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Abstract

The Macrouridae are the most common fish caught in
demersal trawls on the continental slope and rise of the
Rockall Trough. They represented 41% of all fish caught,
with Coryphaenoides rupestris amounting to 28% of the
catch. No previous study of the trophic interaction of these
fish has been made over a wide bathymetric range.
Samples were obtained at 250-m intervals of depth be-
tween 400 and 2900 m in the period 1975 to 1981. The
stomachs of 5326 fish belonging to 12 species were
examined to define their diets. Eight species are primarily
benthopelagic feeders while four are primarily epibenthic
feeders. The bathymetric centres of distribution of the
populations of the benthopelagic feeding Trachyrhynchus
murrayi, Malacocephalus laevis, Coryphaenoides rupestis,
C. guentheri, Nematonurus armatus, Chalinura brevibarbis,
C. leptolepis and C. mediterranea are different from each
other. Similar differences in bathymetric distribution
occurred among the epibenthic feeding Nezumia aequalis,
Coelorhynchus coelorhynchus, C. occa and Lionurus cara-
pinus. These differences decrease competition among spe-
cies that exploit similar resources.

Introduction

The continental slope and rise of the Rockall Trough
extend through a bathymetric transect ranging from
approximately 400 to 2900 m depth. The resources ex-
ploited by the fish are not uniform throughout this
transect nor do the distributions of the individual species
of fish extend throughout it. Earlier studies, such as those
of Pearcy and Ambler (1974) and Sedberry and Musick
(1978), concentrated on defining the diets of the marourids
without taking account of partitionment of the bathy-
metric range. Macpherson (1979, 1981) collected fish from
200 to 800 m depth in the western Mediterranean from

successive 200-m zones; this bathymetric transect, how-
ever, is restrictive in terms of the distributions of the
macrourids as is the range of 750 to 1 100 m from which
Du Buit (1978) obtained samples in the vicinity of the
Wyville Thomson Ridge.

The object of the present study was to examine the
diets of the macrourids of the continental slope and rise
through a total bathymetric range of 400 to 2900 m
partitioned at approximately 250-m intervals. It forms part
of a more comprehensive study of the biology and trophic
inter-relationships of the pelagic and demersal fish of the
Rockall Trough (Mauchline and Gordon, 1983 a, b).

Material and methods

Macrourids occurred in the demersal samples collected
from various regions and bathymetric zones of the Rockall
Trough as described by Mauchline and Gordon (1983 a,
b). About 11000 fish, comprising 12 species, were caught
and 5326 of them were examined for food. Measurement
of the body length of individuals was often inaccurate
because of a broken or regenerated tail. Consequently,
total body length and head length were both measured on
undamaged fish and the biometrical relationship between
these measurements determined for each species. Total
length was then calculated from head length of individuals
with damaged tails.

The German Expedition referred to later is a cruise of
the F.F.S. “Walther Herwig” to the Rockall Trough in
October, 1981 during which some supplementary observa-
tions were made.

A similarity index is employed to compare the diets
within and between species. Bloom (1981) and Wallace
(1981) have discussed the relative merits of various such
indices and, on the basis of their comparisons, Czeka-
nowski’s Quantitative Index, also known as the Bray-
Curtis Index and Schoener Index, is used
2 min (x5, Xix)
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where y;; and yj are the Cn values of comparable items in
species j and k, the minimum values being summed. The
indices are multiplied by 100 so that they range from 0 to
100 instead of from 0 to 1. Crustacean fragments occurring
among the stomach contents are usually, but not always,
derived from the identified crustaceans recorded in the
stomachs. Consequently, they are omitted from the cal-
culation of the similarity index.

Diets of species
Trachyrhynchus murrayi Gunther, 18387

This species was caught in the 1 000- to 1 500-bathymetric
zones. Only 28 (Fig. 1) of the 636 examined had food
present (Table 1), with most fish having everted stomachs.
The particle size of the food is small and the diet consists
predominantly of copepods and amphipods supplemented
by a variety of other organisms. No obvious changes in the
diet take place as the fish increase in size. A further 18 fish
were caught at depths of 1200 to 1500 m on the Hebri-
dean Terrace by the German Expedition and 12 of them
had empty stomachs; four fish had only unidentifiable
soft tissues in their stomachs while one had a Sergestes
arcticus and six calanoid copepods; a sixth fish had frag-
ments of polychaetes, amphipods and decapods.

This species feeds on benthopelagic organisms al-
though the occurrence of Balanus hameri and polychactes
suggests that it may also forage on the sediment surface.
The total quantities of food within the stomachs were
small and although all stomachs except one contained
unidentifiable soft tissues, the volume of these tissues was
not large and they could have originated from the crusta-
ceans.

Geistdoerfer (1978) examined 34 stomachs and found a
diet dominated by decapod crustaceans, fish, mysids and
supplemented by copepods, polychaetes and gastropod
molluscs.

Nezumia aequalis (Giinther, 1878)

This species occurred in demersal trawls in the 750- and
1 000-m bathymetric zones; only a single fish was caught
in the 1250-m zone and none in the 500-m zone. A total
of 1013 individuals were examined, 164 of which had
everted stomachs and 75 empty stomachs. Two modal size
groups of fish were present in the samples (Fig. I). The
diet consists of a wide variety of organisms (Table 1)
dominated by amphipods, which occurred in approxi-
mately 80% of all stomachs with food and represented 50
to 60% of its volume. The bulk of the crustacean fragments
recorded were derived from amphipods. Unidentifiable soft
tissue also occurred in 80% of the stomachs but was frag-
mented and only represented about 10% by volume of the
contents. Some of this tissue was recorded as “cephalopod
mollusc” but, since only a single cephalopod beak was
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Fig. 1. Macrouridae. Frequency distributions of total body lengths
of fish with food present in their stomachs. Nezumia aequalis caught
at 750 and 1 000 m are shown separately

found, this identification is probably wrong. Calanoid
copepods occurred in about 35% of the stomachs; their
body size was small and they are thus a minor dietary
component. The mysids, mostly 8 to 12mm in body
length, are significant components, being 20 to 25% of the
volume of the food. Benthic polychaetes, isopods, decapods
and brittle stars are minor but significant contributors to
the diet.
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The samples were taken throughout the year and were
analysed to discover any seasonal changes in the diet but
none was apparent. The diets of the fish within the two
size modes caught at 750 m depth (Fig. 1) are shown in
Table 1. The similarity index is 94 (Table 7) and so no
ontogenetic changes in the diet are evident. The larger fish
probably eat more mysids, decapods and brittle stars than
smaller fish, these being the largest organisms occurring in
the diet. The fish caught in the 1000-m zone are com-
parable in size to the larger fish caught at 750 m depth
(Fig. 1), but any differences in their diets in the two zones
probably reflect the bathymetric distributions of the prey
organisms; the similarity index is 78 (Table 7).

The diet, although consisting of a wide variety of prey,
has a very limited size spectrum. The decapods consumed
were juvenile and of the same general body size as the
amphipods and mysids. The lack of larger organisms in
the food is a feature of this species. All organisms eaten
are epibenthic or closely associated with the sediment
surface. No hyperiid amphipods or pelagic ostracods were
present in the stomachs.

Geistdoerfer (1978) examined 21 stomachs and re-
corded a diet of polychaetes, amphipods and mysids
supplemented by ostracods, copepods, isopods, cumaceans
and decapods. Marshall and Merrett (1977) found that 44
Nezumia aequalis caught off northwest Africa had been
feeding on mixed crustaceans, mainly copepods and
ostracods, and polychaetes. Merrett and Marshall (1980)
presented an analysis of the contents of the stomachs of 52
fish stating that a diet of copepods and polychaetes was
supplemented by mysids and amphipods. No details of the
species of prey are given, although they remark that N
aequalis feeds on a mixed diet of pelagic and benthic organ-
isms. Its diet in the western Mediterranean has been exam-
ined in a sample of 135 stomachs with food by Macpherson
(1979, 1981). Polychaetes represented 33% and the benthic
decapod Calocaris macandreae a further 32.4% by weight
of the food; amphipods represented 7.4%, the mysid
Pseudomma sp. 6.6% and brittle stars 10.4% by weight. The
remaining 10% of the diet consisted of copepods, cuma-
ceans, ostracods, isopods, euphausiids, tanaids, and other
benthic decapods. Macpherson (1983), examining popula-
tions off Namibia, found a diet dominated by copepods
and supplemented by polychaetes and amphipods. Du
Buit (1978) found amphipods and brittle stars, supple-
mented by decapod crustaceans, in four stomachs of
N. aequalis caught in the region of the Wyville Thomson
Ridge. These data confirm the epibenthic nature of the
diet.

Malacocephalus laevis (Lowe, 1843)

This species occurred in demersal trawls in the 500-m
bathymetric zone. The 15 fish with food present ranged in
total length from 32.5 to 54.0 cm. Their diet is shown in
Table 1 and is dominated by small Munida bamffica of 4-
to 10-mm carapace length and by fragments of fish, eye
lenses being very common.
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Koefoed (1927) found a crustacean decapod, Chloro-
tocus sp., of 10-cm length, some schizopods (mysids
and/or euphausiids), isopods and copepods in the stomach
of a fish of 45-cm length. Marshall (1973) records squid
beaks in a stomach while Okamura (1970), examining the
stomach contents of nine fish from the Pacific coast of
Japan, found euphausiids, squid and bottom sediment.
These few data indicate a benthopelagic diet.

Coelorhynchus coelorhynchus (Risso, 1810)

This species was caught in demersal trawls in the 500- to
750-m bathymetric zones. The diet is varied (Table 1) but
dominated by decapod crustaceans, especially young
Munida bamffica of 5- to 7-mm carapace length, and by
amphipods and polychaetes with isopods and mysids as
supplementary items. The particle size of the food is small,
the majority of the decapods being young juveniles.
Amphipods, although the commonest item, were 5 to
10 mm 1 total length and, considered on a weight/volume
basis, are less important than the decapods as a dietary
component. Polychaetes are most common in the diet of
the larger fish (Table 1) along with isopods (also epi-
benthic) while copepods, the mysid Pseudomma affine and
several juvenile decapods are more common in that of the
smaller fish. The larger fish tend to live deeper than the
smaller fish (Fig.2) and so some apparent ontogenetic
changes in the diet may reflect the bathymetric distribu-
tions of the prey organisms. The similarity index of the
diets at 500 and 750 m is 64.

Macpherson (1979, 1981) described the diet from an
examination of 160 stomachs of fish caught in the western
Mediterranean. Polychaetes represented 50% by weight of
the food. Decapod crustaceans were important, especially
to the larger fish, but were dominated by the benthic
Calocaris macandreae. Amphipods contributed only 5% of
the weight of the food. Other organisms were also present
but were primarily benthic in habit.

Du Buit (1978) only reported on the contents of six
stomachs, and these consisted of mixed crustaceans. Geist-
doerfer (1973, 1974, 1977, 1978) studied the diet, buccal
morphology and digestive system of this species. The food
consisted of small organisms closely associated with the
water-sediment interphase, being dominated by amphi-
pods, euphausiids, decapods, polychaetes and isopods but
supplemented by a variety of other organisms.

Coelorhynchus occa (Goode and Bean, 1886)

This species occurred in demersal trawls over a wide
bathymetric range of 1000 to 2000 m (Fig 2). The diet
consists of small organisms and is dominated by copepods
supplemented by polychaetes, amphipods, mysids and
small quantities of unidentifiable soft tissues (Table I).
The small copepod Aerideopsis multiserrata is eaten by all
sizes of fish, with as many as 40 individuals occurring
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within a single stomach. Small amphipods are eaten more
commonly by smaller fish while brittle stars and fish frag-
0 9 il s ments only occurred in the stomachs of larger fish. There
< o~ S o = — I~ N . .
T gYscayg is a tendency for larger fish to live deeper than smailer fish
v ™~ “« “ = " (Fig. 2). A comparison was made between the diets of fish
~ Q MRS & caught in the 1000-, 1250- and 1500- to 2 000-m bathy-
metric zones (Table 2}. Brittle stars were consumed at the
o o two shallower zones while copepods were eaten more
= D oo frequently in the deepest zones; this could indicate a more
- nwa Az benthic diet at shallower depths than in the deeper
= S regions.
Koefoed (1927) found a portion of an ascidian, Ser-
gestes sp., an ostracod and copepod fragments in the
=2 = Sz 2 - o stomach of a single fish. Marshall and Merrett (1977)
NeS < o recorded polychaetes and crustaceans (unidentified) as
@ s eee @ - = the food of a single fish while Du Buit (1978), examining
- — e two fish, found amphipods and natant decapods that were
not identified. McLellan (1977) notes that two fish had
o ~ © been feeding on isopods and polychaetes. Marshall and
= © T er® b Iwamoto (1973) listed myctophid fish, copepods, decapods
~ o w = and a pagurid crab in the stomachs of three fish. These
e e 2 last are the largest organisms recorded in the diet and such
organisms may only be consumed on rare occasions or
only in certain regions.
S S ANmm= o
— —_ SEuB=A SN “ =
JTO-oaw
= = % C% g ; “ oomeoEe Coryphaenoides rupestris Gunnerus, 1765
This species was caught in demersal trawls over a bathy-
° ~ o ~ mean metric range of 750 to 1750 m (Fig. 3). The diet consists
O e o e dgmeagy predominantly of copepods, decapods and fish supple-
- oo o o o ¥ & mented by mysids, euphausiids, amphipods and cephalo-
o< =3 s o E pod molluscs when considered on a weight or volume
basis. Other organisms occur in the food but are relatively
unimportant because of their low frequency or small body
it 3 a 2 om%2e size. The diets of the different size classes show ontogenetic
= g~ &3 changes (Table 3) and these are reflected in the values of
2 b 2 2 <= o « the similarity indices shown in Table 7. The smallest fish
— ~ =~ feed predominantly on calanoid and cyclopoid copepods
'supplemented by a variety of other small organisms; a
~ — ™ - small but significant quantity of soft unidentifiable tissues
-e - > ot e R is also present among the food. The diets of the three size
~ o — - = 7 3% classes of larger fish show progressive changes in composi-
S = d tion with increasing size of the fish (Table 3). Calanoid
copepods remain a major constituent but cyclopoid cope-
- o - pods are not present in the food of the largest fish.
o~ dognag Amphipods, mysids, euphausiids, decapods and especially
< AR ] fish all become increasingly prominent in the diets of the
2 2 largest Coryphaenoides rupestris.
- g The food of Coryphaenoides rupestris in different
2,873 bathymetric zones was examined (Table 4). The size dis-
g g g oS95 f tributions of the fish in these zones is shown in Fig, 3. The
2?43 £ - % £ § ggg @ distribution of size classes with depth is irregular, the
sy L, B - o §§ @ EDE & medium size range 21.5 to 63.4cm in length, of fish
BT EL®3Z o .,3 3 5 L B8 o occurring deeper. Polychaetes are significant components
528 2585 E8E5EEEsE52g of the diet of this size range of fish in the 1500- to 1 750-m
222 £55 38 g C 5S=SE<%s depth zones and there is also an increase in the proportion
sS% S5LE®3 T 5EEEE S pth zone , prop
SES A8 FE S 2 eees 2 of unidentifiable soft tissues present among the contents.
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Fig. 2. Macrouridae. Frequency distributions of total body length
of the total samples of Coelorhynchus species with food present in
their stomachs. The partitioning of the size classes between the
different bathymetric zones is also shown
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Fig. 3. Coryphaenoides rupestris. Frequency distribution of total

body lengths of the entire sample with food present in their

stomachs and of the corresponding samples taken within each

bathymetric zone
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Table 2. Coelorhynchus occa. Similarity indices for the diets in dif-
ferent bathymetric zones, showing the number (n) of full stomachs
examined

Zone n 1250 1500 1750
1 000 10 78 52 56
1250 25 61 65
1500 18 88
1750 13

Other changes in the diet probably reflect the bathymetric
distributions of the prey organisms.

Podrazhanskaya (1968) examined the diet of 1 182 fish
ranging in length from 46 to 170 cm and caught at depths
of 400 to 750 m off southwest Iceland. A further 685 (37%)
had stomachs that were empty. The diet was dominated
by the decapod Pasiphaea sp. as previously indicated by
the few stomachs examined by Nordgaard (1917) from
Norwegian waters. Euphausiids, copepods, amphipods,

cephalopods and fish were supplementary items. Du Buit

(1978) examined 135 full stomachs of fish caught near the
Wyville Thomson Ridge at depths of 700 to 1100 m; their
length ranged from 45 to 100 cm. The decapod Pasiphaea
tarda dominated the diet and Meganyctiphanes norvegica
and Gnathophausia zoeaq were common. Many other
organisms were present as supplementary items. Cope-
pods, including Euchaeta spp., were only minor compo-
nents. All these analyses are comparable to those of the
diets of the largest size classes examined in the Rockall
Trough. The main difference between those diets and that
in the Rockall Trough is the insignificance of the copepods
in them. The diet of the Rockall Trough fish is apparently
more diverse than those described from other areas.

Coryphaenoides guentheri (Vaillant, 1888)

This species also occurs over a wide bathymetric range.
1000 to 2 500 m (Fig. 4). A further 39 fish, ranging in total
length from 20 to 47 cm, were obtained by the 1981
German Expedition at depths of 1500 to 1750 m. The
individual lengths of the fish were not measured and so
they are not included in Fig. 4. The data from their
stomach contents, however, are included in the analysis in
Table 3.

The diet consists predominantly of copepods and
amphipods supplemented by mysids and a wide variety of
other organisms. The mysids, because of their larger body
size, are significant components. There are differences
between the diets of the different size classes (Table 7).
The smallest fish, 8.0 to 24.4cm in length, occur pre-
dominantly in the 1000- to 1250-m bathymetric zones
(Fig.4) and feed on small amphipods supplemented by
calanoid copepods and to a lesser degree by polychaetes
and a variety of other small organisms. The other two size
classes of larger fish are absent from the 1000- to 1250-m
bathymetric zones, occurring at depths of 1 500 to 2 500 m
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Table 3. Diets of Coryphaenoides species. Further details as in legend to Table |
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Coryphaenoides rupestris
Size class (cm)

Coryphaenoides guentheri

Size class (cm)

40-124 125-21.4  21.5-634  635-1050 8.0-244 24.5-394 39.5-48.0
F Cn F  Cn F Cn F  Cn F  Cn F Cn F Cn
Coelenterata 02 r 1.2 0.1
Polychaeta 14 0.2 164 1.5 273 2.6 9.0 0.8 50 52 313 3.1 542 5.1
Cirripedia, larvae 159 22 243 2.3 9.2 0.9 02 r 2 0.2
Ostracoda 87 18 132 20 113 1.8 113 15 8§ 08 95 0.7 104 08
Copepoda, unidentified 420 17.2 35.6 14.1 380 174 21.1 59 18 92 61.1 30.1 37.5 13.7
Aetideopsis multiserrata 232 5.7 372 9.9 38.2 133 283 7.1 36 134 48.5 382 60.4 44.2
Euchaeta norvegica 72 1.8 205 6.0 213 97 332 171 0.8 0.1 42 03
Euchaeta spp. 2.8 04 75 1.1 87 15 88 1.2 26 0.3 42 04
Xanthocalanus profundus 2 02 53 04 104 1.0
Pleuromamma robusta 43 1.0 11.7 175 15.4 16.3 18.0 15.5
Rare species: Cn (number of species) 0.4(2) 5.4(12) 7.6(26) 11.8(42) 0.5(9) 0.2(1)
Cyclopoida 18.8 434 20.8 20.5 85 17 2 02 08 0.1
Cumacea 6 06 3.1 02 42 03
Amphipoda unidentified 58 10 35 07 85 43 1.1 3.9 88 544 68.7 13.0 45.8 13.7
Ampellisca spp. 1.4 04 1.6 0.6 15 1.0 23 25 4 06
Rare species: Cn (number of species) 0.1(1) 0.2(3) 0.5(7) 1.0(5) 0.2(6)
Isopoda, unidentified 0.9 0.1 3.8 05 14 24 122 1.3 104 0.8
Rare species: Cn (number of species) (€] 1.3(1) 0.2(1)
Tanaidacea 12 1.4 38 03 42 03
Mysidacea, fragments 0.9 0.1 0.9 0.1 02 r 202 53 0.6 63 08
Boreomysis spp. 72 18 1.8 03 6.2 10 24 03 1.5 0.1 42 04
Rare species: Cn (number of species) 0.1(2) 0.6(4) 2.8(4) 1.8(5) 1.8(13) 3.9(8)
Euphausiacea, fragments 04 r 16 02
Meganyctiphanes norvegica 14 02 09 0.1 15 03 L5 39 04 r
Rare species: Cn (number of species) (1) 0.2(2)
Decapoda, fragments 14 06 32 03 79 1.1 53 0.7 2 0.2 23 02 2.1 02
Pasiphaea tarda 28 0.3 41 05 234 39 2 04
Rare species: Cn (number of species) 0.2(3) 0.9(10) 1.9(12) 0.4(2) 0.3(7) 0.4(2)
Crustacean, fragments 493 6.7 73.5 69 65.7 6.3 459 38 19 0.1
Mollusca
Gastropoda 04 r 2.1 02
Bivalvia 99 09 167 1.5
Cephalopoda, tissues 2.1 22 35 03 0.8 0.1 2.1 02
beak 32 04 184 22 04 0.1
Echinodermata
Ophiocten sp. 08 r 42 03
Spatangoidea 04 r
Holothuroidea 04 r 21 02
Chaetognatha 246 33 114 1.1 34 03 08 r
Ctenophora/Salpidae 1.3 01 33 03
Larvaceae 02 0.1 06 07
Pisces, fragments 22 02 11.3 1.1 46.5 38 08 r
scale 03 r 3.0 0.3 84 07 84 06 125 1.0
lens 09 r 14 0.1 202
Xenodermichthys copei 02 r 0.8 r
Notolepis rissoi 04 r
Synaphobranchus kaupi 08 r
Unidentified species 02 r 08 r
Egg 04 r 21 02
Unidentified tissues 89.9 12.1 924 8.7 g1.2 717 846 170 70 7.0 885 64 87.5 6.9
No. of fish examined 78 375 769 945 59 410 75
% with everted stomachs 5.1 12.5 33.8 41.3 15.3 322 30.7
% with empty stomachs 6.4 2.9 5.2 7.1 0 3.9 53
% with unrecognizable food 9.0 10.4 47 5.6 34 37 8.0
% with recognizable food 79.5 74.1 56.3 46.0 814 60.2 56.0
No. of prey items 511 3362 4925 5921 500 3650 613
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Table 4. Coryphaenoides rupestris. Similarity indices for the diets
in different bathymetric zones, showing the number (n) of full sto-
machs examined
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Table 5. Coryphaenoides guentheri. Similarity indices for the diets
in different bathymetric zones, showing the number (n) of full
stomachs examined.

Zone n 1000 1250 1500 1750 Zone n 1500 1750 2000 2200 2500
750 230 60 37 26 25 1250 30 41 52 34 32 36
1000 952 49 32 34 1500 50 78 82 83 65
1250 113 42 48 1750 65 68 67 56
1500 84 58 2000 75 92 59
1750 36 2200 111 60
2500 48
Coryphaenoides
quentheri
Nematonurus armatus
10+
__'_._m Total
a 2000m
T T T 1 L t
5k
Total -—l—l"‘M‘l‘—‘T——\ 2200m
5
| amaajbed.a, 2500m
1000m
1 5k
5 5~ a v | M‘ﬁ 2900m
2 . * . 1250m oo
g T T 1
Zz S5+
_T'—r-'q‘%'.'—l—l 1500m 10— Chalinura brevibarbis
-
— I*‘#_ 1750m _,.sﬂyu_, Total
sl afl as 2000m
10— . hdd aps s 2200m
2500m
2 _.,_n_.ﬁ.-h'l_l_‘
000m . ma . _ 2900m
1 1 T 1
10— 5 b Chalinura leptolepis
a2l . * = s Total
2200m a 2500m
T 1
ok [ . 2900m
51— Chalinura mediterranea
0 20 40 60 Total
Total length {cm) 1 1250m
Fig. 4. Coryphaenoides guentheri. Frequency distribution of total ) N ) ' " 1500m
body lengths of the entire sample with food present in their | l:: ; : : 1750m
stomachs and of the corresponding samples taken within each R . 2000m
bathymetric zone LE— T T )
. : . . 2200m
5k Lionurus carapinus
(Fig. 4). Copepods are more important relative to amphi- —-ﬂ-li.-m’l‘——r—r—\ Total
. . . . . Py S 2200m
pods in their diets and mysids and a variety of other t Y T T T enom
organisms contribute significantly. 5 — st Ry
The rather different diet of the fish in the 1 250-m zone B A #‘| 2900m
from that of fish in deeper zones (Table 5) is probably a 0 20 L0 60

direct result of the smaller size of the fish and their
selection of smaller sized prey organmisms. Bathymetric
differences in the diets of the larger fish reflect the
bathymetric distributions of the food organisms as well as
an increasing ability to feed on larger organisms.

Total length (em)

Fig. 5. Macrouridae. Frequency distributions of total body
lengths of the entire samples with food present in their stomachs
of different species and also of the corresponding samples taken
within each bathymetric zone
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Nematonurus armatus (Hector, 1875)

This species was caught in demersal trawls over a depth
range of 2 000 to 2900 m (Fig. 5). It was, however, most
common at depths of 2 500 to 3 000 m and its distribution
probably extends well beyond 3 000 m south of the Rock-
all Trough. Its diet consists of a large variety of organisms.
The smaller fish, however, feed more commonly on cope-
pods and amphipods supplemented by mysids while the
larger fish include an increased proportion of decapods,
squid and fish (Table 6). Larger fish tend to live deeper
than smaller fish (Fig.5) and so ontogenetic changes in
the diet will also reflect the distributions of the prey
organisms, although the similarity index of 82 (Table 7)
shows that the diet is relatively constant.

The food described here in the Rockall Trough is very
similar to that described by Haedrich and Henderson
(1974) and Sedberry and Musick (1978) in the western
Atlantic and by Pearcy and Ambler (1974) in the eastern
Pacific off Oregon. Pearcy and Ambler found that benthic
crustaceans were most common in the diets of the smaller
fish whereas cephalopods and fish were of increased
importance in the diets of the larger fish. Haedrich and
Henderson (1974) found a similar situation in which the
smaller fish had a predominantly benthic diet. This is not
entirely true in the Rockall Trough where few strictly
benthic organisms occur in the diet and then only as
minor components, a situation found in the ten fish
examined by Sedberry and Musick (1978). This species
appears to feed on organisms in the water column imme-
diately above the sea bed in the Rockall Trough rather
than select organisms from off the surface of the sediment.
This is supported by the general lack of sediment among
the stomach contents, only 5% of stomachs with food
containing any.

Chalinura brevibarbis Goode and Bean, 1896

This species was caught in demersal trawls in the 1 750- to
2 900-m bathymetric zones (Fig. 5), but principally in the
2 000- to 2 500-zones. Its diet is mixed, but dominated by
amphipods, mysids and calanoid copepods. The similarity
index for the diets of the smaller and larger fish (Table 7)
is 73. The smaller fish tend to eat more polychaetes and
amphipods than larger fish which have higher proportions
of mysids, decapods and probably squid in their diets
(Table 6). Calanoid copepods are eaten to the same extent
by all sizes of fish. There is a tendency for larger fish to
occur in deeper zones than smaller fish (Fig. 5), but the
number of fish sampled is small and the overlap of sizes
between zones such that the present data cannot be used
to examine bathymetric changes in the diet.

Chalinura leptolepis (Giinther, 1877)

This species was caught in demersal trawls in the 2 500- to
2900-m bathymetric zones but principally in the 2 900-m
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zone (Fig. 5). It feeds on a variety of organisms (Table 6),
the amphipods being numerically, and by weight, domi-
nant. Polychaetes had only been caten by the seven fish
less than 29 cm in total length and these seven fish had
also consumed 75% of the copepods but only 25% of the
amphipods found in all stomachs. Mysids, decapods,
Ophiocten sp. and fish remains only occurred in the
stomachs of fish greater than 29-cm total length. Only 17
fish had food present and so these data are only indicative
of ontogenetic changes in the diet.

Pearcy and Ambler (1974) found that this species
depended upon crustaceans for its food in the eastern
Pacific off Oregon. Benthic crustaceans were most impor-
tant in the diet of smaller fish while pelagic crustaceans
became more dominant in that of larger fish.

Chalinura mediterranea Giglioli, 1893

This species was caught in demersal trawls in the 1250- to
2200-m bathymetric zones (Fig.5), but extends to the
2500-m zome. A further 20 fish were caught in the 1 500-
and 1750-zones by the 1981 German Expedition. They
were not measured individually and so are not included in
Fig. 5; their ranges of length were determined relative to
the two size classes in Table 6 and so they are included in
the analysis given there.

The diet consists of a range of organisms dominated by
crustaceans. Copepods are dominant numerically but on a
weight basis are probably co-dominant with amphipods
and mysids. The larger fish eat fewer copepods and more
mysids and decapods than the smaller fish (Table 6); the
similarity index for these diets (Table 7) is 82.

Lionurus carapinus (Goode and Bean, 1883)

This species occurred in demersal trawls in the 2 200- to
2 900-m bathymetric zones (Fig. 5); it is most numerous in
the 2 900-m zone and its distribution extends deeper in
regions to the south of the Rockall Trough. Many of the
fish were damaged and measurements of their total body
length are only approximate or are derived from measure-
ments of head length.

The diet comsists of polychaetes, amphipods and iso-
pods supplemented by a variety of other small organisms
(Table 6). A significant proportion of the stomach contents
consists of unidentifiable soft tissues. The smaller fish tend
to consume more copepods, cumaceans and amphipods
than the larger fish, which supplement their diet with
other organisms; the similarity index for these diets
(Table 7) is 73. No obvious relationship between the size
of the fish and its depth of occurrence is present in Fig. 5,
and so bathymetric changes in diet reflect distributions of
prey organisms rather than ontogenetic changes.

Haedrich and Polloni (1976) examined 108 stomachs,
84 of which contained food, of this species in the western
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Atlantic off New England; the diet consisted almost
entirely of benthic organisms and is closely similar to that
v oy o =N o = found here. No ontogenetic changes were observed except
oo o < : :
© & oo that ophiuroids were not eaten by the smallest fish.
o o o “ -tz Geistdoerfer (1978), investigating five stomachs, listed
o0 K =] O ’
sl S B N Ao 2 three polychaetes, eleven copepods, seven amphipods, one
isopod and five mysids. The present data suggest that this
species in the Rockall Trough also feeds close to the
oy~ oN <t . .
o3 -~ = = P, sediment surface although no sediment occurred among
QO GV N
RCRCRE the stomach contents.
N en ™~ en -
<~ < oo < o
[ee] . - . . . .
Bathymetric distribution and comparison of the diets
Qe T exe o Macrourids occur throughout the entire demersal range of
N O N = .
QLo NE depth, 400 to 2900 m, in the Rockall Trough. They
u
P N oo o o accounted for 41% of the total number of fish caught, 28%
v vy 0o v . . . . .
- “ of which were the single species Coryphaencides rupestris.
The trawls were taken at 250-m intervals of depth down
o o o “ the Hebridean Terrace {Mauchline and Gordon, 1983 a)
e - < = B BB and the bathymetric range of each species can be approxi-
on oo O . N - .
- o0 - e oo & mated (Fig.6). The species are grouped in Fig 6 and
e e o o= e Table 7 according to whether their diet defines them as
predominantly benthopelagic or epibenthic feeders. Their
vertical placement in Fig 6 indicates a gradient from
— s S8 S - - entirely benthopelagic feeders (Coryphaenoides spp.) to
— . . - -
e . adeocn o predominantly epibenthic feeders such as Nezumia
0 R\ N} — /
> ) > O > aequalls.
—_— I~ W vy — Wy <
o= = iy . s .
= Seasonal variation exists within the diets of each
species but the fotal number in most species is insufficient
o o~ -~ =o - @ to examine this aspect. Table 8 shows comparisons of the
e e ”oooer S ® . ~ diets determined on single samples of Coryphaenoides
OMNOOYWD
o (o g
% o S <. <+ o
Laal Kol =] — [y W en) [sa B o\]
o — < <3
MACROURIDS
g — \oo [=) — %) PELAG!C
— v — <
o © 9 o~ < == BENTHOPELAGIC
o~ e oy o~ 2 Coryphaenocides rupestris ]
| ittt J
[ __eoryphaenoides guentheri I
N o NN o N =
—~ A S S e~ o Y~ w0 @hus] "7 " Nematonurus
Jgoody murrayi - _Armatus
< NN o o« e X he
. R IR ! g Malacocephalus Chali Chali
A L [Chertie. e,
[ Chalinura mediterranea ) -]
N o o~ o~ o~ o~ — T = e e e T T
S — S @25 S % goaon Coslahynchys ] [ coelorhynchus occa | EPIBENTHIC
— 00 = N 0 \O
o o - 0o O o _ IS < ﬁ Eimia———] lLionurus carapinus
(S =N [ - o~ V= aequalis _ _
o o— [=N
3 g ) j ; ) } y =
S 2208 1 DEPTH. km 2 2
73 A~ . . . . . . .
g =, §$ 2 g g ég © Fig. 6. Macrouridae. Their bathymetric distributions and trophic
§ S g 2 23 ] g 28 E < . relat19nsh1ps within the Rockall Trough. The pelagic, bentho-
= g 55 % & & 5 i 0.3 g pelagic and epibenthic environments are indicated. The hori-
3 g £ %Tg £ E8uv,5% B S5 EREE e zontal extent of the species boxes defines the limits of their
2 . B 33 558 § E) 2L b= é 2 g g § g bathymetric range; open-ended boxes indicate that insufficient
g £ E R % - £5 5 SHesSe data are available to define these limits. Solid horizontal lines
25 E =y 3 = 8 3 _g 2 g cEEEE g define centres of distribution while hatched extensions indicate
Oav noE U & SO M D 7 e s s Z, continuing presence of the species
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Table 7. Macrourids. Similarity indices for the diets of the various species and size classes detailed in Tables 1, 3 and 6

Body Approxi-
length mate depth
(cm) range(m) Code 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Malacocephalus laevis 500 1 9 71115 5 5 6121521 8181012122926 711 7 7 7 8 9
Coryphaenoides 4.0-12.4 1000 2 72 51 32 26 33 30 26 34 29 34 37 36 41 38 16 17 23 30 26 23 30 24 17
rupestris 12.5-21.4 1000-1250 3 81 58 32 36 36 42 36 27 34 38 37 42 35 17 19 26 33 26 24 33 23 14
21.5-634 1000-1750 4 71 41 49 45 50 44 35 43 50 43 47 47 25 28 34 41 31 29 39 27 21
63.5-105 1000? 5 28 28 28 35 39 33 27 29 31 35 28 22 24 26 30 27 26 29 26 17
Coryphaenoides 8.0-244 1000-1250 6 49 52 56 52 37 37 41 59 53 68 37 55 36 34 54 55 66 65 49
guentheri 24.5-39.4 1500-2500 7 81 55 42 32 59 64 46 49 46 28 27 59 58 29 28 39 36 27
39.5-48.0 1500-2200 8 57 44 34 43 48 50 51 43 28 31 68 69 30 29 40 38 31
Trachyrhynchus murrayi 1000-1500 9 61 55 39 47 53 53 55 41 45 52 51 54 47 68 50 42
Nematonurus armatus  14.0-354 2200-2900 10 65 38 41 58 60 60 42 47 32 36 48 45 51 53 45
35.5-59.0 2200-2900 11 28 30 48 48 55 38 42 30 32 46 42 47 51 47
Chalinura mediterranea  9.0-21.0 1500-2 000 12 82 47 50 41 25 23 25 26 25 24 30 31 21
21.1-46.0 1250-2200 13 50 54 44 25 25 32 34 26 25 35 29 22
Chalinura brevibarbis 9.0-214 2000-2500 14 73 68 41 52 29 30 51 49 52 55 49
21.5-38.0 2000-2900 15 62 36 40 30 30 43 41 47 48 39
Chalinura leptolepis 2 900 16 41 65 28 34 60 61 63 65 58
Coelorhynchus 19.0-31.4 500 17 64 25 22 46 48 43 36 35
coelorhynchus 315-43.0 750 18 30 26 63 64 66 63 61
Coelorhynchus occa 7.6-27.0 1000-1250 19 82 28 25 43 36 30
27.1-38.0 1000-1750 20 28 27 41 31 25
Nezumia aequalis 8.0-214 750 21 94 77 56 50
21.5-45.0 750 22 78 55 46
8.0-36.0 1000 23 63 52
Lionurus carapinus 7.0-20.4 2200-2900 24 73
20.5-33.0 2200-2900 25

Table 8. Coryphaenoides rupestris. Similarity indices for the diets
in different months in 1975 at 750 and 1 000 m depth. The num-
bers (n) of full stomachs are shown

n May May July Sep- No-
tember vember

750 m
March 39 37 59 41
July 30 53 42
September 91 60
November 37
1000 m
March 105 63 67 33 51 25
May 102 78 47 61 30
May 67 39 56 28
July 289 62 30
September 151 39
November 152

rupestris trawled from the 750- and 1000-m stations in
different months in 1975. The diet in March in the 750-m
zone was dominated by amphipods (Cn=40%), while that
in Tuly was dominated by the copepod Euchaeta norvegica
(Cn=45%); hence, the index between these two samples is
only 37. The diet in November was dominated by the
copepod Pleuromamma robusta (Cn=31%) and so lower
indices are present for the comparisons between this
sample and those of March and July (Table 8). The diet in

the 1000-m zone in November was also dominated by
P. robusta (Cn=65%), resulting in less similarity between
the diet in this month and those in other months. The diet
in March was dominated by the small calanoid Aezideopsis
multiserrata (Cn=33%) and amphipods (Cn=12%), while
that in July was dominated by Euchaeta norvegica (Cn=
19%) and cyclopoid copepods (Cn=20%); the resulting
index is 33 (Table 8). The two samples collected in May
have the highest index, a value of 78.

A similar analysis of the diets of Nezumia aequalis in
different samples is shown in Table 9. In the 750-m zone,
there is a tendency for an inverse relationship between the
occurrence in the diets of total amphipods and the mysid
Pseudomma affine (Fig.7). The diets in two samples,
where mysids had Cn values of 1 and 2% respectively, had
a third dominant food compartment that is of only minor
importance in the diets of other samples; Ophiocten
gracilis, calanoid copepods and unidentified tissue had
total Cn values of 37 and 31 respectively, whereas in all
other samples their Cn values ranged from 10 to 21 except
in January, 1979 when a value of 27 occurred. The diets of
Nezumia aequalis at the 1000-m depth did not include
P. affine except in November, 1975 (Cn=14%), April,
1977 (Cn=0.6%) and January, 1979 (Cn=11%). The most
distinct difference was between the diets in November
1975 and April 1976. The diet in November was mixed,
amphipods having a Cn value of 30% and copepods 28%
while that of April was dominated by amphipods (Cn=
81%) and copepods (Cn=7%).
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Table 9. Nezumia aegualis. Similarity indices for the diets in different months of different years at 750 and 1 000 m depth. The numbers

(n) of full stomachs are shown

n November  April June October October April May January
750 m
September 1975 89 68 61 65 50 49 59 67 48
November 1975 49 61 75 59 50 73 53 58
April 1976 52 61 53 57 61 54 54
June 1976 24 74 56 79 58 69
October 1976 62 33 66 42 77
October 1977 79 50 56 62
April 1978 11 55 64
May 1978 18 4
January 1979 55
1 000 m
September 1975 23 74 60 67 73 76 70
November 1975 54 48 54 62 69 60
April 1976 15 62 57 64 61
June 1976 69 67 76 69
October 1976 42 74 73
April 1977 26 73
January 1979 21
50, were not necessarily identified to species level on subse-
o . quent occasions but only ascribed to a genus, family or
c . . N . .
£ ¢ order as “unidentified”. This applied not only to poly-
225 < . chaetes and several amphipods but also to rare cuma-
. ceans, some ostracods and other organisms. Some organ-
e 1 o ) isms were not identified but only noted as “type A”,
0 100 « » ;
Amphipods type B” etc. These, however, can all be used in the

Fig. 7. Nezumia aequalis. The Cn values (see legend to Table I)
for the occurrence of total amphipods and the corresponding
occurrence ' of the mysid Pseudomma affine among stomach
contents of samples from the 750-m bathymetric zone

The diets between samples of Coryphaenoides rupestris
and Nezumia aequalis caught in the 750-m bathymetric
zone are slightly less similar (mean indices of 49 and 59
respectively) than the diets of samples of these species
caught at 1000 m (mean indices of 56 and 66 respec-
tively).

Thus, these analyses suggest that quite distinctive
changes occur in the diets of these two species of fish in
different months of the year but do not indicate whether
they are regular seasonal changes or result primarily from
opportunistic feeding strategies. The number of stomachs
examined in some months is relatively small. Mattson
(1981) applied a method for determining the adequateness
or otherwise of samples for describing the breadth of the
diet. He examined the cumulative number of first records
of food species in the diet related to the number of fish
with food present at every twentieth fish and produced
curves for five coastal species. This has been done for the
total dietary samples of macrourids in Fig. 8. A variety of
organisms in the stomach contents were identified the first
time that they were recorded but, if of rare occurrence,

cumulative species curves. The curves will still under-
estimate, in the majority of fish, the total number of
species consumed by any single species of fish. This
results, primarily, from the numbers of species of amphi-
pods, isopods and to a certain extent copepods that were
not recognized; these were juvenile or semi-digested in-
dividuals in a damaged or fragmented state. The degree of
underestimation in a species such as Coryphaenoides rupes-
tris is thought to be on the order of 20 to 30%.

The diets of Nezumia aequalis, Coryphaenoides rupes-
tris, C. guentheri and possibly Nematonurus armatus ap-
pear to be adequately defined. There are occasionally
quite marked inflexions in the curves that reflect a sample
from a different depth, size group, sea area or season. It is
especially noticeable in the upper part of the curve for
C. rupestris where 12 prey species were recorded for the
first time in stomachs, 980 to 1020 (Fig.8). This is a
special feature of fish species occurring over a wide bathy-
metric range; C. rupestris was sampled at all depth zones
between 750 and 1750 m. The curve for C. guentheri has
large irregularities, especially between fish 80 to 160 and
160 to 220 (Fig. 8) and this is the species with the greatest
bathymetric range, 1000 to 2500 m. Changing the se-
quential order of samples prior to compilation of a second
cumulative species curve for any one fish would produce a
curve that would have a different detailed shape but
would remain, in essence, the same. With the possible



120

Trachyrhynchus murrayi
Malacocephalus laevis
Nezumia aequalis
Ccelorhynchus coelorhynchus
Coelorhynchus occa
Coryphaenoides rupestris
Coryphaenoides guentheri
Nematonurus armatus
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Chalinura brevibarbis
Chalinura leptolepis
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12. Lionurus carapinus
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6 (continued}
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Fig. 8. Macrouridae. Cumulative numbers of first records of prey
species at every 20th fish with food present. The curve for
Coryphaenoides rupestris (6) is broken and continued above on
the inserted additional scale

exception of the curves for Malacocephalus laevis, Chali-
nura leptolepis and Lionurus carapinus, the other curves
indicate prey complements of more than 50 species and in
some cases of more than 100 species. M. laevis, the
shallowest living macrourid, has a diet dominated by the
epibenthic Munida bamffica and fish (Table 1) and its food
may very well be less diverse than that of the majority of
macrourids. The same is probably not true of C. leptolepis
and L. carapinus. The stomachs of fish of both these
species (Table 6) have a high proportion of unidentified
amphipods and L. carapinus has in addition a marked
proportion of unidentified tissue present. The amphipods
were small but may have represented a variety of species
as might have the unidentified tissues. These two mac-
rourids may therefore have diverse diets.

The species are grouped in Table 7 according to their
tendency to have a benthopelagic or epibenthic diet and,
within these categories, are approximately in order of
increasing depth of occurrence. The diet of Malaco-
cephalus laevis, the shallowest living species (Fig. 6), is not
adequately defined (Fig. 8) and this probably contributes
to its apparent uniqueness in Table 7. The two Cory-
phaenoides species have over-lapping bathymetric ranges
(Fig. 6) although their centres of distribution are separat-
ed. The diet of C.rupestris is variable (Table8) and
different from that of C. guentheri, especially at depths
where they overlap. A direct comparison was made be-
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tween the diets of these two species in the 1250- and
1 500-m bathymetric zones; the similarity indices were 18
and 22 respectively. The centre of distribution of Trachy-
rhynchus murrayi is between those of the two Cory-
phaenoides species (Fig.6). Its diet is not well-defined
(Fig. 8), overlaps those of the Coryphaenoides species but
may include a larger epibenthic component. Nematonurus
armatus is the commonest of the deep living species; it
preys less heavily on amphipods and more on other
organisms than does the rarer Chalinura leptolepis. The
other two Chalinura species have their centres at shallower
and different depths (Fig. 6). They coexist with C. guen-
theri and show some dietary overlap (Table 7).

Among the primarily epibenthic feeders, Coelorhyn-
chus coelorhynchus shows considerable dietary overlap
with Nezumia aequalis in the 750-m zone (Table 7); the
latter has a diet, however, dominated by amphipods while
the former exploits decapods to a greater extent than
amphipods. The centres of distribution of the two Coelo-
rhynchus species do mnot overlap and there are marked
differences between their diets (Table 7). Lionurus cara-
pinus lives much deeper than the others and its diet is
different from that of the benthopelagic feeders associated
with it (Fig. 6, Table 7).

Discussion

The method of assessing the information on diets derived
from Mattson (1981) and used in Fig. 8 examines potential
diversity. It is, however, often more important to examine
size class or ecological type of prey organism in a
generalist feeder, the identification of the individual
species of prey organisms being of less significance than in
the diet of a specialist feeder. All these macrourids appear
to be generalist feeders, probably with asymptotic num-
bers of prey species, allowing for underestimation, of 100
to 150 (Fig. 8). Many of these prey species are probably
rare components consumed opportunistically or in-
cidentally with the major prey species.

Comparisons of the diets of macrourids in the Rockall
Trough with those in other regions are difficult, especially
when considering lists of prey species per se. Hynes (1950)
discussed the expertise of the investigator relative to the
subjective inaccuracies in the resultant data. There is
undoubtedly a bias in the present data towards naming
crustaceans, especially copepods, mysids, euphausiids,
decapods and the larger sized amphipods and a bias
against recognizing species of polychaetes, isopods, small
amphipods, cephalopods and various benthic organisms
such as small holothurians and echinoids. The data of
Macpherson (1979) appear to emphasize species of poly-
chaetes at the expense of crustaceans in the diets of
Nezumia aequalis and Coelorhynchus coelorhynchus. The
apparent diversity inherent in his data is about half that
found here. A comparison, however, of his data with the
present, in terms of ecological constitution of the diet, is
unaffected by these biases.
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The present study shows the macrourids to be parti-
tioned bathymetrically within the Rockall Trough. Mac-
pherson (1979) examined ecological overlap between four
microurids within the restricted bathymetric range of 200
to 800 m in the western Mediterranean; differences in the
diets and distributions of the species were evident. Pearcy
and Ambler (1974) compared the diets of five abyssal
Pacific species off Oregon, found them to be generalised
feeders with marked dietary overlap in certain size groups
between species; bathymetric partitioning of these size
groups was not examined. Merrett and Marshall (1980)
examined the bathymetric distribution of species in the
depth range 261 to 6 059 m off northwest Africa. They
concluded, on their relatively cursory examination and
classification of the diets, that there was evidence of
differences between species. Further, the bathymetric
centres of distribution also tended to be different, rein-
forcing the dietary differences as a means of niche separa-
tion.

The macrourids do not live in isolation from the other
cohabitant species of fish of the continental slope and rise.
Consequently, detailed examination of resource or other
partitioning among macrourids is of limited value unless
within the context of the fish associations of the region as
a whole. This will be attempted for the Rockall Trough in
a later paper.
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