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R B ABSTRACT
. ; e \
Mesopelagic fish and lank¥on assembI3g3s were compared between

Atwo Newfoundland fjords which contain predemmsntly dlf ere‘n deep-wnter -

masses and which differ in the nature and frequengy of deep wat exchange.

.o
Samples were collected using a3 m Isaacs-Kidd Midwater mel in May 1082 and
June 1983. The species carr;position of mesopelagic fishes was found to be

dissimil: whil the lank fauna was largely the same. Mal‘:z’noaﬁgmu

allanluum and Bcn{hgema glaciale were the most abundant hshss.m Bny
d‘Espolr wlnle Mallalua villosus was the most abundant luh collected lmm
F‘ortnne Bay. The mad zooplm fs{na in béth ljords conslsted lugely of*

Thysanoéssa raschii, T. inermis, . Meganyctiphanes .namg-ca ‘akd Sagitla

elegans. Differencés in species ition and relative ab were partly
2 ~

attributed to }he difference in deep water properties.

" The'structure and persi of the mesopelagic fish dssemblage were
S . “
related to environméntal stability. In Bay d’Espoir six of thirteen (46 %)'species

were collected in bith years compared to two of eleven (18 %) specles in-Fortune

Bay. ‘Percen‘age similarity bejween years was high in Bay d'Espmr (9L.5 5)~nnd4/

in Fortune Bay (43.6). Specxes ition and rank ordér‘abundances within and

i Vbetween Yyears were léss variable in Bay d'Espoir than in Fortune Bny, as were

catch rates for the dominant specles These Tesults suggest that the faunal
assemblage in Bay d'Espoir was regulated primarily by i in allu blologlcll processes
wh_x’{'adve’cuve processes were more important in Fortune Bay. Similar results
were ;mt ohtni’qed for the mu’c;ozoop»lgnvkwlix mmbls/ge 'which was thought to’

respond primarily to short-term or seasonal changes in environmental conditions.




h 'Si)eciu diversity,and evenness, and average speﬁgﬂic_}aqm of mesopelagic

g o= a3

: " : 0, s
fishes was greater in Bay d'lEspoir'zhm in Fortune Bay. Similar results were not
obtained for the murdﬁophnkhn faunas and species div}ersity and evenness were
higher in Fortune Bny than in Bay d'Espolr while. average species nchnw was

compunhle between thé fjords. Tl{ue indices were hot found to be lneflll in _

Identifying the underlyiag structuring the fjord faundl.assemblages. A
comparison of biomass size spéctra betweenjthe fjords showed no major 2 O}
differences. | : 4

The fish,fauna in Bay J'Espoir was probably derived in part from the
' Lurentmn and Hermitage Channels while that of Fortune Bay was probably
! 'denved from the St. Pnerre and Hermltage Channels A small fracnon of the fish
‘?.ld macrozooyla.nkwn[!aunns in both fjords was derwed from the offshore -

4 contmental slope reglon ,. . i
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lh‘lTRODUCT[Q&{: -
1.1 Pelagic Zoogeography a
The distributions of pelagic organisms are of ten strongly correlated with the
physical and chernical characteriﬂjés of oceanic water masses (e.g. Pickford 1046;
David 1958; Bieri 1959; Brinton 1962; Ebeling 1062; Mcém_.vnn 1971, 1974; Backus

el al. 1977). Pickford (19486), in her xtudy@ the ce])l!s.l;)pod Vampyroteuthis
nfernalis Chun, provided one of the first concrete ex;mples of the. N.'l&libl:s—' P
between é;pécies distribution and the T-S (temperature snd sllinity) )

N blmmctenshts of a water mass (see also Sverdnlp et al. 1942). In the forty years |

lationshi

i foll ‘\ & her publication, such a r has been shown to hold repeatedly
for numerous taxa over a’w)de range of -oceanographic conditions, and is a major
theme underlying the study of marine zoogeography. ’

Many early zoogeographic studies ;xnmined the poten;inLusé of marine A
organisms as *indicators®_of specific water masses and current systems.

Ch b bausiid. ish

siids, pteropods, hetgropods and myctophid fishes are only a

few of the o;;anisms that¥ere found to be useful as biological indicators of v o
i 7 . i . 2

Fraser 1937; 1939, 1952; Hida 1957;

Amn 1962; Ebeling 1062; Johnson and Bririton 1963}, Fundamentalw the

\ concept of indicator species was a-thorough knowledge of the fauna chﬂratlenstlc

of the water mass or current system under exsmination.
) .

Later zoogeographic studies were more comprehensive (e.g.. Brinton 1062, -

Backus et al. 1977). Extensive oceanic sulvei’s conducted throughout the .




A .
Mlm\ic, Pacific nm’i Indian Oceans pro‘vided data on the distributional ranges of
bc;th fish and zooplankton species over wide geographical areas.

Inthe Pacific, major works such as those on chaetognaths (David 1958; Bieri
1058), euphausiids[Brinton 1962), and melamphaid fishes (Ebeling 1055), were ¢ 1
iistrumental in the establishment of the faunal provinces outlined by McGowan '
(1971,1974). McGowan (1974) postulated that the y;ovinces rep)resem.ed
ecosystems, having a central core regwn where the fauna was essentially
homogeneous Movement towards the periphery of a province resulted in i’

progressive dilution of the charactenstic core raum The dreas between provinces
\ .

were termed ecotones (McGowan 1974).

. ln“the Atlantic, much.work focused t;n the distrih;m of mid!,flatel' fishes
(Bnck‘us el al. 1085, 1969; 1970; J;hn and Backus 1975),; culminating'in“the :
utahiishment of siven faunal regions for the area betieen ll'le ;O;I“IEHI borders of
she ai‘-etic waters and the subtropica} convergence near 40°S (Backus ef al. 1977).
The establishment of mesﬁe}immzns based on the distribution pitterns of over
3 hundred species of myectophid fish.

‘Thcsc and numerous‘ot;;r studies led to the developmesit o‘l the water mass‘
. hypothesis which proposed t}xat species distributions ¢oincided with the. bqundaries
._ of oceanic Waier masses, thus making water masses the primary zoogeagraphic
units (Fager and McGownn 1963 Haednch and Judkins 1970). However, it is now
acknowledged that Iew spec)es have dlslnhuuons limited to a single water mass,
. ‘llhough they may show a grenter affinity to a Particular water type (F a_synmv and

Angel 1975; Robertson el al.-1978). Even an area of rapidiy changing
= = P

hy, such as the ical C ‘gence, daes not i an




|

| impermeable bonndugo pelagic organisms (Roblertson et al. 1978). Backusel "

- | al+(1977) found that faunal boundaries for mesopelagic fishes were linked closely
to changes in physical parameters, although the latter were in 0o’ way definitive.

| Faunal bou_nd-:riu are often not_sharply demarcated, but uSe through a gradual

sl change in species ition and sbund. over a relatively large area (e.g.
McKelvie 1985). _ ®

# ‘ S ) .

A major factor contributing to the gradation between faunal regions is =

expatriation, which may occur in a horizontal or vertical direction (Van der Spoel:

and Heyman 1983). Expatriation results when species are transported by oceanic
" currents beyond their. optimal habitat into less favorable conditions. Once oitside
their optimal range, these individuils may be unable to reproduce because of -

e .

stressful

beavy food supphes. or simply

the lack of nppropmte envuonmel‘.l.l cues lEkmnn 1967; Boyd et al. 1978). The
continued existence of the species jn the ‘expatriated areas depends on a constant

i

influx of new i; Is through ad: such as i flow

T4
* (0'Day and Nafpaktitis 1067), or the formation of cyclonic (e.g. Boyd et ‘al. 1978y

" Wiebe and'BoEd t978)-and icyclonic rings (e.g. Wroblewski and Q;eney 1984).

fown to occur in both pelagic fishes and invertebrat¢s (Grainger ' a

. Expatriatior

1963 ; Harding 1966; Zurbrigg/ and Scott 1672; Boyd el al. 1978; Wiebe and Boyd
g {
1078; Cheney 1985a). g 5 o8 ® /
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1958), ocean currents (Jahn and Backus 1976; McGowan 1977), and thermal fronts
r~
(Bu:ku et al. 1069; Hlnry 1934, Olson lnd Backus 1985) are all factors known to

infl the distributions of pehglc is| However, the nature of these

relluonshlps is noi. clear and they appear to vary among regions and lpeclss For
example, the mbtropncd front in the Northeast Puxli_c does not constitute &

faunal bounduy for mesopelagic fishes (Willis 1984), although it tppens to bean ,

lmporunt boundary lor i ic groups such as ithophores (Okada
and Honjo 1973; Honjo and Ohda 1974) lnd mholamnn (K!mg 1978). Bnclm

and Craddock (1082) found m northern edge of the Gulf Strenm to bea s

differential boundary for lagic fishes, facilitati ‘the ol’ warm-
‘water n.mmall to the north Itis nppmnt that the patameters which interact to

determine sp?cl!s dutrlbnhonnl limits ar€ complex. - .
o -
1.2 Pelnpc Communities
“An mherent ‘problem in the study of pelagic zoogno;raphy is thu underlymg
assumption that species exist together in established commumuu, a problem
thomughly dnscused by McKelvie (1084). In pelagic ecosystenn, the question of fr

howspeexs blages are maintained is pl d, ¥ biological and/or

physical processés may interact to produce the observed patterns (McGowan
1977). Numerous stydiesin the Pacific Ocean have led to the belief that in an "\

area of relatively h&mo;eneom oceanography, such as the North Pacifi ic central-

“ gyre, there exists a highly structured. hunal assemblage regulated by in silu )

_ biological processes (McGowan 1974, ID‘I'I McGowsn snd Walker 1979; Loeh

1979; Barnett 1083). In situ regulation lmphel that species which make up the

faunal blage are long-term associ t’o-ldtpud to exist together in a




physically stable ezivironr‘:ient {McGowsn 1977). Such a semi-closed ecosystem is
characterized by a low variability in species composition and species rank order of
abundance over large spatial and te!;xporal scales (McGowan and Walker 1979;
Loeb 1979, 1080; Barnett 1983). \

Not n!l oceanic:cusystem.s are regulated by in silu events. Advective, or
open ecosystems, such as the Calfprnia Current (McGowan 1974), are areas where

the ol_zserved faunal patterns result primarily from the large-scale horizontal

.

advection of allochthonous material from adjacent water masses (McGowan 1974,

1977, McGowan and Walker 1979). "Ih an advective ecosystem, it is difficult to

discern how individual species might inferact to form communities because the

faunal sition is conti hangi A‘n dvecti isthus . -
chnf:cteri‘zed by large fluctuations in biomass, species composition and relative
abundances over small spatial and temporal scales (McGowan 1977).

S« - The studies of McGowan and his co-workers suggest that local 4

e .
oceanographic cgnditions areimportant in determining the degree of interaction

among species inhabiting a given area. Relatively static, or constant,

oceanographic eon‘diliuns would increase interactions n;nong species, promoting
the formation of a structured, biglogicully regulated community. This imp!ie‘! that
,.the degree of interaction among species inhabiting advective systems is too brief to
be of any long-term significance. Although McGowan and- Walker (1955) maintain
that thie regulatory mechanisms.in the North Pacific central ;yré are biological

processes, and not physical, the mechianisms have yet to be identified. !
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13 Fjord Ecosystems )
Fjords are deep, glacially carxed estusries characteristic of cosstlines in high

latitudes (Brattegard 1980). ’l“hey are typified by s deep main basin with a )
shallow sill toward the seaward entrance liiting the free exchange z:l g:"’ water
with the sea outside (Picksrd and Emery 1982). Fjords are often highly stratified
nm; the inf®tnal circulatory pattern is driven.by a bmki;h outflowing surhc’e

/ layer cn‘ﬂnur_bnlmced by a deeper infloWing saline layer (Farmer and Freeland
1983). | . S

1:\ common lelture of all Tjords is that they are subject to periodic renewni of

the water below sill depth A number of studies have investigated factors which

" regulate deep water renewnl in l‘]ords (e g. Pederson 1978; Gade and Edwards

1080; de Young 1048; aner‘ and Freeland 1983) and the results indicate that the-

process is hig‘hly variable. In general, deep water renewal occurs when the
aternal water at and above ill depth is st » greaiel density than reidest vater
mside the fjl‘;l‘d (Farmer and Freeland 1983). The forcing mechanism which drives
the denser water across f.;:e sill may be long-term, such as seasonal changes in

wind speed and direction (de Young 1983), or short-term, such as tidal cycles
(Gade and Edwards 1980). Depending upon the densily_diﬂerentizl between the

E . e e
external and resident water masses, the renewal may be partial or complete.

F]ords olhr an unusual b ion of physical, t hical and
hmlog]c;l h .‘ ics! Gec hologically, they are well defined entities and
relatively i-enclosed (! i d 1980). They are subject

to less environmental variability than the adjacent coastal and oceanic areas but

possess similar basic biological prjé/niu (Eilertsen et al. 1981). Biological
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processes occurring in fjorﬁs can, in some insﬁ;ancu. be regarded as represeitative
of similar larger-scale processes in the open ocean (Eilertsen et al. IBQI).

The fauna in deep (~ 400 m) fjords is often a rixture of l;;cnl
representatives and species l‘ou\nTﬂ similar depths elsewhere in the ocean
(Brattegard 1980). Some of these species exist at s considerable dixt‘ance from the *
open coast and to a large extent are isolated from oceanic stocks (Matthews and
Heimdal l\?})) However, this is not true-in all cases, and recruitment to Iocnl
stocks has been showni to occur through the advcehqn of external water sources
across the fjord sill (Matthews 1973; Saud's 1080; De Ladurantaye ef al. 1084).

‘The relative efse ‘which physical and biv\logicnl data con be bollected in
fjords has‘lea to seme interdiscfp[inary studies of fjord ecmys‘te_m& T}vo-

examples are the Balsfjord Project at the University of Tromso, Norway (sée

1 | -
*Eilertsen et al. 1081), and the Korsfjord Project at the University of Bergen,

Norway (see Matthews and-Sands 1973). The general developmental scheme for

- these projects involves an initial study of the topography and oceanography of the

fiord followed by studies of the biological parameters, including primar);
productivity (Hopkins 1081; Eilertsen and Taasen l0§4), zooplankton population -
dynamics (Matthews 1973; Matthews and Rinnoi 1973; Jorgensen and Matth‘ews
1975; Bakke 1977; Sands 1980; Falk—PetersQn and Hopkins 1981; Tande 1983),’
trophic olFaniiaLiqn, and the transfer o_! energy in pelagic [jqfd ecﬁ&fms -
{Matthews and Bakke 1077;Hoykins 1981).

‘These studies have provided valuable information on the complex
interactions among species in 'the pelagic ecosystem, a feat difﬁculé to accomplish
in more o];e}'ocea'nic areas becauss of the time and expense involved in the

collection of samples and the i d variability in envil 1 diti

e —~




1.4 Objectives and Hypgthgu -

Most zoogeographic ndmija examine th;: varisbility in species distributions
over'vast areas of the ocean. :l'he( area sampled. ranges from sclle; of Imx_l;ireds’
(e.g. Barnett 1983), to thousands (e.g. Aron 1962; Backus ef al. 1970; Jahn and
Backﬂs 1976; Willis Q&i;chKelvie 1085), to tens of thousands (e.g. Backus et al.
1977) of kilometei)There is little real potential for faunas in the areas sampled
to be similar in species composition because of the wid; areasampled and the

number of different water masses -and/or current systems transgressed.
. R /

In- the present study, I examine the pelagic fish and lank

faunas of Bay d’Espoir and Fortune Bay, two fjords located off the southern L/oast '

) of Newfoundland, Canada. The fjords, sjeparated by a distance of only 40 km,
co,:‘:tiiin predomimn!_ly different deep water masses, yet have similar near-surface
‘water properties above sill depth (de Yo);ng 1983; Richard and Hay 1984). The
deep water mass in Bay d’Espoir is relatively warm and saline,‘ while the deep

‘water mass in Fortune Bay is predominantly cold and fresh, wit‘h a pronounced z

seasonal warm water component. The tw’o Ijord; also differ in the nature and ~

frequency of deep water exchange.
’ The close proximity of the fjords and their similar near-surface water
propetties implies that thereis a real potential for the deep water, or mesczpelng'ic,

faunas to be the same. This is %pecls"y true consldermg that a large ma_lont.y of

mesopelagic species have larval stagu which are almost enurely epipélagic
(Haedrich and Judkins 1978). Luvne of mesopelagic species in both fjords would

have similar dispersal routes. A comparison of the mesopelagic faunas between




/ : the fjords could provide an indication of the relative importance of local

hi ditions, sych as

, salinity, and the frequency and

dynamics of deep water renewal, in d ining the ition and

of the resident fauna. ) v

The first objectjve of my thesis is to examine how the species composition

" y ; d

and relative ab

of pelagic fishes and kton are infl d

by the local g_c_ganog‘nphic conditionggn-Bay d'Espoir and Fortune Bay. My

. hypothesis is:thif the fjords should contain predominantly different, species

] with ter species more abund in Bay d'Espoir and cold-
water species more abundant in Fortune Bay. r
Second]y, 1 will compare the structure and persistence of the l‘mmnl
~ assemblage in Bay d'Espoir with that in Fortune Bay and comment on lhe relative
1mporlance of biological and physlcal processes in structuring the nssemblages. My
hypothesls is that advective processes will be more important in structuring
faunal assemblage in Fortune Bay due to the dynamlc nature of deep water
renewal in that fjord. In Bay d’Espoir, where deep water renewal is an annual
event and the properties of the deep water mass remiin. relatively homogeneous,
>

biological processes should play a greater role in structuring the faunal

bl The faunal blage in Fortune Bay should be chanclenzed by

highér spatial and temporal vafiabilily in species composition, relative sbundance,

and biomass than the assemblage in Bay d’Espoir.

- e

/ 1 will also examine several community parameters such as the species

-~ diversity and evenness, average species richness, and biomass, of the faunal D od
t

to see what i ion they may provide regarding processes
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structuring the fjord hun?s. In general, physically static ecosystems are
characterized by ahigh species diversity while physically dyn&mic,e{osystema
bave a low spesies diversity (Rainér 181). Timonin (1971) found that plankton
communities in upwelling fegions of the Indian Ocean were characterized by a low
species diversity and high biomass, while areas where the water column was
typically stratified had a high specigs diversity and low biomass. The faunal
user;xblsge in Fortune Bay should therefore be characterized by a lo‘;zer species
diversity and bigher biomass.compared to That in Bay d’Espoir.
The difference in the nature of water mass renewafﬁe{ween the rjonis _' e

should also be reflected in the size frequency distribution (bmmass size specm) of

the !aunll assemblagss. My hypothes)s is that in an area of frequent perturbahons,

" siich as Fortune Bays ire should be a smaller-slzed faunal sssemhlage than in

Bay d'Espoir. In general, syaller size coing:ides with a shorter lifé span, and
individuals are better able to complete their life cycle in the time interval between
disturbances. This has been proposed as the reason for the successful exploitationv
of Gulf Stream rings by the myctophids, Hygophum benoiti (Cocco), and
Lampanyctus pusillus (Joimson); (Backus and Craddock 1982). In Bay d’Espoir,
where the water column is typically stratified and static, a greater pmpor‘tion of \
the faunal assemblage shopld consist of larger individuals.

Finally, I will compare the I‘aums in Bay d" Eapoxr and Fortune Bay ‘to those
of the @mt Hermitage, Lgurentxan and St. Pierre Chanuel systems,-and I will

cﬂmme&\on possible faunistic links between the fjords and extermal-water—masses.




DESCRIPTION OF STUDY AREA

2.1 Topogtaphy ©

The study srea i’ located off the south :oasl of Newfoydlnnd, CMIIICLI, and
consists OH-W!\) fjords, Bay d'Espoir and Fortune Bay,’ and the usuci:uﬁ
Laurenti;n, Hermitage and St. l,’icr: Cksimal systems (Fig. 1). '

The Laurentian Channel is 5 deep trench extending from the adge of the
continental, shelfto the Gulf of S Lawrence. “The channel is approximately
1200 km long and sepsmts the Grand Bsnks from She Scotian Shell. SuuLh~
easl.ward from Cabot Strait, the channel deﬁ varies I;gm 400 to 600 m.

An eas\w rd branch of thz Lauren!mn Channel, Hermitage Chnnnel |s

onented along a SW-NE axis lendmg dlrectly into Hermitage Bay*and Bay /

d'Espoir. Hermitage Channel is approximately 137 km 3ud 40 km wnd:“and
has a mean depth of 200 m. The channel has a‘maxlmum depth of dboul 375 m.

- St. Pierre Channel is located to lhe southeast ofjortune Ba\y, parallel to the-

“long axis of the Burin Peninsula. It is a relattvely large, shallow trough,

apgroximately 275 km long and 45 km wide, and has a mean depth of 1fom

{déXYouing 1983)” Southeast of the island of St? Pierre the channel divides into

-

twd) branches which run east into Fortune Bay and west into Hermil‘agg Chnrﬁel.

Both branches are relatively shallow and depths do not exceed 148 m.

o ¥ . .
¥y ! . l 7




2.1.1 Fortune Bay

“The average wtul freshwuter ﬂow into Fortune Bay s approximately 100 m Jsec™

Fortune B:}.is a relatively large fjord located approximately 40 km l.o‘the
sbutbeut of, md roughly parallel to, Bay d'Espolr (see Fig. 1). The r)ord is
bounded by the Bunn Peninsula to the east, the French islands of St. Plene and
Miquelon lo the south, and Hermlzavge Channel to the west. Fortune Bay i is

approximately 137 km long and 40 km wide, and has a mean depth of 120 m (de

‘Young1983). The maximum depth of 526 m occurs at the head of the fjord, in

Belle Ray. . # »
Fortune Bay has three outer sills and one inner sill. Two of the outer sills

are located, qdjhcexit to Hermitage Channel on the northwester’é gdge of the bnj.

They are referred to as the Miguelon and Sagona sills at'depths of 125 i and

c11s m. respecuvely. "The lhlrd sill, retcn-ed to as the St. Pierre sill, has a depth of

100 m and is loczted o the so\lthwest in St. Plene Chnnnel The inner sill is

nppyoxlmately 195 m deep and separates Belle Bay fromi the main basin of the
fjord. ’

., The main source of hwater in Fortuné'Bay is the Bay du Nord River

which emphes mto Belle Bay The mean annual flow of the river is ‘sumnted at;

30.7 m%ec! 3 wnh penods ‘of jnéreased flow in the spring and fall (de Young 1983)
2N

or3 )(fl()um3 1(de Young 1983)

Bny d’Espoir is a deep, nm‘ow, fjord- consmhng of an outer basln eonnected
’ .

2.1.2 Bny d‘Espoir . S &

to twa pnnclpal afms (F)g 2). “The first arm extebds narth l'rom the ouler bmn,
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and shoals to larm two lubsnflary bays, North Bty md Eu'. Bay. The dutmee
from the mmnh of the fjord krthe held ol‘ Norlh Bay is Appmxllhluly 20 km.

The second arm bnnchu eulvurd from thé outer basin and, is on:nted ;Iong 2=

' SW:NE axis, Bois Island sepaul.u two passages: Lampidoes Passage

Bois Island Passage. These passages coalesce north of l.he island ;nd continue !o
approximately 21 km to the head of the bay at Sl Alban s. The distance from
" the mouth of the fjord uuh'{ head of the enlern arm is approximately 50.km.
‘Maxlmum wuer depth in the outer basin is 773 m, considerably deeper thsn in %
mther of the two principal lrms Bm.tom -depths in” ‘the northern arm are l& thnn
350 m whlle in the eastern arm the maximim depth i is 280 m, in linmpldou
Plssage
. E . - The main éuurg.e.s of !reslz}w‘nler are onl:ﬂow l‘rc;n the Bay d’Espoir pow;r T
plant; ieonne River and Southeast Brook, which drain into the eastern arm of the ._
« . fjord in the headwater region ne‘ari St. Ml;m's. Tlle'f:ombin:d ﬂ'ov; from !.:hese 2
i three sources is estimated to vary between 16.2 and 23.2 msec! during the
suinmér montbs (Anon. 1980). Freshwate? ijput in the northera abm is derived

* trom the d Bspoir Brook and Salmon River. The inflow from tliese two sourees -

bas not heel-leeunred
Bay d'Espoir has one outer Sl“ ud nine i lnner sills. The outer sill, ) A

@ . ' Hermltage SI" is located ‘at th: head ol’ Hermitage Chmnel afa depth of .
npprox:mately 280 m, E!gh&u! the nine inner sills are d|spersed ﬂuoughoul the

* eastern arm of the f]ord The remumng slll is located m|dwny between-the .

channel conneumg the euurn‘nm of Bay d'E!pOll nnd Hermmge Bny
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. e
i . 2.2 Physical Oceanography . , - 2
7 f
=" . The physical oceanagraphy in tHe region off the south coast of  +
B 4 Ntwloundland is influenced by two distinct water types: Modified Slope Water
B .

(MSW)'and Labrador Currenl.V.Vater (I_ACWL MSW. is formed in the coqtinenta:l
shelf région by mixiuk of;ﬁe Labrador Current and Slope Water masses (McLellan
1057) This water type is relatively warm and saline, characterized by C
£ temperature of 4 to 6°C and a salmny of 34.5. °/oo (parts per thousand) MSW is .
“transported to the Bay d'] Espolr - Fortune Bay region th;oygh the Laurentmn and
Hermitage Channels where it is present below 150 m (Lauzier and Trites 1958;
Livély 1083; de Young 1083). e '
' LCW in _céhlparisop, is r;old and of lo‘w salinity, cpuracterized by.
tempefatures of--0.5 to.-1.0°C and .salnity of 33 °/oo. It is transported to the
esouth coast-of Newlmmdland primarily thro;xgh the Avalon and St. lsierre B '
Chnnnels to the east (P:tne and Anderson 1983), but augmented by flow through
the Strait of Belle Isle to the nonhwsl (Garreu and Petrie 1981; Petrie and
Anderson 1983). Esumsllmns of the volume trnnqur% of the Lnbrndor Current in
i 1:\\;3[0.11 Glfaanel have varied from 4 x 10°ms” (Petric and Anderson 1983) to ‘
. ’ X .o 10°m3s™! (Smith et al. 1037). de Young (1083} eslimue&a’?ransport of
’ %1 x10*m’! for the Labrador Cunent in St. Pierre Chanuel.
LCW is nlso prmmt in Laurenuan and Hermitage Channels. de Young
(1983) detecied n strong, but variable, inflow of LCW along the southeastern side

4, . of Hermitage Chanael ati diate débths above 150 m. This water arrives in

part through the Sl. Pierre Channel (de Young 1983) snd also through the 0

Laurentian Chanmel (Petrie and Anderson 1983). T P o




2.2.1 Fortun

Foftupg Bay has three outer sills and two independent sources of deep water

(de Young 1983). The-deep water sources are the warm and saline MSW of .|

ngmi‘tagg -Channel and the cold a‘nd relatively fresl; LCW of the‘Avalon and St. }

Pierre Charfnels (Lively 1983; de Y&mé 1983). The v‘vnte‘r mass resident inside the

fjotd at any given time is a mixture of these two sources, with water properties

reflective of the f!lixing ratio. A typical_ temperature. and snlinity’ pro[i)e for the

fjord at the lim.e of snmi)l’ing during the present, study is shown in”Fig 3.

The physical ocelnogr.‘nphy of Fortune Bay, with parlicnl;i emphasi§ on

M deep water renewal prccesses‘, wm;'\t;xpmine;:l by de Young (1983). lj,eep water
renewal in Eorlune'Bny occirs bi-annually, in the ;vh;ter nnd in the summer
(dm@ung 1983). In the wmter, the deep-water mass mslde the fjord is replaced by
MSW. Thns process is conelated wntﬂ‘n seasonal increase in wind speed and L
shift in \_vmd direction along the south coast of Newfoundland (de Young %nsa). )
Strong northerl;' and nértl;ehsterly winds generate upwelling in H_ermitage
Channel resulting in "the Lmnsporl of MSW over the Miquelon and Sagona sills -
land into Fortune Bay. Tlm mﬂowmgMSW is warmer @pd more dense than the
vesrd;nr water mass nnd smks to the bou.om of the fjord. Following thls inflow,
maximum temperatyrles_ of between 2 and 2.5°C occur in the deep water of the

- ’ .qurd. The l.r‘anspon‘ol"MS'W into Forlune"Bay oceurs only Juring‘ the winter.

'r'l ghout the remaind poeyenra inuous inflow of MSW ino the fjord

is prevented by the- shallow depth of the Mlquelon lnd Sagonn sllh( < 125 m)
LI S R, RQuring the summer, deep water replacement occurs via an mﬂow ol LCW. .
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over the St. Pierre sill. This inflow is described by de Young (1083) asa tidally
P «
modumeﬁ', density current ihflow with maximum inflow at flood tide and \ -
¥ s e
minimum inflow at ebb tide. Coincid wnth ving LCW, P near  __

0°C often uc:ur throughout the wate’} “column in the outer basin of the fjord.
"oyt v The result of these two indepentienl _wnter sources, each having markedly

dnl’ferent water properties, is that deep, water lenewal in Fortune Bay is

accompamed by intense vertical mmng of the water column’ (de Young 1983).

Stratification may occur in dee?er water, below 150 m, but it is weak compared to
= ) . that in Bgy d'Espoir. The change in o, values with depth was compared bBetween’
: two stations for the déep water l> 150 m) in Fortune Bay and the deep water

(> 300 ) in Bay d'Espoir. Sigma-t ihcreased by 7.4 x 10™* units m™ in Fortune

, B ]
Bay compared to 4.8 x'10° units m! in Bay d'Espoir. - )
e :
5 - I . A
2.2.2 Bdy d'Espoir :
The circulation of Bay d'Espoir is such that the outer and fhner (Lumpidoes
. Passage) basins differ markedly both in wate'r propertie,q,and in the natufe and.
—

frequency of deep water exchange {Richard and Hay 1084). Followmg is a brief

descnphon of the ocennography of the outer basin, the focal area in the prgsent

. ' ¢
g 3 study. N . =
/The water column of the outer basin is well-stratified and conswu%
. |
layers: a2 face layer, an il iate depth cold-wat (lI_)CW) iayer,.and . - I

a deep layer. The near-surface layer is influenced by surface heating and cooling
and fluctuations in the volume of freshwater runoff. It often encompasses the

upper 20 m of the water column, nllhﬁugh the thickness v‘ari_eg both temporally |

: |
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and spatially. It is generally impossible to distinguish between the nea: 1

and IDCW.Isyers during the winter due to wind induced vertical mixing.

The IDCMyer occurs between depths of approximately 20 and 150 m nnd‘
Bf .is derived from two independent sources; LCW and winter-cooled surface water.
' The volume of LCW, in the intermediate depth layer varies with the vn)iume
transport of LOW o the south coast of Newfoundland. This transport is highly
varin.ble as illustrated by de Young (1983), w'ho;detec‘ted an outflow of E(Mom
St. Pierre Channel into Hermitage Channel of 5.2 x 10*m3sec’? in May lﬂ§2. A
simiiar outflow was not ‘delectudr in May 1983. -

‘ . g
. = Much of the IDCW layer is l‘o/rmed locally during the winter months by

wi;ld-induced vertical mixing i‘n the upper water column. Mixing in the upper
water éélumn éontributes to th;z formation of the IDCW layer in the G:ulf bl'_SL ‘
Lawrence (El-Sabh 1073, 1977; Dic"kie_ and Trif;’es 1983), and can result u;
unifa}mly cold’ water (< 0°C) to depths of 125 m. Water tempernure‘s in the . §
? IDCW layer are lowest during the spring when the layer reache its maximum
3 thickness (> 100 m).
The deep layer is comprised of warm and relatively_saliné MSW. T-8
. diagrams show this layer to i>e a consistent {8ature in the outer basin below 200 to
' ' 300 m, althou’gh warm_‘ ter (4°C) ls found as shallow as 175 m in the spring and
early summer (Richnrd% Hay 1984). A tempe}ntﬁré and salinity pr(;ﬁle typical’
Tof Bgy J‘Es};;ir at the time of sampling during the present study is‘shown' in
Fig. 4.

LU Deep water renewal in the outer basin is thought to occur each spring,

* although it may be only partial. The forcing mechanism is believed to be the




same as that in Fortune Bay during the winter - strong northerly and
northeasterly winds (Richard and Hay 1984). Mummlike Fortune Bay, deep
water renewal in Bay d’Espoir involves only’zhe MSW‘masa and the deep (280 m)
outer sill permits a continuous inflow of MSW into the fjord above‘ sill depth. At
the time of deep water renewal it is MSW of a greater density that replaces the

_resident water in the deep outer basin. \
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MACERIALS AND METHODS ~

3.1 Sampling Program

Forty-one samples were collected wiﬁh adm lsm‘;cs-Kidd Midwater Trawl.
(IKMT) aboard the CSS'Dawson in May 1982 and June 1983: 14 in Bay d'Espoir,
15 in Fortune Bay, 7 in Hermitage Channel, 4 in Laurentian Channel, and 1 in St.
Pie_rre Channel (Table 1). Sampling stations in Bay d'Espoir and Fortune B‘ny are
shown in Fig. 5. The net had an ap‘proximute mouth opening of 8 m?, a 10 mm
mesh stretch liner and a codend mesh of 471 ym. The IKMT was fished open at
all times, generally at a ship speed of be;ween 2.0 and 2.5 knots. ‘Anhou-gh the net

was not equiped With an opening-closing device, fishing was minimal during

launching.All tows were horizontal and ranged from 27 to 91 min. in duration. '

The total tlme fished was measured as the time interval between stopping paying
wire out unhl the pet was hauled on deck. The net was retrieved n!/a rate rnngmg
from 7 to 50 m min™'. Fishing depths for-the May 1982 collections were gshmated
using the meters of wire payed out and assuming a wire angle of 45°. In June {
1983, a Bent){os time-depth recorder (model number 1170-1000) was used to
record sampling depth. ~
‘The sampling program consisted of a series of horizontal tows made at
discrete depths. Together these tows provided an integrated sample of the water
column. Samplmg depths ranged from 212 to 636 m in Bay d 'Espoir, and from 50
zo 424 min Fonnne Bay. In the selection of samplmg depths consideration'was

given to the fact that most mesopelagic fishes (Badcock 1970; Badcock and |

<

r
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Merrett 1976) and invertebrates (Roe 1974) und;rp diurnal vertical migrations.
Backus et al. (1970) reported that few mesopelagic fishes were collected during the
day at depths shallower than 200 m while most species migrated to depths
shallower tlis/n 300 - at night. In the present study day tows were generally
nnde/ n’depthn'puur than 200 m. Night tows were generally shallower than 300
m, although in Bay d'Espoir several night tows were made between 300 gad 500
m,, The' :djutment of sampling depth, according to the time of Qa.mpling, was an
attempt to maximize the number of animals collected. Tows were desi -u;i as
being *night® or 'ﬂl;" tows based on the time of collection. Night tows were
those made in the time interval between one-half hour after sunset m;d one-half
hour before sunrise whilu: dnyj‘tows v’veﬁ those made in the time interval belt@veen_

one-half hour following surrise and one-half hour before sunset. Tows made in ~

* the time interval one-half hour before and after sunrise and sunset were

designated *dawn® and "dusk® tows, respectively. N
All fish and most macrozooplankton were saved. The samples were
preserved in 4 % l‘ormald‘ehyde {uﬂ‘ere:‘l with borax and later stored in 70 %

ethanol. At stations where only representative samples of the macrozooplankton

could be kept because of large catches, the proportion of the sample discarded was -

estimated volumetrically using a sieve or sorting tray. In 1982 only.qualitative

collections of macrozooplankton were made at stations 1208 to 1212 in Bay
d'Espoir and data from these stations were used only when calculating species

richness.
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3.2 Laboratory Processing

3.2.1 Fish
Larval, juvenile and adult fishes were counted and identified to species
3 o .
whenever possible. Fishes not identified to species were generally those in poor

condition. Larval fish were categorized as fish which did not possess the full

1 of adult characteristics. Following Fahay (1983), larval fish of the
enus Ammodyles werenot identified to species, and "the same was done for larval
[edﬁsh, Szbanl:a, Larval fish-are not discussed herein, although a list of the
- species collected is given in Appendix A. Adult and juvenile specimens are
discussed collectively in this study. Juvenile specimens wi htinénished {rom
\ " adults primarily on the basis of length. . ®
All juvenile nn;r! adult specimens were i;dividunlly weighed (wet w‘ei_ght.‘ +

‘—IlOl g) on a Mettler digital balance (model PE3600) and measured (+ 0.05 ram)
. with dial calipersi For indiﬂdnia@ exceeding 100 mm in length, measurements )

were accurate to only + 1.0 mm. Standard length (SL) was recorded for all

, with the ption of Mel i lanti Koefoed and species

of the genus Paraliparis for which total length (TL) was measured.

Literature used in idexﬁ?ﬁcation of juvenile and adult fishes included: 4
\ . Nafpaktitis et ‘al. (19'77) for Myctophidae; Mukhacheva (190'4], Kobayashi (1973),
and Badcock (1982) for Gonastomatida;; MeAllister and Rees (1354), and Leim
and Scott (1066) for Zoarcidae; Lein:n and Scott (1060" for Osmeridae, -

Pleurc S idae, and Stichaeidae;Able and McAllister (1980) for

Liyniﬂne; and Marshall and Iwamoto ('10‘13) for Macrouridae. Most larval fish

were identi]:ud using Fahay (1083). &.
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3.2.2 Macrozooplankton

In the present study, the r lank isted of ivés from

"seven major groups of zooplankton. These were: amphipods, chaetognaths,

euphausiids, mysids, pelagic polychaetes, pteropods and shrimp. Although many

pepods and gelati link are members of the macrozooplankton (see
Parsons et al. 1984) they were not included in this study. Macrozooplankton were
identified only from samples collected in Bay d’Espoir and Fortune Bay. Species
comprising more than 1 % of the total number of macrozooplankton collected
from each _!j?rd were categorized as co;xmon._

Subsampli‘ng was used to obtain estimates of the total number of animals
collected per trawl for t'he more abundant species, while shrix%p, the euphausiid
Meganyctiphanes norvegica (M. Sars); and most rare species w‘ere enumerated in
full. Occasicn;Uy, juvenile specimens of the shrimp Pasiphaea m;dh‘dmlula
Esmark and M. norvegica were found in the snbsa‘m‘ples, but this did not seriously
influence the population estimates. ¥

Prior to subsampling, all samples were sorted manually to remove large and
rare specimens. Initial splits we're made by dividing the sample into equal
aliquots, using beakers, until a suitable volume (~ 300 ml) for use in a Folsomn
plankton splitter w:s’ obtained. This &evice wu‘ then used to split the remaining

‘p-orti'on of theDomple. . v
. '
To ensure that all specimens were enumerated with equal preciston, a
predeterrhined level of sampling error was chosen based on Alden et al. (1982). In .

the present study*an error of 15 % was chosen. This required countirg a
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minimum of 144 individuals of each species per sample. If the required number of
N

.individnnls did not occur in the first split, more concentrated splits were examined
until the appropriate number was obtained. In some cases, the exceedingly low

densities of the farer species (relative to the more abundant species) made it

impractical to count the humber of individuals necessary to maintain the chosen

i sampling error. In these cases an error greater than 15 % occurred.

Estimates of the number of animals collected, variance, standard deviation

and 95 % fiducial

were calculated for each species in each sa’nipJe, using

formulae from Horwood and Driver (1976) (see Appendix B). Wet preserved

biomass was d for all mac lank species ined as total ;veight
per species pér station. At most stations the wet weight biomass of the remaining
portion of the zooplankton sample consisting primarily of copepods and gelnlinomi

zooplankton, and hereafter referred to as the miscellaneous zooplankton, was also

measured. The total wet weight of the n acrozéoplankton and the

lank together ised the total lank biomass. Miscell

zooplankton was measured at all stations in Fortune Bay ‘with the exception of

station 1413 and all stations in Bay d'Espoir with the exception of stations 1418,

1420, 1424 and 1426. .

Lii used in id lank

0 of

species included Allen
(1967), Rice (1987), and Smaldon (1979) for Pasiphacidae, Pandalidae, and

Sergéstidae; Einarsson (1945), and Mauchline (1971) for Euphausiidae; Tattersall

(1651); Tattersa)] and Tattersall (251), and Brunel (1960) for Mysidae; Dunbar
(1963) for Hyperiidae; Fraser (1052, 1857) for Chnygﬁthl; Muus (1953), and

Stop-Bowitz (1948) for Tompteridae; and Morton (1957) for Clionidse.

N
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3.3 Data Analysis ,
The overall catch rate of individual fish speciesAn each fjord was calculated

by dividing the total number of individuals collected per species by the total time

(ished and converting this to number per hour. The overall catch rate for all fishes

, in each fjord was calculated by dividing the total number of all fishes cellected by

the total time fished and converting this to number per hour. Catch rates of fishes

and also lankton were determined for collections in 1982 and

1983.by dividing the total number of individuals collected pe: speciés per year by
the total time fished in each year and converting this to number per hour.

Biomass per hour per yeargwas.also calculated in this manner.

Catch rates by dopth-sirata were determined separately for the fish and
mzcmiooplnnkbon species in Bay d'Espoir and Fortune Bay. Tows within each
fiord I‘mm both years'were combmed and then grouped into day and night
collections within 100 m depth intervals. Tows which were started at dusk and

completed at night were included with the night collections, while tows which

began 4t dawn and were completed by day were grouped with the day collections.

The catch rate for each species was then calculated by dividing the total number
of specihien; collected by the combined time Im- all tows within a given depth
interval, and converting this to the number collected per hour. The cﬂthate was.
then log transformed using logm(x + 1) where x is'the catch rate per species per

depth stratum. ¢

Several i were d for both the fish and

méruzoopl:nkton faunas. Percent similarity (Jahn and Backus 1976) was used to




measure the o;'ernll degree of similarity between collections in 1082 and 1083.

Percent similarity (PS) was calculated asfollows:

o
=100 - 0.5 I Ip;~ pyl.
n=1

where Py and p,, are percentages of the ith species in the jth and kth data
sets. The range of values for PS is from 0 (ulolal dissimilarity) to 100 5;6 (total
similarity). ‘

Species diversity (H') was measured by the Shannon-Wiener index (Green
1979):

\J W =-CLp lnp. =

where p; is the proportion of the sam;)le comprided of individuals of the ith '
species. ' ’

Specles evenness (E) was. measured by the Help Index (Heip 1974)

N~ CE=(f -/ -, .

where H is the diversity (measured by the Shannon-Wiener index) and § is
the number of species. R

Species richness was calculated as the number of species’collected ‘per sample

while average species richness was calculated as the mean number of species

collected in all samples from a gwen depth interval or area. Catch per unit effort

(CPUE] ‘was calculated as the total preserved wet wexght of all species (fishes and -

macrozooplankton separately) collected in a given area divided by the total time
fished. CRUE is expressed as grams preserved wet weight collected per minite,
fished. £

To determine whether species collected in both fjords differed inaelative

- .

feat
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lbunduue, cntch rates were compnred using & ynnn -Whitney [ U-tu! (Sohl and
Rohlf 1981). The uulylu was perrormed using mdeu.l station data .
standardized by eonverung to number per hour. C_}nk:h rates of mumoopln*wn
species collected from both fjords were compared oly if greater-than 30 Al
individna.lrﬁ: encountered during the sorting and splitting of the samples in at
least one fjord. This number was chosen arbitrarily and was used to remove

“rare® species from the analysis. Cauli rates of fish speciu. were compared only

when there was more than one record of oecurranu from uch fil ord “The unalym ol

“was perl‘ormed using the SPSSX stansnul nnnlysu packnge (Annn l¢83), on the
7T

Vax 11/780 at Uni y of N s,

PS and Sp rank lati ,’ i ients were used to measure the E

degree of similarity in species;relative abundances and species x:;nk order of

nbund-ncg; ;mou' stations.within and between years in Bay d'Espoir and Fortune

Bay. PS 'llIIHV ‘were calculated as above, The frequency distribution of PS values

for dl station pairs in each fiprd was examined. PS values for ihe

mumzooplmkum faunas appeared to be normn.lly dutnbuled wlule those for the

fsh faunas were skewed. As a result, a t-test was used to compare PS values
between ﬁords for the mlcmloopla{:ktun faunas while a M:nn—Wlmney U-test
was used to. complu Ps v.’uﬁemnn fjords for the ﬁsha A Mann-Whitney
U-test was l.l.m used to compare PS valuu of day auﬁcTn pnrs and mgh! Station
puls between fjords for the‘?crowophnkton All analyses were conducted usmg
the SPSSX statistical’ analysis package (Anon 1983) on' the Vax l!/180 at’
Me‘moril.l Unive;:lly. Nezumia bairdii -(Gv;‘o‘da & Bnn) was not included in-the

Iculations of PS and S rank elati m[ﬁmenh in Bay d' Espolr

" because it is a demersal upmu (Leun and Seou mu)

Al

.
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C ing_to higher ic group (i.e. fish, shrimp,
hausiid m;pida. hipods, ch hs, pteropods, polych ; hereafter .

rotened to as group: ition) was di ined ly for the fauna in Bay

" dl ‘Espoir md Fortune Bny Group position was by the

percenuge ot the total fish plus mummophnkwn pmerqu wet wght blomm

contributed by ‘each of the major taxonomic groups md lhe number of species

N xonnilzed within each group. &

Biomass size spectra were dso &ele:mined for the faunal -siemblngﬁ in Bay

d F‘Apou- and Fortune Bay. To cnlculah the biomass.size spectrum; the mean "
preserved wet welght for enh species way' cnlcullud by dividing the botul

prsr.rved wet weight of ‘the species by the toui number of npeclmens colleeted

1
_and cpnvarnng thu value to logl. Using the coverted -mean welght speclh were

g (\placﬂm 1082 we)ghl alzeclms 'l'he total prmr\ed wet w:lght onl species

within a given welghl. size class was d ined and,

asl,, entage of

the total fish and mu:romopllﬁ'lwn pmerved wet welght collected.
Only 1983 data were used in dev.emumng the group composmon and
biomas si\ze specv.n. . This was because the sampling prognm in the fjords was )

\ - .
more extensive in 1983 and also because of large between. year djfferences’in the -

catch rates of several species.. | T M,
N ’

A
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# : 0 " RESULTS

4.1 Species Composition and Relative Abundances

-

4.1.1 Fish mea
In Bay d' Espolr 8 total ol 213 flshu representing 8 l’amlhes and nt Iexst. 13

species was identified (Table 2). 'I‘he most abundant s))eues was a zoarcld

—~

leanaahymn allanhcum, which occurred in all collections and uccounted for
537 % and 350 %, by number and weight respectlvely, of the fish fauna. Several £

sbecies typically »associued with the open ocean were-nlso collected. These were'

ylaciala Reinhardt), Chauliodus sloani B]och “and Schnelder, and
five species be]ong‘mg to the genus Cyclol;lonc ‘B. glacmlc was the second most
abundant speeles, occ\lmng in all collections anfi accounting | Ior 39.3 % of the
total number and 424 % of thé total weight.
ill Fortune Bay, 592 individuals were c'ollec‘te,d répresenting eight families
‘ “and at least eleven species (Tablé 3). The fauna consisted almost*entirely (96.3 %
= by number, 93.8 % by weight) of juvenile capelin, Mallotus villosus (Mitter), 7 ‘*_
although they o;curred in only five of the 15 col!ectigns made: Excluding the
; . . large ;nmbeu of capeli;: (n = 570), the fauna was ‘numerically depauperat;, ‘with
< S———""yne fish collected in 1982, and 13 in 1983. ' ‘
Most of the juvenile t‘npelil‘; collected in Fortune Bay were from a seri’ee; of

four consecutive samples made between 0 and 300 m at night (Fi‘g. 8). Adult

capelin were not collected in the fjord. Six of the remaining species were also




. represented only by juvenile specimens (Table 3). Four of these species,

My I d inosua (Mitchill), M. acorpius (Lindgpus),
Hippoglossoides platessoides (Fabricius) and Ammodytes spp. were collected

above 200 m. Average species richness for all collections in Fortune Bay was L5.

..

In Bay d'Espoir Mel. i tlants and. Benth glaciale were
distributed throughout the ‘water column during day and night 1?'1;.-_7) and both
Jjuveniles and adults were collected. Only one"spec‘ies, Pollachius virens
(Linnn‘eus), ;:u represented solely by.jnveliile specimens (Table 2). However, asin

_Farmn;\ﬁay, most species in Bay d'Espoir were céected sporadically and in low
~~.numbers. Average s’pecies richness for the colléctiohs was 4.2 and the: greatest.
number of species (7) ol day, betwesn 500 and 000 m and at aight

between 200 and 300 m.

Most species collected from Bay d:Es/p;)ir were not collecleé from Fortune
Bay. Only four species, Benthoserna glaciale, (;yclolhane braueri Jespersen &
‘Taning, C. alba Brauer, and Sebastes spp. were collected from both fjords. To
determine if catch rates for these species were significantly different between the
. fjords, a Mnnn-\'\fl}itney U-Test was performed. C.alba and Setastes spp. were not
included in the analysis because there was not’more than one recor‘d of occurrence
* from each (jord. The results of ;he test showed that catch rates of B. glaciale were
s‘ignilicantly greater in Bay d'Espoir than in P.omme Bay (U, = 0.0, n = 15,12,

p < 0.0001) slthough Lhe]l was no significant difference in catch ratesof

C. braueri between the fjords.

Overall, the degree of similarity between the fjord faunas was fourd to be

/
1.8 using the PS index. Thelow value obtained in comparing the fish faunas of
e i

>




Bay d’Espoir and Fortune Bay reflects the differences in species composition

between the fjords.

4.11.2 Rep;nnl Comparisons

‘The fish faunas Qr Bay d'Espoir and Fortune B;yj were compared with those
of the Hermitage, Laurentian and St. Pierre Channels to examine the rels‘t_ionship
between the fjord faunas and those of the adjacent regions. The comparison
showed that the fish faunas in all five regions were dominated by one or two
abundant species (Table 4).‘ Only four species, Benlhaacma glaciate, Cyclothone
albs, C. bmuen, and Mﬂllalua villosus, were collected from more than two
regions wlnle most species were recorded in only one region. Melanoallyma
atlanticum, the moﬁt abundant species in Bay d‘Espolr, ‘was not collected from
any other rggion__snmpled. '

The most abundant speci‘es in the Laurentian and Hermitage Channels was
Benthosema glaciale, which was coll,eetea in all regions except St; Pierre’Cbannel,
B. glaciale was prominent in Bay d'Espoir, ranking second in overall abundancé,
but in Fortune Bay: comprised less than 1 % of the fish fauna. Mallolus villosus

was'the most abundant fish in thune Bay and St. Pierre Channel and ranked

second in abundance in Hermitage Channel. M. villosus was not collected in Bay

- d'Espoir or Laurentian Channel.

PS values were calculated to compare the, o‘ve;all degree of similarity among ~
the fish faunas of all regions (Table 5). The fauna of Bay d'Espoir was most
similar” to those of the Hermitage and Laurentian Channels and almost totally

. . i
dissimilar to those of Fortune Bay and the St. Pierre Channel. The fauna in
-



Fortune Bay was highly similar to that of the St. Pierre Channel, althiough this
comparison is based on a single samiple from the St. Pierre Channel. The

Hermitage Channel fauna was mo:leniely similar to those of all regions.

4.1.2 Macrozooplankton Fauna
The mtrozocpllnk'_.on fauna in pay d'Espoir was characterized by five
common species (Table 8). These were, listed in order of decreasing abundance, .

Thysanoéssa raschii (M. Sars), T. inermis (Krayer), Sagitta elegana Verrill,

A i gica, |m.i Eukrohnia hamata (Mobius). These species
oceurred in all of .ths collections and sccounted for 98.4 % by number and 87.4 %
by weight of the fauna sampled, The six sp:eciu,- Pasiphaea multidentata,
Sergestes arcticus Krgyer, S. mazima (Conant), T. longicaudata (Kreyer), =
Boreomysis arctica (Kreyer), and Tomopteris helgolandica Greeff, occurred in at
+ least 70 % of the collections although in low numbers relative to the commo:
species. Most of the‘remaining species were patchy in distributk; and were
collected in low numbers (see :oem;:imt of dispersion values given i.n'Appel;di{ Q).
“Two species, Pandalus montagui Leach, and Gennadas elegans (Smith), occurred
only in the deepest day collection while seven species, including Borepomysis )
* tridens’ G.0. Sars, Mysis mizta Lilljeborg, and Pa;udomr_na truncatum . -
- S1:Smith, were collecteddbnly at-night (Fig. 8). Average species richness for the—  ~
N mncrozoopisnkwn collections from Bay d'Espoir was 13.8. . P /

Seven species were common in the macrozooplankton collections from

Fortune Bay (Table 8). These were, in order of decreasing abundance,

Thysanoéssa rascl

i, Sagitta elegans, T. inermis, Meganycliphanes n‘ampic‘a,

Parathemial dichaudii (Guerin), Eukrohnia hamata, and T. longicaudala.



These species occurred together in all fifteen éollectiom, accounting for 98.8 %
and 93.9 % of the macrozooplsnkton fauna, by number and weight, respectively.

- Several other species occurred consistently although in low densities. These were

Halis Julvocinetus (M. Sars), Parathemisto aby Boéck, Mysis mizla,
C;h'ane limacina (Phipps), and Tomnp_(q-'s helgolandics. As in Bly‘ d'Espoir,
most macrozooplankters in Fortune Bay were patchy in distribution with
coefficients ;;f dispersion much greater than one (see Appendix D)..

Catch rates by d‘zpth strata (both years cumb}ned) for mnrozooplmi(urs
collected from Fortune Bay are shown in Fig. 9. High catch rates were obtained
ft’)r-lll common species, at all depths sampled, both*day and night. Nine species

‘were collected only at night, and the mysld Boreomym nobilis (G O Sars),

" occurred ‘in much greater numhels at lught than day. Most species of nmphlpodl "

and mysids were collected in the upper m at night and, with the exeephon of

Boreomysis arctica and F'hrzrylhrnpa a,(G.0. Sm).’tll oceyrred sbove

’300 m. Aversge species richness was 140 dnd species richness tended to incresse

‘with depth A_nd also at ni;h.t. This trend could‘ not, however, be 'veriﬁed
statistically because of the small number of samples collected from any given

depth stratum.

re ooplanklon hunu between the fj; nrd.'i thuweplrlu

"To c‘ol;lpne the

species gréups were lde uﬁed The first g'roup contained those animals wluch were

i collected from one fjord | bnt not the other. Panyhua mnll:dcnlala and

Borumyau “arctica have been included in this group becnue t{xey ‘were wllécted

in large numbers from Bay d'Espoir (n = 438 and n = 510,. ;ai;ectively) v %

{




compared to one individual of each species collected from Fortune Bay. Eleven- -
species collected in Fortune Bay were not collected from Bay d‘Eq_)oir, snd nine
species in Bay d’Espoir were not, collected {rom Fortune Bn}_' (Table 7). Species
collected only from Fortune Bay primarily belonged to the amphipod and mysid
groups, while thos_e recorded only from Bay d'Espoir were mostly decapod shrimp
and pelagic polychaetes. None of these species were common members of the
macrozooplankton !nung in either fjord. However, three species from Bay

d'Espoir, Pasiphaea multidentata, Sergestes arclc‘cua and Boreopysis arctica and
one species from Fortune Bay, Boreomysis nalnlla, were represented by greater
than 300 individuals. N '

: The second species group contained those animals which were collected from
both fjords but in low numbers (T'able 8). Four of the eight species belonging to
this group were va{mphipodsl, althougl!'all groups excluding euphausiids and
pteropods were rtepresented. None of the s];ecies belonging to this group were
common menibers of the macrozooplankton fauna in either fjord.

. The third group of animals contsined those species which were recorded -
from both [inrds and for which greater than 30 individuals were enumerated,
‘when sorting and splitting the samples, il; at least one of the fjords. -Twelve
specxes of mncrozooplankbon were placed in this group (Table 9). To dutermme if
catch rates for these species were slgnlf icantly different between fJords, a Mnnn
‘Whitney U-Test was performed. .Catch rates for 8 of the 12 (66.7 %) specles in
this group were found to be significantly different between fjords (Table !J). Six
species, anl‘heminla gaudichaudis, P. abyssorum, S:m'lla elegins, Thysanoéssa

Iangl'mudaln,.My_/nia mizta and Clione limacina; were more abundant in Fortuné
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§ Bay, while Eukrohnia hamata, and Sagitts mazima, were more abuntfmt in Bay

d'Espoir. Four species, Meganyctiphanes norvegica, T. inermis, T raschii and
is helgolandica showed no signil difference in relative sbundance -

Féiween the two ares. T: raschii was the most. abundant species odllected from
both Bay dEspoir s8d Fortune Bay, while T. inermis and M. nor-vegica were
among the top four ranked species in both fjords.

Overall, the value of PS between fjords for the macrozooplankton faunas

was 56.7. This value was high compared to that of the fish faunas (PS = 1.8).
= . \

42 Structuye and Organization of the Fjord Faunas

s : \ 4.2.1 Fish .Flunl
K A !mmber of parameters were investigated to assess the relative importance
of physical versus biological processes in sl.ru::turlng the fjord faunas. These
parameters included the aegree of spatial and temporal varhbi!‘ily in species
composition, both within and between years, and the between year variability in \
v species composition, catch rates and biomass of the fjord fish faunas.
‘To measure the withiq md~bgtween ye;r varisbility in species composition

and species rank order of ab; P rank

and

PS indices were used. Both the S rank lati fficients (Fig. 10)

and the PS indices (Fig. 11) indicated that collections from Bay dEspoir were -

more similar to one atiother within and between years than were those from 3

Fortune Bay. In Bsy d’Espoir, Sp rank i flicien Vslio/wea a
significant pas.itiVe correlation in species ranks for 48f the 66 (7&.7 %) station

pairs compared. Of these 25 were within year comparisons while 23 (34.8 %) were )

© -




between year comparisons. ’l‘lhix high. degree of similarity was reflected in the 8
mean (.71) value of Spearman rank correlation coefficients for all stations and the

narrow rhnge of values (.48 - .09). In Fortune Bay, species ranks showed a '
significant positive correlation for Quly 6 of the 86 (9,‘1 %) station pairs compared

and the central tendency was towards a negative correlation. The mean

correlation value for all stations was lower in Fortune Bay (.03) than in Bay

d'Espoir and the range of values was much larger (-.30 - +1.0). Similar results

were obtained using P§ indices (Fig. 11). In Bay d"Espoir .the mean value of PS

-~ . = '(74.7) was significantly greater (U, = 538.| 66,66, p < 0.0001) than the

mean value of PS (18.1) in Fortune Bay. Overall, PS values in Bay d’Espoir
raniged from 345 t095.7 compared to0 to 100 in Fortune Bay. PS valies in

: Fortune Bay were- highly dependent upon the presence or absence of capelin at

" any given station. Forly-eight of the 65 (72.7 %) station pairs it Fortune Bay
shared no species in common and the few highly similar stations were those at
which large numbers of capelin were collected. Following the remowv al of capelm
from the data set the mean value of PS in Fortune Bay further dec”d to 2
PS =178 wnlx overall values ranging from 0 to 66.7. However, given tha} only 22
fish other than capelin were collected from the fjord the significance of the PS
values is u‘nclen[. VThe dominance of capelin in the Fortune Bay fish fauna with

/ respect to other indices is discussed on page 60.
Althdugh these results s\;ggest that the fauna in Bay d'Espoir was spatially

and temporally more homogencous than that of Fortune Bay, differences ‘in the
scale of sampling between fjords must be taken ‘into.consideration. Samples in B;y

d'Espoir ‘were colleéted only from the deep” central basin of the fjord and the




o Imaximum distance between station pairs was approximately 8 km. In- contrast,

samples were collected throughout Fortune Bay and the maximum distance ~

between station pairs was ap i 95 km. To d ine if the app

heterogeneity in the fish fauna of Fortune Bay was merely a reflection of the

( - sampling scale, values of PS against distance were plotted for all of the station

- pairs compared in each fjord (Fig. 12). Tn Bay d'Espoir, a Pesrson product-

moment was' leul; A d using d data (PS values were
transformed using nrcsin(p)'/2 where p = PS/100, distance values were
transformed using log, ;) and the I'Esl;lf.s indicated tha}dﬁerewas 3 significant
negative correlation between PS values and distance in that fjord (r = -.41, _
n=86,p < 0.001). A similar transformation failed to normalize the frequency
ﬂsuibﬁtion of PSand distance values in Fortune Bay and therefore a Spearman

lati coefl’ic{ent was ; lated using the raw da}a.’Tbe results of this, -

rank
test showed that there was also a significant negative correlntfon between PS
values and distance in Fortune Bay (r = -.46, n = 66, p < 0.0001).. Given that *
sprial'nutocorLelntion of Ps values with distance was observed in both fjords, this
relationship may be an inherent property of sampling on all scales. Therefore to

evaluate the Hegree of varisbility between the fjord faunas, PS vaiues were

compared for only those samples fromgwoth fjords collected over similar spatial

- scales. ‘This should provide an unbiased indication of the relative degree of
homogeneity in-the fjord faunas. J

To make this comparison 18, nmon pnrs sepamted in distance by less than
10 km were selected lrom all station purs in Fortune Bay. In Bay d’ Espolr, 10 ¢

data. sets, each containing 16 station pairs, were randomly generated from all




station pairs within the fjord. In all cases, values of PS against distance were
plotted, and s representative plot for Bay d'Espoir and the plot for Fortune Bay
are shown in Fig. 13. A-Mann-Whitney U-Test was used to compare the mean
value of PS for each o? the 10 data sets from Bay- d'Espoir with the mean value of
PS in Fortune Bay (Table 10). Although there was no significant difference in the
mean value of PS between the fjords (Table 10), this was likely due to the high
variability of PS values in Fortune Bay. It is apparent from inspection of the data
(Fig. 1’3) that there was a greater degree of homogeneity in the fish fauna of Bay
d’Espoir; and in all cases the range of PS values in Bay d'Espoir wasmore |
restricted than il.;« Fortune Bay (Table 10). In Fortune ﬁay, nnmplés separated in
distdnce by less than 2 km could be totally dissimilar (F’ig. 13). The results of thi's
analysis suggest thatvalthongh the sampling scale d;d influence the obserVed

‘ degree of similarity nmdng'(.zailecticns rrc;m both- fjgrds, the observed heterogeneity
in the fish fauna of Fortune Bay was real and persistgd even over ;.mAl] spatial
scales. However, as previously stated, PS values in Fortuné Bay were heavily-
dependel;t upon the présence or absence of capelin in the collections.

’ A comparison of the‘ hetwee'n year varialtion in species composition, catch
ra;es and biomass further suggested that the fish fauns in Bay d’Espoir was
temporally less Varisble than that in Fortune Bay. Although only six of thirteen
(48 %) species collected from Bay d'Espoir oceurred in both years, PS between 5 ‘/‘\

~ collections in 198.2 and 1983 was high (PS = 91.5). This was due to the !

dominance of the fauna by Mel. tigm lanti ?nd Benth. glacisle 1A}

for which catch rates between yearsremained nearly constant (FEBTI1).

g 7 Overall, the total number collected per hour was similar between years and




slthough the tofal weight collected per hour increased in 1’1683, this was primarily

attributed to an increased muiber of Nezurnia bairdii in ‘c“the 1083 collections and

between year differences in the length fr ) ies of Me la
"Di"erenta did occur in the number of species and indivi’d\la]s of Cyclothone
collected between years in Bay d'Espoir. Five species of Cyclothone were collected
in 1982 compared to only twd species in 1083, and calch rates for C. ,J,mm' and
C. ”rrAAicrudon were lower in 1983. However, Cyclothone spp. did not constitute a
. major c‘ompcnent of the fjord fauna in either year of sampling.

- In Fortune Bay, only: two of 11 (18 %) species, Mallotus villosus and
Cy;lqlhonz brnuer; weﬁ’t’:ollecled in both years and catch rates for the dominant
speciés, Mallolus m'llauiu,?gkrensed from 2.1'in 1982 to 78.9'51%83 (Table 12).
’f‘he total number a‘r:d weight of fish collected per hour also!increased in 1983
(Table 12). Overall, PS between years was low (PS = 43.6) in' comgmrison' to Bay\

dEspoir.

Length frequency.hi were d for the dominant fish species

in each fjord to assess the potential of the fjord assemblages to be self-sustaining.

For Bay d'Espoir, length }ngnency hi: are p! d for Me

atlanticum (Fig. M)’mId Benthosena glaciale (Fig. 15): A fengih frequency
histogram of Mallotus villosus collected in 1983 (Fig. 18) is presented for Fortune
Pyy- Due to the small number of specimens collected in 168-2 a length frequency

histogram could not be constructed.

The length frequency hi: for Mel i i and

Benthosema glaciale show that specimens collected from Bay d'Espoir in both

years cov::red a wide range of sizes, and modes, suggestive of individual year
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classes, were evident in the data. The largest sp‘ecimen of B. glaciale measured
83.4 mm SL, whl]e the largest specimen of M. atlanticum measured lmo,mNL
These specimens are at the upper size range recorded for each species and suggéts
that adults of both species were present in the fjord. In contraﬁ;only juvenile

specimens of Mallotus villosus were collected in both years from Fortune Bay and

in lgsatﬁingle mode was present in the data, centered near 58.0 mm SL (Fig 16).

Based on the work of Templeman (1948) on the length-age relationship of capelin

it soutlrern Newfoundland bays, it would appear that the capelin collected from

Fortune Bay were spawned the previous summer.

4

42.2 Macrozooplankton Fauna

The fjord macrozooplpnkton faunas were also examined to investigate how

they were influenced by physical and biological p se The ; &5
examined-were similar to those used for the fish faunas.

Species rank order sbundanees were found to be highly simil r’;r;nong
stations within both Bay d'Espoir and Fortune Bay. In Bay d'Espoir, Spenm;an

rank

lati fficients showed a signifi positive correlation (p < 0.001)
in the rank abundsnce of species for all 45 staﬁm; pairs compared, both within

and between years (Fig, 17). Similarly, species ranks in Fortune Bay showed a
significant positive correlation (p < 0.001) for 101 of 105 (96.2 %) station pairs
e;mpared, while species ranks at the remaining four stations (3.3)%) showed a
significant positive correlation at 0.01 > rP> 0.001 (Fig. 18). In Bay d'Espoir the
mean value of Spearman rank uarrelntim; coefficierts was 0.76 with values ranging
from 0.62- 0.91, compared to a mean value of 0.68 in Fortune Bay and overall

values rangimg from 0.45 - 0.94, Although species rank order of sbundances we’ré

—




highly conisistent nm;:ng all stations within both fjords, there wéré fluctuations in
the relative abundances of individual species Within and between years. Within
year variability among ststionsvwas apparent in the patchy distribution of n:ost
" macrozooplankters (see Appendices C and D) while h;at.ween ye;r variability in
species relative abundances’was evident whe overll catch rates from 1682 and
1983 were ‘cgmp;red (Tables 13 and 14). ..
The variability in species re,lat’ive abuuthﬁcu was also reflected in PS valu‘es

calculated among all stations w'ithin each fjord. PS values showed there to b.e less

va‘riability in the Fortune Bay fauna (Fig: 19) compared to that in Bay d'Espoir

(Fig. 20). The mean value of PS'in Fortune Bn’y (66 86) was signiﬁcantl‘y bigicer- .

(t =-444, df = 148 P < 0.001) thun in Bay d’Espoir (52.28) and the range of

) values more rs(mted PS values wege plotted against the distance between

station pairs (Fig. 21) ahd Pearson product-mofment lations were
using transformed data (see page 36) '.o determine if the vnrmbles were spatially .
autocorrelated. There was no sxgmﬁcant coneln.non between PS values and the
distance between station pairs in either Bay d'Espoir (r = .13, n = 45, p > 0.05)
.or Fortune Bay (r = ~.13, n = 105, p > 0.05). ’
Several eu|‘>hausii‘ds and the ch‘netogn‘nth Sagitta elegans comprised a large
‘ proportion of tl‘le mxcrozoophnkion faunas of both fjords (see Table 6® Given
that el}phmsiids and S. elegans undertake diurnal vertical migrations (e.g. Pearre

1973, Sameoth 1976b, Mauchline 1980), PS values were compared for only thosé

-

station pairs collected_at.similar tim%ii@lh fjords (Table 15). A Mann-Whitney

U-test was used.to compare PS values ahd the results showed there was no

significant diﬂ'erey% in medn PS values between fjords when samples collected at
. . ..
_similar times were-compared.
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The overall value of PS bet‘f}een years and the lower variability in species
composition suggests that the macrozooplankton fauna in Fortune Bay was more
similar between yearQ than that in Bay d'Espoir. In Fortune Bay, PS between ’
years was high (84.1) and 24 of 33 (73 %) species were collected in both years

* (Table 14). In contrast, PS between years.in Bay d'Espoir wgg low (17.0) and only
15 of .29 species (52 %) were collected in both years (Tabie 13). However, }Atéh
rates for some species in l:oth fjords qiffered greatly between years. In Fortune
Bay, Meganyctiphanes norvegica was collected in much greater numbers in 1983,
while in B\ay d'Espoir, catch rates for Thgﬁannessu raschii showed a dramatic e
increase in lbs3. In Bay d’Espoir therg-was a corrupondil;g sixteen'lo'ld iu‘crene'
in the't&tallmacmzooplankton biomass 1 1083 compared to 8 2.4 fold increase in
Fortune $ay‘ However, this does not take into account the miscellaneous

s v zooplankton, consisting primarily of pods and i ters. The

= p ge of the.total zooplankton biomass ised by the lank -

in each fjord is givenjn Table 16. Overall, macrozooplankton accounted for a

- » greater p ge of the total lankton biomass in Bay d’Espoir than in

Fortune Bay although there was considerable between year‘ variability. In 1982,

" the miscell k ised a greater proportion of the total

zaoplanktén biomass in both fjords and in Fortune Bay accounted for 43.8 % of -
. L ]
all zooplankton collected. Both fjords showed a similar gross increase in
macrozooplankton biomass from 1982' to 1983.
4.2.3 Community Parameters X . . .
Several community parameters, species diversity sn;i evenness nn'd catch per o

unit effort (CPUE), were measured for both the fish and xﬁacro_zooplankton faunas
~ * v 3 ’
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to see how values compared between Bay d’Espoir and Fortune Bay (Table 17).
Average species richness values are also provided in Table 17. These community

parameters, with the exception of CPUE, provide a different picture of the fjord
3

faunas depending upon whether you examine the fish or the macrozooplankton

assemblages. Comparing the fjord fish faunas, average species richness, species

diversity and evenness were all greater in Bay d'Espoir than in Fortune Bay. In
contrast, species diversity and evenness for the macm’zoopl’nnkmn faunas were
greater in Fortune Bay than in Bay d’Espoir, while averaée species richness/v;]_ue
were simihin_ -CPUE of boﬂ‘l fishes and'macrozooplankters was greater in Bay

d'Espoir than in Fortuné Bay.

4.2.4 Biomass Size S‘pectru N . @ ! E %

The biomass size spectra, the percentage of.the total fish and

- macrozooplanktqn biomass (not including the miscellaneous zooplankton)

contained in log, wet preserved weight size classes, and the number of species per
size c]@were calculated for Bay d'Espoir and Fortune Bay in 1083 (Fig; éﬂ]A

Most of the biomass in Bay d'Espoir was concentrated in a single size class (-5 to

. -4), with lesser amounts, between 2 and 14 %, distributed among seven other size
- classes. A greater proportion of the biomass in Bay d’Espoir was concentrated in

larger (> 0) size classes than in Fortune Bay due to the increased numbers of fish

(e.g. Benth, glaciale, Melanosti, lanti and decapod shrimp (e.g.

Pasiphaea multidentata, Sergestes arcticus) in the fauna. However, most of the

“faunal biomass irf both fjords was contained in size classes less than,zero.

In Fortune Bay, the fauna was largely distributed betwee_n two size clmé.

Althouigh a greater number of species occurred in smialler size classes (<'-3) than




in Bay d'Espoir, they did not account for a relatively greater proportion of the
total biomass. Overall, there was little difference in the shape of the biomass size

spectrum of Fortune Bay compared to that of Bay d'Espoir.
o R
; s NN

P - 4.2.5 Taxonohic Group Composition

The percentage of the total fish and macrozoopinnklon biomass (not

including the miscell 1 ) ised by each of the major

taxonomic groups wnie examined for Bay fl'Espoir and ‘Fartune Bay to determine
how the partitioning 3f biomass compared between fjords. Th_e biomass in both
fjords consisted largely of euphausiids (Fig. 23), with the remaining biomass
composed pzimnrily of decapod shrimp, chaetognaths and fish. Amphipod and
mysid species we‘re' more abundant in Fortune Bay, than in Bay d'Espoir and .
accounted for a greater percentage of the total fish and macrozooplankton »

biomass. Ch

also ed for a greater p ge of the biomass in
Fortune Bay, although the contributions from fish and decapod shrimp were lower
than in Bay d’Espoir. Two groups, ptéropods and polychaetes, did not contribute
substantially to the total biomass of the fauna in either fjord Ry ehapaTed s
euphausiid biomass, the percentage of the total biomass comprised by all other

.
groups was trivial. A Mann-Wh-lney U-'n t indicated there was no si

difference in the distribution of species (U, = 27.0,0 = 8,8,p > o.b5) or biomass

(U, = 26.0, n = 88, p'> 0.05) among groubs between f]ords -




DISCUSSION

BN
5.1 Species Distributions and Water Mass Affinities

5.1.1. Fish Fauna
The species composition of mesopelagic fishes in Bay d’Espoir was different

from that in Fortyne Bay. When the distribution patterns and water mass

affinities of the most abund species were idered, this diffe ce could be

 related to the and salinity of the &gep water masses.

‘This agrees with the initial predicti garding the ition of the fjord

faunas which was based on the difference in local oceanographic conditions.,,

between the two fjords.

_ The most abundant species in Bay d'Espoir, Melanostigma atlanticum, did

not occur in Fortune Bay. M. is pelagic, and has previ been

collected in low numbers along the continental shell edge, in the l:mrentign
Channel and in the Gulf of St. hﬁenu (McAllister and Rees 1964). McAllister
and Rees'(1064) report the greatest collections of M. atlanticum off eastern
Canada in depths M&o 360 m_and at temperatures of 3.0 to 5.2°C and
 salinities of 33.4 to 341 ©/00. This coincides with the depths and the water - ) '
properties of MSW in the Laurentian Channel (McLellan 1957; de Young 1983)
and the Gulf of St. Lawrence (El-Sab'h 1077), and suggests that th?ecies T

associated with this water mass. However, the absence of M. atlanticum in the '

MSW mass of the Laurentian and Hermitage Channels ildicates that. the
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abundance of individuals in the deep outer basin of Bay d'Egpoir may also b) a
function of depth.

L The large numbers of Mallotus villosus cnllected in Fortune Bay, are most

ly associated with the cold water temperatures snd shallower depths in the
fjord. M. villosus has a northern circumpolar distribution (Jnngnrd 1974) und is
commonly found at depths between 0 and 300 m in coastal areas (Kljukanov and
-McAllister_1979). OIf eastern Canada, [t:l villosus is distributed from Ungava
Bay to as far éouth as Maine (Leim and Scott lﬂvﬁb), i. the continental shelf region.. _
where cold LCW is found. The association of this species with cold, neritic watets
could account for its occurrence in Fortune Bay, and its absence from the deep
( « ' outer basih of Bsfd‘ﬂs.polr o o oo
) Only four species, BenMusema glaclale, Cuclnlhnne ulbn C. braueri and
Sebastes spp. were collecled from both fjords. B. glaciale was abundant in llBay
! d'Espoir but rare in Fortune Bay, while C.. alba, C. braueri, and Sebastes spp.
v{;re collected in low numbers from both fjords. €. alba and C. braueri are .
typically bathypelagic, oceanic species (Witzell 1979). The l(‘)w numbers recor&ed,. E
in the.present study mny’ have resulted because individuals of !hesf: species were
adv{e‘cled into the fjords from offshore populat;ons, suggesting they were only
transient r;xembers of the fauna. However, low number; are not neeessariiy
+ indicative of transience an<-! futher snmpling_ is required to detefmine lwhether
these species are expatriate or resident within the fjords. Sil;\ilayily, the
signiﬁ.cance of the low numbers of Sebastes spp. in collections from both fjords is
not readily nppuent:

Small numb,u's of Benthosema glaciale were collected from Fortune Bay.
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This can be interpreted in terms of the water properties of the LCW. B. glaciale
is a sub-polar tempeute species, widely distributed throughout the northern
Atlantic Ocean (Hl"ldly 1970; Gjosaeter 1973; Nafpaktitis et nl 1917) Although

temperatures as Jow as 0"(} are thlnn the specm tolerance limits, it is most

nbnndant in temperatures of 4'to 18 °C (Halliday 1070). "This range of <

temperaluns includes those of the deep MSW mass in Bny d'Espoir.

‘The greater water depth in Bay d’Espoir may nlso have-been a factor in the
3

“collection of large numbers of Benthosema glaciale. However, this does not seem

sufficient to account for the'low numbers collected from Fortune Bay which,
ulthough considerably shallower than Bay d’Espoir, should, be sufficiently deep toi

satisfy the buthymemc requnements of the species. The large number of

“B. glaciale collected® f@n ermmge Channel where the maximum depth is Iess

than ip Funune Bay but where warm MSW i is found below 150 m (de Young
1983) suggests that water properties, und not depth; are the reason for the pnncny
of B. glaciale in Fortune Bay.

It is likely that both the depth differential between the fjords and the
greater degfeelot access across the éeep outer sill‘ are responsible for the restriction
of Paraliparis copei, P. garmani Burke, and Nezumia bairdii to Bay d'Espoir.

P. garmani and P. copei occur in the continelktal slope region, sometimes close to

the bottom, but foraging at mesopelagic depths (Wenner 1979). Substrate type

may also be important for N. bairdii which is common over mud substrates and

o 5
occurs in deep waters along the North American continent, north of the Straits of
Florida (Leim and Scott 1968; Marshall and Iwamoto 1973). Although N. bairdii

is demersal (Leim and Scott 1968), it did ocﬂ.\r in pelagic trawls in Bay d‘Espéir.
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This is not unknown in macrourids; Curyphumaidu rupestris Gunnerts, has been
collected considerable distances above the bottom (Haedrich 1974), and some

species are thought to,forage at pelagic depths (Haedrich and ‘Henderson 1974). In
Bay d'Espoir, P. copéi, P. garmani, and . bairdii may be regular members of the

mesopelagic fauna.

5.1.2 MacrozoopTankton Fauna
‘The greates similarity between the invertebrate macrozooplankton faunas of
the fjords is Tot surprising considering that all of the species collected, with the

exception of Sagitla decipiens ‘F‘owler, and possibly Boreomysis nobilis, have N

phi-Atlantic distributi s and occur in sub-temp to aretic regions.—Broad
latitudinal ranges are comlr;on for North' Atinntic boret;l species (Briggs 19:70),
Wigley and Burns (1971) found that in the U.S. Atlaitic cSastal region only
vwz(m-temperate;nd tropical mysids were indi‘genous; all subarctic-and boreal
species had amphi-Atlantic distributions. g . '
’ '\ ;\_b:fween the I'jo’rds‘, with

several macrozooplankters occurring only in Bay d'Espoir or in Fortune Bay. In

There were some: in species
some cases the occurrence of a species in a given fjord can be inierpreted in terms
of the water properties of the deep water mass. For exan}ple', Boreomiysis nobilis,
an arctic-subaretic mysid (Tattersall 1951; Wright 1972; Judkins and Wright
1974), occurred only in For;,ﬁne Bay, while Serge‘atea arcticus, Pasiphaea
multidentata, and Boreomysis arcl'ic‘n,‘o‘célined only‘ in Bay d'Espoir. S. n‘nch'cua
is a relatively warm-water pelagic shrimp (Squires 1965) which commonly occurs
between depths of 250 to 550 m and at temperatures of 3.5 my4.s°c (Squires
1066). P. multidev[la_{a, also a pelagic shrimp, is most abundant betwee(depths,_




of 200 to 380 m at temperatures of 5 to 6 °C (Squires 1965, 1068).

k4

P. multidentata has previously been collected in the Laurentian Channel,
Hermitage CLanne}, and Cabot Strait at water temperatures of 4.8 to 5.5°C
(Squires lBBSi, but n;:t in regions where LCW occurs. B. arctica is mesopelagic
(Fossa 1985), m(i common throughout the boreal Atlantic (Tattersall 1951). In
the Gulf of St: Lawrence, B. arctica is restricted to the deep water mass
characterized by t‘nper;lures of approximately 4°C and salinities of 33.2'to
34.4 °/oo (Wright 10¥2). This agrees with the collection of B. arctica from the
MSW mass in Bay d'Espoir. -

" * Some of the observed difference in the species composition between the *
fjord.s is due to the occurrence of suprabenthic animals in the pelagic fauna. Nine

of the eleven species which occurred only in Fortune Bay Were either gammarid

il i-d I shrimp, all benthic species 1

mysids, or
found in "ns;ociatitm with the iﬁ‘bstrste ((Brunel et al. 1078; Fossa 1985). These
‘animals stay close to the bottom during the day and migrate into the water
column at nigh_c_(’anel etal.1978). In Fortune Bay, suprabenthic animals were
mostly collected -in pe]ag‘i(; trawls at night or in deeper daytime collections.
Diurnal migrations have been observed jn mysids (Fossé 1985; Kaartvedt 1985),
amphiPods (Sainte-Marie and Brun,pl 1985), and decapod shrimp (Barr and
McBride 1967; Apollonio and Dunton 1969). For mysids, it appears that the
propoertion of the population that migrates-and ‘Lhe extent of the migration is
species-specific (Kaartvedt 1985).
In Fortune Bay, the water depth is much shallower than in Bay d'Espoir (see

section on topography) and vertically migrating suprabenthic species would have




been more susceptible to collection because sampling was closer to the bottom.
Although suprabenthic species (e.g. Boreomyais tridens, Mysis mizta, and

Pseudomma truncaturn) were collected in Bay d'Espoir; they were a much smaller

of the pelagic fauna in ison to Fortune Bay. Suprabenthic
“species accounted for 0.01 % of the total number and weight of all

macrozooplankton collected from Bay d'Espoir compared to 0. by number/and

5.76 % by weight of the macrozooplankton collected from Fgrtune Bay. However,

suprabenthic species were not a major of the

X fauna
in either fjord and their inclusion as a component of the pelagic fauna is evident
only in the overall species‘composi‘tién and species richness. If s\‘lpposed

‘ suprabenthic species;re removed from the data set the overall valué of PS for u% ’
n‘\scrczooplanl‘;to‘n faunas between the fjords increases by only 0.4 =
(from PS = §6.7 to PS = 57.1). '

The low density snd‘ tyb_icnlly oceanic distributions of the remaining species
(e.g. sza’labrn:liion babﬁis [Célman), and Nematoscelis megalops G.O. Sars in
Fortune Bay, and Gennadas elegans, Tomopleris cavalli Rosa, T. plankionis
Apﬁtéin,‘andr T. septentrionalis de Quatrefages in Bay d'Espoir), may indicate
they were expatriates. These species accounted for only a fraction of the
macrozooplankton faunas in both fjords as did most of the ;pecies which occurred

., only in Bay d'Espoir or in Fortune Bay.

" It was also predicted that species occurring in both l’j:ords would differ in
relative abundance, with cold-water species miore lbun‘;n Fortune Bay and
warm-water species more abundant in Bay d'Espoir. This was the case for several

speéiés; Sagitta elegans, Th oéssa longicaud Parathemisto abyssorum,
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P. gaudichaudii, Clione limacina and Myais mizta, were all more abundant in

domi I tic-sub

Fortune Bay. S. elegans is p a cold water, °t ic species

(Bieri 1959; led‘ing 1988; Alvariiio 1965) although it can also occur in temperate
regions (Tiselius and Peterson 1988). S.elegans isscommonly found in coastal or
"mixed coastal and oceaii_ic. waters (Fraser 1957; Tokioka 1979; Cheney 1985a), and
in the Slope Water region‘. its occurrence is associated with intrusions of low )
salinity coastal waters (Cheney lﬂ;&a)ﬁ T longicaudata is a subarctic-boreal

species (Dunbar 1964; Jones 1969) commonly folu;:i' in the colder waters of the
Labrador and Irminger Currents (Lindley 1977). P. abyssorum is an arctic-
subarctic speci.es (Dunbar 1964, Har‘ding 1988), .“d in the northern hemisphere,

P. gaudichaudii is predomin;mtly sub-arctic in distribution (Dunbar 1964).

C. limacina is an arctic-boreal species (Morton 1957), vehich in the western North
Atlantic octuts in the edld waters of the Labndt;m’urrlent {Mileikovsky 1970).

The fact that ‘these species weZall more abundant in/Fonune Bay than in Bay

- d'Espoir is ascribed to their association with cold, low salinity, aretic and sub- '

érctic wateys.
Eiikrohnia hamata and Sagitla mazima were more abundant in Bay -
# §'Espoir than in Fortune Bay. Both chaetognaths are abundant in suificesmisters
. " of the Arctic and Antarctic Os}eéns (Alvariio 1965), and 7’arding (1966) regards
E. hamata ss an excellent indicator of southwa,r,d’ ﬂov'vyin_g currents of Arctic m}igin ’
in the Ngrth Atlantic Ocean. However, both E. hamata and S. mazima ocear in
deeper waters at low latitudes (Bieri 1959; Alvarifio 1965; Harding 1966). They
- are common ;nembers of the SlopeWater chnelogm_ﬂ; assgmblage (Cheney 1985a)

at mesopelagic depths (Cheney 1985b). E. hamata and S. mazima are elearfy able
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to tolerate the range in p and salinities ing in both\ Bay d’Espoir
and Fortune Bay. The factors which caused their greater abundance in Bay
d'Espoir are unknow, but it seems unlikely that this was due entirely to the deep,

‘water properties.

. Similarily, several factors are also thought to have contributed to the greater -

abundance of Mysis mizta in Fortune Bay. In the Gulf of St. Lawrence, Wright
(1972) reports that specimens of M. mizta were collected between water depths of
30 to 135 m with the center of abundance occurring between 45 and 85 m.
Temperatures at most co]lettion‘ sites ranged from 0 to 1 °C and salinjties range{l
from 31 to'32 '3)00. M, mizta also u‘ndertakes pronounced nocturnal migrations
(Wigley and Burns 1971; Wright 1972). In the present study small numbers of

M: mizta occurred throughout the water column in F‘k)rtune Bay and individuals“
were collécted in the upper 100 m at night. It is likely that the greater sampled
abundance of M. mizta in Fortune Bay can be atiributed to both the shallower
d6pil dnd'ehie woter properties of the fjord.

Four species, Thysanoéssa raschii, T. inermis, Meganyctiphanes norvegica
and Tomopteris helgolandica, had similar catch rates in Bay d'Espoir and Fortune
Bay. The three euphausiid species were common members of the- ’
macroznoplankton faunas in both fjords, and T. raschii was the most abundant
speci;s of macroozooplankton collected from both Bay d'Espoir and Fortune Bay.

Thysanoéssa raschii, T. inermis ;d Meganyctiphanes norvegica are all
"~ widely distributed (Einarsson 1945; Mauchline and Fisher 1967, 1069; Lindley

" 1977, 1980, 1982; Mauchline 1980) and occur regularly in coastal waters and deep

fjords (Mauchline and Fisher 1969; Matth 1973; 16 and Matth 1975;

’




Lindley 1977, 1980; Falk-Petersen ‘and Hopkins 1981; Mauchline 1984). The

adults undertake diurnal migrations to the surface layers at night (Mauchline

1984). In the Gulf of St. Lawrence these species regularly migrate through waters

where temperatures change by as much as 15 C° (Sameoto 1976b). Thus, it is not

surprising that the difference in the deep water properties between the two fjords
1]

had little affect on their distribution or relative abundances.

Sameoto (1976a) identified sound scattering Byers in the Gulf of St.

Lawrence d primarily of Th éssa raschii, T inermis and
-
Meganyctiphanes norvegica and fonnd that the presence of the layers was

strongly correlated with chlorophyll a ion. This was attributed to the

animals seeking out the higher food concer’nlm_lions (Sameoto 1976a). It is possible
that within Bay d'§sf§oi.r and Fortune Bay the distributions of T. raschii; _

T. inexmis, agd M. norvegica are related to patchy phytoplankton disl.ribu_tions,
as gatch rates for all species were h;ghly variable. Productivity in fjords is

 generally gt (Brattegard 1980) and may be le 9fih levels of du

in confluent coastal waters (Matthews and Heimdal 1980; Eilértsen and Tassen

1984). However, there are no data on phytoplankton distributions or .primary

h Te s Bt

The pelagic poly A P! ica was also equélly abundant

productivity specifically for Bay d'Espoir or Fortune Bay. /

i;‘l both fjords. T. helgolandica is widely dis@ributed, occurring in the North Sea

* ald off e&ste_rn Europe, off Newfoundland, in the Sargasso Sea, and off South
A:hel:ic’ngap-Bowitz 1048). T. helga{arfiﬂm is commonly found in coastal waters
and most frequently inhabits the upper 100 m of the water column (Step-Bowitz).

Given the similar near-surface water properties of both fjords above sill depth,




this may account for the comparable catch rates of T. helgolandica in Bay
d'Espoir and Fortune Bay. However, T. helgolandica wn’ oot a common member

of the macrozooplankton fauna in either fjord.

5.2 Environmental Stability 3 -
i
5.2.1 Temporal and Spatial Hémogeneity g B T
\ 3 The structnr:-nnd variability of the pelagic fish % bl ppeared -

o-be inﬁuenced by the relative degree of mixing which accompanied deep water A
renewal in the fjords. In Bay d’Espoirwhere the deep water mass was relatively
homogeneous, there was less temporal or spatial variation in species composition

and in relative abundances both within and between years. Although biomass 3

estimates were greater in 1983, this is attribiited primarily to She increased
g »
numbers of Nezumia bairdii, and to between year dilferences in length
fi ies of Mell 1 lantic and Benth glaciale. In contrast,

24 : o
* species composition, sp¥ties rank order abundances, and the overall biomass of

mesopelagic fishes were highly variable both spatially and temporally in Fortune

~ Bay, coincident with the dynamic nature of deep waterrenewal in that fjord.
_ All.hnngh differences in the sc_nle'of sampling did influence the degree of similarity ’ =
’ between st;tion pni;s within fjords, following removal Z»f the sampling bias the

degree of variabilty remained higher among samples collected from Fortune ény,‘

The results of this study nre. similar to }hose obtn\ned’by McGowan (1077), * |
Loeb (1979) and BarnetT(1983) in mmparis;)ns of faunal assemblages between two
regions of contr}lling’ocemography in the Pacific Ocean. In n comparison of

co'pepod assemblages between a stable environment, the North Pacific central
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gyre, and a dynamic environment, the California Current, McGowan (1877), found’

a nearly constant species list in the gyre lss‘mblago, and s highly variable one in
the California Current. Loeb (1979) complred‘hrvnl fish assemblages between the ‘ T
same areas and, based on cumulative (rgqnency curves and species diversity and
equitability, _concluded‘thal the 147val fish assemblage in the gyre was more
stluctur;d ‘than that in the current. Barnctt (1983), found that samples of
mesopelagic fishes co!lcgted. from the California Current had a greater-variability
., in both species composition and relative abundances than did samples collected
xj mfrom the North and South Pacific ceptral gyres. Although the biomass of
o mesopelagic fishes in the gyres was found to be similar among stations within’
-4 }em theré wer‘e bétween year dif;a,nncu (Barnett 1983), s situation similar to '
\ that observed in the overali biomass of mesopelagic fishes between years in Bay"

d'Espoir. '_ 2 . v @ : “ -
’ aned on the observzd constafiey il in biological and physical pmpertles,
Ca " McGowaii (um iﬂ77), McGowan and Walker (1879) and Barnett (1083) have

concluded that the Narlh Pacific central gyre exemphl”m a hxghly structured,

biologically- regulaled ecosystem, whlle the California Cnrrent is regarded tobe an
advective, or open etoqystelp (McGowan 1077] ln the pnsent shldy, the
uniformity of the mh fauna md the homog:nemls properties of the deep water
mass in Bay d’Espoir au‘w. that the hunul assemblage there was regulated by in
" situ blolupcnl processes. In conmst the h)gh vumlnhty in ths mmposmuu and
ubun}\mce of ﬁaha m Fortune Bay. sllggufs that the membhge there was - .
primarily influenced by-advective processes. Although this study has emphasized

b physical processes in Fortune Bay, sdvective procestes can also be biological e




nature. Dayton and Hessler (1972) suggest that a disturbance caused by loc.:llly
intense predation may have the same effect on the community structure of an
ecosystem as a physical perturbation. Although it is possible th;t the lack of'a
structured fish faunal assemblage in Fortune Bay is the combined effect of

1 and physical p an investigation of biological ad
is beyond the scope of this study.
The length frequency data for Benthosema glaciale and Melanoalc'gn:a-
atlanticum provide further evidence that the fish assemblage in B':;' d'Espoir was
- biologically regulated. Fn both ye’ars, B. glaciale collected in Bay d'Esyo.ir cov.ered
a wide range of sizes and 'exceedefl by 15.4 mm the maximum size or/a\s;mm
recorded for the species in'th; ‘northwest Atlantic (Halliday 1970). In thg ‘present i
- study, individuals were -nol.l aged but modes were apparertt in the 'lenglh".
l‘reqllel;cies (Fig. 15). Tbu;'dos,ely matched tll:osg. obtained by Hnl‘lidly (lwo]"(.;i 5
B. glaciale from the Sioﬁe \V;ur region. A eompnrison of length frequencies
. mdlcaled that individuals nng'mg in age fmm one to four years, and pu&slbly
older; were present in !he fjnrd B : i ‘-"
In the nortHwest Atlnnﬁc, Benthosema glaciale mature between 50 to

50 mm in Jength (Nafpalktis ef al. 1977). Part of the population msy initially

sp‘wn at lge 2-and all do'%o by agé 3(Halliday 1\110) In Bay d'Espon-, most fish
i were- belxeved to be age 2 or older (lpplymg Hnllxdays growth data, ie. SL >

44 mm), which means that a large postion of the' popultucn consisted of potential

§pnwnegp: 'A cursory exnmmnlop gf several large | females revealed gonmds with .

_'developing eggs. Mthougl‘: 0o larvae or fish sged 0+ were gollected, this is likely

*_ due to the tire of sampling. .ﬁdﬁduy_ (1070) :gpor'u that il‘:_tha ‘western Npr;il ¥
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Atinnvtic B. glaciale synwn.'in ml); spring, while Gjosaeter (1981) reports that in
Nerweg?;n fjords and adjacent seas B. glaciale spawn mainly during the summer.
There-are no studies on age and growth of Melanostigma allanticum for
comparison with tl;e Bay d‘E‘e\nir populatign. M. atlanticum collected from the
fjord reached the maximum l‘ength recorded for the species by McAllister and
Reest1964}-2nd=length frequencies in both years were tri-motal (Fig. 14).
Although larvae were not collect;d, there is evidence that M. allanticum spawns
demersally (Markle and Wenner 1070) and larvae of M, pamimelaa are reported to
f“xb'e‘benthic‘ during the first year of life (Robison and Lencraft 1984). A similar
behaviour cauld account for the absence of larvae of M. atlanticum in-the pelagic

L) collechons from Bay dEspmr

The wide range of sizes in Be : glnc;';l: and Mel
atlanticum; and the similar catch rates between years, makes it unlikely. that '
these _indivicjuxls ‘were'expatriates advected into Bay d'Espoir from more offshote
pop&]liipns. Rather, it, seen;s plausible that they. represent visble fjord
populations. In the case of M. atlanticus, the lirge sumbers collocted ia Bay

d’Espoir and its absence from all oﬂzwnpled strongly suggests a localized
fjord population. '

Only juvenile Mallotus villosus were collected from Fortune Bay. Adult
M. villosus typically overwinter offshore, movin; inshore during late sprink and
early summer to spawp (Jangaard 1974). Tl,u in“livid\mlvs collected in Fortune
Bay may be offspring of the stock which o{'endn‘rers on the St. Piem'lndv Green

Banks (Jangaard 1974), and migratés into the !jo*d to spawn in June and early

July (T 1048). The and distribution of juvenile capelin are




not well knimn. At present it is uncertain whether the juv:en' e capelin collected §
from Fortune Bay remain in the fjord year round, or ﬂuthe\&ey are a seasonal
member of the fjord fish fauna. .

Am:oquh the [ish-assemblage in Bay d"!"Apoir appeared to be regulated
primarily by biological processes, the diﬂerente.in the number of gyelauwm
species and in the catch rates of C. braueri snd C. microdon between years
indicate that the fauna was at least partially influenced by advection. Intrusions

of oceanic water into adjacent coastsl areas such as fjords can alter the

ccnipusition of the resident. fauna. This may occur either through the recruitment

of new individ

Is to bxisting p pulations (e.g. Matthews 1973) or through-the
introduction of new species or assemblages o\l lnimnlx‘(e.g. Rainville 1079;.Sarids
1980; Gardner 1982; De Ladurantaye et al. 1084). InBay d'Espoir, species of
Cyclothone comprised only  small percentage of the total number and bidmags of
fishes in the fjord and their overall influence on the fjord ecosystem was probably
minimal. i .

In_contrast to the results obtained b the fish sssemblages, varied results
were obtained for the macrozooplankton faunas ‘of the fjords, Some plrnmem!.‘

" such as the high degree of similarity én species rank sbundances, supported the
initial prediction of Bay d’Espoir asa constant, biologically regulated ecosystem;
uther;, such as the low overall vn.iue of PS between years, the large increase in the

macrozooplankton biomass in 1983, and the between year differences in species .

composition, did not. In Fortune Bay, the high degree of similarity in species rank '

order of sbundanees, the high overall value of PS between years, and ihe
constancy of the speei‘u composition between years contradicted the results
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obtained for the fish assemblages and were inconsistent with the w@ept of the
fjord as an ecosystem regulated by advective processes. Although mesn PS values
among station pairs in Fortune Bay were not significantly greater than those in

Bay d"Espoir when ssmples collected at similar times were compared, if the fjord

faunas were responding to ins

manner similar to the fish faunas one would expect that the mean PS values in
Bay d'Espoir would be greater than those in Fortue Bay.

Compared to the fishes, there is a probably a strong seasonal component to
the macrozooplankton fauna, and both fjords contained large numbe&l’ neritic
species (eg. Thy;annéssa raschii, T. inermis, Meganyctiphares: norvegica and

"Sugitta elegans). These species may respond primarily to seasonal fluctuations in
environmental conditions which are short-term compared to the t‘requeqcy of deep
water renewal in the fjords. In general, the shorter life span of the
macrozooplankters may facilitate their more immediate response to short term or
seasonal events which might occur at lower trophic levels, such as phytoplankton
blooms and fluétusting zooplankton populations. Hopkins (1981) stated that there
Jis generally greater stability at higher trophic levelsin plankton communities, and
that largescale changes in phytoplankton standing c'rop and production at spr;ng
blooms nr:‘buﬂered,i_n successive links of the food chain as the rate of
reproduction decreases. 2 .

1 suggest that both the fish and macrozooplankton faunas in E‘ay d’Espoir
and Fortune Bay provide s reflection of enviyonmental conditions within the

fiords, but for different time intervals. I believe that the fish faunas provide a.

reflection of lno;'e long-term environmental con\dition's within the fjords while the

-
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faunas more

reflect the seasonal or more short-term

environmental variability.

5.2.2 Species Richness, Diversity and Evenness

How measures of community structure, such ss species diversity, relate to

the i | stability of an ecosy is a topic of much discourse. A

general assumption.has been that stable are’b and

- characterized by a high diversity, while unstable ecosyltené are phyuicall;
regulated and hA.n a low diversity (Pielou 1075; ‘Rliner 1981). Howevef, this
rell%nship is by no meaps straightforward, While some :un:liu have shown that
biological interactions act to increase ‘divenity (e.g. Gray 1078), others have found

'me'opposiie (e.g: Caswell 1976; Day 1977). The freqyericy sid duration of the
environmental perturbation also appear Iw be important. Connell (1878)
-wngludu that the h?gh dive}sity of trees in tropical rain foests and corals on
!mp;cﬂ reefs is maintained by perturbations of intermediate frequency and

i intensity. Extreme deviations in’eilh’e} direction_are accompanied by a’ decrease in

diversity (Connell 1978). However, Rainer (1981) suggests that frequent, small-

scale pevtur’&t\iom may ac} to stabilize ity structure by inuall
\eliminating species unable to withstand more d tic chafiges in enviro al
conditions. . \

Further problems arise in applying concepts derived mostly from studies in
-terrestrill or marine ‘benthic ecosystems to pelagic ecosystems. ln.terruuinl
ecosystems, species diversity increases with higher productivity and greater living
space, but in pelagic ecosysterns high productivity does not always result in a
higher d@yersi'.y. because it is often isted With upwelling and a physicall

\




dynamic environment (Angel 1979). Theories which successfully explain the

g{ i and?diversity in sesile ecosystems cannot
account for the high species diversity observed in the North Pacific central gyre
(McGowan and Walker 1985), nor can theories of spatial and temporal niche
separation or resource partitioning (McGowan and Walker 1979).

Species diversity and eveness indices and average species richness were all
grealer for the mesopelagic fish fauna in éay d'Espoir than in Fortune Bay. These
results appesr to be in keeping wiu;the concept of Bn}X\’Espoir as biologically
regulated (i.e. a.stable ecosystem with a high species diversity, H' = 1.02) and
Fortune Bay As. physically regulated (i.e. a varisble ecosystem with a low species
diversity, H' = 0.24). The greater value obtained for average species richness.in
Bay d’éspoir (4.2) compared to Fortune Bay (1.5) is also in keeping with this
concept. Angel (1970) suggests that-increased species richness can result from long-
term stability, or envimnn'l‘enhl predictability. However, the low species diversity
in Fortune Bsy appears to be sssociated with the patchy distribution of capelin,
Mallotus villosus, in that fjord. If capelin are removed from the analysis both \the
diversily (H' = 2.26) and evenness (E = 0.14_)‘indices increase. However, once
capelin are removed from the data set in Fortune Bay the number of fish
decreases A‘rom'592 to0 22. Given the small number of specimens and the low
average species richness of “the fauna (1.5 including capel;, 1.2 following their
removal) the signiﬁ;:nncg ot these indices is unclear.

The messures of ,sp\e-cies diversity and .evennas, and average species richness
in' the present study are for one instant in tim‘e and there is no indication of how

these , may clrange

or spatially. These results do not

\
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conclusively negate nor confirm that the fish fauna in Bay d'Espoir was

predominantly regulated by biological while that in Fortune Bay was
predominantly regulated by physical processes. However, a more extensive study

of these parameters and how they relate to environmental stability in the fjords °

may provide some useful information.

In comparison to adjacent oceanic areas, the fish faunas of both Bay
d"Espoir and Fortune Bay were characterized by a low species richfiess, diversity
and evenness (Table 17). Even in the faunally depauperate Newfoundland Basin
(McKelvie 1085), average species richness of midwater fishes is three times greater
than was observed in the present study. Similarly, diversity indices were nearly
thitee times lower than those measured by Jabn and Backus (1876) for midwater
fish faunas in the Slope Water, Gulf Stream, and Northern Sargasso Sea, which all
had values closer to 30 Backis et al. (1977) calculated diversity indices for
myctophid fish collected from 17 faunal provinces of the Atlantic Ocean. The
diversity index of H' = 0.23 (Hin their terminology) which they caleulated for the

Atlantic Subarctic Province closely matched the diversity index (H' =

calculated for the hsh assemblsge in Fortune Bay. In Bny d'Espoir, the diver; v
index (H’ = 1.02) was most slmﬂar to the value of H' = 1. l[{hlch they
calculated for the Northern Gyre province of the North Atlantic Temperate
litegicm (Backus et al. 1977).

Indices of species diversity and evenness, [or-the macrozooplankton faunas
‘were greater in Fortune Bay than in Bay d’Espoir. while average ;pecies richness
‘was comparable in both fjords. If the fjord l‘nunnl. assemblage was biologically -

regulated in Bay d'Espoir and phrsicnlly ‘regulated in Fortune Bay, the species
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.Bay d'Espoir and Fortune Bay were typical of results for temperate coastal or
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diversity \nnd evenness, and species richness of the macrozooplankton fauns should
be greater in Bay d'Espoir than in Fortune Bay. The high value obtained for
average species richness in Fortune Bay is ascribed to the suprabenthic component
of thd pelagic fauna in that fjord. This is suppo_nid by the apparent increase in
species richness observed in the macrozooplankton fauna at night and with depth.
However, the higher species diversity of macrozooplankters in Fortune Bay is not
due to t’he presence of suprabenthic species and following their removal from the
data set the diversity index decreases by nn}y 0.03 (H' = 1.48). Rather, it appears
that the lower species diversity in Bay d'Espoir resulted from the great abundance
of Thysanozasa raschis (which accounted for 85 % of the total number of
macrozooplankters) in the fjord fauna. Caui: rates lm" T. raschii were highly
variable in Bay d’Espoir and s particularily large catch (n = 119108) occurred at
station 1416. By removing this large patch of T. nachi:_' from the data set, the

diversity index nearly doubles in value from H' = 060 to H' = 1.30, a value more

_comparable to that i;‘ Fortune Bay (H“= 1.49). Diversity indices, because they

take into account species relative abundances, can be influenced by patchy

o PR Many

species are known to
torm patchy aggregations (Omori and Hamner 1982) and catch rates for most
macrozooplnnkters in both Bgy d'Espoir and Fortune Bay were highly varisble
(see Appendices C and D). It appears zhnt the low diversity index in Bay d'Espoir
largely resulted from the patchy distribution of T. raschii in that fjord.

The low species diversity and species richness of the faunal assemblages in

estuarine regions where diversity is low and the fduna is dominated by-one of two




species (e.g Malone 1977; Haedrich 1983). Hopkins (1981) found cn, :mpl.}km
community in Balsfjorden, Norway, to b: species poor and domulled in‘both
numBey and biomass by only a few species. In both Bay d'Espoir and Fortune

Bay, the ic fish and lank faunas were clillgn:beril!d bys

small number of very asbundant species and the biomass consisted primarily of
euphausiids. == = . <

In the present study, the bmnasol both fishes and macrozooplankters was
higher in Bay d'Espoir than in Fortune Bay. These results ue‘ surprising given

the oceanography of the two fjords. Timonin (1971) found that areas of relatively

- stable water stratification were characterized by 8 low biomass and high species

diversity while biomass was higher and diversity was lower in regions of upwelling.
The replacement of deep water in Fortune Bay with upwelled MSW from
Hermiuge Channel represénts an input of nutrient rich water into the fjord

(de Young 1983), and upwelling regions gre typically characterized by high

sproductivity (e.g. Boje and Tomezak 1978; Beraal and McGowan 1981). In- 1982,

macrozooplankton accounted for only 56.2 % of the total zooplankton biomass

collected in Fortune Bay compared to 83.1 % in Bay d'Espoir, slthough the

proportions were more similar in both fjords in 1983 (85.5 % in Fortune Bay
.

compared to 98.1 % in Bay d'Espoir). This suggests that "-he proportion of the
zooplankton biomass in Fortune Bay comprised by the smalier sized zooplankters
such as coi)epnds, fuctuates between yeats. This may be related to up_wolling of
MSW in the Hermitage Channel and deep water renewsl in Fértnne Bay and

could account for the disparity in biomass estimates between the two fjords.
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5.2.3 Biomass Size Spectra

‘The biomass size spectra indicated there were no major differences in size

structure between the fjord faunas, despite diffe in thg speciet

According to Grassle and Sanders (1873), species inhabiting areas subject to

rates

unpredictable perturbations should be opp! istic, with high rep
and short life spans. Given the variable nature of the ecosystem in Fortune Bay,

it was expected that a greater proportion of the fauna there would consist of

smaller, shorter-lived and more opportuni
)
Although a greater number of species were distributed in smaller size classes in

ic species, than in Bay d’Espoir.

Fortune Bay, these did n?t contribute more to the overall biomass. Conversely,.
larger individuals did not predominate in the Bay d'Espoir fauna. \
Size specﬁ.},ih both Ijords also spanned a similar range of size classes,
suggesting that the two fjords do'not diﬂ'zr markedly T trophic orgnnizatinn.
Mmhe\«;s and Bakke (1977) found that in Ké§sfior}i§n, Norvyay, the species

¢omposition of micro- and macrozooplankton changed on a monthly basis,

although the proportion of herbivores, and omni ined the
ssme. They concluded that there could be considgrai)le flexibility in the
composition of speciz}\v@hin zooplank ton communities before marked effects in
the ti;zphic structure were evident. Although animals were not grouped according
to trophic‘ organization in the present study, the similarity in the size spectra,
&spite differences in the species composition, may indicate a similar degree of
flexibility in trophic Grganization within the fjords. y =T

Nutrient concentrations in the MSW are ap_pmximmly two times greater
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than in the LCW (de Young 1083). Renewal of deep water in Fortune Bay by
MSW thus represents an input of nutrient rich water and, depending upon the'
time of renewal, this could generate iderable phy production in the /\

fjord. Roman ef al. (1985) foupd that opportunistic species of calanoid snd

cyclopoi(\i copepods were able to exploit high levels of phytoplankton producl.i;n in
warm-core Gulf Stream rings. Copepods, because of their small size and short
generation time, may be the opportunistic species which were expected to be
present in Fortune Bay but were not included in the present study. Hopkins
(1981) found that copepods were the dominant taxa of the zooplankton fauna in
Balsfjorden, Norway, and ac:oun;ed for over 89 % of all zooplankters in the fjord.
The large proportion of the tdtal zoopilnk'.on biomass comprised predominantly
of copepoys (i.e. the miscellaneous zooplankton) in Fortune Bay in 1982, sébports -
this hypethasis. .
It is possible that the nppn’enl sSmilnit.y in size spectra between fjords

occurred because smaller size fractions .of t:he fauna suth-as copepods and

_ microzooplankton, were excluded from the study, or because ge‘ner;lion times of
the species examined were long relative to the frequency of the pem;i’ﬁ:m

(deep-water renewal) in Fortune Bay.

5.3 Origin of the Fjord Faunas

The mesopelagic fish and invertebrate macrozooplankton faunss in Bay
d’Espoir and Fortune Bay gre a mixture of indigenous, neritic and oceanic_ ’P"h""
It is possible that many Of the more common species, characteristic of the ;jor’d
faunss, have viable resident populations. Supporting evidence is, however,

indirect and only presented for Benthosemna glaciale snd Melanostigma
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atlanticum in Bay d'Espoir. The characteristic species are generally those with
ubi;luitqns distributions in the western North Allnnlic, and their use as indicators
of possible faunistic lipks between the fjords and extetr‘nll ‘water masses is limited.
However, in ‘both Bay d'Espoér and Fortune Bay, there are a number of fish and
’macrozmplankton species whose presence was indiggtive of a Jinlf with offshore
waters. -

The fish fauna of Bay d'Espoir was similar to that of the Laurentian and
Hermitage Channels. This is not surprising given that MSW iscarried'from
offshore to the Bay d'Espoir-Fortune Bay region by this route. The similarity
amo_ng;l;e ;l’n;s is due primarily to the abundance of Benlhnmv:a glaciale in all
three xrel}h. The fish Tauna of Fortune Bay was similar to'that of the St. Pierre
Cliannel, due to l.he nhnndance or)uvemle Mallalu.s mlloaua in both areas, and
essenmlly dxssxmrlar to thnse of the Laurentian Clmnnel and Bay d "Espoir, LCW
is lransported to Fonune Bay pnmanly through the St. Plem Channel and this .

* would nccount for the slm:lanty of those fm:nas. ) ®

Hermitage Channel was the only area where the faunal composition was

similar to both w:u';mwnter (Bay d’Espoir and Laurentian Channel) and cold-

water (Fo;tunu Bay and St. Pierre Channel) regions. This is due to :he'presence

of both Benth glaciale snd Ma!lvius villosus in Hermitage Channel.

G hically, Hermi Channel is i diate to all of the regions sampled;

with respect to water masses, MSW is present below 150 m and LCW is present ai.
shallower depths. In the present study, Hermitage Channel ajpears to constitute
an ecotone, an area of faunal mixing, between the two independent sources of the

fiord faunas, the Laurentian and St. Pierre Channels. McKelvie (1985) found the
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; Slope Water regio;w be an ecotone between the cold-water Newfoundland Basin,
and the warm-water Gulf Stream.
The fish fauna in Bay d’Espoir was der‘ived, lt‘ least in part, from the
Laurentian and Hermitage Channels while that of Fortune Bay wis derived fom .
the St. Pierre and Hermitage Channels. However, the proportion of the fauna
which may have o’ginalet“rom these external channels lela‘liVe to that produced
locally within the fjords remains unknown. s

The area sutrounding Bay d'Espoir is mostly shallow continenta} shelf, with

the Hermitage and Laurentian Channels providing the only deepwwater link
between the fjord and the offshore continental slope region. The presence in the
fjord of iypi:ally oceanic species s;mh as Cyclothone spp., Sagittadecipiens,
Gennadas elegans, Tomopteris cavalli, T. planktonis and T. seplentrionalia
suggests the realuy of a favhistic link. , !
»T So'r - cies, such a3 Cyclallmne alba, C. pallida Bruner C. pseudopallida
= . Mukhacheva, and Sagllla decipiens, are indicativeof a ruunnl hnk with miore \
sonll!er;y ogglanic wuter;.‘, In the Atlantic, ‘C.‘albn is regarded as'a tropical species,
while C\ pallida and C. pseudopallida are bsubtrppi_c’alflropicnl species (»B‘adcock
1982)'.; all are h}ath}'péhgi: (Witzell 1979). Sagitta decipiens is comm(;nly found at
* mesopelagic depths in the Nt;them Sargasso Sea, although it occurs ps an
expatriate in the Slope Wn'tex( region (Cheney 19,851;}v1985b)‘ ‘The presence ol
these species in Bay d'Eixpoh indicatés that there exists a route whereby hnna\/
from: deep, oceanic regiots to the south is transported into the fjord. Given that
Qpeci‘ss'of Cyclothone do not migrate verlically.(Kobn.yashi 1973; Bldcock‘ln‘d
L vMerret;t 1976, :1911), mnor does S. decipiens (Cheney 1985b), the deep MSW’ of the
- s

Hermitage and Lnuient_iun Chaonels would provid; the most likely route.
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Studies investigating the muapelmc fish (mmn of the Scouln Shelf-Slope

_ Water region have noted many tropical and mhtrapnul species (Nafpaktitis 1968;
e ~ Halliday and Scott 1969; Jahn and Backus 1976; Markie ef al.1980; Backus and
Craddoek.1082). The ;bundnnce of these southerly species m the Slope Water
Y s fauna has genenuy been attributed to northward dlspemon by tl:e Gulf Sheam
(Nafpaktitis 968; Hallidsy and Seott 1060; Markle ef al.1080), lneludmg the
formation of wﬁm-mre rings which provide a virtually contin;xal input of water
: \ from the Northerg Sargasso Sea .l.ndAGul! Stre;m into tllze_slope Water regio‘n,v
¥ . ) . (BacKus and Cn‘ddock 1982). It iypomiblle that some species (e.g. Cyclothone
spp.) collécted in Bay ‘\'l"Esﬁoir were initially tnnsgorted from more southerly
3 popu]ntioné to the Slope' Water, region, and from there to Bay d’Espoir via the
deep MSW mass. If this is gh:’ case, there is a potential for any number of _
subtropical oceanic species to occur sporadically in the fjord' faung. Howxvex", as

observed in the present study (e.g. g,_'clamm spp. and Sagitta decipiens), these
- \

LT species would probably have little impact on the overall fjord fauna and would ~ °
: unlikely be persisteat. . ¥ ’ y ]
The presence of an arctic ‘; d, Parathemi! libellulnl (Li

in-Bay d'Espoir suggests that fauna is nlso. transported into the fjord in the :
urface flowing LCW. P. libellula is regarded as a good indjcator of Arctic water

* (Dunbar xm) and mly be, tr:nupor!ed by the lerndor Current S‘hr soutlf as

. K 2 o the Gul! of Maine (Bigelow 1028) In addition to P. libellula, other predominantly

arctic or subarctic species guch as P. abyssorum, P. gaudichaudii, Hyperia

medusarum (O.F. Miiller), and Hyperoche medusarum (Kroyer) were collected in

“small _I'l\ll';bﬂ’l in the fjord.
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In Fortune Bay, there also lpl;!lled to-be a small, offshore, warmwater

in the lagic fauna, i d by the presence of Cyclothone
alba, C. braueri, Sagitta-decipiens and Nematobrachion boopis. Given the
bathymetric and temperature preferences of the above speéies,‘ it.is possible that
fauna may be transporte_d into the fjord when deep-Water rénewal takes place and
upwelled' MSW flows over the western silis. However, the exact mechanism is
‘unknown and further sampling, particu!a_rly at the time when_ deep water renewal

. ~
with MSW occurs, is required.




o7 SUMMARY AND CONCLUSIONS
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v
A comparison of the mesopelagic faunas between Bay d'Espoir and Fortune

N Bny shuwed the species composition of hshes to be almost totally dissimilar while
_the mncrozoaplsnkton faunas were largely the same. Thefe appeared to be a well-
estnbhshed fish memblnge in Bay d'Espoir, chauetenzed by Mclanolllyma
nllanhcum, Bmtllauma glauale, nnd the periodic occurrence of oceanic meso-
and bathypelagxc species such as Cyclothone braueri and C. microdon. In
comparisoh, the fish fauna in Fortune Bay was depn“\q')erate and more typical of
the ;leritl.c, continental ,gh_gl[ region. There were l;o species which could be

-regarded as characteristic of the fjord fauna. . . -
The macrozooplanku;n fauna in both fjords was predo‘minantly neritic
contain}ng large numbers of the éuphausiidslﬂnysqmisaa raschii, T. inermis,

and Me Iy gica, and the ch h Sagitta elegans. These

species were the four most abj,@lnt macrozooplankters collected in both Bay -
d'Espoir and Fortune Bay. There were difl*ncm in the species composition of
macrozooplankters between the fjords, although these were generally species

which occurred in low numbers and comprised oply a small fraction of the fjord

/
. faunas.
‘" In both the fish and macrozqoplankton faunas there was evidence that, for
some species, the observed distributions could in part be attributed to the

different water properties and sonrgeﬁ of deep water between the fjords. Some




richness were higher in Fortune Bay-than-in Bay d'Espoir. These indices did not

species (e.g. Benth glaciale, Mel d tlanti Pasiph

m&llidcnlnlu, Sergestes arcticus) were associated with the relatively warm MSW
in Bay d’Espoir, while others (e.g. Mallotus villosus, Boreomyais nobilis,
Parathemisto abyssorum) were associated with the relagvely cold and fresh LCW
in Fortune Bay. However, the distributions of many species appeared to be
limited by temperature and salinity only in a broad geographical sense, and within
these con‘_ﬁnt , other factors may have been important in deeermining their

distribyi6h on a smaller scale. For some (ie. Th E

rasghii, »T. inermis, and Meganytliphanza‘ ﬁamegica), primnry‘;roducqivity may
have influenced local distribution patterns, while bomm‘depth 4nd substrate type
were probably important for the suprabenthic amphipod; mysid and shrimp
species, and for demersal fishes. | \ "

The structure and persi: of the lagic fish bl in‘'The

fjords \‘nere related to the static condition of the d;p water mass. The faunal
assemblage in Bay d’Espoir appeared to be regulated primnrily by biological
processes, despite some evidence of advectipn. In Fortune Bay the regulatory L
meclmnjsms appeared to be physical. Similar results were not obtaine‘d for I,i\e . o
mncroz‘ooplankton fauna which was thm;ght primarily to reﬂe‘ct short-term .
seasonal changes in environmental conditions, rather than long-term ejbenls su’ch
as the rreqhency of dge}) water renewal. '

Spécies diversity and evenness, and average species richness of mesopelagic
fishes was higher in Bay d'Es oir than in Fortune Bny, although lor the

macrozooplankton !aum.u‘T species diversity :nd( evenness and uvemse species

.

- .
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b provide Jusive evidence regarding the » 3 which might be.important
in structuring the fjord Taunal assemblages. Species diversity and eve‘nnm, and
average speties rivhness, were low in both fjords compared to oceanic areas.

T There was no apparent difference in the size structure of the faun;l
assemblages between the two fjords. Both size spectra covered a similar range.of
b size classes. Although smaIlei sized animals were more abundant in Fortul‘ne'Buy

they accounted for little of the mﬁnl fish and mncrozooplankzon biomass. In Bay

Fiotod on th PRI

i d'Espoir larger animals were not more inent as was pi on

grounds. Itvis/p:ssible that the similarity in size spectra wasdue to the particular

b portion of lllie size spectrum examined, or that the generation time of the spe
examined was long relative to the frequency of the perturbations in For‘tune Bay.
By including smaller anismals such as copepods and. o microzooplwkbon, the biomass
size speélra might display different characteristics. %
The fish fauna in Bay d'Espoir was derived, at least in part, from the

Laurentian and Hermitage Channels while that in Fortune Bay was derived from
. .

-

both the St. Pierre and Hermitage Channels., Hermitage Channel, situated
intermediate betwnien Bay d'Espoir and Fortune Bay, col:stituced an ecotone ~
between the warm-water and cold-water regions.

A small portion of the mesopelagic fauna in both fjords was der_ived r}om the
- : < offshore continental slhell region. This faunsl link 3 m-onger in Bay d Espolr
than in Fortune Bny, and was nt.tnbuted to the onshore transport of MSW trom
the Slope Water region. Warm-water oceanic specles were also collected from
Fortune Bay although the exu:t mechanism whereby lhue species were
transported into the fjord is unknown. F:un: m'n‘ﬂ transported into the fjord

.. via deep water renewsl during the winter months. .

B ¥e
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This study provides the first comp‘rehénsiva ‘exnminnion of pelagic faunas in
deep Newfoundland fjords. -The results have shown that there were differences
betwe‘e; the faunal assemblages of Bay d’Espoir and Fortune Bay although the
degree w.which the faunas differed varied conn:deuhly between the fish and
macrozooplankton assemblages.. This implies that the concluSions one reaches and
the perceptions one develops of an ecosystem may depend on' th group selected
fgr study. _H this is true, it guggests that there may be no un}unnl ecological G
lnws_. Conclusions obtained from one particular group of animals if applied to a

different group or to an entire Y may lead to

\ Many aspects of the faunal assemBlages in Bay d'Espoir and Fortune Bay
still'need to be examined. The present study has compared the me;sopellngic fish

and macrozooplankton faunas between fjords only during the spring/early-summer

period, and data are needed to d. ine how the bl compare 1l

and over extended time periods. In addition, studies to determine quantitatively

how the fjord faunas are infl d by ad i including the
proportion of the fauna that is locally produced compared to that derived from

outside recruitment, are essential to ining a corhprehensi derstanding of

the structure and persistence of the resident faunal assemblages.

Finally, studies have shown that levels of primary production as well as the

size spectrum of primary prod can infl both the abund and

compositiom of species at higher trophic levels (e.k. Mathews and Heimdal 1980)-

and there are y no estimat s of primary

, or data
the spécis and size compositiongpf primary produgers in the two fjords. Future

u‘hd\a in this area should greatly enhance our understanding of the ltruct\l;ve and
- -




dynamics of species assemblages at higher trophic levels in Bay d'’Espoir and

Fortune Bay. »

. { -
b, o .
&
\ . ]
- N N
/
1 ‘ i -
= .
PEEERN
.
.




[

LITERATURE CITED
Able, KW, and D.E. McAllister. 1980. Revision of the Snailfish genus Liparia
from Arctic Canada. Can. Bull. Fish. Aquat. Sci. 208: 52 p. -

Alden, R.W. D] R. C Duhlya, and R J. Young, Jr. 1982. A method for t.he
les. J. Exp. Mar. Biol. Ecol. 59

485-206.

Allen, J.A. 1967. The fauna of the Clyde Sea area. Crustacea: E\lphlusmcen and
Decapoda. Scot. Mar. Biol. Ass. 116 p.

Alvarifio, A. 1965, Chnetognnths. Ocennogr. Mar. Biol. Ann..Rev. 3: 115-104.

~Mngel, M.V. 1079. Zoogeography of the Atlantic Oceanpp. 168-190. In S. van der
Spoel and A.C. Pierrot-Bults [ed.] Zoogeography and diversity in plankton.
Bunge Scientific Publishers, Utrecht.

Anon. 1980. Coastal and estuarine pen rearing sites, p. 10.1-10. 37 In Bay
d’Espoir feasability.study. Sec. 10.

Anon. 1983. SPSSX Users Guide. McGraw-Hill Book Company, New York. 806 p.
-

Apollonio, S., and E.E. Dunton,-Jr. 1969. The northern-shrimp, Pandalus
lmrec’la in the Gulf of Maine. Dept Inter., Bur. Com. Fish., Proj. 3-12-R.
81 p., 32 Figs.

Aron, W. 1962. The distribution of animals in the eastern North Pacific and its
relationship to physical and chemical condmons J. Fish. Res. Board Can:.
19: 271-314.

Backus, R.Hﬁ, and J.E. Craddock. 1982. Mesopelagic fishes in Gulf Stream cold-
£ . core rings. J. Mar. Res. 40 (Sup.): 1-20. .

Backus, R.H., G.W. Mead, R.L. Haedrich, n‘d AW. Ebeling. 1065, The
mesope]nmc fishes collected during cruise 17 of the R/V Chain, with a
method for analyzing fmuul trnnsacl.s Bull. Mus. Comp. Zool: 134: 138-158.

Backus, R.H., J.E. Craddock, R.L. l"had h, and D.L. Shores. 1969, Mesopelagic
~lxshes nnd thermal fronts in the Western Sargasso Sea. Mar. Biol. 3: 87-106.




Bieri, R. 1059. The di

. 1970. The distribution of mesopelagic fishes in the
equatorial and western North Atlantic Ocean. J. Mar. Res. 28: 179-201.

Backus, R.H,, J.E. Craddock, R.L. Haedrich, and B.H. Robison. 1077. Atlantic
mesopelagic zoogeography, p. 266-287. In R.H. Gibbs, Jr. [ed.] Fishes of the
western North Atlantic, Order Iniomi (Myctophiformes). Sears Found.*Mar.

* Res. No. 1, Part 7. Yale University, New Haven. p

Badcock, J. 1970. The vertical distribution of mesopelagic fishes collected on the
SOND cruise. J. Maf: Biol. Ass. UK. 50: 1001-1044.

5 8, . 1982, A new specles ol‘ the deep-sea fish genus
Cyclothone Goode & Bean ( idae) from Qe tropical
Atlantic. J. Fish. Biol. 20: 197-211.

Badcock, ¥, and N.R. Men:ett. 1976, Midwater fighes iil the entex:n North
Atlantic-I. Vertical distrib and associaged biology'in 30°N, 23°W, with
developmental notes on certain myctophids. Prog. Oceanogr. 7: 3-58,

. 1677. On the distribution of midwater fishes in the
eastern North Atlantic, p. 249-282. In N.R. Andersen and B.J. Zahuranec
led.] Oceanic sound scattering prediction. Plenum Press, New York, NY.

Bakke, J.L.W. 1977. Ecological studies on the deep-water pelagic community of
Korsfjorden, western Norway. Population dynamics of Euchgeta norvegica
(Crustacea, Copepoda) Irom 1971 to 1974. Sarsia 63: 49-55.

Barnett, M.A. 1983. Species structure and temporal stability of mesopelagic fish
asserhblages in the Central Gyres of the North and South Pacific Ocean.
Mar. Biol. 74: 245-256.

Barr, L., and R. McBride. 1967. Surface-to-bottom pot fishing for pandalid
shrimp. U.S. Fish Wild. Serv., Spec. Sci. Rep. Fish. 560: 7 p.

Bernal, P.A. and J.A. McGowan. 1981. Advection and upwelling in the California
Current. p. 381-399. In F.A, Richards [ed.] Coastal Upwelling. Amer.
Geophys. Union; Washington, D.C. 5

of the planktonic Ch ha in the Pa
their relationship to the water masses. Limnol. Oceanogr. 4: 1-28.

Bigelqw; H.B. 1926, Plankton of the offshore waters of the Gulf of M‘a'
Gov. Print. Off.'(Bull. U.S. Bur. Fish.40 (1824):11-500).

Boje, R., and M‘,'To_mszak. 1978. E;:c{sys.tem annlyxig nmi the definition, of s

e




”

boundaries in upwelhng regions. p. 3-11. In R. Boje and M. Tomczak [ed]
Upwelling ecosystems. Springer-Verlag, Berlin.

Boyd, S.H., P.H. Wiebe, and J.L. Cox. 1978. Limits of Nematoscelis megalops in
the Northwesurn Atlumc in relation to Gulf Slrenm cold core rings. II.
hemical effects of J. Mar. Res. 38

143-150.

Brattegard, T. 1980. Why bR b\)oﬁsu are interested in fjords. p. 53-66. In H.J.
Freeland, D.M. Farmer, and C.D. Lévings [ed.] F)ord Oceanography. Plenum
Press, New York, NY. ;

Briggs J.C. 1970. A faunal history of the North Atlantic Ocean.. Syst.-Zool. 19:
19-34. k

Brinton, E. 1962. The distribution of Pacific euphausiids. BnTP’Scripps. Inst.
Oceanogr. 8: 51-270.

..1979. Pamnebers relating to f.h:flxhlbunons of
iids in the eadtern tropical Pacific.

Prog. Oceanogr. 8: 125—189

Brunel, P. 1860. Artificial key to the Mysidacea of the Canudxan Mlnnuc
Continental Shelf. Can. J. Zool. 38: 851-855: —. . ..

Brunel, P., M. Besner, D. Messier, L. Pomer,b Granger and M. Weinstein. 1978.
Le traineau suprabenthique MACER- GIROQ appareil amélioré pour
I'échantillonnage quantitatif étagé dela petlte\l’aune nageuse au volsmage
du fond. Int. Revue ges. Hydrobiol. 83: 815-829.

Caswell, H. 1976. Community structure: a neutral model analysis. Ecol. Monogr
46: 327-354.

Cheney, J. 1985a. Spatial and temporal abundance patterns of océanic
chaetognaths in the western North Atlantic-l. Hydrographic and seasonal
abundance patterns. Deep-Sea Res. 32: 1041-1059.

. 1085b. Spatial and temporal abundance patterns of
oceanic chaetognaths in the western North Atlantic-Il. Vertical dlstnbul\ens
and migrations. Deep-Sea Res. 32: 1081-1075.

Connell, J.H. 1978. Dlvers:ty in tropical rain forests and coral reefs. Science 199;
1302-1310.

Dnvnd P.M. 1958. The distribution of the Ch ha of the South Ocean.
Dlsc Reps. 20: 109-228, 1 pl.




78

Day, R.W. 1977. Two contrasting effects of predation on species richness in coral
reef habitats. Mar. Biol. 44: 1-5.

Dayton, P. and R.H. Hessler. 1872. The role‘?l*ﬂiﬂogicn.l disturbances in
maintaining diversity in the deep sea. Deep-Sea Res. 19: 199-208.

De Ladurantaye, R., J.-C. Therriault, G. Lacroix, and R. Cété. 1984. Processus
advectifs et répartition du zooplancton dans un fjord. Mar. Biol. 82: 21-20.

de Young, B. 1983. Deep water exchange in Fortune Bay, Newfoundland. M.Sc.
thesis, Memorial Univ. Nfld., St. John's, NfId. 148 p.

Dickie, L.M., and R.W. Trites. 1083. The Gllf of St. Lawrence, p. 403-425. In
B.H. Ketchum [ed.] Estuaries and enclosed seas. Elsevier Scientific
Publishing Co., Amsterdam.

D‘unbnr, M.J. 1883. Amphipoda. Sub-order Hyperiidea; FPamily Hyperidae. Fiche
d'Ident. Zooplank., Cons. Int. Explor. Mer 103: 4 p.
f

. 1984. Euphausids and pelagic hipods. Di
n North Atlantic and Arctic waters. Ser. Atlas Mar. Environ. Amer. Geogr.
Soc. Folio 6: 2 p., 8 pl.

Ebeling, A.W. 1962. Melampt ics and of the species
in the bathypelagic fish genus Melamphnu Giinther. Dana Rep. 58: 164 p.

Eilertsen, H.C., S. Falk-Petersen, C.C.E. Hopkins, and K. Tande. 1981. Ecological
investigations on the plankton community of Balsfjorden, Northern Norway.
Program for the project, study area, phy, and physical envi
Sarsia 66: 25-34.

Eilertsen; H.C., and J.P. Taasen. 1984. Investigations on the plankton community
of Balsfjorden, Northern Norway. The phy!.oplankton 1976-1978.
Environmental factors, dynnrmcs of growth, and primary production. Sarsia
69: 1-15.

Einarsson, H. 1945. Euphausiacea I. Nortliern Atlantic species. Dana Rep. 27:
185 p. .

Ekman, S. 1967. Zoogeogrnphy of the sea. éldgwick and Jackson Ltd., London.
< 417 p. P

El-Sabh, M.L. 1073 Seasonal and long-term variation of the water properties in
the Gulf of St. Lawrence, p. 128-158. In M. El-Sabh [Coord.), Proceedings
of workshop on the physical sciences in the Gulf and estuary of St.
Lawrence. Univ. Que., Rimouski, Que., Can.




ol 70

. 1077. Oceanographic features, currents, and transport
in Cabot Strait. J. Fish. Res. Board Can. 34: 516-528.

Fager, E.W., and J.A. McGowan. 1963, Zooplnn'kton species groups in the North
Pacific. Science 140: 453-460.

Fahay, M.P. 1083. Guide to the early stages of marine fishes occurring in the
western North Atlantic Ocean, Cape Hatteras to the southem Scotian Sielf.
J. Northw. Atl. Fish. Sci. 4: 1-423.

Falk Fetersen S. and CCE Hopkms 1981. Ecological investigations on the
ol’ j northern Norway: population
d ics of the euphausiids Th; inermis (Kroyer), Thysanoessa
raschii (M. Sars) and Meganyctiphanes norvegica (M. Sars) in 1976 and
1977. J. Plankton Res. 3: 177-192.

Farmer, D.M,, and H.J. Freeland. 1983. The physical oceanography of fjords.
Prog. Oceanogr. 12: 147-219.
>

Fasham, M.J.R., and M.V. Angel. 1075. The relationship of the zoogeographic )
. distributions of the planktonic ostracods in the north-east Atlantic to the
water masses. J. Mar. Biol. Ass. UK. 55: 739-757.

Fossd, J.H. 1085. Near-bottom vertical zonation during daytime of deep-fiving
hyperbenthic mysids (Crustacea: Mysidacea). Sarsia 70: 207-307.

Fraser, J.H. 1937. The distribution of Chaetognatha in Scottish waters during
1936, with notes on the Scottish indicator species. J. Cans Int. Explor. Me:

12: 311-320.
% . 1939. The distribution of Chaetognatha in Scottish
waters in 1937. J. Cons. Int. Explur.%r 14: 25-34.
. 1952. The Ch ha and other ! of the
Scottish area and their value as biological indi of h ical
conditions. Mar. Res. Scot. 52 p., 2 pl.
. 1957. Ch ha. Fiche d'Ident. Cons.
Int. Explor. Mer 1:6 p. \
Gade, H.G., and A. Edwards. 1080. Deep water fénewsl in fjords, p. 453-480. In
HJ. Freeland D.M. Farmer, and-C.D. Levings [ed.] Fjord Océanography. .
Plenum Press,'New York, NY.
P Gardner. G.A. 1082. Patterns in the distribution and abundance quelected

N




. 8
.

zooplankton species from the coast of British’ Columbia. Biol. Oceanogr.
1: 225-270. T

' . Garrett, C., and B. Petrie. 1981. Dynamical aspects of the flow through the Strait
s of Belle Isle. J. Phys. Oceanogr. 11: 376-33.

Gjbsaeter, J. 1973. Age, growth alid mortality of the myctophid fish, Benthosema
glaciale (Reinhardt), from western Norway. Sarsia 52: 1-14.
. 1081. Growth, pi-oduction and reproduction of the .
‘myctophid fish Benthosema glaciale from western Norway and adjacent
seas. FiskDir. Skr. Ser. HavUnders. 17: 79-108.

Grainger, EH. 1963. Copepods_of the genus Calanus as indicators of eastern
Canadian waters, pj68-94. /n M.J. Dunbar [ed.] Marine dmnbnhons Univ.
Toronto Press, Toronto. | .

Grassle, J.F., and H. L Sanders. 1973, Life histories and the role of disturbance.
Deep—Sea Res. 20: 843-859.

\j Gray, 1.8$1978. The _slructure of meiofauna communities. Sarsia 63: 265-272. _ 3

: & »
t Green, R.H. 1979. | ling design and istical methods for envi
\k » biologists John Wiley & Sons, New York, NY. 257 p. . ’
Rt Haednch R.L. 1974. Pelagic capture of the epibenthic rattail Coryphaznoldea

rupestris. Deep-Sea Res. 21: 977- 979
™~

1983. Estuarine ﬁshes p. 183-207. In B.H. Ketchum

led.] Estunrid and énclosed seas. Elsevier S’cienm‘ic Publishing Co:, . g

Ams:yam s

@ . 1

Hned@c’h: .L., and N.R. Henderson. 1974. Pelagic food of Coryphaenoides Y
armatus, a deep benthic rattail. Deep-Sea Res. 21: 739-744.

Haedrich, R.L., and D.C. Judkins. 1979. M. lank and its envil }
. p. 2-28. In S. van der Spoel and A.C. Pierrot-Bults [ed.] Zoogeography and \
i diversity in plankton. Bunge Scientific Publishers, Utrecht.

Hnﬂ;:er, R.E. 1052. Z hy of the bathypelagic fish Chauliodus. Syst. /
Zool. 1: 112-!33. p T &

Halllday, R G. 1070 Gmwth and vertical distril o of ‘the glacier 1 fish

glauale, -in the north Atlantic. J. Fish. Res. Board Can.
27: 105-118.




Halliday, R.G., and W.B. Scott. 1969. Records of mesopelagic ﬁd other fishes - . :
from the Canadian Atlantic with notes on their distribution. J. Fish. Res. .
« Board Can. 26: 26.01-270‘2.

Harding, G.C.H. 1966. Zooplanktoh distribution in the Am.i-:.Oceu with io.'.u on B
life cycles. M.Se. thesis, McGill Univ., Montreal, Que. 134 p.

Hlnry| LR. 1984 An offshore eddy in the Chlifornia Current system. Part IV:
Plankton distributions. Prog. Ocunogr 13: %m

Heip, C. 1974. A new index measuring evenness. J. Mar. Biol. Ass. lIK 54: -

$55-557. v“ = & ‘\\ )) )
Hldl. T.S. 1957. Ch h ds as biol ] indi in the Norlb .-‘-‘ )
Pacific. U.S. Fish Wild. Serv Spec. S Rep. Fish. 215713 p.'s . 7 e
~
Honjo, S., nndH Okada. 1974. Cq ity structurg of lithioph in the =
photic Inyer of the mitl-Pacific. Mlcropaleonw logy 20: 209-230 <
Hopkins, C.C.E. 1081: ical investigations on the 7 ity of

Balsfjorden, Northern Norway: changes in zodplankton abundance and :  «
biomass in relation to phytoplankton and hydrography, March 1976-
*~February 1977. Kieler Meerésforsch., Sonderh: 5: 124-139. oo 7

+ Horwood, J.W., and R.M. Driver. 1976. A note ong theoretical snbsalnplmg
- distribution of macroplankton. J. Cons. Int. Explor: "Mer 38¢ 274-276.

Jahn, AE,, and R.H, Backus. 4976. On the mm’pellgic fish faunas of. Slope
Water, Gulf Strexm and northern Sargasso Sea. Dezp-Su Res. 23: 223-234.

Jangaard, P.M. 1914 The‘cnpelm (Mallnlus mlloaua) Biology, distribution,
ion. Bull. Fish. Res. Board Can. 186:

70 p.

Johnson, M.W., and E. Brinton. 1963. Biological gpecies, water- mm and
currents, p. 381-414. In M.N. Hill [ed.] The'sea. Vol. 2. John Wiley & Sons,
Inc., bondon ~

Jones L.T. 1969 Contmuuns planklcn records: sludles on Lhe zooplankton east ar
Newl’oundland and Labrador, with particular reference to-the euphnuuud
lonmcaudalu (Kroyer). Bull. Mar. Ecol. 8: 275-300.

Jorgensen, G, and J.B.L. Matthews. 1975. Ecological studi the deep-wiit:
pelagic community of Korsfjorden, western Norway. Population dynlmicl
of six species of eup/hﬁsuds in 1968 and 1089. Sarsia 59: 67-84.




<2,

-

. Judkios, DC., and R. erght 1971 New recordstﬂ the lds Boreomyiu
n?lu G O: Sars and Mysis litoralia: (aner)»m th Snguenny ﬁorrl
(s anrence estuary). Can. J. Zook52; _1087- 1000

. Kaartvedt, 5. 1985. Diel changes.in small-scale vertisal distribution of '
hyperberthic mymds Sn a 70: 287-295. N / ,
e L2 - B ~
Klmg,SA 1976. Relation of diolarian distrib ubsurface hydrography
. in the North Pacifio. Deep-Sel Res 23: 1043—1058 ¥ N .

Kl)llknnov VA and D.E. McAllister. 1979. Osmenduc, p. 158-159. In JC
. Hyréau and T. Monod [ed.] Check-list of the fishes of the north-eastern
" Atlantic.and of b Medlterru‘pan UNESCO, Piris.. U
v X

K ayushl, B.N. 1073 Systemntles z00geography, and: aspects of the biology of: *
" the bathypelagic fish genWs Cyclothone in the Paific Ocean. Ph.D. thesis, .
Univ, Csllf San Dnego, CA 487 p. N

Lauzier, L snd R:W. Trites. 1958. The deep waters Ill the Laugentian Chumel R

J Flsh Res; Board Can, 15 1247-1257,
Leim, A.H., and W.B, Scou 1966. Fishes of the Atlantic coast o! Canada. Bull.
Fish. Res. Bonrd Can. 1655: 485 p. i
Lmdley, 1. A 1977 Couhnumls plankton reqords The distribution or the
(Crustacea: Mal
¥ Sea, 10664987 J. Blogeog‘l. 4: 121-133.

[

. 1980. Populatign dynamics and p of
euphausiids. 1. Thysanoéssa merm}){ and T. raschi in the North Sea and

+ American-cGastal wateu Mar. Biol. 5\3 225-233.

1982 ‘nnd”' ion of

T f Y Ni b

= i i couchi in‘the

North Atlanm Ocenn and the North Sea, Mar Blol 68: 37-46.

N\ leely, R.R. 1983. Avalon Channel - Newfoundland. Temperature, salinity id‘l.

__sigma-t sccuons ‘Can. Tech. Rep. Hydrog-r Ocem Sci. 24:85p. T

- Loeb, V.J. 1979. Larval fishes in the zoaplankbon commumty of the North Pml’c
central gyre. Mar Biol. 53 173101 - -

. 1980. Patterns of spatial and species Abundlnce within
the larval fish assemblage of the North Pacific central gyre during late -
summer. Mar Blol . 60: 180-200 "

) in the north Atlantic and Ahe North

EY

k3




Malone, T.C” 1677, Plankton -ymmma and disribution. MESA New York Bight
Atlas 13: 1-45.

J M..ukle, DF., and C.A. Wenner. 1970. Evldence of demersal spawning in the
5 . mesopellm: wucld fub‘Melmomgmu atlanticum with comments on
in the al fish Xenodermi copei. Copeia

. s 3366, . ' < .

:
0 i erkle DF., WB. Scott, and A.G- Kohler. 1080. New and rare records nl

ian fishes and the influence of hydrognphy on resident and:
id L Scotian Shelf i f J. Fish. Aqnlt Sei. 37:

- Marshall, NB and 'T. Jwamoto. 1973. Genus. Nuumm Jordan 1904, p. 624-649.. \
i » v . InDM. Cohen [ed.] Fishes of the western North Atlantic: Sears l-‘mmd Mar.
. i Res. No. 1, Part 8. Yale University, New anen K B

i L~ Mﬂthews, JIBL. 1973 Ecolomcul studies on the d;eﬂnur pehg]c commumty of
i Korsrjonien, ‘western Norway. Popul
o nﬁrvepua (Cr\mnn, Enphms(x,mn] in 1968 and 1060 Sarsia 54: 75-90.

\3 . Matthews, JBL, and JLW. Bakke: 1077. Ecological studieg oathe deep—wner
- ' pelagic community of Korsfjorden (western Norway).The search for a
' tropjiic pattern. Helgolander- wiss. Meeraunt&s. 30: 47-81. 4

‘Matthews, J.B.L., and B:R. Heimdal. 1980. ﬁelagc productivity and food chains in / -
fjerd systems, p. 377-398. In H.J. Freeland, D.M. Farmer, and C.D. Levings
[ed ] Fjord Ocemognphy Plenum Press, New York, NY.

Mnuhews, JB.L. and S. anol 1073 Ecological lludm on the deepvwau?
pelagic community of Korsfjorden, western Norway. The species of
Pasiphaea and Sergestes (Crustacea Decapodn) recorded in 1968 and 1969.
Su; a 52: 123-144. N

Matthews, J.B.L., and NJ Sands. 1973. Ecologmnl s'.udns on the deepwn.er
. pelagic commumb‘ of Korsfjorden, western Norway. The topography of the
. area and its hydrography in 1068-1972, with a summary of the sampling
% PaE A = prognmmu Sarsia 52:.20-52. - .

5 Mn\lchlme, J. lﬂ‘ll Enphlusmu Aduns Flchedldent Zooplauk Cons. Int.
N xplor Mu:u v

3 s gt . 1980. The biology of euphausiids and mysids Adv. Mar.
" .. Biol. 18: 373-623. i

. 1984, Euphsusiid, stomatopod and 1
\ crustuem Linn. Soc. lnnd(&Bst Brackish-Water Seci. Ass. 30: 01 p.




8-

o a2
. . e
e Mauchline, J., and L.R. Fisher. 1067 |‘ ibution of the euphausiid
Meganyctiphanes norvegica (M. Sars)." Ser. Atlss Mar. Envn-on Amer.

" Geogr. Soc. Folio 13: 3 p., 3pl

. 1969. The lnology of wpl\aumds Adv Mar. Biol. 7:
1454, - ’

N

LZ
McAllister, DE. and E.LS. Rees. 1964. A‘F&{ns\on of l.he eelpout. genus

Melanostigmadwith a new genus and with comments on Maynea. Nnt Mus
Lan. Contnb Zool. 1963 199: 85‘110

& McGowa.n, J:A. 1071. Oteanic biogeography of the Pacific, p. 374. fn BM. .
Ry A ‘Funnell and W.R. Ri€del [ed.] The micropal {ogy of oceans. Cnmhr‘idge .

A Univ. Press,, Londo
: - N\

- : 1974. The wature of oceanic ecosystems, p. 0-28 In.
gy _. _ CB. Mlller [ed] The blology of the oceanic Pulﬁc Oregou State Univ.
- Press, Corvalhs, OR.

. " 2 . 1977. What regulates pelaglc community structurein
: *< o thePacific?, p. 423-443. In N.R. Andersen and B.J. Zahuranec [ed.] (fceamc .
sound scattermg prediction. Plenum Press, New York, NY. -

McGuwan JA, and PW. Wnlker 1979. Structure in the copepod commumty
i the Nonh Pacific central gyre. Ecol. Monogr. 49: 195—225

. 1985. Domi ad diversity mai ill_i_ill.
oceamc ecosystem. Ecol Monogr. 55: 103-118. .

\
‘. McKe!vxe, D S. 1984. Mesopg]sgnc fishes.of the NeW{oundland Basin: the
- .. discreteness of pelagic faunas. M.Sc. lhes)s Memorial Umv Nfid., St. John's,
Nfld. 95 p. -
. 1985. Discreteness of pelagic faunal regions. Mar: Biol.
. 88:125-133. -

MeLellan, H.J. 1957. On the distinctness and origin of the Slope Water off the
Scotian Shelf and its easterly flow south of the Grand &nks J. Fish Res.
Board Can. 14: 213-239 )

Mileikovsky, S.A. 1970. Breedmg and larval distribution of the pteropod Clione
limacina in the North Mlnnhc, Subnrchc and North’ Pacific Ocenns Mar.
Biol. 6: 317-334.

: N
- Morton, J.E. 1957, Opisthob hia.Order: G; anlly Clionidae.
R Fiche d'Ident. Zooplmnk Cons. Int. Explol\{d\er 80: 4p.




-~

] Mukhuchevn, V.A. 1064. The composition of species of the.genus Cyclpthone
(Pisces, Gonostomidae) in the Pacific Ocean. Trudy Inst. Okeanol. Akad.
; Nauk SSSR 73: 93-138. (Transl. from Russian by Bur. Com. p h., Ichthyol.
+ le U.S. Nat. Mus., Wash. D.C., No 36)

. ) Muus, B.J. 1953. Polychaeta (contd:). Families: Tomopteridae and ’ b
/‘//\ Typhloscolecidse. Fiche d'Ident. Zooplank., Cons. Int. Explor. Mer 53: Sp

Nafpaktitis, B G. 1368 Tuonomy and distribution of the lanternfishes, genera
. Lobianchia and Diaphus, in the North Atlantic. Dnna Rep 73:131 p., 2 pl.

v 'Narpnkuhs, B.G., R.H. Backus, J.E. Craddock R.L. H: dnch BH Roblson and
. C. Klrnells 1977. Family Myctophidae, p." 13-265.\/n R.H. Gibbs, Jr. [ed] )
i y Fishes of the western-North Atlantic, OrdéF Iniomi (Mych)phll‘orma) Sears
| } Found. Mar. Res." No. 1, Part 7. Yale University, New ‘Haven." 1

. 0'Day, W.T., and B. Nafpaktitis. 1967. A study of the =ﬂ'ee'.s of eﬁntmhon on
) the gonads of two. myctophid-fishes in the North Atlmme Oceam Bull/Mms
Comp. Zool 138 77-90. X

Okada, H., and S: Honjo. '1873. The distribution of oceanic coccohthophonds in
the Psclflc Deep-Sea Rés. 20: 355-374.

\ Olson, D.B, and R.H. Backus. 1985. The concentntmg of orgsPlsms at fronts: A
s cold-water fish and a warm-core Gulf Stream ring. J. Man' Res. 43: 113-137.

\ Omori, M., nnd WM. Bamner 1982. Patchy . dlsmbntmn of zooplankton:
behavlor, popul and samphng Mar. lql 72
193-200.
—
Parsons, T.R., M. Takahashi, and B. Hargrave. 1984. Biological Oceanographic
Processes, Third Edmon Pergamon Press, Oxford. 330 p. \
L 4 Pearre, S. 1973. Vertica.l migration and feeding in Sagitta elegans Verrill. Ecology
N 300-314. °
!
- Pederson, B. 1078. A brief review qf,present theonu ol fjord dynumcs, 3
) . P-407-422. In J.CJ. Nlhoul [ed ] Hydrodynumlcs of estuaries and fjords.
i Elsevier Scientific P : .
¥ & ~
Petrie, B., and C And: 1983. Circulation on the N dland i 1-
shelt Atmosphere-Ocean 21: 207- 228 - Ty .

P
Plcklrd G.L., and W.J. Qmery 1982, Descriptive physical oceznognphy An
mcrod\lctmn Pergamon Press, Ogg;d 249 p. ¥y

7




) ‘ g
Pickford, G.E. 1948. Vampymlmlhu\hlmaln CHin. An mhﬁc dibranchiate

. egphn!opodv 1. Natural history and distribution, Dana Rep. 20: 40 p. 6
. " Pielou, E.C. 1975. Ecological Diversity. John Wiley W &:{he.‘Nuy;k,
NY. 165 p. ) 3 g
A . S &

Rainer, S. 1981. Temporal patterns in the e ]
of an Australian estuary. Est. Coast. Shell Sﬂ. 13: 597-620. =

chmlle. L. 1079 Etnde eomp:rmve dela dxstnbnhon vemcnlc etdela
5 des de lankton du fjord du S: et de’
I’estuaire maritime du Saint-Laurent. M.Se. thesis, Univ. Laval, Montrell =
— Que. 175 p. 3

J st ;
Rice, A.L. 1067. Crustaces. (Pelagic adults). Order: Decapoda. V. Cnﬂdu S % i
Families: Pasiphaeidae, Qplophoridae, Hippolytidae and Pandalidae. Fiche b
d’Ident. Zqoplank., Cons«\lnl Explor. Mer 112: 7 P~

i ¢

- R:clm-d JM,, and A.E. Hay. 1984. The physical oceanography of Bay d"Espoir.
= Paper prepned for the Conne River Development Association. SﬁAllnnu. . ;
Nﬂd Can. 30 p., 4 Tables, 14 Figures, 2 Appendices. : ——

.Rohertson D.A., P.E. Roberts, and J.B. Wilson. 1978. Mesopelagic faunal 5
-~transifion- umaﬂhe Subtropical ConvcrgenounmLNew.Zedmd.—N 2.
J. Mar. Presh. Res. 12: 205312, s
. \
- Robison, B.H.and T.M. mera.ﬂ.. 1984. An npwa.rd tnnsporl mechanism from  +*
the benthos. Naturwissenschaften 71: 322-324. 5

Roe, H.S.J. 1974. Observations on the diurnal vertical mlgnuons o_l)lrocumc ~
animal community. Mar. Biol. 28: 99-113.

\_J* - Roman, MR, AL Gnuzenx, deJ Cowles 1985. Tempoul and spatial

changes in epipel. and biomass in :
* “warm-core Gulf Stream ring 82-B. Deep-Sea Res. 32: 1007-1022. s ==
ol Russell, F.S. 1935, On the v.lue’ of certain plankton animals as indicators of water
W e, movements in the English Channel and North sea. 3 er Biol. Ass. UK.
L3 : 20: 300-331.
) . 1930. Hydrographical and biological conditiong in the
‘North Sea as.indicated by plu\\k'.on i J. Cons. Int. Explor. Mer 147
- 171-192. \ . "
Sainte-Marie, B., and P. Brunel. 1985. b ic gradients of swimmil 7 - '




activity by cold ater g idy hipod Crustac r lmuddy
shelf in the Gulf of Snint Lawrence. Mar. Ecol. Prog. Ser. 23: 57-60.

- i .
o~ Snlmobo, D] D lﬂBm DutnEt)npn of sound scatterlng Iayers el\ned by /
ds and thel to in the )

a
4 ' Gulf of St. ngrence estuary. J. Fish. Res Bo;td Can 83 681-687. © - '7‘
: /

& lWﬂb Respirati ratu energy hudgeh and moltm;
frequencies of three species of nuphnugnds found in the Gulf of St. anrenu
J. Fish: Res. Board Can. 2568-2578 . .
¢ » -
Sands, N.J. 1980. Ecologi ‘studl&s on the deep-wat i f'( sfjord
wedtern Norway. Pop 1; dy i o! the ch hs from 1971- 1974
Sarsia 65; 1-12. B

.

Selgel S. 1956. Nnnpmmetnc sm.mhcs for the behavioral sciences: Mchw-H:ll
*" Book Co, I7c » New York. 312 p. X .

J) Smaldon G 1979. British coastal shrlmps and prawns. Keys and notu for the
S ion of the species. A ademic Press, London. 1'28p

Smith, EH., EM. So\lle, and O. Mosby 1937. The Marion and General Green N
expedmons to Davis Strait.and Labrador Seg. Bull U. 8. Coist Guard 19: .
59p. . ) #

LR \ —
3 - Sokal, RR and F.J. Rohl{ 1081. meetry WH Freemnn nnd Compuy, San
o Franclsco 859 p. X "t

Sqmres, H. J 1965. Decayod crustdceans of Newfoutidland, L:bradnr and the &
G‘@nadmn eastern Arctic. Fish. Res. Board Can Ms Rep Ser. (Biol.) 810: K
l P - -

| SR . 1966. Distribution of decnpcd in the
northwest Atlantic. Ser~Atlas Mar. Envmm Amer Geogr. Soc! Foho 12:
4p,4pl

Step-Bowitz, C. 1048 Polychnetn ‘from the *Michael Sars* North Atlantit deep-
sea expedition 1910. 5(,8) ol p.

_ " Sverdrup, HU., M.W. Johnson, and RH. Fleming. 1942. The oteans. Their
, physics, clwgistryjand genernl biology. . Prentlce—Hnll Inc , Englewood :
: ’ Cliffs, NJ.'1087 p. ; ¢ § L

Tande, K.5S. 1083, Ecological lnvgnguuons of the zoophn%mmunit‘y of

Balsfjorden, northern Norway: population structure antbreéding biology of

the chaetognath Sagitta elegans Verrill. J. Exp. Mar. Biol. Ecol. 68: 13-24,
7 ” : E »




btz e tone gy, Tl LT R - g

(A o

B . .
. ] - Tnuarsall ‘W.M. 1951. A revieéw ofythe Mys:dncen of Idlud States’ Nltlonul ’
: _,} Mluenm US ‘Nat. Mus, Bnll 201:202p. 7 )
- i ~
. Tattersall, W.M:, and O.S. Tauernll 1951 The British Mysidacea. Ray Soc. .
Lond. 136: 460 p.” P . -
“
Templeman, W. 1948, The llfe history of the caplin (Mallotug. villosus
(O.F. Miiller)) in Newfoundlnndrw:ters Bull: Nfd. Guv Lab. 17: r151

ructurl(ql‘ pllnkﬁon commnmues pl the lndmn Oceln.
r2e0. -
7, and W.T. Peterson. 1986 Life history and pop;&nuon dynamics_of

P,
the chaetograth Suyma elegans in central Long Island und. J. Plankton
Res. 8: 183-195 '

Timonin, AG lﬂ'ﬂ
. L9

Tokioka,.T. 1079. Nentlc and oceanic plankton p: 126-14; 'ln S. van der S])m?l*Q
and A.C. Pierrot-Bults [ed}] Zoogeography and divérsity in plnnkiqn. Blin‘ge'

.. Scientific Publishers, Utrecht. i by B E
(g ]

Van der. Spoel, S., and R.P. Heyman. 1983. A comparative atlas of 1ooplanhon 7
)prmger-Verlag, Berlin. 188 p. #

] %ner "C.A. 1979: Notes on nslm of the genus Paraliparis (chlopterldu)
P ) the middle Atlantic continental’ slope. Copen i: 145-146.

* Wiebe, P.H., and SWL. Boyd. 1078. Limits of Nematoscelis megalops in the ~
Northwestern Atlantic jn relation to Gulf Stream cold core rings.
* L Hori and yerti 7: distributions. J. Mar. Res. 36: uo-m.
W|gley, R.L., and B.R. Burns. 1971. Distribution and bmlogy ot mysids
et (Crustncea, Mysidacea) from the Atlantic coast of the United-States-in the
,- i NMFS Woods Hole collection. Fish. B|I“ 89 717-748. . « ¢

B ,f‘ Willis, J.M. 1984. Mesopelagic fish faunal regions o! the northeub?acihc onl

- 2 Oceanogr. 3: 167-185. o, .
" Witzell, W.N. 1979. Gonostomatidae, p. 114-122. In J.C. Hureau and T. Monod ~

[ed.] Check-list of the fishes of the north-eutern Atlantlc and of the *

* Mediterranean. UNESCO, France. .
Wright, R.A. 1972. Occurrence and distribution of the Mysidacea of the Gulf of

LI St. Luwrem:e M.Sc. thesis, McGill Univ.; Montreal, Que. 158 p. Natl. Libr,

b . . Can’, Can.-Theses Microfilm No. 14508.




,  Wroblewski, J.S. and J 1084, Iehthydplankton associated with s.warm

ke . core ritg off the 1 eu.cm.;.m Aquat. Sci. 41: 204-303.
Zurbrigg, RE., and w’; Seott. 1972, Evidence for expatriate populations of the
lanternfish Mycfoph i the Atlantic. J. Fish Res.
o ‘Board Can. 20: 1676-1683. i i 2 . 2




& : ( Ve ~. ﬂ:'n
. ; \ ) : . o
\
Tablel. Stmon data for-all cwllectm‘n sites. * mdlcues stations wherexthe fishing depth was estimnud by 4 .
o o | * - assuming & wire angle of 45°% Station data for ht\f\lde, longitude, bottom depth and time refer to the™ i
1 ¢ start of the tow. ﬂ'ows are clm)l‘ied as dawn *Da*, day *D*, duskDu*, or mglv. N*| based on the time
- . of collection. 1 t - . \ 2
= | . ¥ " ) ‘ 2 . x
y N 5
8 Area Station Datd Latitude Dengitude  “Bottom . Fishing Time -
Ly B (D/M]Y) °N) (°W) Depth (m) '\ Dth (m)  (local)
: i = . < T
- 2 g ¢ . e o 5
Bsy d'Espoir . 1205 8/05/82 . 474205 58082 786 t283 250N . 7
1208 7/05/82 47 30.85 56 07.80 N — ‘¢4 — 012N, -
1200 - 7/05/82 47412 56 07.0 0——~——*566 ' 0820D =
1208 7/05/82 - 47 40.32 56 07.8 749 *636 1800 D 3
1200 7/05/82 A7 41.88 56 08.05 768 *495\ 1921 Du
1210 7/05/82 47 39.9 © 58077 760 . %354 ]
1211 7/05/82 47 41.52 56 08.04 70 1 w2
1418 7/06/83 47 40.95 56 08 490 © 250
14190 7/06/83 . 47 41.72 56 08.20 - 765 475
1420 7/06/83 47 41.21 56,08.02 767 500
1423 8/06/83 474050 560414 | 385 L]
% 1424 8/08/83 47 42.02 56 08.20 . 785 230
’ 1425 ) 8/08/83 . ‘47 42.0 » 56 08.20 \, 780 . 1500
1426 8/06/83 474275 56 08.34 780 /sss
7 i .- —
+ 'Fortune Bay 1204 6/05/82 % 47 08.6 55 5\4.8 325 *283
’ ‘ ; | ST
. "
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Table 1. Continued =
v 2 . :
: « g
Area © Station | Date Latitude Longitude |~ Bottom * Fishing Time
: (b/M/Y) (°N) (W) * Depth(m) . Depth(m)  (local)
Fortune Bay = 1213 _  8/05/82 47 2118 5333.78 338 . *318 0810 D
1215 | 8/qs/82 472395 , 5527.50 400 *424 2015 Pu
1218 11/d5/82 |, 47183 5541 333 *212 2255 N
1403 4/06/83 47057 56 03.8 , - 305 - 210 0530 D
. J 1404 4/06/83 47111 55 52.9 “322 190 0818 D,
1405 4/06/83, 471273 55 48.77 270 - 240 0943 D
. . 1408 | 4/08/83 | 47.26.24 55 21.95 305 230 1307 D
% s 1408 . ,4/08/83 ' ' 47313 ,5516.7 a0 7 - 230 1648'D
1409 | 7\4/06/83 .47 38.76 #5524.52 505 ° 190 . 126 D'
N 73 1) 4J06/83 47412 55-25.1 520 200 . 218N
a 1411 6/06/83 47 2071 55 36.20 { 5,/ 190 0041 N
1412 6/08/83 47 21.47 55 34.32 382 120 70140 N
~ - 1413 6/06/83 47 2211 55 32.20 370~~~ 60 0241 N
414 6/06/83 47 22.41 55 30.10 425 - 50 0341 N
- e 3 7 - . .
Laurentian Channel 1200, 5/05/82 46 335 5752.8 448 *354 0435 N}
T 1400 3/08/83 461694 58 00.47 455 340 1237 D
\ 1401 3/08/83 46.15.70 58 02.58 455 ; 30 1433 D
o
-
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Table 1. . Col n\led. & s 4 \
» \\\ I o, . l ) i
Areéa Station: . Date Latitude Longitude  Bottom « ~ /S'BM“‘ Time . 3
B : oMy (N (W) Dept(m) ~Deph(m (o)
g ~ . -~ . b ) k)
) \ ~o ~ 5
Lluren&m Channel 1402 3/p6/83 ~ 461402 ' 580471 455 1552D g
% ) g ' -
Hermitage Channel 1201 5/05/82 47 15.6 56 42.6 380 1345 D
’ 1218 10/05/82 47 29.10 56'24.65 380 0343N
i ! 1217 11/05/82 47013 57‘\15.98 ..325 0054 N
) . 1427 9/06/83  4707.08 57 0151 340 1942D !
> Ve 1428 0/08/83 47 14.60 56 45.77 365 2300 N
1429 10/06/83 47 20.75 56 35.18 370 012I'N
1430 10/06/83. 47 32.91 56-23.62 * 260 0358 N i,
St. Pierre,Channel 1434 12/06/83 . 46 40.30 54 55.11 235 175 0244 N
N l\ . e
. ) ° "
A . ' ‘
- \ -
{
~ .
: . ‘ 1
£ | \‘ S i g9 @
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Table 2. Total number and catch rate of all fishes collected in Bay d'Espoir.

s N L
_ FAMILY * ) P -
Species . . Total Number Number Hr!
5 o ~
CRAULIODONTIDAE N N
Chauliodus sloani Bloch & Schnﬂder 1 0.08
£ « GADIDAE » < > EE
: *Pollachius virens(Linnaeus) - LTS 008 . =
i GONOSTOMATIDAE * _—— . c - 3
b Cyclothbne alba Braver”™" RN | C..__"pos
v C. braueri Jespersen and Taning _ 16 : 1.30
C. microdonGiinther) -—20 163 - B a7
C. pallida Brauer, i 1 <7 008 “
T C, pnudppnll;d_a Mukh;chavt. | © 008 -
12 | 088
.. 2 % 0.16 ¢ =
4 Panﬂnpan' p. - . 1 . 0.08
MACROURIDAE v Sy, ) Sl
Nezumia bairdii(Goode and Bean) 6 LSS 0.49
MYCTOPHIDAE ¢ b =
Benthosemg glqciale (Reinhardt) 359 - 20.19 - -
SCORP! d ' ;
Sebastes spp.* N ‘ 2 b 0.16 . e
5 ZOARCIDAE- Foome

Mplanostigma atlanticum Koefoed 490 . G 30.84




" Table 3.*
o

Specie?:\ : 9 ' Total Number Number Hr't .

; © 'AMMODYTIDAE ~ X. . . : T ' P,
o —. “Ammodyles, spp £ % - 2 fa < 7
: COTT[DA_E o . = b

bl

1
L EML acarpma (Lmnaeus) . By SR
*Myozocephalus sp. . 1
GONOSTOMAT[DAE .
Cyclallmnd alba Braiter x b
S . C. braueri Jespersen & Taning 6
+ B “Cyclothonéspp. .. = % . -2 X
1 LH’AR]DAE t . i 0%
Carepmct_u’eTany-pmmaBurke : CTda R 7 .
Liparis funicafus Reinbardt * . - 1
.. MYCTOPHIDAE- . 4 . e 88 5 P
*'. Benthosema, glaciale (Remhardt) .3 - 0.30, A
‘OSMERIDAE - - e~ - &
" *Mallotus. m"auua (Muller) . L5710 . 57.10 s
PLEURONE L '
*Hippoglop8oides pluteaaouiu (Fabricius) - " « 1 010, PR
L SCORPAE&)AE N i . ’
i *Sebastes, spp. i oy
Poew 0. : i
' - : . e o/

Total © . o o 82 ., 5030
. i \

. . e 2U 2
D * - juvenile specimens only__ - . N, i
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Table 4. Rankigbundance of juvenile and adult fishes collected from all
regions; LC = Laurentian Channel, HC = Hermitage Channel, \
BD = Bay d'Espoir, FB = Fortune Bay, SP = St. Pierre Chnnnel
o« + indicates species thnt represented less than 1 % of the total
’number . . -

S0 .. Speies % L6 HC. BD FB  SP g ¢ -

*  Ammodylesspp. -
Anarhichas lupuss:_ 58
% Benlhauma glacmle R | + .
Careprach{a lon, pmma . . P L i
+
2

' ’ %

©

Chauliodus

S Cyclothone ¢ a.n . -
. . C.hraueri S 2 +
a- " . . O microdon ' :
C. pallida -~ . . : i
) - C. pseudopallida - t vi T /
b i ‘Cyclothone spp. + ¥ +
* anpby!aumdea platesamdu +
o dumpenus mactilatus - - .. g LI
3 Liparis tunicatus j e 5
Mallotus viffsus \ 2 ! 1 1
_ Melanvaligmu allanticum - “1

e g

. ) o
<. M scorpius. v +
i . Myozocephalus. sp. - . . "
: \)Icyzumm bmrdu . 6
= Paraliparis copei -, , - = : . 5 5
- P.garmani & - - 4 R~
1 " Paraliparis P +
- - Polla¢hius virens e - ¥

B Pralom!!c!aphlun urcluum . ‘3 !.‘ T
. Sebastes spp- Sy . +




', Table5.  Percent similarity matrix for fish fauns of all régions;
# LC = Laurentisn Channel, HC = Hermitage Channel, s 5,
BD = Bay d'Espoir, FB = Fortune Bay, SP = St. Pierre
Channel. - N
. =
K Lc HC' BD FB .. 'SP
' LC — - mse 4123 2.03 0.00
HCs i = 4018 205 - 2590
-~ o - .
BD - 184 0.00 .
FB " : 0792
) . - .
$P. R . .

I
A\ / “ .
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Table 6. The most abundant species of collepted in
Bay d’Espoir and Fortune-Bay and the percentage of the total
number and weight of the macrozooplankton fauna that they
comprised. N is the estimated total n\lgber collected. Species
are arranged according to numerical sbunidance.

BAYD'ESPOR

Species i B N % Total % Total
Number  Weight (g)
Thyeanoé ssa raschii . 174470 8470 . 67.74 v,
T. inermis, - . 9807 47 - . 395
. Sagitla elegans (%ot 9153 , . 444 0.83
Meynnychphﬂnea ndruglca T, 4823 234, 13.93
‘Eukrohnia hamata © 7 4309 2,13 , 00
e T = N
~ "Total ' ) g - 202652 9837 87.45 .
FORTUNE BAY # . 5, W1
—.  Species N . 'N  %Total % Total -
. - . Number . *, Weight (g) '
/- . I - N
Thwanbéisaa raschii T 45857 42.58 31.80 - .
. Sagitla elegans . - 32640 3031 - 8.64 . 2
‘s T. inermis . 11752 1091 10,76
FE W (}chnnycltplmnes norvegica 6380 | -. 5983 38.78 . a ¥
‘Parathemigto gaudichaudii 4013 | 4.56 .77 .
Eukrohnia. hamata BN 0.82
P T. longicaudata. . E 2044 190 ©0.35
—— - - .
Total . . 108388 .98.78" 93.90
-
S . N -
N .
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Table 7. M it species o¢ ing only in Fortune Bay
or Bay d'Espoir.
GROUP Fortune Bay " Bay dEspoir -
N
. v w
AMPHIPOD ‘Acanthostepheia malmgreni L
Halirages fulvocinctus 5
Hyperoche inedusarum
- Orchomenella minuta_ {
1
i EUPHAUSID . =~ - ¥
i + Nematobrachiion boopis b
i g Nematoscelis m:g‘alapo. v
N .
% ! Mysp Erythrops erythropthalma Boreomysis erclica
h Boreomysis nobilis Boreomysis Iridens .
Meterythrops robusta
Paterythrops obesa
POLYCHAETE
& & Tomopteris cavalli
. T. planktonis —¥—
T. seplentrionalis
SHRIMP. Pandalus borealis Gennadas elegans

Pasiphaea multidentals
Pasiphaea tarda *
Sergesles arclicus .




)
Table 8. Ma lank species. in low pumbers in Fortune
Bay snd Bay d'Espoir. ‘
- _ o=
GROUP Fortune Bay  Bsy d’Espoir
. Species No. Hr™! No. Hr!
AMPHIPOD —
7 Huyperia galba ! 130 0.11
H. medusarum 0.20 0.11
Orchomenella pinguis * 020 155
Parathemisto libellula .20 (Q.ll
; . CHAETOGNATH : '
g . Sagitta decipiens 7020 0.55
MYSID g
. Pseudomma lruncatum 140 0.11
—- .« . TOLYCHAETE - b
Tomopteris kefersteini 331 0.66
SHRIMP ‘
Pandalus montagui 0.20 , 0.11
)
“
"
i.,‘
B =




. N - r . " 100

il Table 8. ' A comparison of catch rates for macrozooplankton collected

| - from 10 trawls in Bay d’Espoir and 14 trawls in Fortune Bay. U,is

i the’ Mann-Whitney statistic. p is the probability level corrected for L
: ties. n.s. indicates there was no slxmﬁcmt difference in the catch
| rate hef.ween fjords.
i

. GROUP /“\\ u % -~ P Area of greatest
h Species ‘ _‘\ . abundance
=& AMPHIPOD : = s s
| Parathemisto gaudichaudii 0.0 0.0001 Fortune Bay
P ubyuaomm 23.0 0.0029 Fortune Bay
CHAETOGNATH = « 0y . )
Eukrohnia hamata 38.0 .0.0401. Bay d’Espoir
Sagitla-elegans ‘ 30.5 0.0136 Fortune Bay
S. mazima . 185 0.0009 Bay d’Espoir
EUPHAUSIID ~ N >
Meganychphanes norvegica 71.0 08244 ns. A
Thysanoéssa inermis 65.0 ° - -0.5791 n.s.
. . T. longicaudata 19.0 0.0019 - Fortune Bay
T. raschii 720 0.8678 . n.s.
z I
o 3
MYSID j .
Mysis mizia . 25.5 0.0030 Foltune Bay
# -
L * POLYCHAETE . . o q . o
. Tomopteris helgolandica 60.5 0.4148° | ms =
‘PTEROPOD . - N
Clione limacina ! ' 230 0.0033 ortuxxe Bay




. statistic. p is the problbllxty level corrfcted for ties. .

101

Compsrm‘m of the mesn and range of Percent Similarity values
for 16 stations in Fortune Bay separated by a distance of less .
than J0 km, and 10 groups of 16 station pairs randomly genersted
from all station pairs jn Bay d'Espoir. U is the Mann-Whitney

Area -Mean - Range U, -~ p
-~ -
P . e " %
Fortune Bay 50.69 00:00 ~ 100.00 . 5
Bay d'Espoir_ 76.85  62.15--9363 106.0 0.5776
w ’ 7582 4143 - 9570 104.0, 0.5245
2 .. 6852  3426- 8.20 113.0 07807
'79.25 . S4l4-0411 . 102.0 -0.4740
7640 - 4510 - 9570 107.0 . . 0.6051
R 7636 5407 - 9411 108.0 06332
7039 30.38 - 0363 112.0 07503
7167 ° 3036 9520 109.0 0.6817
7090 . 3438 - 95.70 110.0 0.6008, -
73.63  30.36 - 9508 108.0 0.6332
7 -
i - ©
.
.
.
B .
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Table 11.
-
\-\H}H?
Speties | - No.Hr! Wt Hr' No.Hr! Wt Hrl-
: (e) (g

Benthosema glaciale 30.52 100.03 28.01 17.57
Chauliodus sloani 0.17 10.02 - -
Cyclothone alba 0.17 0.01 - - “
C. braueri s 260" 0.10 015 0.01
C. microdon* 3.12 0.24 031 0.03
C.pallida . & 0.17 0.01 - -
C. preudopallida 017 . / - -
Melanostigma atlanticum 30.19 41.80 40.41 104.11
Nezumia bairdii 0.17 0.07 0.77 77.01
Paraliparis copei 0.60 3.12 122 117
P. girmani - - 0.31 0.18
Paraliparis sp.<: 0.17 2.83 - -
Sebastes spp. 0.35 / - -

*Pollachius virens - - 0.15 0.06
Total Hr! S 7751 148.88 71.33 260.11

“* juvenile specimens only

“




Table 12.  Total number and weight of fish collected per hour in Fortune
’ Bay from four trawls in 1982 fnd eleven trawls in 1983."

- indj species was not collected. /indicates data weis™
unavsilable.
I
/ w1082 1083
—— Species No.Hr!  WtHr' No.Hr' — WeiHr!
( . » ’ i (®) ¥ s (@)
[ - =
*Ammodyles spp. ) - - - 028 . 001
Benthosema glaciale © 106 0.57 -, .
Cyclothone alba - - 014 0.00
C. braueri P . 004 . 056 001
Cyclothone spp. . 0.35 / 0.14 /
Curepfoctus longipinnis 035 3.16 - -
*Hippoglossotdes platessoides 2 - 0.14 0.02
Liparis tunicatus ‘\ \ - . 014 . - 290
~ * Mallotus villosus : 212,/ 3.48\ 78.88 66.15
___ *Myozocephalus oclodecemipinosus - -\ 0.14 001
M. scorpius - - 0.14 0.01
Myozocephalus sp. - - 0.14 0.01
*Sebastes spp. 071 / - -
- Total Hrl 5.29 7247 8070 . 6913

* juvenile specimens only
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Table 13. Total number and welght of macrozooplankton collected per €
e E hour in Bsy d'Es’@lr lrolm three trawls in 1982 and seven trawls
Y in 1083. - indicates specla was not collected. / indicates data
were unavailable.
L~
w 1982 . 1983
GROUP . )
FAMILY ’ No. Hr! WL Hr!' No.H' Wi Hr!
Species . (8) (g)
. . | _
. AMPHIPOD .
HYPERIIDAE ¢ . - 9
Hyperia galba - - 0.15 0.00
H. meditsarum 4 - © 015 0.00
Parathemisto abyssorum 0.80 0.02 - -
P. goudichaudii ~ . 18.00 0.44 337 012
P libellula . . 0.0, 000 . » « % -
3 ¢ LYSIANASSDAE .- 1 g :
. Orchomenella pa'nguis ~ 0.80 003 .- 184 0.06 .
¢ g ™ CHAETOGNATH ’ ) v %
' Eukrohnia hamata 222.00 6.04 588.37 1673 .
Sagitla decipiens 0.40 0.00 0.61 0.00
S. elegans - 1058.80 13.18 995.82 9.90
S. mazima . 7.20 0.30 111.58 7.67
: »
EUPHAUSIID
EUPHAUSIDAE .
Meganyctiphanes norvegica 96730 23.88 702.40 241.62
Thysanoéssa inermis 199.20 -7.45 142485 - 68.30
T lo?{caudata 11.20 0.11 90.00 114 e
(‘\/ . T. radchii X 70.80 1.25  26677.50 11923 . *
MYSID
MYSDAE .
Boreomysia arctica 112.00 8.78 55.26 4.52
~ B. Iridens E 0.40 0.08 - -
) Mysis mizla ~ 120 0.04 - -
L Pseudomma truncalum 0.40 ./ - } &




1982 1983

GROUP ' ¥y /
FAMLY - No.Hr!  Wt.Hr! No.H! Wt Hrl,
Species: (e (g). /
/
POLYCHAETE _ R 5 2
.. TOMOPTERIDAE—"- 3 .
" Tomopteris helgolandica 1.20 002 - 2939 1.07 /.
T. cavalli . - =T, 30 . 0.03.
T. kefersteini P ] 092 0.00 /
T. planktonis . T - 138 . 0.00 / >
T. septentrionalis - - 16.38+ < 0.1Y N
Tomopteris spp. c - 080 0.01 643 0.14
PTEROPOD ! s« ¥
CLIONIDAE. :
Clione limacina 3.20 0.40 0.92 0.14
SHRIMP : g ° ¢ =
PANDALIDAE g fye ®
. Pandalus montagui - - 0.15 0.10
PASIPHAEIDAE e &
Pagsiphaea multidentata 62.00 " 153.60 41.94 101.58
- P. larda 0.40 0.10 - s =d
Pasiphaea spp. 20.00 0.71 4.59 0.62
PENAEIDAE :
,Gennadas elegans 0.40 © 020 - - - ~
SERGESTIDAE - ’
Sergestes arcticus T 19.20 17.43' 42.55 35.74
Total Macrozooplankton Hr™! ~ 1904.40 234.09 . 30799.59 1710.84 o
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- Table 14. © Total number and weight of macrozooplankton collect

in 1983. - indicates species was not collected. / indieat
were upavailable. .

1982 1983
* No.Hr!  Wt.Hr!' No.Hr!' Wt Hr! !
(®) (g)
i
Halirages fulvocinclus 12.71 10.28 6.9 ' 0.30
- HYPERIDAE .
Hyperia galba 0.35 0.00 188 0.03 ©
- H. medusarum - - 0.28 0.03
. Hyperoche medusarum 0.35 .0.00 168 ', - 0.03
Parathemisto abyssorum 4.59 0.12 1091 . 059
—+ P. gaudichaudii 518.47 1419 48168 15%
- P. libellula - .- 028 0.
LYSIANASSIDAE B % . .
Orchomenella minuta 0.35 0.00 042 0.01
, O. pinguis . - - 028 0.01
. OEDICEROTIDAE |
Acanthostepheia malmgreni  1.06 . 023 2.24 0.23
CHAETOGNATH e
Eukrohnia hamata® 244.94 2.26 203.43 5.36
Sagitla decipiens 0.71 0.01 - =
S. elegans 1990.50; | 24.54 387007 56.08
S. mazima 3.88 0.23 490 0.52 ¥
EUPHAUSIID . ‘ .
UPHAUSIIDAE )
= Meganyctiphanes norvegica 18.35 4.06 886.43 203.69 P
Nematobrachion boopis 3.18 0.24 0.28 0.03
Nemaloscelis megalops 0.71 0.03 Yoo -
Thysanoé ssa inermis 645.88 13.67 138760 .  76.55
T. longicaudata 198.24 1.54 20811 2.07
' T-raschii ,1838.12 4063  5685.17 226.12




< . Table 14. Continued a
1
GROUP 1982 1983
» FAMILY No. Hr! WL Hr! No.Hr!  WtHr!
. Species (8) o (®)
MYSID . .
- . MYSDDAE 6
. Boreomyasis arctica .35 001 . ; - -
B. nobilis ~  30.35 88a /9217 1545
Erythrops erythropthalma . -2.47- 0.02 0.42 10.01 .
Meterythrops robusta 2.82 0.18 0.84 0.03 :
Mysis mizla 8.47 0.55 4.48 0:43 1
Parerythrops abeig' 3.88 0.25 - e
Pséudomma trung 2.47 -7 005" 0.98 002~
s e ; J K
- POLYCHAETE ® -
id TOMOPTERIDAE ' o .
Tomopteris helgolandica 1.06 0.01 462 0.20 "
T. kefersteini 0.35 0.00 4.48 0.00 -
Tomopteris spp- 1.06 0.00 0.56 - 0.00 ) 4
PTEROPOD B ¢
CLIONDAE | i )
Clione limacina 5.65 0.56 378 -0.38
. : 3 \
SHRIMP. i
PANDALIDAE . n z
«* Pandalus borealis 1.41 6.39 - 4.06 20.62
P. montagui 20.71 018 - - .
PAS] IDAE : ) =
Pasiphaeh multidentata - - 0.4 0.37
- = K -
Total Macrozooplankton Hr™!  5304.71 119.14 112950.02

71463




¥ - “Table 15.

A comparison of the menn value of Percent Sifnilarity *RPS*

for macrozooplankton in Bay d’Espoir and Fortune Bay using

only day station pairs and nlght.stanon pairs from b‘lh fjord;

g " sd is the standard deviation. n is the number oyﬁmu pairs

compared. U} is the Mann»’lmney statistic. p is the
- s / probuhllny Ievel coructed ror ties. .

A

& - A~ -
& Time A"ea X PS sd n
J 5 - 5
¥ Day Bay d'Espoir BZ:SQ 271.28 06 610 0.9071
o .Fortune Bay 69.29 1579 21 o
Night Bay d'Espoir 4747 311715 760 0.1300
X *. Fortune Bay 68,16 1174 15 "
T * o
! L= - \ ~
& . . \
. K4
3 ‘ .
. ‘ ]
, ; . o «
T~ ’ . .
' {
$ 4
5 . 4)
: ’
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Table 16.  The amount of z Macro Zoo' ; *Misc. Zoo' and the total |
) zooplankwn *Tot Zoo' wec preserved weight biomass (g) collected from B;y d‘Espmr and Fortune Bny.
in 1982, 1083, and overall, apd the p ge of the tota] ioop biomass d by the
B and the i A
- -’ »
= P . £
o - R Bay d'Espoir/’ + Fortune Bay
e N 3 : : - »
e, ' Macro Zoo Tot Zoo "MacroZoo  Misc Zoo  Tot Zoo
_‘ . * g . u e » . -
. Total Wt. Hr' 1982 = B 2341 .418 ° 2817 SSOUN 2.9 2120
Total Wt. Hr" -1 1983 e 3736:1 - 152.3 3888.4 710.6 122.2 841.7
Tétla Wt Hr" * 18865 970 . "10834 53.0  1132. 6482
% Total Zooplmkmn ‘Biomass 1082 83.1 16.9. 100.0 56.2 438 - 100.0
9% Total Zooplankton Biomass 1 96.1 39 *100.0 85.6 145 100.0
- % Total Zooplankton Biomass 95.1 . 49 '100.0 825 17.5 100.0
1" Stations 1419, 1420, 144, 1426 not included - )
- 2 Station 1413 not inclu 1 “4 i
G 2
> )‘ ¥ .- o .
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" Table17. * Selected commumty plumeters for the fish and ;nlcrozoophnkwn g
faunas of Bay d'Espoir *BD* and l"orhme Bay 'FB' CPUE is .
* catch per umt effort. B
Lo T o
: ; Fish ' . Macrozodplankton g
" e . ; )
. Gommunity Parameters ™ BD . FB.  BD . FB
g ‘} P ‘Average Species Richness . .42 15 - - 13.6 k 140
CPUE (g min™) © a4 0ge .| 2B 909
 Diversity (') ¥ S Y YR 49 -
© . Evemess(E) ., " oomat der T e lom
= . ) "
. N 5
8 +
. N "
ot 5 ' x:
.
P . 5
) M X B -
2 - A
. b 24
N >’ . '
. A
P 5
N .
N '




Figure 1.
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“The study site located off thie south
anada.
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Figure 3.

- Temperature' (upper) and salinity (lower) profiles for Fortune

* Bay in May 1982 extending from the head of the fjord into the
St. Pierre Chanael. Station numbers are shown on top of the
figures. Salinity is measured in_practical salinity units.
*>* and *<* symbols indicate that water temperatures were
*greater than® or "less than® that of the surrounding

isotherm. A dashed line indicdtes that isopleths were
extrapolated from a si data point (from de Young 1983).
. -
¢ - e '
@ 4
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Figure 4.

s

Temperature (upper) and salinity (lower) profiles for Bay
d’Espoir in May 1982 extending from the mouth of the fjord to
the head of the eastern arm near St. Alban's. Station numbers
are shown on top of the figures. Salinity is measured in
practical salinity units. A dashed line indicates where

isopleths have been extrapolated between stations. Distance is
measured as the distance from the outermost station to the
head of the fjord (from Richard and Hay 1084).




HCIO HBS HB7 15
o~ @ o

DEPTH (METRES)
e}
o}

T(°C) »444952 "

TUS QV3H ¥3dd0D

. 900 Lot [ESEA oy, [ :
30 40 50
DISTANCE (KILOMETRES)

TSRS PTG |
60

DEPTH (METRES)
8

g 8

]
S

.




Figure 5.

J’.'

Location of Isaacs-Kidd sampling stations in Bay d'Espoir and

Fortune Bay in 1082 ({)) and 1983 (§).

~ . S




120

0§ 00,66 01 02

08

02

0%

or

08
e

Svo Taunsuoa €4

Ov 05 00,98 oI

<
H10ds30 AvE!

/




Figure 6. Catch rate by de]}th strata forfishes in day ((J) and
- o night (W) collections from Bay d'Espoir Yor 1982 and 1983
combined. n is the number of tows per depth stratum.
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% Figure 7. . c-uh rate by depth strata for fishes in day (O) and+

% . hight (W) collections from Fortune Bay for 1982 and 1983
combined. n is the number of tows per depth stratum.
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A .
. .
o3 Figure8. ~  Catch rate by depth strata for macrozooplanktor in day (D)‘ -
! . and night (M) collections from Bay d'Espoir for 1982 and 1983
N . . combioed. n is the number of tows per depth stratum. -
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Figure 9. Catch rate by dépth strata for macrozooplankton in day (D)
*and night, (M) collections ffom Fortune Bay for 1982 and 1983
combined. n is the number of tows per depth stratum. ~ %
®
. ~
. . 7




iy w3 |
- s

o

e ——
amgo wnstiney.
o vaty

Py

pe—

o 5
p—
e surdes

e suaes

e o

"

st &

FORTUNE BAY

sy snbasmar

e N - oeeAm-oemm-ovAnN-o AN

ETRL S o

e

rourcnacres

eumausion

ouetooarss



Figure 10.

P rank coefficients
for the abundance of fishes between).lﬁons in Bay d'Espoir
(upper) and Fortune Bay (lower). Station numbers are shown
along the outside of each matrix. Station numbers beginning
with *12* indicate the 1982 collections while those beginning
with *14" indicate ‘the 1983 collections.
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ion of percent similarity values for the
sbundance of fishd batween stations in Bay d'Espoir (upper)
and Fortune Bay (lower). Station numbers are shown along the
outside of esch matrix. Station numbers beginning with *12*
indicate the 1982 collections while those beginning with 14"
indicate the 1983 collections.
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Fi;u;z 12. Plots of percent similarity versus distance between station
pairs for the fish fauna in Bay d'Espoir "a* and Fortune Bay

*b*. Note the change in distance scales between plots.
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Figure 13.

g7

Plots of percent similarity versus distance for the fish
fauna in Bay d’Espoir ®a® and Fortune Bay *b* between
station pairs separated in distance by less than 10 km.
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Figure 14.

-

N

Length-frequéncy. di
collected from Bay d'Bmlr for 1

O{Q(upper) and 1983 (lower).
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Figure 15. Length s ion of Benth; glaciale
collected from Bay d'Espolr for 1082 (upper) and 1983 (lower). /
\ i
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Figure 16. Length frequency distribution of Mallotus villosus
" collected from Fortune Bay in 1983.
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- - \
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Figure 17. Graphical ion of Sj rank ion coefficients

- for macrozooplankton aburidance between stations in Bay
d’Espoir. Station numbers are shown along the outside of each
matrix. Station numbers beginning with *12* indicate the 1982

= . collections while those beglnnmg with *14* indicate the 1983

“collections.
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"Figure 18.

=
\ A

Graphical {x[ rank i ffici

for macrozooplankton &bundance between stxluons in Fortune

Bay. Station numbers are showi along the outside of each matrix.

Station numbers beginning with *12* indicate the 1982

collections while those beginning with *14* indicate the 1983

collections. )
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Figure 19.

=
L >
~/
RS /
Graphical presentation of percent similarity values for

‘macrozooplankton abundance between stations in Fortune Bay.
Station numbers are shown along the outside of each matrix.
Station numbers beginning with *12* indicate the 1982
collections while those beginning with *14* indicate the 1983 «
collections.

.
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Figure 20.

-

Graphical p jon®f percent similarity values for
macrozooplankton sbundance between stations inJy d'Espoir.
Station numbers are shown along the outside of each matrix.
Station numbers beginning with *12* indicate the 1982
collections while those beginning with *14* indicate the 1983
collections.
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" Figure 21..

Ploh of pe:c:nt allmlmty versis distance between station
pnirs for the macrozooplankton fauna in Bay d'Espoir *a® and
Fortune Bay *b®. Note the ehmge in'distance scales hetw:en ¢
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Figure 22.

\

Biomass size spectra for Bay d'Espoir (\wper) and Fortune
Bay (lower) showing the number of species and the percentage
of the fish and macrozooplankton wet preserved weight biomass

- in each log, weight size class. Data are for 1983 only.

~.
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Figure 23. Taxonomic group. composition for Bay d'Espoir (apper) and
Fortune Bay (lower) showing the number of species and the
P tage of the fish and plank biomass in each
of the faunal groups. Data are for 1083 only. - 4 :
- -
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APPENDIX A.  Species and number of individuals of larval fish collected
from all regions in 1982 and 1983; LC = Laurentian Channel,
HC = Hermitsge Channel, BD = Bay d'Espoir,

FB = Fortune Bay, SP = St. Pierre Channel. 4
7 =
5 Species IC HC BD FB SP
" f
— Ammodyles spp. > ¥ 16 87 8 50 1
Anarhichas lupus 1
Argenlina silus - 3 /]
Cryptacanthodes maculatus 1
Hemiltripterus americanus
Hippoglosgoides platesaoides 1
Mallotus villosus i 1
Sebastes spp. 405 [ 56 15
Stichaeus punclalus R 1
\
-
.
- ‘
N
- -
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APPENDIX B.  Formulae used to calculate the population estimate

variance, standdrd error, and fiducial limits for

macrozooplankon species.

1. Population estimate: -
~
N=15_p%

e

where N is the best estimator of the actual number N, pis the probability
of an organism being in the subsample after one split, k is the number of
successive splits, and T, ‘is the mean number of animals counted in m

subsamples (m > 1).

2. Variance:

5 2=, p%(1-pY),

where 5% is the best estimator of the variance 5* and &,

p and keare as defined above.

3. Standard deviation:
7 =o, % (1-pY172

{

where & is the best estimator of the standard deviation ¢ and & o

p and k are as defined above.

4. 95 % fiducial limits:

™~

(1.965/m'/2) + N > N > N- (1.965/m/2),

where 3, ﬁ and N and m are as defined above.




APPENDIX C. - Mean, variance and coefficient of dispersion *C.D.* for

q the number of macrozooplankters collected per hour, and
the total number *N* for all species collected tmm Bay
d'Espoir, 1982 and 1983 combined. »
GROUP
FAMILLY Mean Variance CD. N
' Species No. Hr!
AMPHIPOD
HYPERIDAE .
. Hyperia galba 012 0.15 122 1
H. medusarum 0.10 0.10 1.00 1
Parathemisto abyssorum 0.23 0.53 231 T2
P. gaudichaudii N 7.62 202.26 26.54 © 87
P. libellula 0.12 0.13 L15 1
LYSIANASSIDAE : -
Orchomenella pinguis 137 2.80 204 14 °
CHAETOGNATH a -
Eukrohnia hamatg® 404.42 50202.15 11974 4399
Sagiltla decipiens 0.48 0.94 195 5
S. elegans 1166.38 '1130482.00 969.22 0153
S. mazima 74.96 4541.23 60.58 747
DECAPOD SHRIMP
w~ PANDALIDAE
Pandalus monlagus. 0.07 0.04 0.66 1
PASIPHAEIDAE 7
Pasiphaea mullidentala 50.73 366.67 723 429
P. tarda 0.12 0.13 s 1
Pasiphaea spp. ‘1041 202.27 19.44 80
- PENAEDAE 1
_Cennadas elegans 0.10 0.10 100 1
~“SERGESTIDAE ‘ .
Sergesles arclicus 35.42 1027.44 29.01 326
EUPHAUSID
EUPHAUSIIDAE .
5 : Meyonychphauea norvegica  620. 77 688536.40 110595 = 4823
Thysanoéssa inermis 1338.00 2888982 2159.18 9807
¥ g T. longicaudata . 71.31 39431.00 510.05 8186 -
W T. raschié ! 26120.90 3.5E+09 13544040 174470

N




~

s
APPENDIX C.  Continued 4
GRO .
: ¥ Meangy  Variance cD.< N
| Species No. Hr™!
. SID .
e | MYSIDAE
Boreomysis arclica 69.53 2851.64 41.01 841
B. tridens 0.16 0.25 158 1
~_ Mysis mizta 035 1.20 346 3
Pseudomma truncatum 012 0.13: L15 1
POLYCHAETE ,
TOMOPTERIDAE
Tomopleria helgolandica 25.88 1095.33 .10 195
. T. kefersteini 0.63 1.04 1.68 8
T. cavalli 293 85.86 2027 20
T. planktonis L10 12.14 11.02 9
T. seplentrionalis 11.31 330.69 -30.04 107
~*Tomopleris spp. 5.16 151.17 20.31 44
PTEROPOD
CLIONDAE
Clione limacina 140 8.32 594 14
g
. :
'
. <4
N ™~

R



APPENDIXD.  Mean, variance and eoe(ﬁcie.m of dispersion *C.D.* for

181

the number of macrozooplankters collected per hour, and
the tota] number ®N* for all species collected from Fortune
Bay, 1982 and 1983 combined.

GROUP
FAMILY Mean Variance C:D. N
Species No. Hr!
AMPHIPOD
CALLIOPIIDAE \
Halirages fulvocinctus 9.46 15037 16.84 86
HYPERIIDAE -~
Hyperia galba 1.20 -3.33 2.58 3
H. medusarum 0.17 0.45 2.81 2
Hyperoche medusarum. 1.50 7.00 . 4866 13
Porathemisto abyssorum 9.97 294.20 20.50 91
P. gaudichaudsi ' 454.00 167795.30 369.52 4913
P libellula _ -~ . 0.21 032 1.49 2
LYSIANASSIDAE
Orchomenella minuta . 0.51 2.97 5.80° 4
0. pinguis 0.21 031 1.50 2
OEDICEROTIDAE :
Acanthoslepheia malmgreni  2.00 1474 7.38 19
CHAETOGNATH
Eukrohnia hamata 309.74 178432.3 576.06 2792
Sagitta decipiens 0.27 1.07 4.00 2
S. elegans 3189.34 6941076 2176.33 ;32640
S. mazima 4.3 91.72 21.07 46
DECAPOD SHRIMP
PANDALIDAE
" Pandalus borealis -n 347 59.68 17.18 33
+ P. montagui . 0.23 0.39 1.66 2
PASIPHAEDDAE  *
Pasiphaea multidentata  ~ 0.08 0.10 1.20 1
EUPHAUSID
EUPHAUSIDAE =
Meganycliphanes norvegica 703.88 796930.90 1132.19 6390
Nematobrachion bodpis 1.23 6.55 5.34 11
039 1.668 2

Nematoacelis megalops 0.23




APPENDIXD.  Continued
GROUP
FAMILY Mean Variance CD. N
Species. No. Hr'!
EUPHAUSIID
EUPHAUSIDAE )
Thysanoéssa inermis 1178:50 906742.00 769.41 11752
T. longicaudata 217.61 26848.64 12338 2044
T. raschii 4855.52 32469503.00 6687.13 45857
MYsID
MYSIDAE 2 > =
Boreornysig’ arclica 0.10 0.15 1.50 1
"B. nobilis . 87.34 72063.37 " 82495 745
Erythrops erythropthalma 0.99 395 3908 1o
Meterythrops robusta 1.60 671 420 14
Mysis mizta 6.38 §7.92 9.1 58
Parerythrops obesa 073 8.07 1M 11
Pseudomma truncatum 12 7 6.46 5.35 14
POLYCHAETE =
TOMOPTERIDAE
Tomopteris helgolandica 378 20.95 5.54 36
T. ke fersteini 2.63 08.00 3731+ 33
Tomopteris spp. 088 2.23 3.38 7
PTEROPOD
CLIONIDAE .
Clione limacina 468 13.42 287 43 -

S
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