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Abstract

Ureliminary results from analvses of stomach contents of nine fish species

from the Camphell Plateau are presented., These include composition of the diet,
and principal prey groups as assessed by an Index of Relative Importance.
Peeding overlap and pessible competition for food is discussed. Competition

could occur between hoki (Macruronus novaezelandiae), southern blue whiting

(Micromesistius australis) and javelin fish (Lepidorhynchus denticulatus) in

some arecas of the Campbell Plateau, In general however, partitioning of the

food resourece is apparent.

Introduction R

New Zealand's 200 mile Exclusive Economic Zone is comparativelyffqrge and
containg potentially rich fishing areas. New Zcaland fishing effort has in the
past been concentrated in shallow inshore areas, but with growing realisation
of the potential of the southern areas of the zone, more attention is now
being paid to the deepwater trawl fishery on the Campbell Plateau (Fig.1),
Russian, Japanese and Korean vessels have been fishing in the arca since the
carly 1970's, with New Zealand participation in recent years through joint

ventures with foreign companies.

The predominant species available to the decpwater trawl fishery are southern

blue whiting (Micromesistius australis), hoki (Macruronus novaczelandiae),

hake (Merluccius australis), ling (Genvpterus blacodes), Silverside (Argentina

clongata), and Javelin fish (Levidorhynchus denticulatus) (Cawthorn 1978).
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Ghost sharks (liydrolagus spp), a number of species of rattail (Coelorinchus spp),

and in southern arecas of the Campbell Plateau, Notothenids (primarily small

scaled notothenid, Notothenia microlepidota), are also relatively abundant,

Illustrations and descriplions of these species are given in Appendix 1, 0f these !
species, southern blue whiting and hoki are the most important, comprising ‘
382000t and 191000t respectively of the estimated potential production of the

Campbell Plateau region of 666000t/yr (Francis and Fisher 1079),

There have been few intensive studies on the food and feediny relationships of
New Zealand fish., Graham (1939) discussed feeding relationships of fish from the

Ntago harbour area., Godfrianux (1970) investigated snapper (Chrysophrys auratus)

and other fish trawled from the llauraki Gulf, and Godfriaux (197%) examined the

food of snapper and tarakihi (Cheilodactiylus macropterus) in relation to the

bottow fauna in the Bay of Plenty, and discussed some aspects of competition .

hetween the two fish species.

The purpose of the present study, of which this is a preliminary account, is to
estahlish the food and feeding habits of the fish involved, and to determinec the
extent of partitioning of the food resource. This study also involves a comparative
investigation of relevant 5spects and conditions of North Sea and North Atlantic
fisheries with those of the Campbell Plateau (work which is presently being

conducted at the Institut fiir Seefischerei, Hamburg).

Stormach samples analysed for this report were collected from fish caught in bottom
trawls during April and May 1979 from the factory trawler IS 'Wesermiinde',

during participation in a joint New Zealand-Federal Republic of Germany research
progranme in New Zealand waters. Further samples were obtained in September and ‘

Netober 1979, but have at present been only briefly examined.

Stomach examination methods

The majority of stomachs collected were removed from the fish soon after capture,
lubelled and fixed in 10% buffered formalin, later to be transferred to 40%
isnprnpano]..Large stomachs were frozen, as were some samples of whole fish, to
enable later examination of the entire digestive tract, Relative numhers of
eupty, everted and full stomachs were recorded.during selected consecutive

trawls to investigate diurnal feeding variation.

Indices of stomach fullness and digestion state have bcen used(the former modified
from Hunt. and Jones 1972). Fer cach prey type, or species wherc identifiable,

the nunber of individuals, volume (displacement of water) and weight were

recorded {(the latter two measurements being adjusted to obtain approkimate 'fresh'

valuus). e



Composition of Diet

The prey species of the major fish examined are shown in Table 1. \ wide range
of food types are consumed, especially by hoki and southern blue whiting,
althourh this may to some extent reflect the larger numbers of stomachs examined
of these two fish, The majority of préy species taken by hoki, southern blue
whiting and javelin fish are characteristically pelagic; hyperiid auwphipods

{e.g. Parathemisto gaudichaudii, Vibilia stebbingi), natant decapods (e.g.

Pasiphaea sp¥ Sergestes arcticus), cuphausiids (e.g. Fuphausia vallentini,

Thvaancessa grpgaria) and myvctophids (o.g. Jampanvctodes hectoris, Gymnoscopelus

piahilis). This suggests that these specieé feed predominantly in midwater,

Hake appears also to he a midwater predator, small fish fecding on myctophids,
with lﬁrgef fish on a ranre of other fisﬁ, including hoki, southern blue whiting,
sifvorside and javelin fish. Ling also consume these fish species, although
probably when they are close to the bottom. Southern blue whiting has also been

identified from stomachs of spotted dogfish (Mustelus lenticulatus) and 'black

shark' (Etmopterus baxteri); hoki in stargazer (Kathetostoma girantium), and

pale ghost shark in skate (Raja nasuta) stomachs,

In contrast, the range of prey species of ghost sharks, ling, small scaled
notothenid, silverside and rattail*2 includes characteristically benthic
arganisns (brachyurans, thalassinid decapods, isopods, polychaetes) implying

these fish generally feced close to or on the hotton, Indications are that ling

and smnall scaled notothenid take their prey just off the bottom, while the regular
occurrence of thalassinid and pagurid decapods in the stomachs of rattails and

rhost sharks, and polychaetes in silverside, as well as sand and pebbles, inpiy

feeding directly on the hottom,

Present knowledge of fish and plankton vertical movements on the Camphell TPleteaun
permits only approximate determination of feeding pesition in the water column.
1t, should also be kept in mind that the samples collected in this study are all

from fish caught in hottom trawls during the day.

Principal Prey

lethods of analysing stomach content data are numerous (reviews by lynes 1050,
Pillay 1952, Windell 1908). In an attempt to overcome the biases inherent
in single parameter analyses, measurements of numbers, volume and frequency of

nccurrence made in this study were combined to vield an Index of HNelative

» ~This species is as yel undescribed.

3 ’
*“=The species of rattail referred to in this paper is Coelorinchus fasciatus
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Importance, as formulated by Pinkas et al (1971):

IRI =F ( N+ V) IRI = Index of Relative Importance
F = Frequency of occurence percentage
N = Nurnterical percentage
V = Volumetric percentage

Although individual prey species II1 values were calculated, species
measurenents were combined into higher taxonomic categories to enahle a broad

comparison of prey type between fish (Table 2)

For hoki, natant decapods‘(in particular Pasiphaea sp, Notopandalus magnoculus),

arnphipods (Parathenmisto gaudichaudii) and myctophids (Lampanyctodes hectoris,

Illectrona subaspera, Gymnoscopelus piabilis) are overall the most important prey,

with salps (lasis zonaria) the only other prey group of significance. Amphipod

(Vibilia stebbingi), natant decapods (Pasiphaea §R) and euphausiids (Eunhausia

vallentini) are the principal prey of southern blue whiting, the first two

¢roups and cephalopods (lridioteuthis maoria) also being the most important for

javelin fish. Natant decapods (Campvlonotus rathbunae) and macrourids (Coelorinchus

fasciatus) are of equal importance to ling, while amphipods (P. gaudichaudii),

percophidids (Hemerncoetes monopteryrius) and salps (Jasis zonaria) are the

principal prey of small scaled notothenid. Salps (lasis zonaria), and isopds

(Cirolana quadripustulata) are of great importance to silverside and rattails

respectively, with natant decapods and thalassinids also important for the latter,

talorific values have not been considered, although substantial differences
between crustacea and fish may occur (c.g. lertling 1938), and so the importance
of fish as calculated here may be underecestimated, However, the arrangement of ‘
the table clearly shows the differences in prey type, and a marked separation
hetween the grouhing of hoki, southern blue whiting and javelin fish; and the

fonr other species considered,

Differences in prey importance. with area

The Campbell Plateau is a large non-uniform area, and hence on the basis of
geagraphical and hydrelogical variations, I have subdivided the IMateau into six
areas (refer Fig.1). IRI prey analysis reveals differcnces in feeding between

some of these areas.(Table 3)

Hoki feading changesn from predominantly mvetophid prey in the south and west.,
to crustncea in other areas, This ia possibly of significance conunidering the
decreane in relative abundance of hoki with respect Lo southern blue whiting

moving eastwards across the Plateau (Francis 1978). Macrourids, although not



S
inportant overall, are very predominant in the diet on the Dounty Platfornm,
The feeding of southern blue whiting on crustacean groups is relatively constant,

although cuphausiids (primarily Thysanoessa gregaria) are particularly important

in the Bounty region, where younger whiting predominate, Javelin fish prey
composition also changes, amphipods being unimportant in southwest Canmphell
(althongh predominant elsewhere), and usually impertant natant decapods are not
a significant prey group in the southwestern Pukaki area. Ling feeding also
differs, macrourids heing unimportant in southwest I'ukaki, where isopods become
significant.(It should be noted , The Bounty Platform is ‘'separated' from the
bhulk of the Campbell Plateau by the Pukaki Saddle, which could greatly affect
hiological and hydrological conditions, contributing to observed differences in

the Hounty Islands area))

However, the results presented in this paper must be interpreted with caution
due to the small sample sizes (in particular with regional subdivision) of
species other than hoki and southern blue whiting (due to problomé of stomach
regurgitation, and differences in fish abundance, distribution and density with

respect to the sampling station distribution).

The table however clearly shows tha! prey importance changes in different areas
of the Campbell Plateau, due to differing prey abundance or availability, or

predator selection with differing environmental and biological factors,

L]

Interspecific Competition

Feeding overlap between fish species was measured as the. 'percentage similarity’
between prey species assemblages in the diets (based on 0dum 1950). This

relationship is of the form;
PS = 100 - 0.5 Ja - b (Yhittaker 1967)

where a and b are the percentages of importance valucs of the prey in two
samples (in this case IRI values have been used). A figure of greater than 507
is regarded as indicating a significant similarity between the samples (Odum;

\feEachran et al, 1976).

Table & shows that only three fish species of those analysed have similar diets;
hoki, southern blue whiting and javelin fish., lLing, silverside, rattail and small

scaled notothenid have statistically dissimilar diets from one another, and from

hoki, southern blue whiting and javelin fish,

llowever, as shown in the previous section, regional differences are significant,
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and hence these relationships were examined by subarea. This analysis yielded
only one similar relationship, between southern blue whiting and hoki, . in the
Canmnpbell Fast region (75.7%). Indices of relative importance were also calculated
for the major prey species of hoki, southern hlue whiting and javelin fish by
area (Table 5). This table indicates a marked separation of the important prey
species, However, the possibility of competition for food arises in the eastern

Campbell area, where Vibilia stebbingi is important for both southern blue whitihg

and javelin fish, Pasiphaea sp for hoki and southern blue whiting, and Notopandalus

nagnoculus for hoki and javelin fish, An area of possibly more overlap however, is
the Jukaki Rise, where all three fish could be competing for YPasiphaea sp.
Discussion of these results is hindered at present by lack of knowledge concerning
prey ahundance, and hence whether food could be a limiting factor; and secondly

vhether active prey selection by the fish occurs,

Congiderahble overlap exists on the Campbell PI'lateau between hoki, southern blu.
whiting and javelin fish, both in areal distribution and depth regimes. Results
from analyses of time of feeding, based on frequency and extent of stomach
fullness and digestive state, are inconclusive for hoki. For southern blue
whiting and javelin fish the respective periods mid-morning to mid-afternbon,.
and nid-morning to midday show an increase in feeding activity (1t must be noted
however, that no snmpling was conducted 1800-0600hrs,and digestion rates are

unknown). Hence; some degree of separation by time of feeding mayv occur.

Sunnmary
1) Hoki, southern blue whiting and javelin fish feed in midwater. Ling and small

scaled notothenid feed just off the bettom, while ghost sharks,.rattails and,

2) YNatant decapods, amphipods and myctophids are the most important prey groups

to a lesser extent silverside, feed on the bottom substrate.

for hoki, For southern blue whiting ahphipods, natant decapods and euphausiids
are the primary prey, the first two and cephalopods important also for javelin
fish. Small scaled notothenid feeds predominantly on amphipods, salps and opal
fish, Macrourid fish and natant decapods are the most important prey groups
for ling, Rattails feed primarily on isopods, with natant and thalassinid
decapods also significant, while silverside feeds almost exclusively on salps.
lHake is a midwater predator on a range of fish, including macrourids, hoki,

southern blue whiting and silverside,

3) Marked changes in prey composition in the diet occur in different areas of the

Camphell Platean.

") There is n mpignificant wimilarity between the dicta of hoki, mouthern hlue

whiting and javelin fish (bamed on Whittakers percentage wimilarity index),
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Competitior for various prey species could occur between these fish in the

castern Campbell arca, and on the Pukaki Rise for the natant decapod Pasiphaea sp.

%) Overall however, it would appear that food resource partitioning among the

fish species on the Campbell Plateau occurs to a considerable extent.
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HOKI Macruronus novaezelandiae Whiptail. blue hake. blue
grenader Famiiy Merluccndae (hakes). subtamily Macruron-
nae southern Austratia. also N Z. Blue-green above, silvery on
sides and belty with dark fins. skin smooth Distinguished trom
the smatler javeln fish by the pomnted snout, smailer eye, and
siver beily Average size 60-100 cm Most abundant around the
South Island, in 200-800 m Trawhng grounds on auter shell
Chatham Rise and Campbell Plateau N Z catch 150 t. toreign
catch 50 000 t

e

SOUTHERN BLUE WHITING Micromesistius australrs South.
arn poutassou Famiy Gadgidae (cods) N £ and southern South
Amernca a similar species occurs in the northern hemisphere
Grey. tantly bluish above with many small black spots, si-
very:-white below. small. ilnose scales Distinguished from small
hake by Ihree dorsal and two anal lins. but similar to some other
deepwaler cods Average size 30-50 cm  Abundant on the
Campbell Plateay 10 300 500 m No N Z catch toreign catch
S0 0001

SILVERSIDE Argenfina elongala Argentine. snodgall Farmily
Argenumdae (argentines) N Z and southern Austraha, simiar
species elsewhere Pale yellowish grey, with a bright silvery band
along each side. large but thin and loose scaies. The silver sides
charactense this species. The rather simiar cucumberfish
Chiorophthalmus mgripinnis lacks this colouring and has farger
more vertically directed eves Average size 15-25 cm Wide-
spread in offshore waters. 100-600 m. No N.Z. catch. toreign
catch unknown possiblv moderate. especially on Campbeil
Plateau

PALE GHOST SHARK Hydrolagus so Chimaera. rathsh Family
Chimaeridae (ctwmaeras) Relationship o other chimaeras
unknown. It may be a new species. Very pale brown above with|
only a few darker vertical bars above the lateral ine; white below
Distinguished from the dark ghost shark by this more uniform
colounng. Average size 60-70 cm. excluding tail filament. Fairly
common on Campbell Plateau, 200-600 m, and occurs in simiar
depths off Banks Peninsula and Snares shelf: perhaps restricted!
lo Subantarctic water No N.Z catch. probably a moderate
foreign trawier by-catch

JAVELIN FISH

Leviaaorhynchus
(incorrect) Family AMacrourioae (grenadiers rattais) N 2 ang
southern Aystrahia Silvery above. biack below. very smail scales
Similar in general appearance to smail hoki but aistinguished by
larger eye. blunt snout. and black belly Average size 20-30 cm
Common around N Z in oftshore waters 300-700 m No N Z
catch probably a moderate by-catch on toreign trawlers

aenfticulatus

Whiptail

J

RATTAILS Family Macrouridae (grenadiers, rattails) Probably
several genera and 10-15 spectes, twe or three of which are
common. inadequately known and described scientificaily. ana
not easily aistinguished from each other Most species can be
aistinguished from the related javehn fish by rounder bodies. vi-
Sible scaies. brownish rather than siiver and black colouring. ana
ponted snouts. some species are greyish ana fatter Average
size 15-30 cm a 'ew species are larger No N Z catch, foreign
catch unknown hut could be a significant by catch component

LING Genyprerus blacodes Family Optididae (Cusk-eels) N Z
ana southern coasts of Australia and South America with a
similar species (king-kiip) oft southern Afrnica. Unrelated to the
Luropean hing but superficially similar Robust and eel-shaped
becoming relatively thicker with increasing size Orange-olnk
and brown above with irreguiar markings, paler to white below
Skin smooth. Average size 80-140 cm Widespread and com-
man in 200-700 m around the South Island. N Z. catch about
500t toreign catch about 30 000 t

Appendix 1.

Major deepwater fish s

SMALL-SCALED NOTOTHENID Notothenia
microlepidota Family Notothenndae NZ and her
Subantarctic Islands to Macguare Island D VI-Vill, 25-
29 A 21-24 P 20-21 78-99 lateral line scales. the two
lines considerably overlap Tail fin concave but not ac-
tually forked Head smooth. rather flattened above
Brown or greenish above. with sught irregular motthing.
pale. sometimes yellowish below Small scales Average
size 25-35 cm Not uncommon off southern NZ in
nearshore rocky areas. but quite otten taken by trawlers
No present commercial value The name biack cod has
sometimes been apphed 10 this species

of

the Camphell

pecies

and referred to in this study.

HAKE Meriuccius austrahs English hake Family Meriuccrdae
(hakes). subfamiy Meriuccinae N Z and southern Austraha
simiar species elsewhere S»Ivew-grey above, white below.
small scales. Distinguished trom the cods by two dorsal and one
anal fins (anal and 2nd dorsai indented) Average size 50-20 cm
Occurs around the South Islana. in 200-800 m Main trawling
ground off Westland in winter N Z catch 150 t. foreign catch
10 000t

Pateau,




Table 1,

Occurrence of prey species in the diets of the major

fish species examined.

Note: In this and subsequent tables the following abbreviations
have been used:

HOK-Hoki (Macruronus novaezelandiae)

SBW-Southern blue whiting (Micromesistius australis)

JAV-Javelin fish (Lepidorhynchus denticulatus)

NOT-Small scaled notothenid (Notothenia microlepidota)
RAT-Rattail (Coelorinchus fasciatus)

LIN-Ling (Genvpterus blacodes)

SSI-Silverside (Argentina elongata)

GSP-Pale ghost shark (llydrolagus sp)

HAK-llake (Merluccius australis)



noK

SEW

JAV

NOT

LIN

SSI

GSP

HAK

Amphipnda ilyperidea
Parathemixto gandichaudii
Vibilin stebhingi
Vibilia proninquas
Cyllapne masellanicus
Cvphocaris auwonvx

Bouvgisia ornata?

Phronima sedentarisa

Primno macropa
Amphipoda Gapmaridea: unid,.

+ 4+ 4+

+

+s

Decapoda Natantia .
Pasiphoeus sp
Pamiphnes harnardi
Notopandalus magnoeculus
Campylonatus rathbunae
Sergestes arcticus
Pontophilus acutirostratus
Nauticaris marionis

Oplephorus sp

+ + 4+ 4 +

+

+

+ 4+ + 4

Hrachyura
Nectocarcinus bennetti
lLeptomithrux richardsoni

Thalassinidea: unid,

Paguridae

Eupagurns sp

Galatheidae
Munida sp

Euphausiacen
Thvsavnessa grepsaria
Nematoscelis megalops
Stvlncheiron maximum
Eupbausia vallentini

. similis

. lucens

el

PO S

L2 IR BE O 2 AR 4

laopoda
Cirolans guadripustulata
Unid, Serolid

+

Mysidacea: unid.

Copepoda: unid,

Salpidae
Tanis zaonaria

Salpa thompeoni

Cephalopoda
Jridioteuthis maoria
Kondakovia lonriwmana
Galoteuthis sp
Teuthowenia antarctica
Histinteuthis atlantica’
Nototodarus slosni
Chiroteuthis picteti
Likotenthis diodema
Nnychoteuthis banksii
Moroteuthis ingens

Nctopus waorum

+

+ L

+

+ 444

Macrouridae :
Lepidorhynchua denticulatus

Coelorinchus famciatus
Coelorinchus sun

Percophididae
Hemerncoeten monopterysius

+

Myctophidae
Lampanyctodes hectoris
Protowvetophum normani
Protowmvetophum sn
Gvmnomcopelus piabilis
Electrona subarpera
_E_:. DPrusirastra
E. carleberpi

flintonia candene

+ 4+ + e

+ 4+

+ +

+ 4+ + 4

Qther fish
Austrophvein marpinatus
Macruronus novaezelandiae
Micromesistina anrtralis
Argentina elongata
Xansenia sp
Rassanago sp
bancopnetta milfordi
Maurolicus wmuelleri
Thotichthye argenteus
Stomias bou gracilis
Uydrolagus sp

+

+

Palychaeta
Rheawnhobrachium sp

Chaetognatha
Sagitta sn




oK snw JAV LIN NOT RAT 8581
(n=378)|(n=239)| (n=29) | (n=28) | (n=18) | (n=10) | (n=2%)
Decapeda Natantia +++ +++ +++ +4+ +4+
Auphipoda ++4+ +++ +++ +++
Fuphausiacea 4+
Myctophidae +++
Cephalopoda 44
Macrouridae 4+
Percophididace Iy
Salpidae ++ A ++++
Brachyura ++
Thalassinidea C 44e
Isopoda 4+

Table 2,

Principal prey groups, as assessed by the Index of Relative

Imnportance.

Symbol used -

IRI value

Comments

<100

Considered unimportant

(ucéidentnl

ingestion?)

+
100-499 Regarded as 'sccondary
++ 500-999 prey'
N Y
T 1000-4999 Regarded as 'primary
444 >5000 prey"

(max. 20000)




Auckland

Cawmpbell Campbell Pukaki | DPukaki Rounty
Is. S Fast SW Rise Is.
HOX (578) (73) (29) (81) (87) {03) (10)
Decapoda Natantia + + ++ 4+ +++ ++ 4 ++
Amphipoda ‘ + ++ 4+t T T+ -+
Fuphausiacea + S + + + +
Salpidae + ++ e+ ++ +
Cephalnpoda + + + + +
Myctophidae +++ 44+ ++ + +4+4 +
Macrouridae 4
SRV (259) {60) (56) (103) (18)
Pecapoda Natantia ++4 ++ e+
Anphipoda +++ +++4+ +++ +
Luphausiacea + + +++ e+t
Salpidae + +
Cephalopoda +
Uvetophidae +++ + +
Other (id) fish 4+
Jav (29) (5) (6) (2) (16)
Decapoda Natantia +4+ 4+ +4+
Auphipoda bt o4
Fuphausiacea + +
Mysidacea ++4 +
Isopoda 4+
Cephalopoda 44 + 4+
Chaetornatha + + ++
Myctophidae +
NoT (18) (16) (1) (1)
Amphipoda FArae
Brachyura +
Salpidae T4
IPercophididae ++4+
LIN (28) (1) (2) (o) ) (10) (2)
Decapoda Natantia +++ ++d 4+ +++
Isopoda 4+
Rrachyura +
Macrouridae b+ it
Percophididae
tther (id) fish ++ +

RAT (10) (8) (2)
Decapeda Natantia 4+

Tsopoda AR

Thalassinidea 4+
SGT (25) (2) ) 12 9

Salpidae ' (2 (++1+ (;Z++

Polychaetu

+4++

Table 3.

Relative importance of prey groups/predator,

(symbol values as per Table 2 - numbers in brackets indicate number of samples)

/

area,




HOK SBY JAV XOT RAT LIN SSI

HOK
SBW 59.3
JAV 53.2 62,
NOT 29,3 W 1 36,3
RAT 17.6 13.7 13.7 3.5
LIN 38.0 37.3 29.5 0.9 15.9
S]T 7.7 0,2 1.4 11,8 3.0 0

Table 4,

Percentage similarity values hetween the fish species.

(hascd on the Index of reclative importance)




Auckland
Is.

Campbell
SW

Campbell
Bast

Pukaki
SW

Pukaki
Rise

Bounty
Is,

Parathenisto
raudichaudii

HOK++

HOK+++

HOK+++

CSDBW++

Vibilia
stebbingi

SBW++
JAV++++

SHBW+++

JAV+++

Cvllonus.
macellanicus

SHW+++

C)'phm:nris

anonyvx

SBW++

Pas iphaea sp

JAV++

HOK++
SBW++

MNOK+++

HOK+++ -
SDW++++
JAV++

HOK+++

. Notopandalus
magnoculus

HOK++

JAV+++

HOK++

Campylonotus
rathbhunae

JAV+++

Euphausia spp

SBW+++

Thysanoessa

grngaria

SBW++++

Tasis
zonaria

HOK+++

LFlectrona

. anhasnera

INOK+++

SBW++

Lanpanvctodes

hectoris

HOK+++

Table 5.
Illelative importance of individual prey species in the feeding of hoki,

southern blue whiting and javelin fish, as broeken down by area.



