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Abstract

locplantion were i1dentified and enumerated from 15 ICNAF Larval Herring
Surveys covering the Georges Bani -Nantucket Shoals region during the autumn
and winter seasons, 1974-1377. Distribution and abundance data were analy:zed
using numerical cleassificatiom and statistical techniques ‘o delimit discrete
zooplankton communities. The resultant communities wera examined to determine
the sxtent, if any, of their correlation with current regimes and the produc-
tion, survival and growth cf larval fish.

During 1974-1979, the International Commission for the Narithuest Atlantic
Fisheries [ICNAF) coordinated the undertal ing of larval herring surveys 1n the

Gecrges Bank-Nantuclet Shoals region (Fig. 1), in order tc gain a better
under=standing of the sarly life miero-, of fAtlanlic kermring, [luze-
Harangus, and 1ts relatijonshiz tc recruitment and spauning stoc) stize.

More than 5@ of these surveys, sampling & standard grid of sta‘ions, were
conductad at 3-4 wesl 1ntervals throughout the autumn and bimonthly during the
winter., The Unijted States participation in the prograrm was conducsted as part
of the MARMAP {Marine Rescurces Monitoring, Assessment and Frediction) program
of the Northeast Fisharies Center, uwhich was designed to measure lang-tern
changes in variability of fish stoch abundance off the Northeas! coast of the
United States (Sherman, 1980). This paper summarizes the spaiial distribution
and abundance for all species of zooplankton for 15 larval herring surveys
covaring the autumn and winter pericd from Dezcember 1972 to Fabryary 1977,

Based on a study of the 1971-1977 survey seasons, Bol: and Lzugh (19843
tound that i1chthyoplankton in the Georges Bank-Nantucket Shcals region could
be dividaed imtg two distinct faumal groupimgs: 1) a sputhern Faural cone
composad of axpatriated subtropical and mesopelagic texs and located along
the southern flaph of Nantuclet Shoals and Geerges Barmk: and 2} a porthern
zone dominated by endemic species and situated in the shallow water of Nan-
tuchet Shoals and Georges and estending into the Gulf of Maine, These faumal
tones were found to be associated with distinet water mass characteristics of
the region ard, as such, proved goed indicators of seasonal and annual
fluctuations in the general ¢irculation pattern. Oisruption to the persistent
clochuise gyre on Georges Bank, indicated by the poor development or absance
of the southern faunal zone, was accompanied by low abundance of larval Fish.
It was hypothesized that the occassional breskdown of the gyre, posaibly
resulting from passage of warm-tore eddies south of the shalf ang from
wind-gdriven currents, permits the transport of larvae soulhwars across the
10@-m ischath to a greater estent than usual with consaquent effects on
recruitment to the fish stocls of the region. The present study, still in
its initial stages, was undertaten to assess whether zccplanlton populations
on Georges Bank also exhibited coherent specles assemblages: and 1f so, how
do fluctuations in their spatial distribution and abundance relata io the
survival and recruitment of larval herring. Sherman et al. (1983) found
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avidence that zpooplarkion biomsss amd specias compositiom have not altared
sigrificantly over the past 70 yes-s and suggeat that reguction 1n fish
sbundarce cannot be attridbuted to & scarcity of available food., Whether or
not this hypothesis i1s valid fer short-term, abarcant fluctustiione within

the Georges Bank-Nantuctet Shcals region is te be investigated. The possible
importance of shifts in the relaiive sbundance and distributiorn of dominant
species and their life stages, 22 discussed by Cohen and Lough (1283, will
be studied alge.

farmple sang Processing Mathods
Vessels, survey dates, and other pertinent 1nformation are listed chron-

ologically in Table ! for the 15 surveys during 1973-1877 included 1 this
study. Cruise tracls and station positions for each of the surveys have been

reporied by Lough and Bof: (MS 1875 A deuble=-obligue haul &t a spesd of 3.5
knots (1@8m/min) was made at each standard station (Fig, ') with a psired
Bl-cm bonge sampler containing two nets (8,333 and @.505 mm meshd, A U-fin

kel

depressor (122 ¢m) was used to achieve the desired wire angle of 45° for the
relatively high towing speed, and a time-depth recorder was attached io the
wire near the sampler to obtain a parmanent irace of the haul prefile.
Flowmeters ware localed in the mouths of each sampler to mon:tcor the amount
of water strained., Gear configuraiilon and other details have been described
by Fosgay and Marak (15888). The bengo gear was deployed al 5@ m/min 1o &
maximum depth of 100m, or tgo within 5m of the bottiom i1n shallower areas, and
retrieved at 1@ m/min. A standard bongo haul filtered betwsen 108 and

1,000 m®» of water through each net depending on the depth of the tow.

looplankton contents of esach sample from the @,333-mm mesh net were
sortad and identified at Morski Instyiut Rybacki, Szczecin, Poland {Sharman
and Ejsymonti, M5 1976). Due to the large volume of p.ankion ancountered in
the samples, a subsample was taken to astablish a reapresentative distribution
of the catch, The standard MARMAF sorting protocols were describad by
Sherman at al., (M5 197Ba, 1976b!, and sampling biases were discussed by
Lough et al, (M5 198@). UWhere specific identity of zooplankters could not
be asgcertiainad, separation was made g the gener:ic, familial or grdinal level.

The zooplankton data from each survey were standardized, and computar
summaries and plots were produced. The computer routines include various
intearns]l sudits ic provide quality control of the data in addition tc the
initial control procedures prior toc computer entry.

Biogeographical divisions of the study, area were determined by using the
numerical classification technigue of Cluster Anslysis., Frior to clustering
all abundances were transformed ic their sguare roots in order to reduce tha
effect of dominant species (Clifford and Stephenson, 13757, Stations were
compared using Bray-Curtis similarity coefficiants (Richardscn and Stephen-
con, 1975) and ware clustered using the Group Average Fusicon Strategy of
Solal and Sneath, 1963. The resultant dendrograms (Fig. 7) were analyzed
as to their station groupings. Each grouping was mapped and species compo-
sition and abundance were further studied to delimit faunal zores.

Data were compared by surveys and seasons for spatial and temporal
fluctuatiers in biogeographical divisions, tctal zeoplankton abundance, and

spatial composition., Maps of each cruise were constructed showing the
biegeographical divisions.

Eg* IQ
1. Faunal Groups - Boundaries, Diversity, Abundance, Species Composition
Dominance

Cluster amalyvsie of the 18 cruises (leerly delirested threse distinct

faurnal zones: 1) a southern faumal tone; 2) a shelf faunal zcre: and 3) &
northern faunal zone. These zones frequently were divisible into one or
more subzones, Although the more dominate species, such as {entropages

tvpicug and E§;|dgg§;§ng§ sop., were found throughout the

region, each zone comprisecd & unjgue assemblage of species. A total of

392 tava were i1dentified in the study. area. Many of the forms were identif,ed
only to the familial level resulting in possible redundancies, and the actual
number of species is probably lower tham the total reported.
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A. Souihern Faunal Zone

The southern faunal zone contained primarily oceanic and slope water
rooplankton species, High diversity and low abundance were characteristic
of the southern assemblage. Approximately 90% of the 332 tera were represented
in this zone which encompassed only 23% of the study area and accounted for
less {han 29% of the total abundance (Table 1). A mean of 24.3 species
per station were recordsd, and on several cruises the average was as hipgh as,
or higher, than 34, The more pravalent oceanic and slope water taxa observed
in the scuthern faunal zone were Ceniropages bradyi, Rhincalanus nasutus
Pleuromamma borgalis, Salps marima, Scolethri ganae, Temora stvljfera
and Sagitte serratodentata (Davis, 13BG). Abundance fluctuated
throughout throughout the 15 cruises reflecting the degree of slope water
intrusion onto Gecrges Bank. :

8. Shelf Faunal Zone

The shelf faurmal zone was heavily domimated by species endemic to
Georges Bank. OGreater than 920 pf the total abundance wa: accounted for
by Lentropages lvojcus . Pseudocalanus spo.. and Lentronages
hamatys. There was a mean of 15.2 species per station, and this
average fluctyated very little from cruise to cruise. The zone encompassad
4S% of the study ares, and abundemnce was uniformly the highest of the
three biogeographical divisions. Centropages iypicus deminated
early in the season while Psgsudoralenus %pp. was the most
abundant species in the latter part of the study period. Overall abundance
was highest in September and October and lowest 1n February,

£. Northerrn Faunal Zone

Many of the same ta>a a:z were observed in the shelf faunal rene were
found im the morthern zone but im much lower abundsnzes. The dominant
specias were Matridia lugsens, Cslanus fanmarchigue, Faracalenys parvus
fuchasta norvegica, Megan,ctiphares norvegice, Centropsges typicus and
Pseudocalanys spr.. The number of specias per station ranged
from 5.9 to 18.1 with a mean of 14.1. Abundance fluctuated fraom cruise
to crusse but i general wa: about half thaet ohserved 1r the shelf faunal
zone. With the exception of tuc crulses (Belggoret 76-00 and 75-83) the
northern sssemblage encompassed aporo>imately 345 of ihe tolal study araa.

11. Geasans] and Annual Fluctuations

AL 973

Only the December and February cruises were sorted for zccplanbton in
1973, In December the sputhe~n faunel rone was delimited to the nomth by
{he - 108-m 1schath and covered 10% oF lhe study erea (Fig. i, Fuee~ stale

clustering revealed that an additional 13% of the southernmost portion of the
shelf zone was a mived assemblage of cceanic and shelf tasa, The e treme
dominamce of Camircpeges ivpigus ,however, dictated thal 1t ke

considered a subdivision of the shelf 2one. An average of 21,0 species per
station was found im the southern zone. Overall abundance for the cruise
was similar to the following three years but was overwhelmingly concentrated
in the shelf zone, especially betwesn the 60 and 109-m isobathe. The mean
number of species per tow was only 9.2 1n the northern fauns! zone which

was the lowest in the aniire {ime serias, In February the southern faunmal
zone was found only in a small area east of the 18@-m 1sobath (Fig. 43,

A wedge of the northern faunal zone separated the scuthern tone from the
shelf zone, P o n spp. was the dominant species. Abundance

on the shelf proper was the highest of the four years.

B. 1974

In earty autumn, particularly in October, the soutnern faunal zone
oceupled as much as 43% of the study area (Figs, §,6,7). Abundanze at this
timas was the highest of the entire time saries, especially in the shelf
faural zone which was again dominated by Centromages ivpicus and
Paeudocajanus spp.. The southern faunal zone covared most of
the Nantucket Shoals regior and also extended through the Northeast Channel
intoe the Gulf of Maine. A notable feature at this time was a large wedge

1
N
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of the northern faunal zone which intruded on eastern and southeastern
Georges Bani. The shelf zone was almost entirely confined within the

E2-m iscbath. This was i1n striving contrast to the November pericd (Fi1g. B
1n which cluster snalysys failed tc clearly define a northern faural zone,
Tha souihern faunal zone alsg was more constricted than in Cciober ang
accupied only 15% of the sampling area. In December (Fig. S the study

area agaln togh on the spatial pattern neoted in October, exhibitirg a
northern inirusion of the southern faunal zone onto Nantucret Shoals and

a southern exiension of the northern faunal zone ontc eastern Georges

Bank. Abundance was similar to that observed in 1973 in the shelf :one,

but it was !1 times greater im the sculhern zone and 4 times as greai 1in

the northern zone. An e.iensive scuthearn zone and the southeastua-d antruston
of the northern zone also characterized the Fabruary cruise (Faig. 1@).
Abundance was much lowsr 1n the shelf zone tham in 1973 bu! much higher,
although less diversa, in the scuthern faunzl zone,

C. 18759 L. :

In October of 1975 (Fig. 11,12) abundance was much lcower than in the
preceding year; and although ihe southern faunal zone wae sti1l] guite
estensive, i1 was more constricled amd was less diverse than in 1974,

The scutheastward 1ntrusicn of the nerthern faunal zones was: alsc absent,

and there wers apparert @-ters;ons of the shelf zoneg heyond the 102-m

1schath in the vicinity of {he Great South Channel and roribhyard off of

central Georges Bank. In November (Fig. 13} the southern faunal zone was
extremely constricted (7% of the study area), being confined to south-

wastern MNantucket Sheoals and southeastern Georges Bank. @An ynteresting
“feature was a pocket of the northern faunal zone to the south of Nantuchet
Shoals, The patiarn observed in the winter (Fig. 14,15) closely resembled that
found in 1974 in having a well-dafined southern faunal tone to the south

. and sast of Georges Bank and & small inirusion of the northern fsunal

tone onto the sastarn portion of the shelf, Abundance was also similar
to that chserved the previous year.

D. 1976

Az with the 1973 saason zooplankton was sorted for the December and
February time period only. The December cruise (Fig. 18} was similar
in abundance, diversity and spatial pattern to those of the previcus two
vears, The most notable faature was small isclated fragmenis of the .
morihern faural zone alorg southern Georges Bank and MNantuchket Shoais
and the extension of the southern faumal zone through the Northeast
Channel into the Bulf of Maine, The Fehruary cruise (Fig. 17) was noteworthy
for lacking any indication of a scuthern faunal zome and for the large o
intrusion onto Georges Bank of the northern faunal zore which occupied
almost S0Y% of the study area., Diversity in the shelf faunal tone was
vary low (13 species/tow). Overall abundsnce was the lowest of the
antire time sariss and was concentrated in the Nentuchet! Shoals area,

Diszusaton
Preliminary analysis indicates that the clustering of zocplankion species

in the Georges Bant/Gulf of Maine region conforms to the circulation of

. the preveiling water masses and 1s able to dalimit gross seasonsl and anfual
fluctuations 5n those masses. Az found i this and previcus studies
(Colton &t al,, 18675 Sherman and Shaner, 13687, gcesnic specier of copepods
are pariicularly good delimiters of Slope Water intrusions onto Gecrges Bank
and Nantucket Shoals. For the most part the results are i1n accord with and-

support the previcus analysis {Bol:- and Lough, 1984} of ichythyeplankion
captured on the same crujses.

As first indicated by the larval fish study, 1t appears that a prolonged
and extensive northward intrusion of Slope Water onto Georges Banl is .
conducive to high abundance of endemic zooplankton species. This was
especially noticeabla in Oztober 1974 when the shelf faunal rone was
confinad to less than 20% of the study area but produced the highest numbers
of zooplankters of the time series. A feature not noted in the previous
study was the wedge of Bulf of Maine Water intruding onto eastern Georges
Bank during the early autumn, This conforms to the known current patterns
(Fig, 1B) in which the esstward Flowing jet along the norihern flank of the
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shelf turns south-southeastward on eastern Georges Bark {(Butman et al., 1982).
The further 1ntrusion of the northern assemblage along the southern edge
betwean the 6@ and 18Q~-m jsobaths also is in accordance with the general
clockwise circulation found on Georges Bank. Both the scuthern and northern
faunal intrusions followed the prevailing circulation pattarn to which the
regroductive strategy of endamic shelf zocplankters have become adapted
(Davis, 1986). QDeviation: from the normal pattern, such as oceur during
periods of prolonged wind stress or the prasence of warm-core Gulf Stream

_ eddies along the southern flank of the shelf, would be expected to cause

" fluctuations In population abundances (Parrish et al., 1881},

Cverall zooplaniion abundances on the shelf for the four years, as with
the spatial distribution patterns, were 1n agreement with the ichthyeplanton
data. Thers were high abundances 1n 1972 and '974, lesser numbers 1n 1975 and
still less in 1976. The February 19987 cruise was the most aberrant and clearly
suggests as savere a disruption to the zooplankton population om Georges
Bank as was found for the ichthyoplankton. There were sirong and persistent
northerly winds during January and February of 1977 which would have
contributed to the movement of the Shelf-Slope Front farther to the south
(Ingham, 1978; Lough et al., M5 1979). This is further supporied by the
low temperatures (£ tc E°C) amd high salinities (33.5 to 34.@ Yeo),
characteristic of Gulf eof Maine Water, found over Georges Bami during the
winter of 1976777 (Wright, 1379), Although there was a noticeable shift of
high abundarce from central Georges Bank to Nantucle! Ehoals, -coplankton
levels on Georges Bank were sti1ll quile high and do not appear to have
contributed significantly to the severe reduction of larval fish noted
in February, 1877,

Further analysis of zooplanitor species composition within Each
bicgeographical division, shifts 1n the relalive abundance and disiribution
of dominant species and their life siages, and a more detsiied study of
availahle hydrographic data it ongoinc a' present. It ;= hoped ‘hi= will
enhance oul understanding cf the population dynamics of zooplanitters on
Georges Bant ang thair relatjonship to current regimes and the recruilment
cf andemic larval fi1sh populations,
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Figure t, Man of Georges Bank-Nantuchet! Shoals regions showing the locations
of stations from which zooplankton data were derived for analysis.

Station Number
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Figure ©. Dendrogram showing results of the clusie~ anglyvere 0F statjons for
the Mt, Mitchell 77-C1 ¢ruise. Biogegraphical drvisions indicated

are:

Shelf Faunal Icne (S) and Northern Faunal Zcne (N?Y.
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Figure 18,
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‘Mean circulation patiern of the Georges Bank region, based on

satellite-tracked drifters with 1@8-m window-shade drogues
centered at 10-m depith. Measurements were made during December
1978 (long dash), March 1979 (short dash) and August 1379

{solid line). (Adapted from Butman et al., 1982}
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