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Abstract  

Zooplankton were identified and enumerated from 15 ICNAF Larval Herring 
Surveys covering the Georges Bank-Nantucket Shoals region during the autumn 
and winter seasons, 1974-1977. Distribution and abundance data were analyzed 
using numerical classification and statistical techniques to delimit discrete 
zooplankton communities. The resultant communities were examined to determine 
the extent, if any, of their correlation with current regimes and the produc-
tion, survival and growth of larval fish. 

Introduction 

During 1974-1979, the International Commission for the Northwest Atlantic 
Fisheries (ICNAF) coordinated the undertal ing of larval herring surveys in the 
Georges Banl-Nantuclet Shoals region (rig  1), in order to gain a better 
understanding of the earl) life hvttc-, r1 Atlantic herrin,g, Clu - s - 
Her-annul  and its relationship 	tc recruitment and spawning stool size. 
More than 50 of these surveys, sampling a standard grid of stations, were 
conducted at 3-4 week intervals throughout the autumn and bimonthli during the 
winter. 	The United States participation in the program was conducted as part 
of the MARMAP (Marine Resources Monitoring, Assessment and Prediction) program 
of the Northeast Fisheries Center, which was designed to measure long-term 
changes in variability of fish stock abundance off the Northeast coast of the 
United States (Sherman. 19801.  This paper summarizes the spatial distribution 
and abundance for all species of zooplankton for 15 larval herring surveys 
covering the autumn and winter period from December 1973 to February 1977. 

Based on a study of the 1971-1977 survey seasons, Bolo end Lough (1984) 
found that ichthyoplankton in the Georges Bank-Nantucket Shoals region could 
be divided into two distinct faunal groupings: 	) a southern faunal zone 
composed of expatriated subtropical and mesopelagic taxa and located along 
the southern flank of Nantucket Shoals and Georges Bank: and 2 a northern 
zone dominated by endemic species and situated in the shallow water of Nan-
tucket Shoals and Georges and extending into the Gulf of Maine. These faunal 
zones were Found to be associated with distinct water mass characteristics of 
the region and, as such, proved good indicators of seasonal and annual 
fluctuations in the general circulation pattern. 	Disruption to the persistent 
clockwise gyre on Georges Bank, indicated by the poor development or absence 
of the southern faunal zone, was accompanied by low abundance of larval fish. 
It was hypothesized that the occassional breakdown of the gyre, possibly 
resulting from passage of warn-core eddies south of the shelf and from 
wind-driven currents, permits the transport of larvae southward across the 
100-m isobath to a greater extent than usual with consequent effects on 
recruitment to the fish stools of the region. 	The present study, still in 
its initial stages, was undertaken to assess whether cooplarkton populations 
on Georges Bank also exhibited coherent species assemblages; and if SO, how 
do fluctuations in their spatial distribution and abundance relate to the 
survival and recruitment of larval herring. Sherman et al. (1983) found 
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evidence that zooplin4ton biomass and species composition have not altered 
significantly over the pest 7C leers and suggest that reduction in fish 
abundance cannot be attributed to e scarcity of available food. Whether or 
not this hypothesis is valid for short-term, aberrant fluctuations within 
the Georges Bank-Nantucket Shoals region is to be investigated. 	The possible 
importance of shifts in the relative abundance and distribution of dominant 
species and their life stages, as discussed by Cohen and Lough (1993). will 
be studied also. 

B4mole  And  Processing  ttihods 

Vessels, survey dates, and other pertinent information are listed chron-
ologically in Table 1 for the IS surveys during 1973-1977 included in this 
study. Cruise tracts and station positions for each of the surveys have been 
reported by Lough and Poi: (MS 1979'. 	m double-oblioue haw) at a speed cf 3.S 
knots (108m/min) was made at each standard station (Fig, I) with a paired 
GI-cm bongo sampler. containing two nets (0.333. and 0.509 mm mesh). 	A U-fin 
depressor (122 cm) was used to achieve the desired wire angle of 45 .  for the 
relatively high towing speed, and a time-depth recorder was attached to the 
wire near the sampler to obtain a permanent trace of the haul profile. 
Flowmeters were located in the mouths of each sampler to monitor the amount 
of water strained. Gear configuration and other details have been described 
by Posgey and Marak (1980). The bongo gear was deployed at 50 mfmin to a 
maximum depth of 100m, or to within Sm of the bottom in shallower areas, and 
retrieved at 10 ',Jelin. 	A standard bongo haul filtered between 100 and 
1,000 r(1‘i of water through each net depending on the depth of the tow. 

Zooplankton contents of each sample from the 0.333-mm mesh net were 
sorted and identified at Morski Instytut Rybacki Szczecin, Poland (Sherman 
and Ejsymont, MS 1976). 	Due to the large volume of p.ankton encountered in 
the samples, a subsample was taken to establish a representative distribution 
of the catch. The standard MARMAP sorting protocols were described by 
Sherman et al. (MS )976a, 1976b1, and sampling biases were discussed by 
Lough et al. (MS 1980). 	Where specific identity of zooplankters could not 
be ascertained, separation was made to the generic, familial or ordinal level. 

The zooplankton data from each survey were standardized, and computer 
summaries and plots were produced. The computer routines include various 
internal audits to provide quality control of the data in addition to the 
initial control procedure, prior to computer entry. 

Biogeographical divisions of the study area were determinedboy using the 
numerical classification technique of Cluster Analysis. 	Prior to clustering 
all abundances were transformed to their square roots in order to reduce the 
effect of dominant species (Clifford end Stephenson, 1979). 	Stations were 
compared using Bray-Curtis similarity coefficients (Richardson and Stephen-
con, 1975 1  and were clustered using the Group Average Fusion Strategy of 
Sokal and Sneath, 1963. 	The resultant dendrograms (Fig. 2) were analyzed 
as to their station groupings. Each grouping was mapped and species compo-

sition and abundance were further studied to delimit faunal zones. 

Data were compared by surveys and seasons for spatial and temporal 
fluctuations in biogeographical divisions, total zooplankton abundance, and 
spatial composition. 	Maps of each cruise were constructed showing the 

biogeographical divisions. 

Fa•ul t• 

I. 	Faunal Groups - Boundaries, Diversity, Abundance, Species Composition 
Dominance 

Cluster analysis of the IS cruises clearly dell-eeteo three o le l,net 
faunal zones: 	1 	a southern faunal zone; 2) a shelf faunal zone: and 3) a 
northern faunal zone. 	These zones frequently were divisible into one or 
more sudZones. 	Although the more dominate species, such as centronane , 

 Luanda and pleurIncelanus app., were found throughout the 
region, each zone comprised a unique assemblage of species. A total of 
392 taya were identified in the study. area. Many of the forms were identified 
only to the familial level resulting in possible redundancies, and the actual 
number of species is probably lower than the total reported. 



A. Southern Faunal Zone 

The southern faunal :one contained primarily oceanic and slope water 
zooplankton species. High diversity and low abundance were characteristic 
of the southern assemblage. Approximately 90% of the 392 taxa were represented 
in this zone which encompassed only 23Z of the study area and accounted for 
lets then 207, of the total abundance (Table 1). A mean of 24.3 species 
per station were recorded, end on several cruises the average was as high as, 

or higher, than 34. The more prevalent oceanic and slope water taxa observed 

in the southern faunal zone were Dentroonges  troth. ]  Rhincalanus nesutus  

21euromammn borealis  aira maxima  Srolethrix. danae Memoira stylifera  

and Sanitta zerratodenteta  (Davis, 1926). Abundance fluctuated 
throughout throughout the IS cruises reflecting the degree of slope water 
intrusion onto Georges Bank. 

B. Shelf Faunal Zone 

The shelf faunal zone was heavily dominated by species endemic to 
Georges Bank. 	G rea te r  than  90% pf the total abundance was accounted for 

by entronerel ticnirws Pseudocmlanus ann.  A2s1 Centroranex  

hamatul. 	There was a mean of 15.2 species per station, and this 
average fluctuated very little from cruise to cruise. 	The zone encompassed 
45% of the study area, and abundance was uniformly the highest of the 
three biogeographical divisions. Centrocawcs  Iypicwa dominated 
early in the season while Pseudocalanus  sop. was the most 

abundant species in the latter part of the study period. Overall abundance 
was highest in September and October and lowest in February. 

C. Northern Faunal Zone 

Many of the same ta,a as were observed in the shelf faunal zone were 
found in the northern zone but in much lower abundances. The dominant 
species were 2132-jdia lurene Calenux finmarchisi4i_ Faracalenus nanvus  
Buchaeta norvenise_ Menan,ctiohann  norverICI,  Centropanes tynicus  and 
Fseodocalanus  5pp.. 	The number of species per station ranged 
from 9.9 to 12.1 with a mean of 14.1. Abundance fluctuated from cruise 
to cruise but in general was about half that observed ir. the shelf faunal 
zone. With the exception of Iwo cruises (9elogcrs1 7S-02 and 75-03) the 
northern essemblage encompassed approximately 341 of the total study area. 

II. 	Seasonal and Annual Fluctuation, • 

A. 1977  

Only the December and February cruises were sorted for :ccplan l 	in 
1973. 	In December the southenn faunal :one was delimited to the r;-th by 
the•102-r iscbath and covered 121 o 	the stud', area (Fig. 	fure - scale 
clustering revealed that an additional 13% of the southernmost portion of the 
shelf :one was a mixed assemblage of oceanic and shelf taxa. 	The e•treme 
dominance of 1{1SL-sang:a tymicus  however, dictated that it be 
considered a subdivision of the shelf zone. 	An average of 21.2 species per 
station was found in the southern zone. Overall abundance for the cruise 
was similar to the following three years but was overwhelmingly concentrated 
in the shelf zone, especially between the GO and 100-m isobathe. The mean 
number of species per tow was only 9.9 in the northern faunal zone which 
was the lowest In the entire time series. 	In February ,  the southern faunal 
zone was found only in a small area east of the 100-m isobath (Fig. 4). 
A wedge of the northern faunal cone separated the southern :one from the 
shelf zone. 	PaeNdorrilanus  sop. was the dominant species. Abundance 
on the shelf proper was the highest of the four years. 

B. 1974 

In early autumn, particularly in October, the soutnern faunal zone 
occupied as much as 43% of the study area (Figs. 5,6,7). Abundance at this 
time was the highest of the entire time series, especially in the shelf 
faunal zone which was again dominated byraarapagn tvolcus  and 
2aeNdoralanua  spp.. The southern faunal zone covered most of 
the Nantucket Shoals region and also extended through the Northeast Channel 
into the Gulf of Maine. A notable feature at this time was a large wedge 

" ' 



of the northern faunal zone which intruded on eastern and southeastern 
Georges BanX. 	The shelf :one was almost entirely confined within the 
60-m isobath. 	This was in striking contrast to the November period (Fig. 6) 
in which cluster analysis failed tc clearly define a northern faunal zone. 
The southern faunal zone also was more constricted than in October and 
occupied only 15% of the sampling area. 	In December (Fig. 9) the study 
area again tool on the spatial pattern noted in October, exhibiting a 
northern intrusion of the southern Faunal zone onto Nantucket Shoals and 
a southern extension of the northern faunal zone onto eastern Georges 
Bank. 	Abundance was similar to that observed in 1973 in the shelf zone, 
but it was II times greater in the southern zone and 4 times as great in 
the northern zone. An extensive southern zone and the southeastwa-d intrusion 
of the northern zone also characterized the February cruise (Fig. 10). 
Abundance was much lower in the shelf zone than in 1973 but much higher, 
although less diverse, in the southern faunal zone. 

C. 1975  

In October of 1975 (Fig. 11,12) abundance was much lower than in the 
preceding year and although the southern faunal zone was still quite 
extensive, it was more constricted and was less diverse than in 1974. 
The southeastward intrusion of the northern faunal zone wee also absent, 
and there were apparent e.te - s:ens of the shelf zone beyond the 100-r 
isobath in the vicinity of the Great South Channel and northward off of 
central Georges Beni. 	In November (Fig. 13) the southern faunal zone was 
extremely constricted 17l1 of the study area), being confined to south-
western Nantucket Shoals and southeastern Georges Bank. An interesting 
feature was a pocket of the northern faunal zone to the south of Nantucket 
Shoals. 	The pattern observed in the winter (Fig. 14.15) closely resembled that 
found in 1974 in having a well-defined southern faunal :one to the south 
and east of Georges Bank and a small intrusion of the northern faunal 
zone onto the eastern portion of the shelf. Abundance was also similar 
to that observed the previous year. 

D. 1976 

As with the 1973 season zooplankton was sorted for the December and 
February time period only. The December cruise (Fig. 16) was similar 
in abundance, diversity and spatial pattern to those of the previous two 
years. The most notable feature was small isolated fragments of the 
northern faunal zone along southern Georges Bank. and Nantucket Shoals 
and the extension of the southern faunal zone through the Northeast 
Channel into the Gulf of Maine. The February cruise (Fig. 17) was noteworthy 
for lacking any indication of a southern faunal zone and for the large 
intrusion onto Georges Bank of the northern faunal zone which occupied 
almost 50% of the study area. Diversity in. the shelf faunal :one was 
very low (13 species/tow). Overall abundance was the lowest of the 
entire time series and was concentrated in the Nantucket Shoals area. 

Diacussion  

Preliminary analysis 	indicates that the clustering of zooplankton species 
in the Georges Bank/Gulf of Maine region conforms to the circulation of 
the prevailing water masses and is able to delimit gross seasonal and annual 
fluctuations in those masses. 	As found in this and previous stud:es 
(Colton et al. , 1962; Sherman and Shaner. 196E), oceanic species of codepOdS 
are particularly good delimiters of Slope Water intrusions onto Georges Sank 
and Nantucket Shoals. For the most part the results are in accord with and 
support the previous analysis (6olz and Lough, 1884) of ichythyoplankton 
captured on the same cruises. 

As first indicated by the larval fish study, it appears that a prolonged 
and extensive northward intrusion of Slope Water onto Georges .  Ban) is 
conducive to high abundance of endemic zooplankton species. This was 

especially noticeable in October 1974 when the shelf faunal zone was 
confined to less than 20% of the study area but produced the highest numbers 
of cooplankters of the time series. A feature not noted in the previous • 
study was the wedge of ,Gulf of Maine Water intruding onto eastern Georges 
Bank 'during the early autumn. This conforms to the known current patterns 
(Fig• 18) in which the eastward flowing-,let along the northern flank of the 



shelf turns south-southeastward on eastern Georges Berk (Gutman et al., 1982). 
The further intrusion of the northern assemblage along the southern edge 
between the 60 and 100-m isobaths also is in accordance with the general 
clockwise circulation found on Georges Bank. Both the southern and northern 
faunal intrusions followed the prevailing circulation pattern to which the 
reproductive strategy of endemic shelf zooplankters have become adapted 
(Davis, 1986). Deviations from the normal pattern, such as occur during 
periods of prolonged wind stress or the presence 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. , 1981). 

Overall zooplanIton abundances on the shelf for the four years, as with 
the spatial distribution patterns, were in agreement with the ichthyoplanton 
data. There were high abundances in 1973 and 1974, lesser numbers in 1976 and 
still less in 1976. The February 197ecruise was the most aberrant and clearly ' 
suggests as severe a disruption to the zooplankton population on Georges 
Bank as was found for the ichthyoplankton. There were strong 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, 1979; Lough et al., MS 1979). 	This is further supported by the 
low temperatures 14d to 6 ° C) amd high salinities (33.5 to 34.0 74 0 ), 
characteristic of Gulf of Maine Water, found over Georges Ban) during the 
winter of 1976/77 (Wright, 1979). 	Although there was a noticeable shift 	of 
high abundance from central Georges Bank to Nantucl.et  Shoals, pooplankton 
levels on Georges Bank were still guile high and do not appear to have 
contributed significantly to the severe reduction of larval fish noted 
in February, 1977. 

Further analysis of pooplanIton species composition Within each 
biogeographical division, shifts in the relative abundance and distribution 
of dominant species and their life stages, and a more detailed study of 
available hydrographic data is ongoing at present. 	it is hoped this will 
enhance out understanding of the population dynamics of zooplaniters on 
Georges Bank . 	their relationship to current regimes and the recruitment 
of endemic larval fish populations. 
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Figure I. 	Map of Georges Bank-Nantucket Shoals regions showing the locations 

of stations from which :ooplankton data wee derived for analysis. 
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Figure 7. 	Dendrogram ahowing result., of the cluatem anelyfif of stations for 
the Mt. Mitchell 77-71 cruise. 	FlogegrerhIcal drvie:ons indicated 
are: 	Shelf Faunal Zone (S) and Northern Faunal Zone (N!, 
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Figure 18. Mean circulation pattern of the Georges Bank region, based On 
satellite - tracked drifters with 10-n window-shade drogues 
centered at 10-m depth. Measurements were made during December 
1978 (long dash), March 1979 (short dash) and August 1979 

(solid line). 	(Adapted from Gutman et al., 1982) 
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