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'_he smesopelagic fish fauna of the

. This fauda was folmd to ‘be depaupe:ate"

T relatxve o f.lsh faunas to the suuth. " cluster analyaxs,‘ :

oxdmatmrx and recurrent qroups analys1s of samples\ftcm i

the New% ndland Basin, = Slope Water and Gure” Stream

revéuled -! q:adation ‘between faunus ruther than discrste

* gxoups.,‘ The higher divexnty of t:he smpe Water’, fauna

E sugqested ‘it 'was' an tone . between a tic : and

sub/troplcal faund:." e  results. question’ Ehe gFpsence of

ities—in-petagicien T

. 3 ./ ‘Compirisons of species ™ composition, ‘among . samples:

supported the ‘hypothesls that q;e North ‘Atlantic Current is

/" an extension of¥the Gulf btream “wifh o substantial

n *'the size’

influence  of the Slope Water. mffezence's
composition of faunas were found. between the NwaeundlaM’
73

s Basin' and the Slope Water.
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not been arl(equat:ely descxihed.‘

The midwater flsh ‘fauna 'of, the N!wfcundland Ba

A very large faunal zone,

“the Atlantic Subarctic Pruvmce, “nas heen propos!d based)on :

myctophxds fzom twenty tows (Backus et al.

p!o\unce 1nc1ude5 the Newfo\mdland Basin .and, extends nDrth

stlldy issz Ktﬂ fully chsracterizﬁ the midwater fish fauna

Of .the Newfoundland Basin, and 2) to compar

with nearby waters, chludinq ‘the Slopé Water and the Gulf

Stream

an’ undenqu assullption of " such a ccmpauson is

a7 wen s the" dei_inition _3

Historically, two contrasting. view:

Cleménts (1916) regarded a'community as - a'n :'axgam

T, .




£ gl scréte ﬁn),ts* (Whn:take

1926), vstxll

(see Roughqarﬂen 1983)..‘

suggeg: Iecal communitles ‘are

T he ;utacoﬁogy, miqtatum and ' ‘food

ava1lab111ty ‘of! {gdxyidual ‘species . (Strorg 1953)."1‘r_|_e d Ty

xndependexllt . coexistence of = species -has 'Been Jermed, } ;

(882, y al | “1982).. s

', Thera ‘are. ccncaptual Preblams to- the estabmament of "

imensiqnalxtya and dynamlc e i oF

communities due\y’ the* thxe,

1 2).,uutch‘1.nson .

nntu:e of pelaqii_envif:

(1961) fu:st descrlbed the “puradcx cf the plnnkton'




.- delimiting ~communities.

the basis :of niche thenry and the Compet:.tive exclusicm

grinciple, he questioned how a number of s could

coéxist in'a relatively unstru ‘ured environment. The

"lack 'of . sharply:defined  boundaries poses ‘probléms in'’

Physical - properties’ have been

nvestigated: as

o B g g s
hown ' that pelag‘tc oatracods,» for example,

can ' cross

"‘wlthout hes.\tatmn" haldclines of: f ppt :.n 1 @

and -

thechhnes of 10 c in ) cm, (xnge1 1979).

B 3
~ e lack ofr barriers "t dispersal would ~segn to

"precluée the presénce of .cm.iniunities because of ’the' high

probabilities’ of mixing of adjacent areas, pazticularly

“among urginisms that “are not highly motlle. "The hlgh.

px‘obabxllties of adveétion beycnd an’ orgaiism's zapae are.

exell\plifled by the commonness of exputtlates "' These
orgamsms survive. in " areas Jutside of /their norml rahgs
but are u‘nable to tepzoduce (Zux‘bn.qq and Scott 1972).
'l'heu persxstence over time suqqests a constant 1mm1gn\:ion

\ !
"to,the zone of’ expatriation. v :

.

yis e )\ppreciatxon of these dxfflcultxes led. to the water

nass Hypothesis. ' This hypothesxs attempted to_ rel be»

erutﬂ' 'y experi B .

|




et al. 1942). Cor}élations ‘of -the' distribution 'of

organisms with:temperature and Qaiinityr"ﬁave‘ been made for

squid, .Vémgxrok:euthis infernal: (Plckford 1946), -a

- pelagic wozm Bosobiis meseres (McGowan 1960), ° (3 aetognaths

(Dav1d.1855, Bl!r:L 1959), an oplsbhopructld flsH Hlnterla

telescopa (Haerlnc}\

areas. w: wabe; ma,s

between K

oth | characteistics ‘of ‘the pemgm environment that, cculd

correlate to vatyinq egrees.. wich pecies - dlstrxbutions

were oxygen content (Haf ne: 19527 4

g 2&" Glodek 1975»,

prnductivity {Ebeling 1962, Roper 1963,

Backl!s et al

fronts and currents (Backus et al. 1970). .

Wa\l 'y, ies . or .fa:unal 'qreups.

nd Crad Ock 1968.), and E_Lshes of the "

Y : - o
 families Chaullad ntldae ‘/(/Haaffnar 1952) v Melalnphaidae‘

“bei cerrelated with dxs:;xbunon. 'Other pa;amecexs found: to ’

Ebel).ng 1952 +" Johnson’

. 1970, Pietsch . uw&:aphy, Athermal i
e 3 -t

} . The: numerous exceptums to the hypothesis sugqested a

A




rather than individual 'species, were \t\}\en_ examined fo

patterns, . Different. . studies, using ~a  variety of

statistical treatments anda variety of organisms, related
s ant

these faunal groups to- hydrographic conditionsi (F:
* ‘McGovan 11963, (Loeh’ 1979, Barnett 1975, 1983, Fashan' and
! A

. Angel 1975). T)aese communities have' ‘been suggested to be.

structured .by coadaptauon of species and the meortance of

bxoloqlcal 1nteractwns has been stressed (Johnson 1974).,

‘ Problems arese becausé some ozqanisms seam to co—accur

rganisms respona’ to

-, .quite ‘reguiarly. Wnd yet not . all

environmeri‘ta,’t» me  way '(McGowan and, |

rdients  in  the

- wuhams 973, Pigh 1975). The Hypothesis was criticized

because va the failure to take u\to ax the place Of

o, % origin of ‘taxa, dlapersal routes, “and’ vari cmn ‘due to

dependent on the séaleof sampllnq (Fasham and Angel’ 1975).

| Although these problems are realized; contemporary. studies

uﬁunue 6 use essentially the same approach.' il
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1.2 Local Physical Oceanoqrgphy\and Distribution Patterns -

The precedinq discussion indicates the 1mpomnce of

understanding t.‘he local hydxography when 1ookinq at the
distribution of pelagic species. Tthe ‘hydrography 6ff the
.east coast of Canada is ven? dynamic and demplicated.
There is still some q’uestlm‘l as to the chatacterutxcs of

water movement to the east of the Grand Banks. Two cur:enta

\ exert\a najox influence on the hydzoquphy, the Labndor
\rrenvnd the Gulf Stream (McLellan 1957). Three distinct -

hydrographic .:egmu can be distinguished, two by the above
currents and a, third called the Slope Water, a body of

water whose southern limit is the Gnlf-stteal and which is

bounded to t_he northwest by the. continentll shelf and to

the nértheast by the Grand Banks of waeundland (Gatien
19'16)‘ Each of these is outlined in Figure 1 and will be

discussed in detail in the sections that follow.

“Very little faunal work has been done iMgthe northern

par't of this .yltem. No.samples, from ‘the cold ya‘terrso‘uth»

of the Plemish Cap were used to characterize the A:;\a:{uc
Subarctic Province (Backus et al. 1977, Samples used were
Etom east of the !'1emish Cap and further north acrass the
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.

Water /aid the uoxéhezix Sarg\assé\saa by. Hulburt anﬂ‘vaziﬂua‘ ' i

c

‘ Ortner et al. 1978, 1979, Ring Group 1981, Backus and

.G\llf Stream System’ an three parts- 1) the Florida. Currbnt

{ North -Atlantic. Cram (1983) has described myctophid i

\
\by-catch from along the edge of the continental shelf of, !

D(abzadoz .

There has been considerable work on the Gulf. Stream

and Slope Water systems further sauth Phytuplankton 5 "

species b1 have been a “between the ‘Slope °

orkeu (Hulburt et al. 1960, Hulburt ‘and Rodnan 1963,

Blrlhutt 1967). Comparative studies have pzhatily résulteal
from interests in cold core rings and their effects on'

faunas of the northern Sazgasio SQI (Wiebe et al 1976,

‘Craddock 1982).

1.2.1,Gulf Stream System c & , i 44
The Gulf Stream is one of the most studied c\lnent §
"systen® in the wqrld: and yet there are still/ questions . |
i

|

reghrding its fléw. ‘Iselin (1936) originally described the
ofjraine

which originates from. the Gulf Bquatorinl Current and 510". //

north.along the .age of the continental uhel£ to an area /

|
L
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|
;».

wrdth iE 115 km (Pickard and B‘nery 1982)

" steep honzuntal density qradient “with, the

near Cape Hatteras, 2) the Gulf Stream, which continues
from this area where the currént, turns away ‘from thé shelf

and extends east to:a region - east of the Grand Banks at

about 45°N latitude and 3) the North Atlant:.c Cuzzent which

- coyers all .easterly and noxthe:ly curxents from the, area

anSt "of. the Grand Banks. The: three ‘subdlvxsxons aFE not %
-entirefy accepted g practice put are usé:nx in describing

the system (Fofonoff 1981). Of most 1nterest in the pzesent i

context is the)transition from Gulf .Stream to North

Atlantxc Curxe)]‘t. This is a.poorly. understood, ‘complicated

area charactetlzed by meandets and anticyclonic eddies.

The" Gulf Stream \gs ‘often. misrepresented as an

individual distinct currenmt, Tt is better.thought of as a

rapidly moving western ‘edge of the Sargasso Sea;: evidenced

by th'e sharp definition of ‘the stream on its norqhwest side

but 1ess so on its southeast side towards the gy: ‘e (Pickard

7k ‘Emery 1982). . Ayerage. spzed is 150 em/s nd average

A1th7‘ugh roughly

'deunsatea by tempexature (15-17.5%), it 153 a zone of‘

dges defined
-

vhere “the 'density gradient ‘is' zero (Wort‘mg:en 19545

Stommel 1965). It is also readlly ‘identifidd by its low




. reincdrporated with the Gulf Stream;. - B

'cxqun content (Gatien 1976).
. . § ] V/ .
. |Meanders - wavelike pa‘tterns in the/ route of the Gulf

Stream = ‘are comun, Blthouqh cause’ of fomlatl.on is poorly

understoud; ‘The best explananon mcorporates a steenng
of the current ‘by : topoq:aphy as uell as barotropic and

barocluuc foms of hydmdynamc instability (Sainders

. 1971) Theré is. some’ question as. to the.peffects of : Kottom

: topoqxap);y as  it'is Aot known yHether ‘the Stream-eiton® to

the bottom in all dreas'along its length (Foforoff 1981):

n'eanders can pinth off and se’parace from the Gulf Stream to

form rings ur eddxes. N:h warm .and cnld core nnqs are
formed, in. the Slnpe Water and Sargasso 'Sea respectlvely
(Parker 1971, Saunders 1971)..Rings can be traced up to ohe

year after ‘their formation and either dlssipate or hecame

Twe dxstinctiy different hypot have been

| regarding the continuation “of ‘he Gulf 'Stream and.the

formation. of the North Atlantic Current. Wo.rthintjh;n (1962,
1976) pnz:sed two gyres £6r the North Atlantic separated
. by a tzough of low pressure extendsng to ‘the southsast £

the Tail' of the Grand Banks. No water from the Gulf ‘;«Zz

would be in the"“orth Atlantic' Current as the Gulf  Stream




turns southeast after passing 5o°vg longitude to enclose the
A . g

© “southern gyre.' The North Atlantic Current is the.wesfern LAy

edge of “the northern gyre. | He e ‘the two gyre system
to explain why water transported north past the' ‘Fienish cap

had higher cnnnennatmns of oxygen in' the pychocline than_

that transported by the Gulf Stream ves

| ‘
'l‘he other hypcthesls is simllar to ‘the orqunul 1deas L ;

of now in* the North Atlant' Earlxer studies suggestéd

the : Gulf St:eam separated nto mﬁltiple hranches, t/he -

northern b;anch being' the stxongest and making up the mxjor

_portion -of the North Atlantic [Lurrent (Iselin 1936,

i
i
i

e S B S drup et -al. 1942, Fyglister 1963). Data_wére few and

direction ‘of currents east of thé "Grand.  ‘Banks’ were'

] ’ speculative.’ Hann (1967) and later lClarke gt al. (1950) . |

supported this" hypothesxs. The North: Atlantxc Cnrrent was

gl - proposed  to originate from a,combinaumn of water ‘frem the - i

5 g Gulf' Stream and ‘the” Slope Water Cufpent.; Futthermore, a

\ . small gyre to ‘the fast of ‘thé Plemish. - cap seemed f:o
3 . 4 i
reinforce this 10w, Ty g .

The . Gulf . Stream system undoubtedly iiELushoces “the .

ﬂlstribﬂtlon of pelagic ol:qanl.lms, the mnjnr eEfsst bainq a

‘. northern extension of the range of. subtropical and tropicul R




_faunal . boundary

species (Angel 1979). The majority of faunal work has been
restricted to ‘the GWlf Stream portion of the - system,

¢ .
particularly+in the -area between\’l‘,he east' coast of ' the

B Unl.ted States and Bermuda (Gx_’lce and Hart 1962, f{ulburt and

E Radma‘n 1.963]. The Gulf Stream hai been described ' as a

“for.:/ phytoplankton (Hulburt - 1964),

zaoplnnkton (Grice ana. Hart 1962) .md masopela

lc fishes
* (Backus et al. 1 ‘70) The ' fish fauna has been suqus@:ed to

be intemeﬂlate between ‘that of the Slope Water ‘and the

Northem Sargasso, Sea (Jalin and Backus '1976).  No attempt

“/Nas been made”to resulve the problen ff the direction of

" Alow of the. Guﬁ Stream at the Tail \:i the Grand Banks

usi £ rZu!brlgg ‘and Scutt (1972) used Wcrtllingtcn's

(1962) hypothesis to suggest a possible /eurc{ for
'expatnate xctcghum punctatum near the; Flemish Cap but

they d1d nnt examine the completh.- fauna co support either

“of the tWo <hypotheses . -




charactenstlc temgerpture-:

12

i = \

N L ” i
the continental she}f\from Cape Hatteras to the. Tail of “the,

Grand Banks. MeLellan (195}) described it-as a smgle,
well-defined water mass where transition, between regions
was not gradual . but, - involved the' ‘cropsing of | sharp

|

hbundaries

1970)y and some, noted a bou dary .zone within the‘ Slope

Water (Fuglister 1963). McLéllan (195“7), llsinq sj.gma*t

surfaces, deferibed the Slope

73 to 83 % Central Atlantic WaLer and ‘the remainder Coastal

Later: work denlei the existence of a definite,.

' .
alinity relationship | . (e

4

|Water as beirg a mixture of -

Water, a thin band-of water Alohg the Shelf ’eage.i This

Coastal Water was predominantly influenced by the Labrador
Current.. Gatien (1976) reJ‘isea this - outlook. . She
postulated that/there were two |zones in the Slope Water. A

northern section, pzedominantl.’;) influenced by the Labrador

Current and called, the L‘abvxnd‘or Slope Water, 'is poorly.

mixéd and, gradually ‘gets warmer moving east. to west. The
7 T !
southern’ section, Warm. Slope Water, is dominated. by the

Gulf Stream, ‘is warmer 'in the east and well-mixed in the

north-south diYection. ' She u;\'xgg_g_\;id that this southern
section represented rea of . aistinct

' temperature-salinity curves found by McLellan (1957). The "

N . 7 2
zones 'do’ overlap as the Labrador Slope Water includes: all




1.2. 3 Labrador. Current

the water below 500 m. Hydrographically, this makes for a

very complex région of mixing wateérs,
5 X L]

‘The Slope Water Mas been said to support”a.distinct

“me: opelaglc El.shes (Jahd and Backus 197). Markle ‘et alu

(19501 descn.be Slnpe Water spec).es that have been advected

onto thé Scat).an Shelf. As rstuted earller. the Slope Wutel;‘

fauna ‘has” heen compared with that -of £he Northern sarqasso‘ ;

sea (Jahn ‘and . Backus /1876), ‘However; comparxsons have not
been made with faunas .to’ the north in the Newfoundland
Basin. Considering the physical make-up of the' Slope ’Water',

compari:son betwee it . and . the uewfoundland Basm is

’cnticul in te,llmq whether :he Gulf St’keam turns south at

the. 'l'ail of the Grand Banks. \ . =

feature uf the Nswfoundland 'Basin. It originates from a

erqinq. of the Baffxn Island Current and the West Greenland

© it Erom Hudson xiqy. primarily of cold, fresh water (Smith.’
it o

oy o

fauna of myce’dpmas (Backus et al.  1977) and other .

| The Labzader ‘Current is" the dominant hydmgraphm-

i

i



" evidence of this £low (Clarke et al. 1980).

p!

et al. 1937). It is a-cold current. 0% Ok less off:

Labrador. (mm 1982, Pickard and Bamery 1982) to ~4-50

ear the Pleﬁ’ap (clarke et 1950) with relaeively

ow salinity (30-34 ppt) (chkaxd and Emery 1982);. nenmy -

diffetencea throughout.. the current are pnmuy m‘u‘i\:camea

by tempexutuxa (Wax!an 1981). It £lows aouth along the edqe

of ‘the cantinental ,shelf of Labrador, splltcan im:o an

“ lnlhure hranch, whSch £1ows through the Avalon Channel. Il\d

an offshote bxmch, wh).ch flows" th:e\th the Plenish Pulu

(Clarke et al. 1980, Pitrie and  Ande son. 1983). Bigh .

. oxygen and low silica values show sthat the current
8 N P %

. .
continues. ‘around the Tail- of the nks. (Warrem -1981).

- However,  current meters. have not given clear; ®direct

5 o

No pelagic’ fawnal studies.have been dome in- the

_Labradoi Current. Zurbrigg and Scott (1972) comment’on some

of “the species captured with Myckophum punctatum = off
Newfonndlnnd but they do -not. ateampt campa:hons with other
areas. . Cram (1983) © described ¢ ‘the Lghtrihuticm of

myctophids nlcnq the uhelf edge off Luhrudor. wits .

The wao\u\dlnn(‘k!h\ liel south of tha Flemish Cap

between :the ’ Labrador Cn:rem: nnd f.he' Jnn:h Atlanuc.

5°C-




.
Y the . Tail of the Grand Banks. In spr:uiq ‘and summer there 15 s -

15

1

and to zhe Eouth, to £olldw, the ruute of the Gulf Stren\ at_

on of’ Lahradnr C\xrrent water in the Naufn\rndland~

the

aanks' Zand £lovs

"(clarka etr al.” 1980). Sacem:e ph a' anqest the 5 \

@heze( has “Been a uquestim’\ ot eﬂdies advel:\:;\.nq ‘intg the

area\(ICNAF Reﬂbcok 1978) ‘but - this-l_s not well doc\lmented. B

. : W, e [
1.3 Objéstives . o L i

Fron the above synthesis it @ “is

the. three hyﬂroqraphic regimes have *
descrj,bed.
the ‘third regi.me, the Labrador C\u:rent/Newfu\mdland Basin, N, A

nust be ir'\cluded. ’l‘he first objactive of this study Tato, 1 \




7
a.s - wouldr seem 't,o' ,recl'ude distinct faunas.

distimct faunal groups ‘Have Jeen: £ound in aynmu

in a x‘eglon of knmm faunal mixmq off- Ehe,

~ env1 hments.

coast of Ealeornu’orgamsms qroup themzelves }m

v ‘asseciatlon‘with phiysicdl pa:ameters Such as 'depth &easom

istance Offshcre (Ebelinq ‘et al‘ 1970) '\Ta.h'n aj

mescpélagx !egime, the

£ sl\es. n’ the same hydrogtaphx'

Slcpe v[ater., Gulf straam,a d Northern Sarqassci sea.: Despite .

fs an inheracting hydroqmphl.c system SE

5y the fact: that it :

fresh’

here ‘are dlscrete gms ranqing from‘wvery Teold,

conditlons nr.e mpoz‘v:aut in

‘then ‘ﬂlls a(sc‘}e;enesu ahould Be. reflected in the’ fa“nas'.

The second

pée,we.




faunal ‘studies one techm.que is usuully employedi recurrent, ) 3

groups analysis (Pager, and McGowan 1963), - cluster analysuv

'(Jahn and Backus 1976] or ardinatmn i(Ebeling el al.
-1970). 'l'he choice of analyt,\cal technique may predetemine .

- the result. Appliéatian of a, numbet of techniques 1s #oaew Y
‘necéssary to assess past Lok, e _questibn ‘is, are the “ ]

results compatible? If an underlying structure is.present

n the data, ije. if ccmmur\ities ex'st, then the results

; o shu\lld be Binilat. The third objective of the study is tD‘
.apply a number of.analyt;cal techniques to . the same data
_set to see if results do differ enougl\ to affact tha

’1ntel:pretut10n. : oy L o




Vde"zite A gives, i

difficult to sample hecauseuof our

cateh’in some, telntivgly unpredlctahle way.f

What qear, or t’ypes. of, gea

that which! be‘st approxmateu tea ty?

and 2)

inabi’uty td 'make

ach sampling

-are patchy

the ' pelagic. ™ .

Tb qet‘ an accurate'




and therefore.incréase the: capture of-rare fish ag well as
larger individuals of the more common’ species (Harrisson

1967, Willis and Fearcy: 1982, Kashkln‘and Parip 1983,

Pearcy 1983b). ‘Smaller nets tend 'to ‘catch -only ‘the “more

.Aabundant species (MoGowan 1911) Simulation and field

stud).es have ‘shown’ a reduction in bias ‘due to’ patchiness
|
_ for sa;uples #rcii Large nets (Wiebe ana Hol&and 1968, Wiebe.

1971)% Slmllarly, Angel et al. (1982) found that an RMTB

sa.lnple Iclasslfled as a medium size net (Pearcy 1983a)) was :

. am o:der of magpitudetoo smalito assess’ the commuzity

accurately. . . . >

'rhouqh these advantages are known very few studies

" actiially use large nets. The Wajority of oceancgraphic

v 8 5
résearch vessels are unable to set ahd retrieve this gear

because ‘Of inadequate space; and,few vessels are equipped

‘to trawl. with large mets to depths greater than 1000 m, ° 1

wearcy 1993a). Opening-closing ‘devices have not’ heen
des_igne_d for the very large nets. Fasham and Angel (19751
“.argue for the use’ of ‘such devices because water masses, and
thereforé faunas, may overlap at depth.  For distributional
studies, only Brandt (1981) and Griffiths and Brandt
(1983a,1983b) in their studtes around.eddies, and Krefft

(1974, ‘in Pearcy. 1983B) .-have .ysed large Engels 'midwater '
s " o ' " ]

|
|
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-of samples in this study:

trawls. .

© : b

2.2 Data Collection
- '

Engels 80-630 midwater trawls were used for dollection

These nets have a mouth opening

(Brandt . 1981, Kashkin® pnd‘ Parin

of approximately 600° m?

1983). Mesh size in the wings is graded, ranging from 81.3°
i

cm stretched mesh near the headrope to 10.2 ém stretched

~miesh near the codend, with a codend liner of 2 mm'stretched

mesh. A disadvantageof these large nets was found during
Gadus Atlantica 62 (GA62). In very rough seas: encountered
suediy’ Ehte eidess, & BeabeE of large trawls weve torn
beyond repair. Brandt (1981) reported similar probléms
during 'his sampling: For ‘the remainder of samples during
GR62 a4 smaller Sputnik 1600 trawl (43 m headrope, mesh in

. .
codend 40 mm with 2 mm lining) was substituted. —
E -

Collections were obtained from four cruises, Belogorsk
79-03 (Mar. 28/79Apr. 13/79), Belogorsk '79-04 (Apr.
27/79-May 4/79), Gadu:

Atlantica 51 (May 1981), and Gadus

Atlantica 62 (Feb. '217/82-Mar. 7/82). ‘A total of 69

collections were made:(Fig. 1 and Table 1). All tows were




approximately one half Hour at fishing depth. Three depth
strata were sampled: .100 m (nigh# only), 500 m and 1000 m.

‘ .
No opening-closing: devices were used. .

Hydrographic.data were collected &t 'the beginning of

each tow. Reversing bottles were used on the Belogorsk and
Gadus Atlantica 62 ruises , and a

conductivity-temperature-dépth probe) (cTD® was used on

Gadus Atlantica 51. e ‘bathy ! s (XBT) were .

also used on Gadus Atlantica 62. Using these data, samples

were classxfled by ‘their 200 m tqmperature as_ Northern

Sarqasso Sea (>l7.5 °c), Gulf Stream (15-17. 5C), Slope

~water (9-15°C), or Newfoundland Basin (<9°C) (Worthington

1964, Jahn. and Backus 1976). Temperature and salinity

profiles were plotted for individual transect

Specimens, we:é\idem;ified to species and ‘minimum and
maxinum sta.rlda'rd lerigth were recorded for each wpecies lot
(total 1length: for eels).- "For some .collections, all fish

were ‘measured and weighed.  Recent revisions of - many

pelagic families aided in the identification

authorities used include: Alepocephalidad (Markle 1977),°
"Anoplogasteridae | (Woods and Sonoda 1973), Astronesthidae

and  Idiadanthidae  (Gibbs  '1964a,b), . Bathylagidae, .

Some of the.




Argentinidae and Opilsthcproctidae ! (Coh'Ep 1964),
Bregmacerotidag (D'Ancona and Cavinato 1965), Caristiidge,
(Scott: et' al. ' 1970), CeMgtiidse, Linopltrynidae and
Oneirodidas : (Bertelson 1951) and Oneirodidas _(Pietsch

1974)," Chauliodontidae, Malacosteidae, and Stomiatidae .

__(Morfow'1964a,b,c), Chiasmodontidae' (Liem and Scott 1966),

Diretmidae (Woods .and Somoda , 1973, _Post 1976),

Evermannellidae (Joh 1982), idae (Grey 1964),
Macrburidae , (Marshall' and  Iwamots ~1973), Melamphaidae’

(Ebeling " and Feed’ 1963, 'eknqstomiatidae (Morrow and j

Gibbs 1964), Myctophidae (Nafpaktitis et al. 1‘97'>7),“
Nenmichthyidae (Nielson and " smith_ 1978), Paralep‘ididae{\
(Rofen 1966), Sa,ccophax}ngidae ‘and EBurypharyngidae (Goode
and ‘Bean 1896), Scopelosauridae’ (Johnson 1974), Searsidae.
(Parr —1969), s'e:rivomé.xidae (Beebe  and -Crane 1936),
‘Sternoptychidae - (Schultz 1964, - Baird = '1971),. - and ®
Stromateidae, Nomeidae and Centrolophidae (naeq;—ich' 1967).

v . | 4 .
.2.3 Fauhal Analyses

‘Species that ’o_ccurxed only 9nc§ were. considered .
sufficiently rare to warrant removal from the ‘data’ set.

3 . 5 2




‘rank six.

23

. . -
Removal of rare species is necessary because the occurrence

of .rare species is usually more a matter of chance than an

indication of ecological conditions. Rare species have

little effect.on multivariate techniques because they carry
such -a small part of the overall variance and some
techniques see rare species as' outliers, obscufing the

analysis 6f tBe rest of the data set (Gauch 1982).

The' species S bundancs” Aut were, transformed to rank
abundance, £o account for variations. i gear,skow length,
time 'of day, and other factors which could affect overall
ab\ingance. Difficulties in accux'atelly assessing abundance,
due to inaccuracies of sampling, preclude its use in figunal

However,

studies (see‘cassie' 1963, ‘Wiebe 1972, Angel 1977

some’ indication - of  abundance .relationships | is' important
because differences between zones can.'be dependent on the
relative abundance of species rather than st;:ictlyv presence
or absence (Fagham and Angel 1975). Ranks. retain abundance

relationships and it has been suggested that they can be

_assessed more accurately -than ‘absolute .abundance (Fager

1957, Goodall 1973). Using McGowan's (1971) rank accuracy

simulation the ranks in this study are accurate,up to:about

o

i bt
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To egamine variability introduced. by the two types of
sampling /gear, Kendall's tau rank correlation tesr_s were

performed on samples taken in similar locations: with the

between druises.’ of [the five sets of samples compared,
only one showed a significant difference in’the species!
ranks. This pair .of san\ples was#in an. area of dxfferent

hydrégraphic characteristics, between the two crlnses.

- is necessary to pool samples into real, or if necessary
_azt;fi&ial,’ groups: based on  group éha‘zaécensucs.
c1ass1éxcauon and. oxdmacion aZe tup mithods ‘of amdlysing

P sample= by-spec].es abundance matrices. to search for patterns

in the data (Green 1980, Gauch 1982).

< “nhiSrarcnicsl cluster - analysxs was perfomed on the

rix of species rank-abundance versus ahples usxng the

'beween sampies. " This 4

|
{
|
’

S : -

two types of gear. ‘These compariéons could only be imade.

. 10 make spatial comparisons of 'species composition it

absences (Field ana Merarl ne 1968) and’ is. ugehzaxcauy

quxvulent to the Czekandwski 1miex~ (Fie}d ﬁ,al 1982). :




assessing similarity. -Samples were clustered, using the i
unweighted pair-group method which ““joins two groups of 1
samples at the avérage level of similarity between ‘all

T . members from each grcup (Sokal and Sneath 1963). This:

method of clusceung has been’ shown to be the most reliable. L

(Pleld et al. 1952)., . - .

m g v There; are some dxsadvantaqes to clusterlnq 1nc1ud1ng

Fo v the.fdct that it\ can’ force ' graded series. into discrete
A

il : ‘élusters (Field et al. 1982). “Mhe best approach s to
compare’ the classification results with -some type Oof . P oA

ordination ‘(Green 1980, Pield etyal. 1982, Gauch‘1982).

:
Ordination reduces ~the dimensionalxty of . the data. .and 3
alloys 2, viot where: ‘tha distance between stations .is.
"indicative of their similarities (Gauch 1982). i:'strendea 1
correspondence a'na1ysis'.(ncm‘ was perforned usifg tham—
DECORANA progran from the cornell Community Ecology Progran .
sez;es (Hxll 1979).  This gives. an! . objective, =2l
éomunity—centrea ardiﬁaéioq,~'¢sbecxa11y with heterogenous-
5 or difficult data sets (Gauch 1982). Dea, Yan eigénvector

technique, has' heen shown :to. be - supbrfof " to..nopmetric

" multidimensional scaling: (MDS), reciprocal averaging, polar §
P ~‘ordination arid principal components analysis qsauch et al.

1977, Gauch et al. 1981). MDS has, been suggested to be ’ 7




better for -ecological data (Field et al. 1982), but it

requires more computig§mirie and two subjective choices not

" needed for DCA: a mul\ber of dimensions, whi¢h is difficult

" ‘to dssess (Green 1980), ana a distance measure’ (Gauch

1982)} Imother advantaqe to DCA is that it gives a
neaningful scaling to the rdination axes (Hill 1579, ¢anch
1382). The unit of distance along a gradient may be called
a standard deviation (sd)-as the roo't—mean—squaxev standard

W8 oy

* ¢ 2 b
deviation . of . the. . species-abpndance profiles . is

approxunately one uuu 1979). Samples separated by gréater

_search for species tnaf“‘are trequently iembers” of each

“than four sd

units -will generally have no species in

common .

A thira téchnique that has been used in'faunal studies

is recurtent groups dnalysis. .This techhique involves a

othexs' envuonment (Faget-1957). Spec).es are saxd’tn shuw

a positive affinity if the index of affinity 15 equal £o ort

qteatex than 0.50 (Faqer and HcGowan 1963, Venrick 1971).‘_
The 1ndax_o£ _affinity‘ is. based on joint occurrences of

species pairs:

«5
pl.
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where N, and Nb,are the total occurrences of spec1es a

and' b, 3,y is the n\.unber of ;.omc occurrences, axid Ny > N,

(Fager 1957, Fager and McGowan 1963, Venrick 1971, Mcqowan'

and Walker 11979): Spevies ‘are then arranged. into groups

with the maximuirl number of affinities. Associates are

‘spec:.es which are not aseigned to a- qroup but are present

only{ with menbers of a' particular group (Fager 1957). To

'xeduce the n\unber of calculations, ‘only those spec*es which

were present .in greater than 5% .0f the samples . were
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- 3 RESULTS

3.1 i{yéxoggaphy

1

Two | transects 111ustzate the hydmgraphic p:operties ok ol

is -

Lo e thE»_fuux cruises (Flg; l). S$ransect - A-By frDm 19.79-,

“through ‘the Slope Water  and across the, Gulf Strean.

Transect - C-D;" from 1981, runs east-west from the Grang

Banks, through I:he Newfoundland - Basin, to the Notth

A . Atlantig: current. Temperature ang | salinity pmsmes are-

. o s Fal ¢
shown for each transect -(Figs. 3 to 6. Ll

Two fronts were’ evldent in. the te'mperatu:e and LR

salmity profilesJﬂ 1979 (tzansech A-B, Pigs. 3 ana 4).
. . The n\ajoxity of the protue répresents slope Water, with

the Gulf' Stream to the yight at thé southern ‘end’ of the

transect. Temperatures at 200 m. tanged fmn 9 to 18%. Pl iey

. Miking_ s evidenced” by the bendlng of - isotherns and

- / :
Jw ! isohalines.. q'he vertical weaving of the 12% Lashhiern on

the "Slope Waber' side’ of .the Gulf Stream shows . that

g e $1 Y




1nterleav1ng of water is cccurrmq along the front.

secnnd, south-westw a flow1ng current. .carrying’ cooly

less sal.‘l.ne water (is evxdent in the northern part of the

_varmet and -more’ salxne as it moves west;, Othier' segtions

froln samples 1n this area show similar l:hara teristlcs.

The se,cond ‘transect, C-D, runs along oy 1a'ti+.ude3

an are southi of ‘the Flemish Cap (ng..l). Two\

evident in .poth the temperatuze (Fi\]Y : allnity (Flg.

: “contffiental sﬁ&lf and the North Atlantic Current runs north

.at -the _eastern edge of the transect. -The: Front _bouriding

i " the ‘Tabrador, Ccurrent o the east does not - extend to great" :

‘fhe” two. transects have 1nterestxng wsimllarltles.
{

]
first ‘:«nsect (Fig. 3 and 4) is warmer and.hore saline,

but both contdin two 'itint;a.t tnei’z‘exczeme"s'uith in area

of  mixing  between. Figure 3. 'shows :‘evidence -fg

Newfoundland Basin, 'is uniformly cold. - The |North Atlla

i
|
i :
I I stratification .wheuas figure - 5, representing
{
t
)
{
t
i

L4
sxopexi(ater. Adjacent profiles shyw ' this c\u:rent becoming

fxcm' he edge, of the. continental shelf afﬁ N&af(ﬁl'an@ to

frents ‘are

S .
5. The: Labraﬂor Current .rxuns sollt:h along thev




Current front “(Fig. 5) is'as strong

. 3
3 N N :
*£rong, (Fig. 3). K
R ' ¢ b 8 3,
3 -
. _ LT % > R
Py, . Bl H;deater'l"ish‘ Faunas b e, 1

‘A total of 26 527 f.l.sh, representlnq 56 faml 1es, 104 ot Gy

genera, and ‘168 specles were 1dent1f1erl. Myctophx ae.was'

R dominant. family ‘by »num_her {86: 0. |§Other families.

e ¢ ° include :dap (5 2%), ‘Stomiatidae

.. ° (1.3%), . Steérnoptychidae - (L. 185, Bathylaqida'.

Chauliodontidae (1083, Paralepidx,dag

A Y Serzivomeridae S o 480 . Melampl!aidae_ o !

: Melanostomxatxdae (0.18), Du:ecnud e (0. “11), uaxacostemae

(0. u), and Scnpelosaurxdae (0,183 Myctupluda were.

S “ " ominaht in B8 ccllect;m"ls, ﬁnnostomatlds were dominant in,

! : the uther four' samples... . . " 0‘ - @ -

Twenty—-eiqht families‘ were’present ong the 6760 ﬂsh

captured “in”the Newfoundland Basin (Appandlx A Fishes' of
i i the famuy Myctpphxdag/gumnated the ‘catches’ (87 5

ot n B these 95.4% & one ‘Species;. Benthosena glaciale. -Other

Faniliés pre

included’ Stomxatic/iae 4.1¢, Bathylagidae

v ¢ 3.1%,i~ Chauliodontidae - 1.5¢, 'cynéstgmiatiylae, 1y
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sarrivnmeridajw 0.8%, = _ Paralepididae " 0.33, and -
Sternoptychide’ 0.3%. Most specids ‘occurred infrequently.

of - the “51 species xdent:_fied, 22 uccurred in only one'

7
sample -and only '8 .‘species T in five or rqore

samples. " These speches are: laciale,

mratomzctoghg urq\‘_{c\m\, Chauliodus Stomias ‘boa

ferox, Serr vomer . b ., Bathylagus ops, . Notolepis

rissoi kroyeri and Borostomias cus.

were representeﬂ by, more than one’ species. smnus boa

ferox was the only scomiaua, Chauliodus sloani represented

e cnauhodontmae, Bathxlaguu eﬁrgogs the Bathylagidae,
Sesgivoner beim the Serrivomeridae,. and, Notdlepis rissoi

;_ kroyeri the Paralepididae. Fourteen specms of° mwtuph1ds
“were present |although two species, en;hosema glaciale and

C}

y Pew of the major famxlles in t:he New{eundland Basln.‘

Ptetomxctoghum % azcticun, Ecompnsed i 98.7% of the

individuil!_. There wefe three qnnostomatxds - Cyclothone
bravieri, C. ‘microdoh “and. Gonostoma Slohgatum - and - two

sternoptybhids, .Sternoptyx' diaphana and . Argyropelecus

aculeatus.
Average sample’ richness was 14.2 species.  For 500 m

tows ~the mean was '8 species. = Thesé differences can

i
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1

G :ompusiuon a’cluster analysis was used.. It rev

southwestern. edge of the sampled region. Five'of. the seven’

‘primarily be attributed to rare deep-living scnmmtoms and
ceratioids. There was little change in’ specles zankmq

with depth. ; .
3 o w e 3 - X

To, clussify all samples: based on their. faunal

groups at' 258 similarity (Fig. . Genez?

smuarim’es are low,Pthe first clusten.ng occurring, at

©70%., There is Some concordance between Glusters and samples

grguped by temperature’ fat ;200 m but [there lare 26

missclassiﬁca‘u}:s. Clusters -represent a Newfcundllana.

Basin Fauna, 'a Slope Water Fauna, and a Gulf Stream Fauna. 3
i

group * ).s d}fiicult to xelfy. It conta;.na

The fourt

samples’ from a single cruise through water with Slope
Water, Gulf . Stream and | Ncrthern\ Sarqasso sea

characcai—isncs. All were ' taken seguenna]\y at th?/far I

in  this group, » weré dcminate:l by\\specxes,'

particular] Bonagurt:.a Eednliota, that did not shw ’hxgh

abundances+{nany other. sample.v [

The e‘uf‘oundxand Basin' Fauna was 'fomprised of samples

lad-gour,
/ sample .

o
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» L u & K
all samples from the ' Newfoundland Basin ‘Fauna was
Benthosema glaciale. Percent dominance by this Bspecies
ranged from 47.0% 'to 99.0% (mean=78.8%, sd=14.45). Species
richness was the lowest of the three faunal groups (Fig:
s). uehe: ccmon species were Protomyctophum arcticum,

Bathylagus euryops; beani, Stomias boa ferox,

‘Chauliodus sloani, Notolepis rissoi kroyeri and Sternoptyx

diaphana. . P . .

The Slope Water Fauna had the highest average sample

richness (Fig.: 8). Variability was high and, consequently,

predictability low. 'B. glaciale was the dominant species

in 15 samples, ~Ceratoscopelus maderensis in 5 samples,
in  2;' and’ Hygophum  benoit.

Iobianchia ' dofleini

7~ Notoscopelus candispinosus, Ceratoscopelus warmingii and

Bolinichthys indicus were dominant in one sample each.

uchongﬁ rarely dominant, .C. hadezenns and n. benoiti are
inportant members of this fauna. Some patterns may be
felated to -patchy' distiibutions. N. caudlspinosus,, for
example, was not abundant with any regularity in the other
samples. Percent dominance of Slope Water samples averaged
45.0% ‘(1’4.43—91.5&). ;amples f:an.f'be aiviasd into two

~ ‘groups, those with,B. glaciale dominant and: those without.

Mean percent dominal de by, this species is 52.1(15.5-91.6)




.six samples’ each out of: the

‘Other - prominent species frop

- o

. -
and .36.15 (14.4-73.1) respectively. Other prevalent
slpecies include Gonostoma elongatum, Lampanyctus pusillus,
Vinciguerria attenuata, Lobianchia’gemellarii and Hygophum
hygomii. -0 ) ¥ s

Average sample richness of the Gulf Stream Fauna was

lower than thé Slope Wate

. Fauna (Fig. 8). Ceratoscopelus
maderensis and C. warmingfi

‘edghteen Samples in the group.

Average percent dominance (range 16.9-87.6%).
the ‘pooled catches were

Lehidophanes

Hygophum benoiti, H. hygomii, entheri, and

Lampanyctus pusillus. .
. 5 L.

Some species do occur regularly through all the faunal
groups. This is particularly common between the Gulf

“ . .
Stream and Slope 'Water Faunas. ‘Species that ocoir

'throughout the. couecuans are B. glaciale, C. maderensis,

H__ benai . Bovl.wx.chthxs 1ndicus and Chaulxodus sloani,

Others that are less ‘dominant but Still océur xegulazly are

H. hygomii, G. elongatum, Stomias boa ferox, and f
pusillus. - .
“ip
. The ‘results were also analyzed by .ordination.  The
first two ‘factors of the DCA analysis described 44.3 and

ere the dominant species in |

AN
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; / -
/ 23.7% of the variation respectively. Addition of the third

and fourt]h factors, descnbmg 15.4 end 13.5%, did, not aid
“in group sepuation. mhe  different faunas outlined in the
cluster analysis are not !‘eadlly appa’rem—. on a plot of the
f:.rst two crdinaticn axes (Piq, 9); The lines: superimpnsed
o the figure enclds; 4samples of &imilar hydrographic
character:stlcs\\’.ﬂ)zéare very- laxge areas of overlap for 5

samples from different hydrograp}uc régimes. )

: ' ; . Ty
'pigure 10.1s the sa‘me orﬂination plot with' lines -
enigsing samples tRat vere qrouped together by the cluster
analysis. The amount ‘of overlap. between groups shows that .
faunas are .not.’ as‘ different as the ’cluster . analysis
osests. It would be. difficult to pick out faunas from
the' ordination results if. the two plots did not have the
cluster. results or .hydrography superlmpqued . ;Groups . are
not easiiy.diétinguis;;ea by thé .ordination -technique alone

because  within-group. -similarity is as ' great® as

betwéen-group SimilaBjty.” The, fact that there is little:
intergroup diff@: at the peripheries’, syggests’ ‘a

gradation betv&een faunas. % % E :
By @

DCA qives \a, meaninqﬁu}. “scale “to _the .axes. Sumples

less than four Bf.andard deviauon mﬂts apart have Epecies

s e



in common (Hill 1979). Almost all samples have species- in

comdori, from the Gulf Stream to the Newfoundland Basin. ¢
Only the samples at the extremes of the first axis are .

+ completely d;fferent. There is Dnly a; 50% change inv

i i
! ) 4
species composition between any two group centers. The i
relative similarities  in species ' composition . between . {
bl adjacent groyps are further ~evidence for - a - gradation i
; between faunas. . o
A 8 C
" The third technique employed was recurrent groups - t
analysis (Fager - 1957, Fager. and McGowan , 1963). : This
- ' analysis' identified two; small groups, each with & one

!

; i
associate member -(Table 2). Few species were frequent B j
members. of each other's  environment. 'Of the 67 species H

Po g included in the analysis only Six were placed in groups. |
1 0 i

All species. in both groups are widespread. Bothfgroups are ¢
o £ lesprea 4 i
closely related as all members of gréup 2 show’positive. i

affinities” with’ both Bolinichthys indicus and , Hygophum . - 1

.7 . . benoiti 'ingroup 1. Generally, Group 1 species. arg/ more

abundant in the southern collections and Group 2 ci

arg more‘abundant in the northern collections.
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b 4 pIscussion ' e ; .

" 4.1 The Fauna of the Newfoundland Basin :

Compared to surrounding. régions to thé south and east

; v
4 ' the fauna of the Newfoundland- Basin is relatively.
R Gepauperate. < There were fewer species .per family there.

b . ‘than in the Slope Water or. Guif Streéam (Tdble 3).
[ PSP ) J ¥

Backus et al. (1977) collected three samples from the ' i
»Ne:"fpup/dlahd Basin -and  included them in ‘the, Subarctic
~Province, There are some "distinct similarities between
Sanples - s’ 6" "thi. AORIRAELSH . 6 myctophids -in the

colléctions. In both cases Benthosema glaciale makes up . i

greater than'95% of the myctophid species. Other myctophid . '

species, such as Protomyctophum arcticum and C lus
'maderensis, show similar abundances. in the two studies.  *

" -i. Backus et al. (1977) describe Myctophum punctatum as

" the -second most abundant specids in the Subarctic Province.

Unpublistied data from the M/V Brandal in 1968 using ‘a large




Engels trawl show -M. punctatum comprising 84% and ‘B.
glaciale 1.6% of myctophids from two tows south of the
Flemish Cap (45°30'N, 47°30'W). M. punctatun nakes up less

‘than-0.2% of’ £he myctophids’ in my samples.

Although pre'sent in suba'rctic waters, - the regions of

afpaktitis et al.  1977). Iarge  numbers of M. punctatum

. e uld be advected from the center,of their range in «che -

pe Water. Wamm-core rings could Be' responsible’ as
rechgtly they have betn reported:as. far north 4s the
suggests this spscies ‘s “not. abundant in the Slope

Water and there were few other slope Water species, present

with M. pulotatwi i the PBrandal collectdons. - No

particular éause for- the difference is evident. .Iong temm
. variation in the sbuidance of pelagic, fish 45 well known'

for comllle!cl.al stocks: but it. has not been abserved in:

mesopelagic £ishes.

4.2 Discglteness of Assemblages e

A general assumption is that: distinét faunal groups

I,

grester £ M. ut. dre’ in te waters
; oL e .

dbéok, 1978). Howsver, my data




. misléading .results. For example, recurrent groups analysis

£ _communities and canbe characterized by a high diversity .+ — -l

g _ i, 3
exist in oceanic environmeAts. This conclusion is a result

of .numerols studies, primarily in the Pacific,” on organisms

ranging, from diatoms (Venrick 1971) to fishes (Jabn and

Backus' 1976, Loeb 1979’: Barnett 1983, Wlllis 1984). Few

studles utilize the ranqe of avaxlahle statisxi

tech‘nlqnes to sea:ch for patterns )l‘hls could lead

relies on presence/absence ‘data. Fau a1 differences could e

Aresult from varutions in ebundance uf species (Fasham and

lngel 1975). Classification can force graded—series 'into
aiscrete clusters (Field et al. 1982) and is best.used in T

conjunction with other techniques such as-ordination (Green ~

1980, Gauch 1982). Nt T

Groups can be isolated in my da@ut there is’a

. .o :
gradation between faunas, rather than abrupt change. This tor

gradation is eyident in the ordination plots but evidence

{s  also “available 'from" the _ characteristics of bthe J
ir}giviéual _faunas. The ' Slope Water Fauna shows thék
characteristics of the assemblages in an ecotone.. AR w9
“ecotong is - a transition zone between . two typés of 1/\

and by the presence of apecies £rom both: of thie Gverlapping'

groups (Odum 1971). The Slope Water Fauna has a .greater . oL
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numbex of ‘'species than the Newfoundland Naain Ghk U GulfQ

Str.jeam and CQntalnB both subarctic and subttoplpal
" species. Therefors. the Slope. Water can pe ‘considered "an

écotone between a n

thern and-a snuthex‘n fauna. Because

ew .species are, assocxgted, suggea{ini\j it

‘to envirol fal £

‘v cohsequently. fnunaa— become an artlfact of 1nd1v1duAl group -

T membet cccurrences.at any particular lccation. 'f/\

; , P }\ |
T ¥ This . is' ih contrast o othér faunal studies id ° |

the Pacific and Atlantlc Dceanx. They ‘have ‘concluded

B that speczfxc species axe usually assoclated and that

(Fager and McGowan 1963;
2 . Venrick'l!u,‘McGwan 1911, 1974, Eashm\Q:d Angel 1975, - i
Sahni and [Backus 1976).F ham and Angeél. ( §75) in their ', |

T o 'study of pelaqic nsygecods admt the possibi that "the Sl

situation is mare: Likely .to g that of a continuously ‘- .,

varymg papulatinn wm. the zones'representing.different i

® i ‘staqes alonq ‘the vax‘iatlon and that diffex:ences between

H zonen may

in fact be. clinal without clear ;

avoss »bound\aries. ~51muar conclusions hnve been. . reached in,

‘(19%2), gtudying birds and mamals, -
¥

‘£ound that changes in” sp}:cies on are ed




"samplee_. smuarities are also ev1dent 1n the Aend:ogcam.

'They reportéd distinct

‘ Water and the 'Noxthern Satqasso Sea, w:l.th the Gulf Stream

by gradual shifts over largd zones of transiticn, hot by

bréaks -between homoqeneous areas. N

Slmilarﬂ:les are evident in che\spexn{s compﬂstt1on cf
samples f;rom the Slope Water .and Guf’f Stream between my

wox'k and that of Jahn and Backus (1976) - 'l‘his sugqests that/™

althoﬂgh ait®srent geat was used,-simﬁaz Eapnas were

1££erences in the interpretatlun.

Nevertheless, there a X

aunas, paztxcularly for'the Slope -

intermediate between the two. This seems dlffl.cult to

justify esipirically as the Gulf Stresd “Ls saifh to be a fast

moving sectifn (of the Sazgassa sea (Pickard - and . Emery ,

1982). On the other hand the Slope ,Jw;tez is a regipn @wn'

| for ity dypamic, qualities due tothe. \wunt of mixing

between the Y‘Labrador Curré{\t and the Gulf Strea@ (Gatien

'1976). Therefore, the  hydrography dictates ‘the comparison
of . Eaunas “of the Gulf Streamand the Slope Water with the- ..
. Newfoundland Basin. As stated above, this comparisonshows

‘the Slope - Wager Fauna to ‘occupy an ecotone between ‘a

subarctic and subcropical fauna.




4.3 Conginuity of .the Gulf Stream R

The “-faunal  sinilarities observed support,

‘hypeghesis that the culf"/s;zeam splits "and tums nor
(Mamn 1967, .Clirke et al. 1980). Mann (1967) suqqesﬁa :
mixture Of both Slope Water and G\llf Stream. to form tl\e
No:?h Atlantic Current. Faunistieally, the Slopg v!_ater

appears to-7be  ‘dopinant. .Earlier 'studies supported

Worthington (1962, 1975) because of eastern Atlantic /

: cumpunents to the’fauna near ene Flemish. Cap. (Zurbrigg and
Scott 1972). - Also, Jthe northern gyre was ised_ to explain

Myctophum gunctatnm. Dispersal

was thought to be aided by the westward flowxng uouthexn

the présence of expatnated

border ' of.'the ern’ ‘gyre frnm ‘reproduc populanons
.iﬁ'che-.ea’stez‘n 'Acla"ntiu‘ (zurbrigg ana Sgp(:t 1972)."
Electrona ‘risdo is the’ only eastern Atlantic !pecxes.'
preuent in my samples’ from the North Atlantic Current.
\ Hovever,, it is also pzesem in Slupe water: samples and its

presence in"the Ncrth Atlantic Cun‘entwvuld be K uted

to.@ispersal, £xon the Slope Water and’Gulf Stream,
! b £ B : " "

§ L.
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4.4 Size Relationships - L ﬂ\ .
() e
’ Compu&son; of - size of sinqle specids across fronts
H - were|inade ina ‘serids of papers on “warm-core eddies in the’

w{sman Sea * (Brandt 1981, Gri{fiths and| azax}dt 19833,
% i 1983b). There was littie consistency in the . auecuo of

the ‘trend across the E:ont. ‘ For bbth my tophxds (Brandt

198}). and decapod ‘crustaceans (Griffiths an Brandt 1983a, .
1983b) some s‘pecles were larqer mslde thtj eddy than’ mit'
and others were ‘larger ontside che eddy than}insiae. size
was - suggested to. be related Sg mcraspéuﬁc growth
variation due to differences in the thermal e)vax'onment and .

“diet (Brandf_ 198 erfflths and Brandt 1983 ). For. some

- ) species_ of crus T vas - Ukt ohe i’
differences . were due. to variatidns --in the| , timing of ™
7 | _reproduction’ and. recruitment, within the same species,

inside and outside thé eddy (Griffiths and Brandt.1983b).

Interspecific ;6 comparisons between physical®
e

regimes have - only been reported from taxonomic studies of
' fa.muze; Of flﬂhe_!. In the scopalqzchids, 1ax;ger species
'ﬂt!’ present outsiﬂe} rather than ingvide the c ntral gyres
(Johmson 1974) . Lyrger species wers also evideItrin bpreal

rather than 't;opical waters (Johnson 1974). In the family -

'
!
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‘Melamphaidae, the larger species ' inhabit the more .

productive boreal and eastern-tropical’ water magges whgrjas

© the dwarf slz;cies ifihabit the relatively‘%térile western i 1]

i o fa ‘quatorial and central water masses (Ebeling ‘1962). '+ 'N qj :
o . Diffetmces i the maxinum size of fgsr‘re'»;:"‘f,rom e e
different nydrographic:regimes were eviant in my. data. Y
B ; <’ e Baxlintin slsa bt aobolent sresent éach'sampl‘e w‘a‘s nore ' £
1 : evenly d}str;bixted ross the size O grastex. iy the ”~ :
’ o 4 Newfoundland Basin (Fig. 11). The sa__\patt nuas evidemt ¢ - L
’ g mtraspeclncany. larger fish - made "up 2. greater :

proportion of the population of ~Benthosema glaciale (Fig. -

* . \ . : N
. 12) in a sample ‘from the Newfo\md}and Basin than in a
yon o gample from the_Slope Water. w0 PR, A

treater maximn size of B. glacfale i's attained im "

more northery waters aoff ,'Greenland*and ‘Norway ‘(Halliday

e . 1_970).”Ha111_dny (1970) lugges{s that’ nczthsrn individuals

have a 1‘unger xfaapan althouqn gszth ntes are similar.

ce oi three age clusses of. . B.

glac!ale in the’

e ‘Newfoundland Basin

-

Slope Water uuggests recruitment ta

e

‘Fauna from the Slnpe Water - or, Instez growth with a similar , . -

maxin\nm size in the waoundland Basin.

1t is aifficut 'tpagmmc_ for' the. absence of)arqe :




l.ndiv:.duals OE

- ; ¢
“expatriation in'his' study of the specie§.

" individuals of .any specie's@xi “the . Slope. Water' and Gul’t
‘ stream. azodudts;vitywalune\ does -not seem' adequate to
explair the aiff in. size sty ‘of the tyb ‘fauras
-becduse of the .absence of smaller individuals ‘in the
Newfoundla.nd Basin. The large s).ze and ahsence of small
glaclale suggests the possibility of,

 expatristion but Halliday (1970)° found no evidence . of

) . Questions (have, Eeen aised. ab uf the assumption that
Yo Sk t d Fi 7 5 .
biologjcal mtemeuons. are n&gnant in _structuring -

oceanic comm\mxtles:'_ noe~(197 ). and**Baury (1976)‘both

\ G

| * found - the composition. and xelat;we‘ abundance  of

2 macrozooplankton were changing comstantly.. ~In_ their

’ o, T ? e NG

| . review, ' Bdedrich -and" Judkins . (1979) suggested “the
. % .

. particular species assemblage found is just as dependast on
0 G Y % tlme of day and ontogenetic stage of ;:hé organisms, as it s,
) on any. bther factn'r. wun'ams et a'1' (19@1') proposed- an
em:irely probabildstic - mndel to ‘describe diatom .species

- distributions, They -suggested that groups of spécies. be ’




"o v:n:hcut any’ impls.catinn

assocxanon can be specxf:l.ed" (Williams g__t_ al.” 1981).

) .{ recur ‘:hen communities. e){l_ A mqh cencoxd%of
o independent species Hould be expected fcr specz.es that were

_'all affected 'by similar £ tors (strong '1983). An impattant

_paxt of any definition of o_logical,comunicies is  the

romue'nt (Mills 1969). 1

AR . . - .
suggest . that “interactions among macrozooplankton may  be

erformed on pélagic sbecies groups there is only one-that
L scribes the hature of the species assucxation at a

upd fiche separation

Synecological 1*ve1 - Lawson, (1977)

of copepods along body 84

‘Similar species were' aeparated geogxaphically. It ‘would be

-y »excxemely :

Ateresting, to .perform simildr . /analyses * on

‘ comocgurring myctnphid species Mcauss oF theid, gesmingly

“simiiar murphnlogy.

¢ The- results of . this study question’the existence' of:

other than™: stuchastic association unless the nature of that R

L. L The ‘key to this sca’tenhen: lies in the\}nhture of - the’

v 3 association.” To date 1t has been assumed that if species -

1pteraction ofrsgecies ‘witli , other species and their .
Bdedrich and Judkins (1979)

"fleeting, aMd perhaps even random." '~ Of “the many studies

&, !eeding mrpholbgy axes.

¢
i
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structured. communities in mesopelagic fishes,\\ Groups of
Species ‘are separable by some techniques, but the use of
varied analyses present results that are best interpreted
as'a gradation pejween faunas. The fadt .that few species

share  similar disc_xibu:ion{ patterns ' suggests = that

encounters between species are .unprediccable‘, so species

interactions may be”limited. Stochasticity, as defined by

Grossman (1982)  and 'Grossman ec'al.‘ (1982), may be

1ntroduced because the organisms a fish' éncounters are
v

um?xfable N, o '

To continue searching for recurrent groufs

species

through various.taxonomic groups and in ‘various areas is

| probably fruitless. . As Strong (1983) - observes, “The

‘meaning of general patterns is an historically important

.appxoach to. comm\fnity ecolcq&, but an approach that I_fear
now’ Bears ~relatively - little.’ promise for nna&scandmg
mechanisns.” The mechanisms and extent Of' interactions

betwgen ‘orqani‘sms “in pelagic environments are not uen

known. - What is needed are. detailed small scale ‘studies of,

npecies interactione W statistical tachniques
'appued over: wide nnq_e). JIE these :.m:e:actians, are

al ‘then es per se do ndt ‘exist and

-'species assemblages. are random associations. 'Tha.specles .
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are presem: because .of the 1mmed1ate hydrographic }ustory
of the area and the 1nd1v1dnu1 !pecles' reuct).ons to their

A o "
local envuronment. R e P

/
%
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TABLE 1:' Station data for colléctions used“in this study: .
5 — - TR 3
Sample  Cruise -Lat. (N) Long. (W) ” Date Time Depth  Temp. 200, Gear*
% & ey SR #) . v (D/M/¥) " (local) - (m) (oC
T Gasl 4B 28°  20/05/81 0730 . 512 EMT
‘S w2 . GASL 48 25  20/05/81 0925 915 EMT
3 47 28~ 20/05/81 1447 457 EMT
a 47 27 20/05/81 1617 1010 EMT Ne
SO 46 29 20/05/81 2045 489 EMT
6 46 26 .. 20/05/81 2200 1018 EMT \
‘7 © 4530 21/05/81 0740 1 517" EMT ~
%8 45 30 21/05/81 0903 ' 1132 EMT - .
§ 2w 9 44 31 21/05/81 1456 457 EMT
44 32 21/05/81 " 1615 775 EMT r
43 317 ' 21705/81 2220 409 emr £,
56 01 21/02/82 2128- " 100 EMT '
... ‘56 03 22/02/82 - 0210 100 EMT
56 00 22/02782 2050 100 EMT
= 56 00 - 23702/82 0133 ° 100 EMT
56 03 23/02/82 0523 100 EMT,
'56 00 25/02/82 0145 100 SBT -
56 01. 28/02/82 0100 100" SBT -
56.01 ' 28/02/82 0405 . 100 SBT
” 55 00 01/03/82 2000 100 SBT
55 00 92/03/82 0040 100 SBT
. 55 00 2/03/82° 0514 100, SBT
- / 54 00 03/03/82 2131 - 100 SBT
. 54 '00 04/03/82 0235 100 sBT
. 53 00 05/03/82 2348 100 SBT
-.53 00 05/03/82 0428 . 100 SBT
© 15300 05/03/82 #2152 100 SBT
53 00 06/03/82 0220 100 SBT .
_53 .00 06/03/82 2335 100 SBT o
. . . -
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it ~ o . %
¥ § continued “
A D N $ - 2 .
' 30 - GA62 40 31 53 00 07/03/82 0339 . 100 SBT 2
31 GA62 41 200+ $3 00 07/03/82 2212 100 SBT 5
w32 BEO03 40 54 60 05 28/03/79 1421 500 . EMT ;
33 BE03 40 51 59 21 29/03/79 0245 500 EMT
34 BE03 39 40 58 31 ' 30/03/79 1455 500 EMT
BEO03 39 01 56 09 3703779 1018 500 EMT
’gs BEO03 39 44 56 59 . 01/04/79 - 0114 100 __EMT .t
J 7 BEO3 - - 39 44 56 59 01/04/79 . 2343 500 EMT
= 38 BEO3 - 39 44 .56 59. ' 01/04/79 0711 500 EMT :
* . 39 . BE03 39 44 56 59 01/04/79 1055 500 EMT i
.40 BEO03 39 43- 56 58 01/04/79 1455 500 EMT
. 41 BE03 39 44 56 59 .01/04/79. 1859. 500 EMT* H
- ©a2 BEO3 4108 . 58 38 03/04/79 101 500 EMT H
g P 3 BEO03 41 48 59 28 03/04/79 2211 500 EMT
v 44 . BEO3 42 27 58 27 .- 04/04/79 °l722 500 EMT :
45 - BE03 41 44 5738 05/04/79 0705 500 EMT 3 )
46~ . BEO3: 41 01 -, '56-48 05/04/79 2106 500 r EMT . i
- &7 BE03 40 17 | 55.58 06/04/79 1131 500 EMT H
148 BEO3 - 39 32 . 55 06 06/04/79 " 2226 100 EMT :
- tas BEO3 39.32 55706 ! 07/04/79 . 0027 500 EMT S E
5 % 50 BEO3 38 49 54 18 07/04/75 1323 500 EMT
o 51~ 'BEO3 | 38 05 - 5328 07/04/79 2345 500- EMT
. 52 - BE03 39 26 5313 08/04/79 2005 500 EMT
B 53 -BE03 40 12 54 06 ©  09/04/79 1000 500 EMT 3
S .54 -BEO3 40 57 55 00 . 09/04/79 2240 500 EMT
. B 5 BEO03 41 40 55 49 10/04/79 0940-. 500 EMT i
e 6 - BE03 ' 42 02 - . 56 15.. 10/04/79 2115 500 EMT . :
57 BE03 42 22 56 40 11/04/79 0756 500 7 EMT H
] ' 58 BEO3 - 43 40 - 56 31 12/04/79° .0222 - 500 P £
i . 59 .~ BE03 43 06 55 55 12/04/79 . 1148 500 EMT ;
3 <80 BE03 42 12 . . 54 55 . 12/04/79 2335 . 100 . 1 “EMT .
8 -’61 .. . BEO03 42 12 .'54.55 " .13/04/79 -0143- 500 EMT -
‘S 62 , BE03 41 29 5406 13/04/79 '1355°- * 500 EMT i

~ s oy B s
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i M N _Recurrent groups of species.
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" ' TABLE 3. Nunber of

_—

species identified in the major .
families for each of thé three areas.

0
= Number. of Species |
p Family Newfoundland  Slope . -Gulf
. . . Basin . “VRater  Stream
T
‘Myctophidae . 14 Y 29
Bathylagidae lh 4 ia
o Stomiatidae ‘ 1 1 1
i ' Chau¥iodontidae 3 Liaa
: | ¢ Gonostomatidae" ; 3 Rt e
; Melamphaidae 3 8
d Melanostomiatidae By 4
, Sternoptychidae . )2 8
e . sbopellosauridas "o 2
5 ‘ > ‘ : - mxec?aﬁagzh X 1 A%
: E Pargdpi‘.did i 1 g
i PR motal 28, S a9 50

w
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FIGURE 1.

Generalized flow of currents in the study ‘area.
Thickness of arrows and associated numbers are-
relative volume transport (in Sverdrups).. The
dashed line separates the two sections of the

Slope Water. ' Composite drawing from Mann (1967), % "

Gatien. (1976);" Worthington '(1976),. and Petrie and
Anderson (1983).  Transects A-B and C-D-are used:
to illustrate hydrographic propeztxes uring ©
. sampung. Depth contour is 180
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FIGURE 2.

at 180 m. -,

e e .

Chart showing location of the 69 collection .
sites. Samples 1 to 11 were Collected.on
Gadus Atlantica 51, samples 12'to-31 from :
Gadus Atlantica 62, samples 32 to 62 from
Delggor‘i 79-03 and samples»63.to 69 from
Belogorsk 79-04. Bottom depth contour is -
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Salinity’ profile along transect, C-D from
Atlantica 51. Contour interval-i
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Dendrogram shoqinq resilts of the cluster
analysis of all samples based on species
cnmpositicn. Groups-indicated are:
Newfoundland. Basin Fauna [ @ ], Slope
Water Fauna

. Percent
similarity equals one minus-dissimilarity
times 100 ; ;

na [ A.J, Gulf Stream Fauna [ A/]
‘and one unidentified group [ &
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M&an number of species for each of the three. *

faunas. ~One.standard deviation on either side ) |

of the mean and the range are shown. For T

comparative purposes only samples.from depths

of 500 m or less were used. - The number of 4%
samples (n) from each Yauna is indicated.
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Plot of aamplea on the £i¥st two axes of the
- detrended correspondence analysis. Units are
average’ standard ‘deviation of speciesgturnover.
Samples are coded ‘asNewfoundland Basin' [ @ 1,
"Slope Water [ A'], or:Gulf Stream [ A ], based
on’.200. m. t:emperature. Lines enclose, siuu.larly
doded aamples. I an :
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_Plot of sampleron the first two. ;;es of ‘the
“detrended correspondence analyus ‘ Units .are
average standard deviati

Samples are coded as Newfoundland Basin

Slope Water [ A ], Gulf Stream { A ¥
Unknown [ @ 1, based on the results of the.
cluster analysu. Lines ,enclose the q:eups
outlined on the dendrogra .
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 APPENDIX-A

Fishes of [the Newfoundland Basin

Family
Shesics sanple no.

(nd. of individuals, weight. (gm.))

i

Alepocephalidas
‘Xenodermichthys copei
(Vaillant) 1888 +

Anoplogasteridae’ '
Anoplogaster cornuta
(Valenciennes 1833)

“Méfronesthidae
. Borostomias untnrcticus .
(l.onnberq 1905)

Bathylagidae
JBathylagus euryops
Goode ‘and Bean 1895

Caristiidae
Caristius groeninndi:us
J’ensen 19

| 3

Ceratiidae A

Ceratias holboelli
. Kroyer 1844

Chauliodontidae
uliodus sloani
e&:md Schneider 1801

'.:1

_,\ - 204,150, "4{1,4), 5(1,40), 6(3,192), 8(1,55)

‘ . 5(1,4) E:

4(1,78), 8(1,78)

2(1,5), 4(66, 3:0). s(3
8(289304}, 9(47 BI

y 6(1,114) 5

e

- .
4(1,23) 7
i e
0 e

/
2(7,115), 3(1/

6:122), 6(32,484)

8),. 4(15,334), 5(9,147), 6(16, 382),
Cr "7, 72), 8(8 110), 910, 54), 10(28,537)

©
=




T " Appendix A: continued

' Chiasmodontidae.
Chiasmodon niger,
Johnson 1863

Derichthyidae
Derichthys uerpgne‘\.
X Gill 1884 )

* Diretmidae
Diretmus a):gentkul
Johnson 1863

Burypharyngidae
harynx pelecanoldes
.Vaillant 1882

3 “Gonostomatidae ¢
*  Cyclothone braueri

v Jesperson. and Tahing 1926\
f

Cyclothone microd
(Gunther) 157&
Gonostoma elongatum

Gunther 187§

Idiacanthidde = -
Id!acanthus falciola
. Petérs 1877

Linophrynidae -
“Edriolychaus schmidti
Rtgan 1925 \

* Macrotridae
i Nezumia bairdii
(Goode and Bean) 1887

.

5(1_.7)' 6(1,5),710(1,3)

3(1,6), 6(1,9)

4(1,38); 9(1,28), 10(6,262)
’ ."‘

8(1,469 :

8(28,7)

~3(30,9), 6(19,13)

10(2,73)

6(1,2)

4(1,4)

2(1,1),




Appehdix A: continued v 15 . T -
_Malacosteidae . Lo . e @ " 5
Aristostomias lunifer” | 4(1,16) g ay ) . i 8 5 o ew

Regan and Treéwavas 1930
Malacosteus niger

Ayres -1848
B Photostomias qu-xnni N 10(2,14)
s Collett 1889 - =

414,42), 5(1,9); 6(5,204), 10(2,28)
o gUSs20a0e 012208 o

. *Mauroljcidae’ - %
Maurdlicus.fuelleri 9(1,1)
. (Gmelin) 1788 . 5

Helmphaxdae 7 o g
g Melamphaes: microps 4(1,1), 542,37, 8(1,22) . b
Gunther 1887 )
Poromitra Rgalop . 4(2,3) : ; A %
* (Lutken 1877) . . : g 5 »
Scopelogaﬂns beanii 5 5(1,25), 6(4,99), 8(3,87) ~.:
. (Gunther 1887) 2 T e g
X Helannstmxatidaa Al : . ’
| a as spil Y 10(3,204) i R
S Raqan‘ and Trewavas 1930 - i B g = %
o ¥ T & e @ i
S Myctophi o RS % = $
Bentho 1(250,524), 2(1623,2747), '3(81,184), '4(728,1420), . g

5(942,1813), 6(383,768), 7(403 855); B(664, 12&9). P
9{‘03 957), 10(166 416) )

$
! . Bolinichthys indicus
: Nafpaktitis and Nafpaktitis 1969
% aolinachthys photothorax
s (Putr) E




<+ Appendik At contihued - s

Bolinicntilys supralateralis 10(1,8)
(Parr) 1928 ek ;
y Ceratoscopelus maderensis 8(1,2), 7(1,2); . :
5 | Gunther 1864 : .
Hygophum beénoiti "e 10(1 1) g E 2 . o
Cocco 1838 = : ‘ . R

id,20y g L 2o

« ) /! adena specyligera a1, 25), 5(1/ 37), . o 3
- ode and Bean 1896 8 Foox ! . . BT 5
anyctus ater o 2(25 s), 4(4 40), 0(4 26) . s A P 8 -
Taning 1928 - & 3 . 8 , .
* Lampanyctus crocodilus 41, 1), 5(1 195 10(1,53)' .
F (Risso) 1810 R S
i La.mpanyctus macdonaldi [ 2(1 15), 4(3 39), 6(8, 135), ,8(4,78)
| mag " (Goode and. Beam) 1896. ' . , L

Lobianchfa gemellarii . @ 10(4 64):

g (Cocco) 1838 o

- Myctophum punctatum\ "
- - Rafinesque 1810

Notoscopelus elongatus
) 1861

5(1 3)/

17(3,20), 8(2,9); 10(5,24) - 5 ‘
20,10, qa,2), 100,12 . .

“. (Malm i
Protémyctophum arct,{cum D +41(1,1), 2(27,12), 3(1,1), 4(13,13); 5(78,75),
- (Lutken) 1892 6(32,33), 7(14,13),"8(26228), 9(5,5); 10(2,2)-

Nemlchthyidae -
Labichthys infans
(Gunther 1878).

" Nemichthys scolo}:aceus J
J . Richardson 1848

4(1,10) Cew

‘2(1,14), 3(1,18), 8(1,17). * w? 5 e §

. Oneirodidae - 5 .
‘Oneirodes flagellifer’ 8(1,0) ; . i
(Regan”and Tremvas) 1932 ¢ -~ Y
: Oneirodes’ schmidti 6(1,62) g N g . 2 i .
Bertelson 1951 - . B, S 2
s i . .
< 3 e
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Appendix 2

Tcontinued . Y

. Paralepididae. ' .. . . Fon Wi 3
: Notolepis rissoi 2(1,24), 4(5,27);-5(1,0)y 7(1,2),.8(1,1), 10(6,7)
) (Bonaparte) 1840 ; s

2

Saccopharyngidae
‘Saccopharynx ampullaceus
Harwood 1827)

. Sedwgidae . e
‘Pellisolus facilis '~
. Parr 1951
Serrivomeridae . v E
Serrivomer beani - ‘=i, “2(1,76), 442,59), 5(4,48Y, 6(17 860),°7(4,156),
i : Gill and_ yder"feﬂ3 8(13 341). 9(5,16), 10(6, 3
il st:e:noptyéhidae : ¥ SR P o » = .
*__nargyropelecus aculeatus 9(1 0) . ¢ ; *
3 = Cuvier and Valenciennes 1829 “ 5
L - - Sternoptyx diaphana 4(4,5), s(1; 2), 1o(1s; 24) ',
o Hermann. 1781 & n . . L, R
. . stomiatidae * . ° e e o ; r 3
: Stomias boa ferox #(104,1039),.3(27,200), 4(42,722), 5(12,207),  ~ 5
Reinhardt 1842 6(41,754);-7(19,262), 8(17,186), 9(6,10), -
- . i 5 L ° 10(12 286) . = o
- Note Neughts were_rounded to the nearest gram; a weight cf 0 mdlcates a total welght
less than 0.5 gn.
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