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Carson Canyon, region ot the; upper sontinental smpe of the

g G!‘and Banks off Newioundland. Individual species tended to

¥ it « ;
pelagic: faed tems. “Most pelugm prednon also " fed "‘on

bsmhbpelagic org’anisms’.‘ Prevnlence of paresites wus 16

percent, with: an nvernga of5.5 worms pek fish.’ Prevulenue

of parasites was higher in benthic !aadara (53,1%) than’ 18\

* ‘pelagic feeders (28, .9%). Relative, nbundnnne by groug ‘among
3 bemmc feeders. ‘was: Digenehc Trematods 5.8%, Nemu’da
‘o 1% and Acanthocephala :40.98." Percent accurrence by group
among pelagic feeders was: mgenetyc- Trematoda 27.8%,
Nems:odﬁzrzmnmocepmm were. more
‘species’ of .beénthic feedéfs (5) ,than pelagic feedars (3).0
but (pelagic. feeders were moré abundant (pelagic 70.9%,
benthic 20. 5!). Eennuc feeden were on average larger (X =
270.6 g) than pelagic (X = 130.6), .but pelagic feeders
represented a -larger proportion . of the biomass - (pelagie

43.3%, benthic 25.94%).

Stomach conten!s and .parusite faunas of 464 specimens

shes .in 14 species were. examined from .the .

either primarily  on ' benihic xnvenabutes' or on

e
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INTRODUCTION ' ¢ {

3 2 . .

U There are an, estimated 160,000 spec

[ animals, 98 pecent .of which-are benthic organiams- that
vlive mv‘m- on’ the. bo‘ttdm‘ sédiment . ,’l‘he.r:mni;ing two

i - . percent are pelnglc and bﬁnhoperugxc o;gamsms adapted for

% ‘Aife at all Levels -between  the sea surface and thd sea-

: f1o0r (Thorson 1871). Recéntly, inenuon has focused “on

the bemhopelagxc- fauna in the -deep. sea which. includes

“fighes and other [organising ‘that swim near the ocean Hour

- (Marshall "1965, 1950).

2 \
% * 4 - g . o
A controversial ‘question in deep-sea biolqgy: concerns
SR : : B
©  how’ energy\ requirements art ‘met in the benthos .¢Sokolova

. . 1959; Aufders and Hésslér 1969; Grassle and ‘Sanders 1973;

v proposed for 'the transport ofy organic matter -to  the de®p
sed (see Mepzies 1962; Fournier 1972; “Wiebe et.al. 1976
. 9% _for rTéviews). .One. such mechanism is ‘the sinking of large

pu?icles“(MeCuve 1975). Fecal pqllels nnd fecal ms:?,le‘r
& o) 1 3 :

"L Menzel 1974; and othérs). Various mechanisms have been

of marine

.

P from copepods, euphausiids and some pelngic ~t‘unicqtés‘ )

appear to c_onslitute a’ large po!'!llm uf the t!'nns%o!'te

particulate material (Wiebe e‘t al.. 1976~ Honjo snﬂ}nman

- 1978; Knauer st al. ' 1979, Robison and Bailey 1vs,1 —Mndin

(2 Rl
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Y Sohwartzlose 1575'

.of vertically migrating orgnnlams. may 1150.‘he importnnt in

of " large animné may also: be meo‘nmx’(lsncs and

of rapld trnnsfer from the slirfuce to the bénthos (Wle.be e

al. ‘1976; Hinga e_ I, 1979) Another theory includes the

frapsport of orgins mner Trom cuntxnentsl shelve.s via

turbidity cu;rems. Flows from\ \lhese currents llkely,

ncrease in imporlsnue Awith‘prox-)mhy; tn ‘the"

£ (Heezen

etNal. - 1965)- 5

o;‘

mg»pelanve nsarhensof. the sea floor to both “thie euphot g

zcne und lhe flux of nutr:ent materrals fl'ol!\ “‘\E lund. p ;

R surface upweyung at’the edge.of the shelf provmea another, | UM

) potennal source of nutrlenta (Mill's; nnd Fournler 1979 ¥ . >

Wulff and Flell‘i 1983) . The deep. scnttering lwer. comprisad 4
e

the fluk of energy. over tms regi&n (Rovie' and Hnedneh

1979). Mesopelagis ‘organi sms regyuxy approach thei botiom, -

on the connnemn slope mareby.pmvgdigg a ma’or soll'y)e * %

cgr food for ,bqnthopela_gic fishes'  (Sedberry snd,}\nqqxck—

1978). T P S s e
: : . .

In‘a simplified ‘example of ¥ marine ecosystem (Figure

~




‘1),* surface primary sproductipn, either’ settles to 'the

_benthos us part of ‘thespaiticulate fluk‘or is consumed by
? : pelagic’ orgenisms. ~‘The particulate fliux .involves the
£ .

¥

+'settling oi.éecal materiad and dead organlsms. or can pe)

‘accomplished throvgh’ vertioally migrating orgnnlsms in.the”

L) . food c.hsins. Once . the mnterml renches the benthos.

: purncxes are utilized by infsunsli o n{ear—bottum organisms
’ iE orasre, butfed ‘dn the segiment; (Hings et al. - 1979)." The
3 " m . degree o which. prifary prodyetion influences the Benthic .
i ecosystem on the upper slope depends on the amount of ‘food ..

., ‘enérgy: produced. and thé‘rnte st hich' this energy is

funsponed from the euphotic zone, to ‘the bottom (Sedberry

o " and Musick 313). ‘Demersal organisms which Wigrate wp info
thé/wglér column or feed on’ components of the particle flux
near—the bottom sediments eliminate at least'one trophic

‘level. As a result, food reaches fhese Upelagic™ feeders

.+ . available to demersal organisms which feed sqlely ‘on
venthic organisms. . =
‘ ) ‘ %
. jo;: -
e g Flshea are promxnent members of the deep demersal. fauna
i the north Auanuc both in numbers of ind{vidunls and
speexes (Mnrshnll and Merrett 1977). In spite of - their
f w3 recognized importance in deep ‘benthic communi tids, 1itt1e

is Jknown \of .the "food havits of many henthopellglc tiar
R - -

. - via a 'shorter and hence'more eidicient -pathway than, that '
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. - T oag B .4
species. Whether these demersal fishes feed mostly on

belay ¢_or bepthic food is still largely unansWered. Theré~

are - .three possible trophic . types among deep- ses

3 : .

benthopelagic fishes: (1) those which fedd only on pelaglc
organisms; (2) those which feed .only on benthic organisms; /

and (3). those which fged on a mixed diet of pelagic and

behthic organisms. Mershall and Bourne (1964) suggestéd, ° -

“on the. basis “of nn' pattern and head shape, ' that
maeraundue “(rattails) and Haiosauridae (spiny eels)"were

undap(ed for hovering. over the bottom and."rooting the Sozet

wlth !hell' ros(ruin to feed un an\all benthlc Drgnnlsms.

However, ‘the’presence of pelagic an)mals in the stomnchs of

some ‘species (podruhﬁskaya 1967; Haedrich and Henderson
19745 Pearcy and Ambler 19743 . Geistdoerfer 1975:: Sedberry
" and Musick 1978; DuBufl 1978; Macpherson 1879), as well ss
the shpture of o few species in midwaters (Haedrich 1974;
Peuré 1976), suggests” that, some benthopelagic spectes mmy

uax:end in(u the water column to feed. cLel.lnn's (1‘971,)

nrmlyns of. the functional un7gcmy of feeding in the
Macrouridse = indicates .a variety of feeding strategies

within the group, with highly specializeq forms feeding on

the benthos, primitive forms feeding on swimming prey néar -

the bottgh and intermediate forms feeding on both benthic

and pelagic food sources. 5

o e
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A

es of fishes

Récently, the bemefits of studying para,
as indicators of within- commu-nny in:eme\ma huve ‘been

recognized. Host speciiToity of parasites and geogrnphlcul

distribution of parasites  are \indigators of host feeding

habits, distribution and hehsviaq‘r (Campbell 1!53). V:;ions

‘aspects of the écology of the host may be deducea froi the .

- natufe of thk parasite fauna (Dogiel 1962). This is pecause »

the behaviour of the fish, community dweuny and
population density are of primary ungsrtunce in determining

‘the parasite load: Therel‘ore, parasites ay be useful as’

biological ‘tags as well as biological indicators -to

characterize the 1life histories of deep-sea fishes"

(Armsitrong 1974; Munroe 19764Campbell et al. 1980).

Life histories of: digenetic ‘trematodes, nematodes,

acanthocephalans and cestodes ‘are complex in that_ tneys

employ one or more lntermedxate hosts in nddxtxnn !o lhe

-definjtive host. Complex ‘heiminth life cyoles are’of vaiue._

in ecological sfudies beoauée,(hé patasites umize’;uud
chains Jto .reach the ‘final' host wherein the sexually

reproducing adults develop. The abundance and, incidgnoe. of

. parasites with complex life histories are directly related,

to tHé sbundance of the benthic'fauna as a whole, therefore
parasite ‘success in' the deep ocean is directly related to
sbundance and diversity’of 'hosts (Campbell 1983). In many

-




cases, host specificity of /nd;xlt worms appears to be”

e Mg .+ related morg td hodt ecolod¥ ‘through' priy; selection than to
. host . physiology (Rohde 1982); It also -appesrs that
decreased host specificity will We ihe rule.for the most

common helminth parasites with complex ltfe cycles, and

e
./ that their widespread success in the deep sea is directly

elated to the generali%ed feeding habits of ‘'their hosts
d o
)' . . (Campbell 1983). -+ d % -

PEPORTES SROEBLLEHE throughout the life Hestory ot
~.nost fish. species is a possible indicator of consistericies’
er\{ anges '1n feeding ‘hlbiku- Parasite recruitment may
N ! ¥ enrow \o\n'aﬁc»uf thyee geheral patterns: (1) pargsites are

b '/necfuited while the host is young and recruitment declines

‘as the host ages; (2) parasites are absent in young fish
and appear with greater frequéncy as the Host sges; o (3)
recrui tment begifis with j’ivenile thosts and . persists
‘throughbut i'ta Pife. (Campbell 1983). The first. two patterns
indicate a. change “in diet’ while the third is indicative of

a consistent diet. z
o . Theré are ' few studies of farasites from 'deep sea

. N
. animals (see Noble 1973; Campbell '1983). Records_ of

fishes are as heayily parasitized as most shallow water

‘ fishes (Camgbell et’al. -1980). Helminths parasitizing deep

parisites from deep “benthic fishes “indfcate - that . these ™




T
. 3 s ¢ ..
benthic fishes are not diluted through the -water column as
S '
envidioned by von Linstow (1888);, but are gevidently

concentrated, ,ind  thus more effective - in . their

xrsnsmigsion, within the benthic boundary layer (Campbell
1983). Chmpbell et ali (1980) believe that deep. sea fishes
avel somionty infested with parssites ss & result ‘thi.s'
high concentration of Jlnrvn'l _parasites coupled with:host
diversity) populdtion demsity Gf the benthos, und‘relngive

longevity/ of the - parasites. m\c;§usst., bathypelagic

'(Noble and Orias 1975; Orfas 1978) and mesopelagic fishes

-

.
(Collard 1970; Noble and Collard '1970) ‘are parasite poor.

There is some indication that parasite diversity, incidence’

‘and pravs‘lence‘ among benthic fishes decreases with

inereasing depth and distance from the con(manta](ﬁhelf

(Cnmpbell 1983) . Al

~ + The objective of the present study is to detex‘mine il.
“ h

|
the dominant demersal fishes from the upper continental

slope, in‘the vicinity of Carson Canyon, of the Grand Banks:

consung ‘primarily benthic or pelagic organisms. ° The focus
is on what types of food ngnmsms are most often congpmed

by these ﬂshes,'no( on\determming where !he tish forage.

N\

Stomach contents have beensanalyzed and prey taxs hnve been

classified as benthic, pelagic, or benthnpelagic in order
\

to determine .the rela‘tive\\ importance of each prey type in

EOA

’ -




‘collected to provide information on the diet

e’ diet of the fishes ‘tudied. Preliminafy work on
benthie -infaunal -samples collected in the stidy region
revealed ' a .relatively low abindance .and 'biomass of
macrofaunal organisms (Houston ~and* Haedrich ' 1984),
indicating that pelagic organisms may be more important
than benthic organisms as @ food resource for &he-domi‘n‘nn.t

demersal fishes there.

W ¥ .

Stomach . content ' data reveal swhate en organism wes
feeding on just [‘)rior' 15 cnptuses “Blohes hay sinply “feed”
on whatever is availsble: to tHem. " Since the amount nt
specialization in fesding habits of the fishes nudied is
often’ difficult to, deduce solely from stomach contents,
indirect Pidehae ‘trom parasttes.de used & an Gndlsatorer
the ‘ecological .relstionshﬂép‘s betweon hosts in terms..of
trophic structure (€ampbell et al. 1980). Noble (1973)
pointed out that p;rnli(es are pmrt1 of ‘the ’ fiah"s
envirann\enl and fhat access to the host iR determ)ned ;by
diet ‘and 1iving copditions, .as well as by evolunenary na-
z00geographical factors. A8 a result, the composition fof
the héiminth fauna of a garnculunhr:s:’ﬁ/nn indication of

the involvement cf that host within a nmm\mu\y food eb.

‘Since, ‘the pa\rssgtes are accumulnted throughout the 1lifle of

the fish, ‘parasites from. the digestive system

>




shira support ive mode only.

individual| host 1ntegtated over time.

It should be éoted that this was an ecological study
with the ma:in objective to.determine the feedirng habits of

the fishes | from the uppar slope. The pnmmy ‘data were
|

-obtained t‘l:'om examining stomach cnntents~‘ this is the

traditionsl method used ‘ih feeding habit 'studies. ,lndiéect

ev(denna of feedlng habits based on stomﬂch contents’ was

ohtalned trom the parasite information, ‘and this was .sed.

R . "
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Collection of Specimens
"y o ., \ 5
Collections were made on cruises 37 and 51 of: tr\'e FIV

¢ ¥ 3
GADUS ‘ATLANTICA in June 1980 and Mgy’ 1981, respectively, as

\
pan of general ocennogrnphic studidg- o Ihe ‘Carson cu‘nyun

. regxnn on ‘the esstel‘n Grand Ennks off* Newfoundlsnd (Figure

2). A’ total o_f 34 fish ‘spebies from lhese eriises was
examdhed in this 'study (Table\1). Fishes were collected

¥ \ - . .
using a 41-ft Gulf of Mexico Shrimp Tra “(Marinovich Trawl

; . 5 \
Company) with 80 x 120 em steel V-doomy* providing: an

ning of 8.m in width and 2 m in_height

(Haedrich et al.  1980). The net \was constructed with
~1.5-inch,(3.7-cm) stretch mesh with a 1-inch (2.5zem) hedvy
Knotted " Iiner. in. the ‘cod-end: The head-rope of ‘thé net was
buoyed with a“30-om dismeter glass Tloat (Benthos Gompany)
and' light chain was lagped at - intervals nloné the
‘footarope. gThe net was paid out and hauled. back at 50
vm/min\l\e.;lbith the ship steaming at 1.5 knol;. One hour of
trawling with the 41-ft net at this speed dovers an arées of

4 2

appr&xnpuely 3.2 x 10% mP. Time on [the, bottom was °

estimated as the interval from the tim‘: lhe winch stopped

paying out to the time retrieval was begun.. Twenty to




* thirty minute tows were used. Samples were fixed in 10%

formal saline buffered with Borax, and later trarfferréd to
) TS

© 70% ethanol for storsge Prior to examinstion.

't ’

Species dgterminations (using Goode and Bean 1895, the
Fighes .of zthWeétern North Atlantic series, Pert VI, 1973, .
and;Leim and Scott 1966, total length (+ 1.0 mm), total
watgnt (+ 1.0 g) and gut weight¥ (+ 0.01 ) “wets made in the
laboratory for each séuimen. Standard leng{ha' _were
recorded for all , épec{\g oth;r than rn(tails. +Tail

| L . Yo
breakage and ‘regeneration in rattails made iI\Lnecesau'y to.

———— g tim= suitable partial length measurement: as a repiacement

for "the traditional total length and, staddard length
measurements. - The snout-to-anal fin le(gth'(up of _snout
to first anal ,fi_nz-i:y) i$ highly correlated with the 5t
Length. in rattails;(r=0.97; Atkinson 1981); ansl length wk‘:
mensured, for all épedies ,pfr,x-aim'ls in addition to totd

length. A regression was.done using this anal length in

-order  to estimateya more ‘accurate total length measurement

for the rattail species. This total length estimate/is the
reported value in the present 'study.
. - t i
Stomachs and intestines were removed and placed singly

o B L g :



sorder

in numbered jars|of 703 ethanol. Prey species were removed

from the stomnch sox-\bdkund counted'using a dissecting

microscope. - Fragments of gnimals were keyed to the lowest

possibld uxonomiY level, and numerical abundance of each

species was| estimated by counting pairs of
|
Cecrustaceans), dises (ophiuroids) - and. other parts.
s

Menti%ied to

prey eyes

gnd paraslles the |lowest taxonomic

/
category npp!’opnn e to address the ob{ecﬂve posed on - page

75 iien "bivnlve is sufficient to establish that  prey

item -Js benthic; “acal\thocephnlan“ mpues amphlpods as
; 4

have

lntermedlate hosts.

Several - types ‘of measurements been used to

identify dominant®or important prey species. They include

i¢ -
numerical abundance.‘\ volumes or weights, percent frequency

2
of occurrence and |(caloric value (see Hyslop 1980

, ) \ P
reviews\ Different | measurenents are usually assumed ' to

contain independent information, therefore several methods

to combine two or'more measures in

i
|
have been developed \\

to aveid loss [ of information

19.82). The necessity ¥o"oombine :aliimensures, inis: ong Adex

has been countered . witli the argument that it is often

desirable to reduce numbers of variables (Green 1978). In

many cases the additional information gained decreases

rapidly as -more:varisbles

§!

are included (kagrier ot al.

for .

“Macdonald and Green

Prey |
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c e %

’ . .
1974). Macdonald :and ' Green (1982) found ‘numerical &

abundance, weight and percent occurrence to be . highly
correlated with each other in a study’ of ppatial and
temporal variation in fish diet in the lower Bay of Fundy
region in New Brumswick. They concluded that any ope of the

‘three variables Studied would have adequately' describéd

_prey .species .importance rega3dless of the definition ‘of

imporishce, ‘thus ayoiding 'the difficulties involved. in

interpretation and statistical analysis of compound indices

(Green. 1979). - “With these studies in°.mind, numerical

sbundance was chosen as the measure of prey importance in

this study. ‘

. -
Food_items were divided intd three categories: pelagic,
beithic and_benthopelagic (Table.2). Fighes and euphausiids

arg active swimmers usually found in the water column, but

z L) o
which may ocasionally fome in contact .with the bottom

(Mauchline and Fisher|1969)." Animals that dwell within the

s sediment or rarely leave the surface of bottom muds include

polychactes, echinoderms, gastropods, bivalves, gammarid

smphipods (Dickson and Caréy 1978), tanaids and cumaceans
4 . !

(Wolff 1977). Copepods. (Weikert 1982), decapod crustaceans,

ostracods, isopods and mysids include both pelagic and

“benthic speeiés (Barnes 1980). In this study, qecepod.
crustaceans were represented by the ‘benthic - family
% 4

< '

1




- 14

. Bafdalidae and.  the pelagic families Penaeldae and
Sergestidse (Foxton, 1970). These groups, ~ cons'idered

szvg,a’_l"stely in the analysis of the data, were rare in the

s@h contents examined. Hence, ) they are reported as one.
group. Based on previous studies (Marshall and Iwamto
1973; Haedrich and Henderson 1974; Peargy and Ambler 10747
Geistdoerfer .1975; 19795 McLellan 1971), myctophid. f1ishbs,
cuphausiids, , copepods (primarily cslanoid) ‘and decapod
Srienains of the familiés Penacidae and Sirgestldie wire
considered . pelagic prey items. Ostracods, ~mysids -and
isopods were. considered—benthopelagic. prey items, and
Pandalidae; * polychactes, -tanaids,- gastropods,: - curacedns,
;ijalves," echinoderms and amphipods (primu}ly Gamna r idae)

were considered benthic. . S
Pl

‘Parasitological Analysis

The, parasitological examinition of fishgs was  done

according ,to the methods outlined in GCambell, et al.
C1980) .. Ny, 1ive parasites were collgoted. Parasites were
removed from the body cavity and alimentary tract of
preserved fish and stored in 708 ethanol. In examining
fish for parasites, attemjts were made to obtain large

samples of the full size ran”-or host species, eand

. " ¥
| .
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stations were selected .at regular depth intervals whenever -

possible.

Whole nematodes were “mounted in glycerin. Wholenfounts

of premtodes.'and .scanthocephalans. were stained with

Mayer*s .paracarnine, §Penydrated .in 2 gradusted ethanol .

eries, cleared in xylene and mounted im %ﬁda Balsam.-

Piresites were,identified to' the lowest possible 'n-'axanamu

level (using Yamaguti 196%a, 1961b, 1975‘ Munrne 1916). nnd

the number of worms and numbei of ‘dnrasxle tsxub were
5 x :

determined/for cach individual host.

Fhe parasites - ‘were - clasgified as either benthic ' or.

pelsgic on the'dbasis of the habits and habitsts .of known
Antemadiste hosts (Mble 3). Digenetic trematodes were

représented by two families, = Hemiuridae and
§ 5

Fellodistogidae, In genéral, epifaunal invertebrates are’
_lhe .primry second intermedfite hosts "§r  Digenea,
paniculnrly hemiurids such as Gonocerca sp. (Munr\oe 1976;,

* Zubchenko 1981). Fellodistomid (life uvycles' may involve

either benthic (e.g. seaStars) or pelagic Ce.g: jellyfish)
invertebrates (Yamaguti' :1975), however, the fellbdistone

Steringoghnrua ‘pritohrdse fs believed to eycle through
pelagic invertebrates (Cnmpbell etal. wsu) Nema toda may

also cycle' through benthia or pelagle organisms. Thia
-~

grow of parasites was represented by the' two " families
. : ] 7 b
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Het&rocheilidae ;ﬁd‘ Rhabdochoni dae. Am,{nr‘poda ar'e .kriown
internediate‘hosts for {he vheterpcheilid Thxnnascstu sp. "
(Uspenskaya 19605 Ginetsinskaya’ 1970), and mdwqer fishes
are )mown ‘intermediate hoa«ill{or th'e" hetegocheilid

Cont spe- ... (zuk ©1980J. - Crustaceans, '/

: e
particularly amphipods, are known mmmdmte hosts’ of

Acanthodbphala - (Giretsinskaya | 1970).  Based: ] pr?vnous

studies (Uspenskaya ‘1960; Ginetsinskaya 1970; Ysmgun

1975* Muriroe 1976; Campbell et al. 1380‘ Zubehenko lgﬁﬂ.

19E1 Cumybell IBBS). " the fellodlstome Q)Nngughorul and "

:the heterocheuid ‘Cont racaecum were eonsidered lndlcn'hve_

of . feeding on' pelégio’ organisms. ‘while the Eemiund ;

. .. - A s
Gonocerea ; spirurids, . * aeunthopephaluns and: - .. the
Hotergoheilis Thymascaris were considered indlcnt)ve ‘of

feeding on Benthic organisms.

“A relative index of stomach fullness was assigped to i
) s 3 2
each, specimen. Values ranged -from 0'for an_gmpty stomach

to'5 for a stymach that e completely” full. -The fullness
¥ o . o

value was 'plotted against the '.time of sgmpling -and -
Kebrm s rank correlgtion coefficient (taw) was calculated '

v
using ‘the Statistical ‘Package for the Social Sciences .
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fos o (sPss) (Nie et al. 1975). Kendall's tau was chosen because,

. 1t is Fecomnendel for data et containing a large numbex'

of common values. The number of préy items per stomach and

the number of -prey. taxa per species were both plotted
against the number of specimens of each species examined. *

The level of significance accepted.was P<0.05.

o The ratio of percentage of uggagit prey (including

) © benthopelagic) versus percentage benthic prey was

caléulated for each specfmen. . Thdividysls were” clustered
ot - on the basis of this ratio . using -the .CLUSTAN package
; ' ‘(Wiuhn‘tﬁ 1975). @lustering wis done . by computmg ‘a
“dissimilarity value on the basis of percentage of pelagic
‘and v‘ben’hopelngln versus percenlnge of benthﬁc prey

b organisms .in the diet of tHe predator species. ‘Ctustering
. . - . 5

individual fish in ‘order to account for
-/ within-species differences. Dissimilarity was computed
i "/ using the Non-men(xé (nray-gun}xs) Coefficient according to

- . the formula:
. : w - U s W, +u, ¥
+ H £ Wy iq ip ia .
" . |y, -gx R A : i
! ¥ s . . IR T e
where Uj  denotes 'the mean benthic/pelagic ratio (j) for

i " . the fishes comprising & pair or cluster (p), Uy denotes -

the- mean . benthic/pelagic ratio (j). for the  fishes

A R T T




comprising a pair or cluster'(a), X;; equals the value of

the m‘ean Y;enihic/pel.&gic ratio (j) for individual i, _and N
denotes the number of individual fishes in the pair or
cluster ‘(p'). This co;;;ieient Was chosen b’ecauﬁ it is
recomniended for data sets with a'hi:gh number of zero
]entrles,'and is independent or sample size. Individuals
with similar benthic/pelagie rntios had high similarity
values (low dfssimilarity values) while individuals with

very different benthic/pelagic ratios had low nmllanty

 valucs "(nign-dissimilarity values). Clustering was done

using the - ayerage linkage method. This technique avoids’
comparison by extreme values in @ pair or cluster. . The
arithmetic av'srage of similarity (or d:sslmxlarxty)
coefhczents between memhers of .two ya)rs or clusters nbout

« to e fused is calculsted prior to any farther olustering.

Thus, the nufber -of individuals comprising a‘cluster is hot
.nyﬁeiur in eval\mtlng the similarity (LB
grobps: “(Sneath and Sokal 1973).. Once clustering was done
using the ratio of pereent benthic versus pereenl pelagic,
and benthopelagic prey, firther cluster analyses were done
using presenee/absence ind the percent occurtqn&of all

prey taxs. . E 4 3

5 .
 The sverage number of ‘pazanitic worma por host' fish was

deteriined m-_ each species. - The prevalence of each
s T

R b Bt s




species was calculated as the number of individuals of a
dpecies infected versus the, qumber of individuals of the
spedies examined. The prevalence of each major taxon of
helminths was determined for each host species. Prevalence
and intensity of worms per fish were determined separately
for, Uhe group of tishes Wilh primarily benthic prey items
in the stomach and for the group of fishes with primarily

pelagic/benthopelagic prey items in the stomach. ! 'y

A Fulton condition factor . for each specimen was
caleulated using the formula«(W/L®) x 100 (Carlander 1969).
For each species, fullness and prevalence were plotted

< )
against the condition factor and data were compared using
Kendall's rank correlation coefficient.

. N °
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A total of 464 fishes, representing 14 species from 9§
families was collected at depths from 403 to 1505 meters
(Table 1). Coryphaembides rupestris Gunnerus 1765 was the
dominant species representing 5T:8% of the: totsl mumber of .
tishes An‘:l- 24.9% of the biomass taken over this depth
renge. Mecrourus berglax‘Lacep;‘x\ig 1802 was the second most
abundant species, representing 13.7% of the total number
and 20.28 of the biomass, followed by Antimora rostratg/ %
T\ Gunther 1878 (9.6% of - total, 16.4% ‘of .weight), Nezumia

" buirdii (Goode and Bean) 1877 (5.23 of total, 3.4% of
weight), Sebastes sp. (4:0% of total, 3.6% of weight) and
Synaphobranchus keupi Johnston 1862 (3.5% of total, 2:0% of
weight). Theé remaining species examined, including
Lycodonus - mirabilis Goodé and‘ Bean . 1883, Reinhardtius
'ﬁig‘gogxasaoideé (Walbaum) . 1782 . (5.2% * of - weight),
Cottunculus microps Collett 1875, Gaidropsarus ensis

(Re (Collett) 1871,

rdt) 1838, Lycenchelys - sarsi
. et
Macdonaldia rostrata (Collett) 1889; Lycodes” esmarkii

Collett 1875 and Lycodes perspicillus Kroyerv1845, en.ch
_ represented less than 1% of the assemblage of fishes by

* * number and,by weight (Snelgrove 1983). N




Stomach Contents

Table 4 lists the stomach contents found in* he
dominant fishes from’the study region. Most of the species
contained prey from two orthree ecological .zones (pelagic,
penthopelagie and benthic). Of those speeiee_faund with
items ‘from all.thdxe’ group¥, the same individual- rarely Had
items .from all'three groups, ~Some specimens, 'primarily
Macrouridae, had.the stomach ane®gut partially or -entirely
everted. ' Prey items remaining . in the partially everted
it Wi 1dent1f:ed end included ‘in the analysis.
Snpoimenss with: igitts \ieitirely revextad wers recorded
separately :ﬁa are re‘por(ed here with those stomachs

C. rupgstris,

there was no signiﬁ'um correlation between gut fullness

recorded as empty. In all cases, except for

and the time of sampling, the nugher of prey taxa and the
number of specimens examined ‘or the number of prey items

and the mmber: of specinens axsmined (Table )
e :
. N
The cluster analysis using th& benthic/pelagip ratio

slassified (e, predutors into W grows: (1) primarily
benthic, prey in the diet; or (2) primarily
pelagic/benthopelagic prey 'in the- diet. Th'e' cluster
analysis done on the entire data set as well as that done

using the . presence/sbsence, data also  classified the

predators into these two groups. Pelagic and benthopelagic

&
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prey . were numerically dominant in- the die* of
Coryphaenoides "rupestris  (71.7%), - Synaphobranchus kaupi.
(73.8%) and Antimors Tostrata (66.7%) (Figures 3 and 4).

Stomagh contents of sprimarily benthic arigin occurred in

Macrourus —berglax (91.6%), Nezumia pairdii (86.0%),

Lycodonus' mirabilis (76.2%), Lycodes v.esmarkii (97.4%) and

* Cot tunculus 'micx‘ogs (84.3%) (Figures 3 and 5). .Several

individuals of these species had ingested large amounts: of

sediment. W

+

Food items -in Synaphobranchus keupi inéluded two orders
of crustaceans®and .two ‘families of fishes. of the 13
stomachs examined, 15"(21.91) were empty. Specimens ranged
in size from 206 to. 655 m TL, with ‘an average weight of
120.4 g. Pelagic organisms comprised 78.3% of the total
number of food items of §..kmupi, with euphausii:is (86.7%)

dominating. Other prey taxa included amphipods .(17.3%),

myctophid ‘fishes (6.7%), mysids (4%), bivalves (4%) and

echinoderms (1.3%). & .

Only one (2.9%) of ;he 34 stomachs | of C({r!ghnenoides
rupestris examined was empty. - Size .range of specimens Mys
173 to 445 mm TL, with an average weight .of 92.9 g
Pelagic and benthopelagic o ®nisms comprised 71.7% of the.
total number of+ food items in the diet of C. rugesvtris‘.

with calanoid copepods (68.9%) numerically dominant. Other

iz ssaass o



' X / prey taxa included amphipods (22.2%), cumaceans (4.4%),

=3 " cuphausiids, polychaetes, -isopods’ affd ostracods (each
T oaw. : 4 e .

. | :

Euphaysiids (50%) were the dominant 'food item in the-
stomaché of Antimora’ rostratss Other prey types included
‘l‘mp)\ipods (33.3%) ‘and ‘copepods (16.7%). Pelagic prey types
comprised 66.7% of the diet ‘of A. rostrata. of the 7
s)omchs examined, 2 (28.83) yere empty. Average weight of

. " .speciméns was 365.7.¢ with a size range of 126 to 155 mm s
A " TL. This abundant fish almost alwgys has everted stomgehs -

afid it is thus difficult to obtatn stomach content data.

Food items in Macrourus berglax included seyeral orders '
of crustaceans, polychaetes, 'echlr;oderm mollusks. Of
the' 191 stomachs exnmined 50 * (26 98) wers embty.

“ \iimaceans (58:98)° and -dmphipsds (18,089 were :the most
-frequently ocourriig food items,” followed by polychaetes o
(1.9%), euphausiids (5.7%), . echinoderms '(2.8%), tanaids
(2.1%), copepods and- isopods (each 1.5%), mollusks, mysids, ¢
decapod crustaceans and ostracodd (all less than 1%). M. ' i
berglax examined ranged ‘in size from 78 to 324 mm TL, with

an average weight of 316.1 g.

Three (3.1%) of the 96 stomachs of -Nezumia bairdii

examined were .empty. . Numerically dominant prey taxa

% & N
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included cumaceans (35.68), amphipods  (23.9%) . and

polychaetes ' (17.0%). Other prey taxa consumed were
euphgusiids '(10.5%), bivalves (7.5%), mysids (2.4%),
échin(;d;zrms, isopods, ‘copepods, tanaids, ostracods and
decapod crustaceans (each less. than 1%). Sizé of specimens
ranged from 175 to 407 mm TL, with an average weight of
137.8 g.

5 . » " iy
The* most frequent fqod ‘items. in Lycodonus mirabilis

were ‘amphipods (56.9%) followéd by cumaceans (22.9%). Other
s e - .

" prey items ' included polychaetes’.(8.3%), bivalves .39,

echirioderms (2.8%), isopods, myctobhid fishes and ostracods ~

(each less ‘than . 1%). Ten (35.7%): of the 28 stomachs
examined were empty. "L. mirabilis examjned ranged in size

from 171 to 330 mm TL, ’wit.h an sverage‘weighl of 17.7 g«

‘Prey . taxa found in Lycodes esmarkii stomachs were
almost entirely (97.4%) benthic.  Cumaceans .(39.5%),
echinoderms (31.6%) and amphipods, (25%) predominated, with
fish (2.6%) and isopods (1.3%) being incidental. Of the &
stomachs exm{ﬁ_neq, 1 (16.7%) was empty. AvVerage we‘&ght‘ of

specimens was 94f™% with a size range of 398 to 569 mm TL.

The.“numericglly dominant prey of Cottunculus microps

bivalves, polychaetes, and cumaceans (each 5.3%). ‘I\m\

“was smphipods (64.9%), followed by .euphausiida (15.8%),

p——
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stomachs (14.3%) of a total of 14 examined were empty. C.

microps had.an aversge}mtgh! of 135.7 g with a size range
of 48 to Zijm/L.

Kefdall's ~tau was calculated  for  fullness and

prevalence against condlnon factor for these’ § abund\»

species. There was & signi“cant orrelatiop’ between gut

fullness and condition factor for C. rupestris and 8.
kaupi. Correlations between these two variables were not
significant in the other species' (Table: 4). In ‘all cases

there 'was no correlation between condition factor and

prevalence (Table 4). § . . s

The small numbers of intact stomachs of Lycenchelys

sarsi, Lycodes Eersgicill\l&, Reinhardtius hippoglossoides,

.Sebastes sp.. Gaidrbpsarus ensis and Macdungldm rostrata

examined do not give an gdequate babin for determining the

relative imp®rtance of the food sources or the degree of -
4

specialization in feeding habits of these species. . *
.

= 5 »
Two (508) of the four stomachs of L. sarsi examined

were “empty. ~ Numerically dominant frrey taxa" included

amphipods (38.3%), cumaceahs . (26.7%) - and ophiuroids

.(26.1%). Othér prey' taxa consumed included Bivalves (5,6%),

tanaids (2.2%),” polychaetes and isopods (both' less. than

1%). L. sarsi exa}nm,edv\ ranged in size from 129 to 323 mm




L, with an average weight of 14.5 g.

s }. . o
The most frequent food items in L. perspicillus weré

cumaceans (39.5%), echinoderms (31.5%) and amphipods
(25.08). The other prey item consumed was bivalves (2.6%).
THRes 5033 BF the 6. GlinAGHE cEBUtRed WeR eTBY oF
damaged. Size of specin;ens examined rarged from 43 ‘to 569

mm TL, with an average weight of 399.6 g. *

Numerically dominant food items in G. ensis included
amphipods, euphausiids (both 28.8%) snd cumaceans (19.0%).
Othér food _items consumed included pycnogonids (9.5%),
polychaetes ‘and tsn.;i‘ds (both 4.8%). Of the 8 stomachs
examined, 3 (37.5%) ‘were empty. G. ensis examined ranged
in' size from 60 to. 405 mm. TL, with an dverage weight of

227.8 g.

The numé¥tcally dominant prey .of Macdonaldia rostrata

was amphipd@s (66.7%), followed by®euphausiids (.13-1%).

cumaceans, echinoderms (both 7.8%), polychaetes and tanaids

(l;oth 2.0%). The 2 specimens examined were 425 and 501 mm °

TL and weighed 110.6 g and 134.1 g respectively.

Only 1 stomach of R. hippoglossoides was examined. - It
contained euphausiids (85.7%) and cumaceans (14.3%). The
specimen was 318 mm TL, with & weight of 162.3 g.
h :

| 4 = ! .
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, The 1 stomach of Sebastes sp. examined contained
amphipods (87.5%) and polychaetes (12.5%). The specimen was

189.9 mm TL, with a weight‘ of 162.3 g.

T
Thé samples of Macrourus berglax were subdivided into 6

size classes. The mdsl sppnrent trends -in the food habits o

of M. berglax are -the decrbase in the proportion of

cumaceans and -the incr#asé in proportion of polychsetes

appear to'be any shift. in the diet from benthic to pelagic
oprey, but there does ’ appear to be an increase in diversity

of prey consumed with increasing size o fish.
' §

b dii samples were subdivided into 7 size

Nezu:
classes. There are no obvious trends in the food habits of
. this species (Figure 6). There is'a sngm decréase in the

fraction of cumaceans with increasing size of (xsn. There

.
with increasing’ size ‘of fish (Figure 6). There does nots

does ,appear to be an_ increase in diversity of prey with "

increasing size slthoug}‘n there is no shift from benthic to

pelagic prey. 8 -

..+ . Five size classes were cxamined for Synaphobxanchus
keupi. This species apparently consumes an incred ing
proportion of euphausiids with increasing size (Figure 6).
Benthic organisms do appear to be”ilzponant in the diet of

. v . .
smaller. S. kaupi,” but are-less prominent in~ the diet of

i
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larger fish. This may be evidence for a shift B benthic
to pelagic prey with increasing size. There were no fish
found in the stomachs of larger predators. This may be aj,x

result of the small numbers of larger fish examined.

Five gize classes of Coryphaenoides rugenru were
examined. The mo.i( ,opparent trends in the food habitas of

" C. rupestris are an increase in the fraction of copepods

" along with o decregse ‘in the fraction of amphipods and

cumaceans with incré@sing size of fish (Figure 6). This is.
indicative of a shift from benthic to pelagic” prey with . .

increasing size.

Parasite Faunas .
7 A

Forty-six percent of the 464 fishes examined were
infected with 1 to 3 (¥ = 1.9) major taxa of helminths.
The mn;ur taxe. were represented by the following families:
Hemiuridae, Fellediu(omidle (l}igann) i Heterocheilidae,
Rhnbdochanld;e : (Nemstod-). ] and Echinorhynchidae
(Acnnthocaphlll . ln!enilty of infection nvnr?ed 5.5 worms
per fish. A total of '1176 helminths wera Qptained.

Percent uccurrenca of metazoan parasites among all fishes

was: Nematoda 36.7%, Acanthocephala 20.7% and Digenea

' B Y . \ ~

L S 0.
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Table 6 summarizes the total helminth infections for

all host species examined. -Table 7 summarizes the
s S

prevalence of the major taxa of parasites found in all host

é’j{r yspecies’ are

\_ summarized in Table 8. The prevalence of digenetic

species. The parasite fauna of the 8

Trematoda in benthic feeders was only 5.8%,,but whs 27.8%
‘in benthopelxgiclpelagic feeders. Nematoda comprised 53.1%
of the parasite fauna Tu penthie Taedund and 72.2% in the

.ben!hopielngie feeders.’ AuanthPcephaIn ‘were abundant
(40.9%) in the parasite fauna of benthic feeders but were

absent (0%) in that of the benthopelagic/pelagic feeders.

3 Twenty-nine (39.7%) of the 73. Synaphobranchus kaupi
examined were infected with an average of 1.3 worms per
host. This species was infected .solely by Nematoda, in

particular Thynnascaris sp. ,and Contr: svlss

‘Coryphaenoides rupestris was infected by Digened, in g

particular Steringophorus :-sp.  and - an = unidentified’

hemiurid. The Nematoda Contracaecum s.1. wasgalso found

Y_ in this host species.. Of the 34 specimens examined, only 4

" (11.8%) were infected, with an average of 4.3 wormi. per

host. —~ 5

None, of the 7 Antlmul‘a rostrats examined were infected

by any helmhnh pnrnsi!es. Y et &,

s o
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Of the ‘191 Macrourus berglax examined, 95° (49.7%) were
infected with aff average of 7.3 worms 'per host: The

majority (62.18) of ~ the parasites collected weré -

v 1 " .
Acanthocephala, probably of the genus Behinorhznchus.

Thirty-five percent * of.. the parasites ' werg ﬂematods.

., - particularly Spenetectus sp.  and’ Thynpascpris sp., while

the remaining 2.9% of the parasites’ were the 'digeneam .

Gonocerca sp.. ‘. . . e -

5 % Sixty- nu-ee 65, s\) of the 96 Nezumia bairdi exmxnad it ¥,
were nfected with an nveruge of 5.4 rms per hobt. The

most sbundant® parasite was the nematode’ Thynnasaris s 1
\
s (93.9%). The rempining punnu were, Ac-nlhoeepl\ll*o{ "“S

. genus gchmurnxncnm.» IR N g s ..
R g . s B

[‘1" onus mirabilis was infected by lll three major
groupu of parasites. The %on -bund-nt puuneu were

Digenea (87.5%), in particular Gonocerca sp.. and an -

Unidentified hemiurid. The remaining merasites. included i
9 ; the- ‘nematode - Th¥nn-s;snris sp.  and an néar;(h"o'uephnlnn A
'(nkTry Ech(narhxnnh\ls)‘. 01 tha‘h host upeoimenu examined, s
v o 13 (46, 4%) were lnfaeted with an lva;nka 1mensny. of 3.7, o <
worms per hcn. & y o <
CA e bng (16.7%) z,x’uod;- esmarkit wad ‘fnfected, with & total ,
of 2 _l;l asites: ‘the_ “digenean V_Gonoce;e




.nematode Thynnascaris sp..

“ infected wM. an average of 3.3 worms per Host.]

- =81

The most abundant parasite found in Cottunculus microps

‘was the nématode Thynnascaris sp. (90%). The remaining

pntunes collected were the dxgenenn Gonocerca sp. (10%).

A total of 6,(42.9%) of !he 14, host specimens exsnuned were

In nll of the four species examined according. to_ size,
there . is . a deiigite aceumulnnon of parasites. with
mcreui’ng ‘size of fish. ~Tpere~.is also-an incredse ,in the

number of fishes infestdd (Figure 7). 5

There wis 'a :decreasé in _the number of  Digenea

(Gondeerca - sp.) and. a.slight incresse’ in _the number of

Nematoda (Spene(ec/tus sp. -and Thyrnascaris. sp.) in M.

berglax ‘¥ith increnaing 7 size. The number  of

aclnihocephnlans was relﬂ(ivaly consistent throughuut !he

size range of this host spegies (Flgure i e

_Nezumin bnirdli was infected wi:n’,a high' number of

Nematoda (Thxnnucuru sp.).  Acanthocephala were _not

preaem in smnller ‘specimens of. this host species, but did

.appear in specimens -greater th-n,pso ' TL (Figure 7).

Synaphobranchus kaupi was infected solely by Nematoda

. (Thynnascaris .8p. and Contracaecum s.1.). . All -gize

\
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classes were -infected, however there was & greater,
percentage of larger fishes infected, with an increase in

the number of parasites per host (Figure 7).

A relatively small Deggentage (11.8%) of the C.
-0 -
rupestris examined were infected, with all small fishes
(less than 200 mm TL) being parasite free. Host fishes
b : s

betweeri 200 and 300 mm. TL wére\infected by Nematoda
" than 300 mm TL

(Conlrneagc\m s.1.), while  fishes large

were infected by Digenea (Steringophorus ) (Figyre 7).

L . i

o
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DISCUSS lO}l
LAY

Food webs involving vertically migrating species appear
to be important in the transfer of energy to the benthos
along the upper continental slope (Sedberry and Musick
1978). The. direct ‘transfer of energy by' overlapping
‘wertigal migrations of pelsgic organisms and demersal
\l‘ishes on the upper continental slope is presumed to(
energetically more efficient than the indirect pathway via
‘benthic organisms. Howeyer', the energy expenditure for
capture of prey may be greater for those fishes which move

off the bottom to feed.

Aailable dats on the behaviour, of benthopelagic fishes
are the result of direof o ?holographi\c abservations from
bathyscaphes or automatic cameras (Marshall and Bourne
1964, Sedberry and Musick 1978). Antimora rostrata Wend
observed hovering within one meter of the bottom.
Macrourinae, & subfamily -of Microuridae including
Coryphaenoides rupestris, Macrourus berglnx. and' Nezumia
bairdii, swim above the bottom with a "nose-down" posture

as a result of their body siape and fin pattern- (Marshall

and Bourne 1964). [Presumgbly this pesition makes it easier
to seize prey on the bottom and to burrow. However, C.

rupestris has a terminal mouth and is therefore: probably

1S




among the benthic feeding species in this study.

\

. ~
unable to burrow in the sediment like M. berglax and N.
bairdii which have mére inferior mouths and well-developed

rosfra (Geistdoerfer 1975). The latter two species are
N .

Geistdoerfer (1975))found that mecrouids did not feed
exclusively on pelagic or benthic animals. The diet of the
fish he examined was never composed of only one prey group;

there was always a variety of prey types ind sizes in the

. stomach. He also found @ greater number <of prey groups in

benthic feeders as opposéd to pelagic feeders. - These
observations are consistent with the' results of this study

(Table4).

Podrazhanskgya (1967, 1971) reported a diurnal rhythm

of feeding for C. rupestris collected in the Iceland, West

Greenland, Baffin .. Island, Labrndér and the Northern
Newfoundland Bank areas. This was also the case’ in the
present study. In all other species examined, there was no
spparent diurmsl feeding, behaviour as demonstrated by the
lact Qf correlation between. gut "fulln&®s and time of
asinpling (Tebls §). The lack of sny diurnal feeding pattern
{5 Vhe othes speeies coula be mniwrtitast ot e aimp1ing,
since a large proportion of the trawls were dome between
late morning u‘ndﬂlue afternoon, with few samples taken in
the late/evening or early morning. .

4



W -3

Pelagic Feeders [ » 3 .

and Antimora rostrata are

Coryphaencides rupestris
numerioniiy douinant =pecies’on ‘the--slope of ¥he; Grand
Banks, while Synaphobrinchus Kkaupi is relatively rare
(Snelgrove sfd Haedrich 1984). All three species S
eonsMgic speciss; many 0F which, are: Jnorn verticaly
migrators ' (Sedberry and Musick 1978). Other investigators’

" " have also observed that vertically migrating . pelagic

organisms are important prey items for these demersal

.fiShes. ~ In this study, C. rupestris .and S. kaupi were
fourd to feed more oh benthic organisms when small,
gradually shifting to pelagic prey items with increasing

“size (Figure 6). .

Pechenik and Troyanovski (1970) reported that C.
rupestris in slope waters of the northwest Atlantic fed
intensively on zooplankton (shrimps, euphausiids, copepods

and’ amph s). They also found .the seasonal bathyme}{ic

vertic¥T migrations of C. rupestris o e FerEnse te
"changes” in the vertical distributions of their, pelagic
prey. Pelagic shrimp, euphausiids and amphipods w.eré
common prey items in the diet of C. rupestris :from
fcelandic ‘waters (Podrazhanskaya 1967), from waters near

: .
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. Baffin lsland (Konstsnnnnv and Podrnzhnnskayn 1973), and

in the Dénmark Strait (Haednch 1974).

The upper depth range of (he vertical migration of S.
kaupi overlaps the _lower limit of the da!\ly vertical
migrations’ undertaken by many pelagic animals (Ekman 1953;
Gibbs et al. 1971; Roper snd Young 1975), enabling S.
keupi to take advantage of this food supply (Sedberry and
Musick 1978).  Two iajor compohents . of the ver‘nu’ily
migrating mesopelagic fauna 'are ‘myctophid fishes and
i . elphausiids (}arquhn 1977), both of which were present in

! the stomachs of S. kaupi examined here. !

Pelagic food is also important to A. rostrata, a fish X
\uual\y: found on the lower slope. Sedberry and Musick
i (1978) rgported that few of the pelagic arimals consumed by
. A. rostrata were known vertical }mgpg{ro’?.‘ This is not .
! surpfising if Marshall's=(1971) lower bathymetric 1imig-of™

~ ... 1000 m for venxcuéy migrating mesopelagic organisms is

correct.  C.\ fupestris may make extensive vertical

migrations in the water columm' to feed (Haedrich 1974),

same (Wenner and’ Musick'1977). In'fact, " little informaticn

however, there is no evidence that A. -rostrata does the Pk
{
H
1

0, - on the life history of this species is available.



Benthic Feeders .
N

Nezumia bairdii

Macrourus berglax, Lycodes esmarkii,

y [ %
Lycodonus “mirabilis and Cottunculus microps primarily

consumed benthic’ organisms. The first: two ‘species are
_mumerically dominant on’ the slope.of the Grand Banks while
'thevl;gter three are -relatively rarg. (Snelgrove and
Haedrich 1984). )

2" Other studies- have also found that M. berglax-énd N.

bairdii feed intensively on infauna. w}sgmh'ic organisms
such as polychactes, ophiuroids and gammarid amphipods were
dominant in M. berglax caught near. Baffin Island
(Konstantinov Lnd Pera;}\nnékayu 1973), in the Barents and
Labrador Seas (:gis{a;:erfn _1979). and in the rortheast
‘Atlantic, Mpdne;\ranem Sea and Indian qoeaﬁ (Geistdoerfer

1975) :

These organisms were important prey items for N.
airdii from the mid-Atluan‘\ cénst .uf' the USA (FE‘IO(W
1980)." In the present s tudy, tt;eré is no dramtic change: m
distwith, thd biwe of sftnes species of fish, nlthough
there is an increase in ‘the diverslty of ptey types taken

- with increas:ng size of predutor (Figure 6).

The :ood of the two species: of zoarcids, Lycodes

|
esmarkii and Lycodonus mirabilis, is similar to that for

Lycenchelys verrilli from the coast. of New England. Farlow

' )
/

cy




(1980) characterized this species as a benthic.feeder.

B primarily consuming tnfaiia) organdisne. Cumaceans and
amphipods, dominant food items for Lycodes atlanticus, were

< apparently gulped down with large amourits of sediment, as

= also. observed by Sedberry and Musick (1978). = -,

large amount of sediment "

Cot tunculus mictops ingested
along with the prey. McDowell '(1973) 'bal‘iaved/'ttht the
sedh‘nent he ,founr; halosaurid stomachs mA'y//huve been

i incidentally 'Gonsumsd .along with the ' infatne and wes
non-mutritional®,. .but’ gave no ‘evidepke for . this
conclusion. As a result of work by Coull’(1972). and Thisl
(1975), it has been suggested that .the importance of
meiofaunal prey contained within ~ the sediment  for
benthic-feeding fish may increase with depth. Because of
thats @l #ie, s wtoratuel, prey Ceeas Cuy onlyl be
ingested with sediment. The nutritional value obtained by

A X " " lingesting sediment ‘and digesting: the mssooiaied msiofaune

= has yet to be .dalermi_naa. . . e ¥ .
. . N L . ;
v o ﬁ.

It is difticult. to draw.any conclusionsabout - the feeding

hnbi‘t—s’ of. species lc;x; v;t_nich there are few specimens. The

e W e species of .eelpouts, L. sarsi and L. perspicillus,

appear to feed on a diet similar to that of L. esmarkii and
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. The latter two species were defingd as

L. mirabili

benthic feeders, and this may also be the case for the

-
first _two. The remaining four species, G. ensis,
= \

+ rostrata, R. hippoglossoides and Sebastes- sp. appear to

feed on a mixed diet of benthic and pelagic organisms.
Without further, data it is difficult to classify these
species.’ Based -on the svailable éata,\g would be

\
included with the benth®® group.

“

Pardslite Faunas - Pelagic vs Benthic Feeding Hosts

"As a result of differences "in diet, individual species
of Nishes should show “iaEKed diffevences i ths composition
of  their parasite faunas and infection rates.  The.
prevalence for hosts found to feed primarily nnr pelagic or

benthopelagic prey was 28.9%., Prevalence for benthic

" feeding hosts was 53.1%. Benthic feeders were infected with

an average ch‘z.a major taxa of parasites and 4.3 worms per
£ish. | Pelédie Tesders wers LnNEected with an sverage of 1
taxon and ‘1>.9 worms per fish. This higher rate of
infection found in benthid feeders’is consistent with the
argument that the majority of cycling of helminths of '

demersal fishes is horizontal through animals in " and

- associated with the benthic community (Campbell et gal.



fish and gut fullness (except for

= o =
/

s /

1980), and not vertically through the water column as

proposed by Collard (1970).

\ ' There was no correlation between conditi’dé)etoé for a

rupestris and S.
aupi) or im‘enaity of parasite prevalence (Table 5). It is

of tei assumed that 'a -host which\ is heavily parasitized will

“not be as '\heslthy" as one whi

is free of parasites.

Howevet’.I recent Etudle! have dx‘av‘n attenhon to the fact

that parasites may be of benefit to the ‘individual host
(Lincicome 1971). Among marine parasites, nothing is known
of potential beneficial effects, howeyer Berland (1980)
suggested that dscaridoid nematodes in the Stomachs of
fishes may mechanically break up large food Tpanticiens
Wila EotAoniay He TnpoNaNt TH dlgestion, sinos ANy HoEtE

ingest their food whole or. in large- chunks: (Rohde 1882).

The results of this study do not indicate any det¥imental

or beneficial effects. of the parasitegg their hosts. The

intensity of parasite infection for all species was
relatively low compared to that found in other studies

(Armstrong 1974, Munroe 1976, Campbell et al. 1980).

Zubchenko (1981) reported parasite faunag for the three
species of Macrouridae studied here, He found that C.
rupestris was infected with 14 species of parasites. The

mjority of these psrasités w\ere reported 'to have pelagic
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animals as intermediate hosts, indicating pelagic prey were °
a significant part of .the diet. M. berglax was infected _
with 21 species of parasites, manj having benthic organisms
as intermediate hosts. Interestingly, the parasite fauna
of N. bdirdii collécted from ,!ha/,Pl'emis'h Cap area included

a number of species with cycleg of development related toff

.phanktonic organisms. However, the fish also .éon!nlneﬁ

parasites’ which cycle through benthic organisms. Th'ase
results suggest that pelagic organisms are important préy
items for N. bairdii at some point*in its life.

L oa

Parasites vs Food Habits

Collard (1970) proposed that midwater organisms play an

important role as vectors of nematode parasites from

" surfdce waters /to the deeper regions of the ocean.

campbell et al.  (1980) found nematode parasites to be more
Gommon in fishes such as N. bairdii, which they describe as
rarely asconding into the water colum to feed. Nematoda
were found in both benthic (53.13) and pelagic (72,28).
fegders in this study, in‘dicm_ng that hoth‘_pmhwayé are

possible. .

The parasite fauna of N. bairdii was almost completely

dominsted by nematodes, particilarly Thynnascaris sp. S.

~

.
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’ A
.
kaupi was' infected solely by nematodes, in particular
Thynnasecaris sp. and Contracaeeum s.l.. Amphipods are the
known intermediate host for nématodes of the genus
Thynnasearis (Uspenskaya 1960, .Ginetsinskiya 19703, and

fishes are known intejmediate hosts of Contracaecun aduncum

(zubchenko 1980). Amphipods are important. components of the,

diet of N. bairdii'and 5. kaipi ((§. Kabpi '17.3 8,
" bairdii 23.9 1), while fishes were consumed by S. kaupi
only. In-both host species, the proporiion of infected
fishes increases with increasing size of - the host (Figre
7). The average number of worms per host is/rather
consistent in S.. kawpi. This lack of apparent parasite

recruitment in

kaupd reflects the decrease in fish
consumption with’age. "In contrast, the number of ;vnrms per
host increases with increasing size of N. bairdji. The
recruitment of parasites throughout the 1ife of N. bairaii

is indicative'of gither a consisteRt intake or increasing

consumption of the intermediate host. This observation -

N .

‘ agrees with the stomach contents data which:rewveals that.

amphipods weré consumed by all size classes of fishes
. - .

(Figure 6). — .

, Crustaceans,  particularly ahphipods, & are knom

intermediate hosts for acanthocephalans (Ginetsinskaya

1970).  Acanthocephala,  probably of fhe  genus

5

-

PRSP ..
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Echinorhynchus, were relatively abundant in benthi fegders

(40.93) but absent in pelagic feeders. The abu dige o8

acanthocephalans in benthic feeders suggests that fhey
consune a great number of cx‘us‘taceans. This -conteéntion is
supported By gut contents in which amphipods and' um’ace?s

predoninated (Figure 5). . 3 \
Eauna

frematoda . conpri sed 2784 Of ‘the lhelminth, of
pelagic fesders: and only: 5.0 of the helminth fhuwa of
benthic feeders. Ceryghxenoides rugestri‘ was) the only
pelagic—feedifxg species infected with digetetic trematodes,
in  particular, the fellodistome Steringophorus sp.
Fellodistome life cycles are known to involfe dither

. 2
benthic invertebrates (e.qg. seastars) or  pelagic

invertebrates (e.g. Jellyfish) (Ymguti 1975), however,-

Campbell e_tal. (1980) reported that the presence of| the

blac);erl

fel lodistomes Stenngoghorus ErLtchardae or

suggests the capture of pelagic prey. The remainder of |the -

host ‘speciies were infected with the hemiurid Gonocerca sp.
and an unknown hémurid: Epifginal invertsbrates have been

reported as primary second intermediate ~hosts) for digenetic

trem such as sp. (Munroe 1976; Zubchénko "

1981), a finding which supports the stomach content data

from host sfishes In the present study.
~
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Parasite Infection Rates . .
£ g . -
AllL phyletic groups of fishes are not infected Dy

helminths. to the smme degrée (Tables 7- and'h). Prevalence
of Nematoda and Acanthocephala weré greater by twofold of

3 ; L . .
more in the microurids than in other fishes. Infection by

#rrematoda was severalfold greater Jn alTBtaer! species than
in the macrourids. 0verau inteclion rate was much grenter

for mncrourids (50,5%) than' for non-macrourids (36:4%). In "’ -

“general, - the higher incidencs of helminth 'inie};ipi_ls in

b

macrourids (Armstrong 1974; Munroe 1976;
al.’ 1980 indicates that Yhis group of. teleosts is not

only more frequently infected.but also carries a greater

parasite burden than non-macrourid hosts occurring in the.

same areas.

Prevalence of all helminths, except Acanthocephala, was
greater in Quif of Mexico (Armstrong .1974) and Hudson
Gunyon ‘fishes' (Munroe 1976). then in fishey examined here’
(Table 9). The higher levels of _ infectionia'coum be &
result of sampling. In m:- present atudy,,nnly psras{tes
from ‘the gut and body - eavny were 'eell\‘:cted, while'
Avmat rong - (1974)_ and Munroe (1976) included parasites from
s the gills, skin and:viscera. A ‘comparison between Carsbn
Canyon, and f{uauon‘ Canyon fis s, with macmuﬁ?a‘ excluded,
‘revealed that infections of non-macrourid” fiskgs exhibited
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‘Overall Summary and Conclusions

,usumlﬂ-ga- of “.hu

S asE, C

o . & o 3
Eight fish species were examined from the Newfoundland
continental slofe; 5 fed primarily (by number) .on benthic

organisms and 3 fed primarily on pelagic and benthopelagic

organisms. . Although there are more species of benthic .

feeders than pelagic feeders, _the pelagic feedery are more

abundant - in actual numbérs (70.3% versus 20.58). Thus,

* plllg. xeegnng 1. the prlmry source of nutrition for-this

Theu résults are similar to those

of DuBuit (191!)- §he found that 62%. of the food of duop
sea fishes off, the nonhe/u! coast. of Scotland-and on Bill

Bailey Benk is® of nectoaye origin. In the present study

the average individual weight -for. the ben
270.6 g whh-

ic feeders was

'nm of the pelagie fesders; was 13046 g.

-nespnc lhh smaller average lln, pelagic feeders nnr <

compr{sed a significant proportion of the biomass (43.31),

with the benthic: feeding species studied comprising a

smaller proportion (25.9%): g K

» 5 i
The'present work and other studies have found that .the

demersal fishes ofthe upper. continentsl slope feed on a

variety of benthic and pelagic .animals. ~Demersal fishes,
. L 1 ) -

T
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>
paniculany the pelagic §#¥ding species, may represent a
connecling link for the transfer of material between the

hes are not

« -belagial, and the benthos.  Since these
. donfined to the bottom, they may be an importaht fuctfr\rn
the, transfer of energy from pelagic to benthic ‘ccosystems
wia their remains and feces (Dayton and Hessler 1972), but
there ‘is no_direct evidence to support this contention. In
fact, the large proportion of the’ biomass .x"epresented by
pelagic feede}s. and the lnw Inomnss of macrobenthic l‘nuna
on the sldpe of the Grand Banks (Houston and Haedrich 1984)
indicate that a large proportion of the biomass is being

recycled in-the water column of -this region.

N
. Other studies have similarly found that pelagic

"®organisms are important prey items for demersal fishes on

the upper slope (Pearcy and Ambler~'1974; Sedberry and.

Musick -1973: DuBuit 1978). The. results from the present
study comhined with the results o‘ others indicate thst

. feeding 'from’ the pelagial at upper continental slope depths

is probably th\. general rule. . Therefore, in order to’

understand . the dynamics of fish populations on the bettum.
it is necessary’ to ‘study the biological and pnystcu

environment of the water ‘column.

a
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Table 1. List of all species ;ul lected fram sample area (Snelgrove, 1983).

€ means not examine;

% Total | Nusber 3
Species # staticas number | Examined | Examined
Alssoceshalus 7 15| 03 | we -
Anarhichas lupis 2 WE -
Antinora rostrata % 7 174
Centroseyllium fabriétus 5 we -
Chalinura brevibarbls 1 I~ N/E -
Coryphaenoides m!(rh 18 3 140
Cottunculus microps 9 oMW )
Gadus morhua $ ey NE =
Gaidropsarus ensis 7 ] .0

&lyptocephalus eynoglossus - e WE -
Harriotta nlnlmu 2 2 WE -
Hydrolagus affinis LI we =
Lionurus carapinus [ €N nE =
Lycodes atlanticus 2 NE -
Lycoded esmarkil 4 6 357
Lycodes perspiclllus | 1 100
Lycodes 1111 NE o
Lycodonus mirabilis 5‘ 28 %.5

Lycenchelys sarsi. 2 2 190.0
facdonaldia rostrata 3 2, 50.0
Macrourus berglax 5 LELI A B )
Nematowrus armatus 4 we -

" Mezuaia batral 1% % .84
Notocanthus . 2 we -
Phycis k3 WE »
i‘mnnl [ 2 - NE <
Raja radlaca ) ] we -
Raja sentra 2 wE* -
Reinhardtius hippoglossdides 8 | 12.50
Scophtha lmus sus 2 " WE -
Sebastes sp. 8 166 3.% 1 0.60
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Table-1 cont'd. .
. ~
v | Total | % Toral | Number | 3
Species 7 stations:| r umber Examined [ Examined

Synaphobranchus kaupl 23 18 i) w2, "
Trachychynchus murrayl 1 1 N/E -

: 3 ‘ we -
Total ) 1k .08

LY




Table 2. Table of pray taxa that occurred In larga numbers. Whers
avaidabla, normal habitat (8-benthic, P-pellglc, 8- 2
benthopelaglc) I3 Indicated.

Crustaceans
Copepoda
Calanold e
Hajacoscraca e K
Evph a

Yenaeidas
Sergestidae k
Pandaiidos - “

+ Ostracoda . °

Echinoderns o °

" Stelleroldea 5 5

Echinoidea

Ophluraidea ' .8 N
Annelids : :

Polychasta

“Hol lusks

Gastropoda ¥ 8
Bivaly

Fish g
Hyetophidae [
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.| Habltac
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3 §
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Acanthocephala Crustaceans . *
Echinorhynchidae N "
Echinorhynchus  Anphi pogh - s Ginatsinskaya 1570
Digenca
Hemiuridas J i d JEo, 5
Gonocerca Eplfaunal Invertabrates - L] Munroe 1976; lumnkn.
Fellodlszomidae S ) 18
Steringophorus  Pelagic Invertebrates’ ] Yamaguti 197!
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b ,
ECH - Echlnorhynchus sp.

Table 8. Summary of parasite taxs of lha)a noit abundant species J host Fisnes
axan

ined (presence/absence dat:

. s
Homber
Exanined

-
Predator Specias

N | THY
EN

sbt

Cottidas
Cottunculus microps -1

Macrouridse

Coryphaenoides ..g-mx 34

mcr%m! el ? 191
¥ %

Hor (dae

Antinora roserats i

L et
Synaphobranchus kaup! n

Zoarcld

Lycodes esmarkil 6
"_dn—nqm s mIrabliis 2

“x

X
X

GON - Gonocerca sp.

STE - Steringophorus sp.
€08 - Contracamcun sp.

THY - *Thynnascaris sp.
sp1 - Cpinsctus . .
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Simplified schematic potential pathways for
the supply of food to benthopelngie fishes
in.the deap sea.
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benthopelagic prey consumed by edch fish
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