .
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Table 2. Stomach contents and tot:al _lcngths' of. ;éfely éaﬁght fis'hfcs f_ror.n't.he;, boﬁtihental slope of the
eastern Norwegian Sea. The trawling depth is given and locality is indicated with letters (S for the
southern, 62-63°N and N for the northern, 67-68°N).

Species Total - Depth Local-  Stomach contents
length (cm) " {m) ity C
Liparidae :
Ruodichthys regina 27.8 1521 © 5§  Ooze with foraminiferans
284 1521 5  Onedigested crustacean, probably Hymenodora glacialis (Caridea)
18.6 1521 §  Not examined for food
Zoarcidae
. Lyecodonus flagellicauda 207 1521 5 Empty
135 1000 N  Oneparily digested gammaridea
15.0 900 N One Psendomma Imfgcamm (Mysidacea), one Munnopsis rypica (Isopoda),
one fschyroceirns megacheir and one Byblis minuticornis (Gammatidea)
Lycodes endipleurastictus 106 650 § Empty
11.3 650 8  Notexamined for food
31.0 65) S  Not examined for food
22.5 585 5  Empty
Lycenchelys muraena 155 1000 S  Empty . .
13.7 630 5 One Maera tenera (Gammaridea), one Caprella sepientrionalis (Caprellidea)
126 650 8§  Onepartly digested gammaridea '
12.8 650 S

Partly digcsted crustaceans (Isopoda and Gammaridea)

19



Table 3. Stomach contents of fishes of the "Upper slope 1 (cold)" species assemblage
(Bergstad & al. 1998) in ferms of percentage by welght (%W) and riumber of stomachs in

which the given prey category was found (F).

Depth distribution

. Onogadus argentatus Lycodes pallidus Raja hyperborea
W "'F L BW, T %W " F
Unidentified remains . .. VR | o 0.2 3
Polychaeta indet. 221 0.1 1
" Crustacea fragments 8.8 T2 - 552 T 08 3
Calancida indet. o 1 g :
Peracarida fragments 2.3 1
Mysidacea fragments T4 2
Pseudomma fragments 546 5
P. frigidum 7.0 - 2
P.roseum: Llos 0 T
P. truncatum. . e - . 6
Parerythrops obesa Q.1 Re . o
Amphipoda fragments - 39 1 0.2 2
Gammaridea fragments ‘02 3 A '
Busiridae fragments 1.4 I -
Eusirus holmi 7.0 2
Lysianassidae indet. + 1
Synopitdae ¢ " =
Syrrhoe crenulata 0.1 I:
. Amathillopsidae __ - S
Amarhdlopsxs spmtgera 2.7 2
Stenothoidae
Metopa norvegica S+ L
Ampeliscidae indet. 49
Phoxocephalidae
Harpinia abyssi 123
Liljeborgidae .
Liljeborgia fissicornis 02 . 1
Capreilidea
: Caprella sp. L7
Caprella seplentrionalis 0.1 l
Eucarida fragments + I
Euphausiacea fragments 54 2 5.1 8
Meganyctiphanes norvegica 6.0 11
Thysanoessa inermis - [.3 1
Decapoda 1.1 1
Caridea fragments 349 2 0.6 1
' Pasiphaea sp. ' 3.0 1
‘Calocaris macandreae 0.4 1
Brachyura + i
Bivalva 0.7
Teleostei fragments 37.0 14
- Micromesistiug poutassou 233 1
Zoarcidae 15.3
No, of fish examined 18- 8 31
No. of fish with empty stomachs 1 3
Mo. of fish with unrecognizable food 1 0 0
No, of fish with recognizable food 16 5 26
No. of stations o 6 5 6
482-1521 m 650-1521 m 482-1521 m
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Table 4. Stomach conten‘ts:;o'f ﬁshes OZf 'thg'--,'Uppg'r_ ;_jop_e 2 _(war_r_nl)"':SiJE(.:ieS:_ﬁsséiﬁbiag#
(Bergstad & al. 1998). Further details as in legend to Table 1 and 2. .~

Reinhardtius hippoglossoides

Macrourus berglax

Cottunculus microps

<30cm -

> 50 cm

%W

F %W F W

BW

Unmidenttied remains
Polychaeta fragments
Goniadidae indet.
Crustacean fragments
Malacostraca fragments
Mysidacea
Pseudomma (ragments
Pseudomma frigidum
Bareomysis sp.
Amphipoda fragments
Gammaridea fragments
Eusirdae fragments
Eusirus hoimi
Lysianassidae indet.
FEurythenes grytius
Centromedon productus
Cyclocaris guilelmi
Onisimus brevicaudatus
Anonyx lilfeborgi
Orchomene fasroensis
Acidostoma laticorne
Ischyroceridae
Erichtonius (Ischyrocerus) megalaps
Ischyrocerus megacheir
Amathillopsidae
Amathillopsis spinigera
Stegocephalidae
Stegocephalus inflatus
Melitidae
Muera loveni
Stenothoidae
Metopa spitsbergensis
Phoxocephalidae
Harpinia abyssi
Calliopiidae
Apherusa sp.
Liljeborgidae
Liljeborgia fissicornis
Capreilidea
Caprella septentrionalis
Euphausiacea fragments
Meganycliphanes norvegica
Stylocheiron indet
8. elongatum
Decapoda fragments
Brachyura fragments
Caridea fragments
Pasiphaea tarda
Pandalus mentagui
Hymenodoera glacialis
Bythocaris simplicirostris
Pycnogonida fragments
Nymphon sp.
Cephalopoda fragments (beak or tissue)
Gonetus fabrici
Ophiurcidea -
Ophiactis balli
Ophiactis abyssicola
Teleostei remains
Fish eggs
Clupea harengus
Clupea harengus head
Notoscopelus kroeyeri
Notolepis rissoi
Micromesistius poutassou
Micromesistius poutassoi head

of fish examined

No. of fish with everted storachs
No. of fish with empty stomachs
No. of fish with unrecognizable food
No. of fish with recognizable food
No. of staticns

No.

[Xi

2.1

+

0.1

0.t

215

0.4
16.7
217

17.8

54
0
38
0
16
4
482-638 m

2 : 13.0
L0l
0.1

—

B T o—

0.l
0.2

o
—_

0.2 .
0.2 1

—

0.1

52 2
0.2

+ I
1.3
1.6

—

18.1

348
22
L6
1.9

1 14.4

1.3

74 67

1 52

40 ]

0 2

13 13

3 3
482-812 m 530-638 m

36.4
345

— ol e B2 LR

—— oy T

2.0
14.1

2.4
02
0.4

0.2
0.3

3.5

0.4

0.1

0.1

0.4
66.6

14

0

0

0

14

3
812-1000 m

=

b3 —

— = = b3

Depth distribution
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Table 5. Stomach contents of l'a]ldS of the "Upper slope 2 (warm)" species assemblage
(Bergstad & al. 1998) in terms of pércentage by we1ght (%W) and number of stomachs m_:_ :
which the gwen prey category was fouud (F) :

Raja radiate - _Bailyraja spinicauda
N awo R gw T F
Polychaeta ' : 3 0.5 1 _
Crustacea 7 ' 1.0 1 1.2 3
- Gammaridea ' S _ 12 1
Hyperiidea o 4.1 1
Isopoda : - 03 1
Eucarida o _ 10.2 3 ,
Euphausudae ' ' _ 357 .3 05 1
Meganyctiphanes naruegica : 354 : © 3 _ 38 3
Thysanoessa inermis o Co23 2
Caridea o .
Pasiphaea sp. : - 1.0 2
. Teleostei - 52 2 71.6 G
Zoarcidae S . 60 1 147 1 -
" Lycodes sp. . 38 i .
Lycodes esmarki 1.7 1
No. of fish examined 16 11
No. of fish with empty stomachs - - 2 0
No. of fish with identifiable contents o 14 11
No. of stations - : 2 3
Depth distribution - 482-385 m 482-585 m
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L Y L T O 15°

Figure 1. The study area and locations of demersal trawl statlons along thc contmental slope

of the eastern Norwegian Sea in June 1995 and 1996
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18
16 -

14

1247
m2015m

10 -
: gais2im

Number

" 049 50- 10.0- 15.0- 20.0- 25.0- 30.0- 35.0- 40.0- 45.0- 50.0- 55.0- 60.0- 65.0-
‘99 148 19.9 249 299 349 399 449 499 549 509 64.9 69.9

Total length (cm)

Figure;Z. Length ‘_distrib}.}.tio.n Qf .Lycades frigidus caught in two demersal trawl hauls. made at
2015 and 1521 m in the eastern Norwegian Sea. N=87.

Number of individuals

17 19 21 23 25 2fr 20 @1 33 35 37 I 41

Preanal length {cm)

Figure 3. Length distribution (preanal length) of Macrourus berglax caught four demersal
hauls (530 to 638 m) in the eastern Norwegian Sea 1995 and 1996. N=69.
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 Lycodes frigidus - Paraliparis Rhodichthys
= ' o bathybius regina
<22 cm ]
A A 'y Yy yy
Polychaetes Cephﬂﬂl:joda ‘
| | (octopoda) Pelagic/entho- | | . . - o
: - Pelagic amphipods -
.} pelagic carideans ; . Copepoda
" {Pasiphaea, {Themista, ; (Calanus
Epibenthic crus- | | | [Fish carcasses } po ‘:adar;z . Cyclocaris , (ca
taceans (gammar-| = | (Clupea harerigus, |1 - [ 3’:" o guiletmi) ; yperboreus)
ideans, isopods) | | Micromesistius - glacialis)
f poutagsou) Ce

Figtire 4. Sritnp]‘ified food-web for the fishes of the “Norwegian Sea Déepwatér*’ species
assemblage (Bergstad & al. 1998). Lines are drawn abcording.to the results of the present

study, supported by previous studies (Collett 1880 and 1.905;. Johnsen E1921).

. , Lycodanus Onogad
Raja hyperborea Lycodes pallidus yeoa gacus
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Figure 5. Simplified food-web for the fishes of the “Upper slope 1 (cold)” species
assemblage (Bergstad & al. 1998). Lines are drawn according to the results of the present
study, supported by previous studies (Collett 1880, 1905; Briskina 1939; Dolgov 1994).



‘Bathyraja | .. | Reinhardtius 1 Macrourus | ‘Coktuncidus |
N - s . N T s, i
— | Spinicauda < > hippoglossoi-} . | berglax |g microps [ v
N Hes ' . ‘ L e
A A i Y S Y U A A e T
' 7 ¥ R .
' . .
, - Pycnogonida |
. Raja radtata. Nymphon) |
_ - ‘Euphausiids [
+’ € (Meganyctiphanes : ]
ol o norvegita, Thysan - -
T : oessa merm:s) Squid . Cep.halopoda
: (Gonatus fabrici)|-1 |- ~ indet. - -
Lycodes - R i S
esmarki . _ |-
(C';P?la%fzﬁsnus. Fish carcasses - I :
} Aped BaTengus, (Clapea harengus, | | Unidentifiable
: Micromesistius - e . ;
- Micromesistius fish remains
Ivcodes { | poutasson and smauQr poutassou)
ALYCOOES - (A4~ | mesopelagics) -
endipleuro- e m R m e mam e = -
stictus. L e e e ——m = = ]
_ N - I Epibenthic crust- { i
+_;-;: ettt e b - aceans (isopods, {.:. - ool
' ] mmmmmm e o e T mysids,
“Lycodes gy} R S - ] g ! amphipods ete.}
seminudus | i . Pelag:c ampl}lpods 1 :
) VT (e Themistoy [ ) e L i . -
Y Eusirus holmi etc.) : Benthic invertebr-
A : T ~ = = ates (polychaetes,
—T TS m T T T T B R bivalves etc.}
Lycenchelys |- = - == = = = = =
MUraena |4 - Echinoderms

Figure 6. Slrnpllfled food—web for the fishes of the “Upper slope 2 (warm) spcc:lcs o
assemblage (Bergstad & al. 1998): Lines are drawn accordmg to the results of the present and
previous studles w1th broken Imes mdlcatmg relatlonshlps found by others (ColIett 1880
1905; Andlyashev 1964; Jensen 1948)
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